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ABSTRACT

E n v i r o n m e n t a l  P r o t e c t i o n  c o n d u c t e d  m o n i t o r i n g  p r o g r a m s  o n  G o o s l y  L a k e
i n  1 9 8 8 ,  1 9 8 9 ,  a n d  1 9 9 0  t o  d e t e r m i n e  t h e  i m p a c t  o f  E q u i t y  S i l v e r  m i n e
d i s c h a r g e s . M u l t i p l e  a p p r o a c h e s  w e r e  u s e d  i n c l u d i n g  s e d i m e n t  c o r i n g  a n d
d a t i n g ,  s e d i m e n t  b i o a s s a y s ,  s e q u e n t i a l  e x t r a c t i o n s ,  w a t e r  q u a l i t y
measurements ,  c o m p l e x i n g  c a p a c i t y ,  f i s h  t i s s u e  a n a l y s i s ,  a n d  b i o l o g i c a l
s u r v e y s  o f  b e n t h i c  i n v e r t e b r a t e s  a n d  z o o p l a n k t o n .

O v e r a l l  t h e  q u a l i t y  o f  t h e  l a k e  h a s  i m p r o v e d  f r o m  p r e v i o u s  s u r v e y s
(God in ,  1 9 8 8 ) .  S e d i m e n t  c h e m i s t r y  s h o w e d  c h a n g e s  r e l a t e d  t o  t r e a t e d  AMD
d i s c h a r g e s  t o  B u c k  C r e e k .  T h e  l a k e  s h o w e d  h i g h  p o t e n t i a l  o f  r e c o v e r y  f r o m
c o n t a m i n a t i o n  d u e  t o  a  s e d i m e n t a t i o n  r a t e  e v a l u a t e d  a t  1 0 . 6  m m / y e a r .

Sed imen t  t e c h n i q u e s  a n d  p e a m o u t h  c h u b  t i s s u e s  m a y  p r o v i d e  a d e q u a t e
m o n i t o r i n g  t o o l s  t o  t r a c k  i m p a c t s  i n  t h e  f u t u r e  w h e n  t h e  m i n e  i s
d e c o m m i s s i o n e d .



-  111 -

ACKNOWLEDGEMENTS

The a u t h o r  wishes t o  acknowledge t h e  support r e c e i v e d  from G e r r y
Mi tchel l ,  V i v i a n  Chamberlain, and I s o b e l  Booth i n  p r e p a r i n g  f o r  and car ry ing
out t h e s e  surveys. P e t e r  K i l i o n  d i l i g e n t l y  fabr icated t h e  sediment t r a p s  and
the c o r e  extruder.  B e r n i e  Dutka a n d  Trevor  Reynoldson o f  N V R I  were k i n d
enough t o  perform the  sediment bioassays. C h r i s  M i l l a r d  s p e n d  a  l o t  o f  t ime
developing s e q u e n t i a l  ex t rac t ion  c a p a b i l i t y  a t  t h e  EP c h e m i s t r y  l a b .  M i k e
Hagen's he lp  was invaluable  i n  producing t h e  f i n a l  r e p o r t .  I  thank you a l l .



TABLE OF CONTENTS
PAGE

ABSTRACT
RESUME
TABLE OF CONTENTS

L i s t  o f  Ta b l e s
L i s t  o f  F i g u r e s

1 . 0  I N T R O D U C T I O N
2 . 0  D E S C R I P T I O N  OF THE STUDY AREA
3 . 0  M A T E R I A L  AND METHODS

3 . 1  W a t e r
3 . 1 . 1  I m m e d i a t e s
3 . 1 . 2  M e t a l s
3 . 1 . 3  C o p p e r  C o m p l e x i n g  C a p a c i t y

3 . 2  S e d i m e n t s
3 . 2 . 1  C o l l e c t i o n
3 . 2 . 2  A n a l y s i s

3 . 2 . 2 . 1  M e t a l  c o n t e n t
3 . 2 . 2 . 2  S e d i m e n t  e x t r a c t i o n s
3 . 2 . 2 . 3  R a d i o n u c l e a r

3 . 3  B i o a s s a y s
3 . 3 . 1  D a p h n i a  Magna
3 . 3 . 2  C e r i o d a p h n i a  D u b i a   1 0
3 . 3 . 3  A g a r  S p o t  P l a t e
3 . 3 . 4  T o x i - c h r o m o t e s t
3 . 3 . 5  S p i r i l l u m  v o l u t a n s
3 . 3 . 6  M i c r o t o x
3 . 3 . 7  M u t a t o x
3 . 3 . 8  A T P - T O X  S y s t e m   1
3 . 3 . 9  A l g a l -ATP  1
3 . 3 . 1 0  C h i r o n o n u s  Te n t a n s   3

3 . 4  I n v e r t e b r a t e s   1 3
3 . 4 . 1  B e n t h i c  I n v e r t e b r a t e s
3 . 4 . 2  Z o o p l a n k t o n

3 . 5  F i s h
3 . 6  Q u a l i t y  C o n t r o l
3 . 7  S t a t i s t i c s

4 . 0  R E S U L T S  AND DISCUSSION
4 . 1  W a t e r

4 . 1 . 1  M a y  2 6  -  2 7 ,  1 9 8 8
4 . 1 . 2  J u n e  2 2  -  2 3 ,  1 9 8 8

1 2

6

0

11

14
1

4
1
17



-  i v  -

TABLE OF CONTENTS ( C o n t i n u e d )
4 . 1 . 3  J u n e  3 0  -  J u l y  2 ,  1 9 8 9
4 . 1 . 4  J u n e  1 5  -  1 7 ,  1 9 9 0

4 . 2  S e d i m e n t s
4 . 2 . 1  L a k e  S u r f a c e  S e d i m e n t  C o l l e c t i o n
4 . 2 . 2  B u c k  C r e e k  S e d i m e n t  C o l l e c t i o n
4 . 2 . 3  G o o s l y  L a k e  C o r e  P r o f i l e
4 . 2 . 4  L e a d - 2 1 0
4 . 2 . 5  S e q u e n t i a l  E x t r a c t i o n

4 .3  C o p p e r  C o m p l e x i n g  C a p a c i t y
4 . 4  B i o a s s a y s
4 . 5  B e n t h i c  I n v e r t e b r a t e s
4 . 6  Z o o p l a n k t o n
4 . 7  F i s h  T i s s u e  A n a l y s i s
4 . 8  E n v i r o n m e n t a l  R i s k  A s s e s s m e n t

5 . 0  C O N C L U S I O N  1 0 .
REFERENCES 1 0
ACKNOWLEDGMENTS 1  1

8

4
6



-  v  -

LIST  OF TABLES
TABLE
1 S a m p l e  S t a t i o n  D e s c r i p t i o n
2 W a t e r  Q u a l i t y  -  G o o s l y  L a k e  -  M a y  2 6  -  2 7 ,  1 9 8 8
3 G o o s l y  L a k e  Te m p e r a t u r e  C o n d u c t i v i t y  P r o f i l e

May 2 6  -  2 7 ,  1 9 8 8
4 W a t e r  Q u a l i t y  -  G o o s l y  L a k e  -  J u n e  2 2  -  2 3 ,  1 9 8 8
5 G o o s l y  L a k e  Te m p e r a t u r e  C o n d u c t i v i t y  P r o f i l e  -

June 2 2 - 2 3 ,  1 9 8 8
6 W a t e r  Q u a l i t y  -  B u c k  C r e e k  -  J u n e  2 2  -  2 3 ,  1 9 8 8
7 W a t e r  Q u a l i t y  -  B u c k  C r e e k  S y s t e m  -  J u n e  3 0 ,  1 9 8 8   3
8 G o o s l y  L a k e  Te m p e r a t u r e  C o n d u c t i v i t y  -  P r o f i l e  -

June 3 0 ,  1 9 8 8
9 W a t e r  Q u a l i t y  -  B u c k  C r e e k  S y s t e m  -  J u n e  1 6 ,  1 9 9 0
10 G o o s l y  L a k e  Te m p e r a t u r e  C o n d u c t i v i t y  P r o f i l e  -

June 1 6 ,  1 9 9 0
11 S e d i m e n t  Q u a l i t y  -  G o o s l y  L a k e  -  J u n e  2 2 ,  1 9 8 8
12 S e d i m e n t  Q u a l i t y  -  B u c k  C r e e k  S y s t e m  -  J u l y  2 ,  1 9 8 9
13 S e d i m e n t  Q u a l i t y  -  G o o s l y  L a k e  -  J u n e  1 6 ,  1 9 9 0
14 S e d i m e n t  Q u a l i t y  -  B u c k  C r e e k  -  J u n e  2 3 ,  1 9 8 8
15 S e d i m e n t  C o r e  P r o f i l e  -  S t a t i o n  1 2  -  M a y  2 3 ,  1 9 8 8
16 G o o s l y  L a k e  L e a d - 2 1 0  A n a l y s i s  i n  S e d i m e n t  C o r e  S a m p l e   7
17 S e q u e n t i a l  E x t r a c t i o n s  -  G o o s l y  L a k e
18 P e r c e n t  N o n - d e s o r b a b l e  Cadmium a n d  Z i n c  o n  R i v e r  S u s p e n d e d

M a t t e r  A f t e r  T r e a t m e n t  W i t h  N a C l  S o l u t i o n  o f  S e a w a t e r
C o n c e n t r a t i o n

19 S u l p h a t e  a n d  C a l c i u m  C o n c e n t r a t i o n  i n  G o o s l y  L a k e   8
20 C o p p e r  C o m p l e x i n g  C a p a c i t y  f o r  B u c k  C r e e k  S y s t e m  -  1 9 8 9  .  8 5
21 S e d i m e n t  B i o a s s a y  R e s u l t s   8
22 S u m m a r y  o f  B e n t h i c  I n v e r t e b r a t e s  -  1 9 8 9
23 B e n t h i c  I n v e r t e b r a t e s  -  G o o s l y  L a k e  -  J u n e  1 6  - 1 8 ,  1 9 9 0  .
24 P e r c e n t  S i m i l a r i t y  I n d e x  o f  B e n t h i c  I n v e r t e b r a t e s  -

G o o s l y  L a k e  -  1 9 9 0
25 Z o o p l a n k t o n  G o o s l y  L a k e  -  J u n e  1 6  -  1 8 ,  1 9 9 0
26 F i s h  C h a r a c t e r i s t i c s  a n d  M e r c u r y  M u s c l e  A n a l y s i s  -

G o o s l y  L a k e  -  J u n e  1 7 ,  1 9 9 0
27 L i p i d  C o n t e n t  i n  F i s h  M u s c l e  -  G o o s l y  L a k e  -  J u n e  1 7 ,  1 9 9 0  9 .
26 F i s h  M u s c l e  M e t a l  A n a l y s i s  -  G o o s l y  L a k e  -  J u n e  1 7 ,  1 9 9 0  .  6
29 F i s h  G i l l s  M e t a l  A n a l y s i s  -  G o o s l y  L a k e  -  J u n e  1 7 ,  1 9 9 0  .  .  9 8
30 F i s h  L i v e r  M e t a l  A n a l y s i s  -  G o o s l y  L a k e  -  J u n e  1 7 ,  1 9 9 0  .  .  1 0 "
31 F i s h  K i d n e y  M e t a l  A n a l y s i s  -  G o o s l y  L a k e  -  J u n e  1 7 ,  1 9 9 0  1 0
32 G o o s l y  L a k e  M e t a l  C o n c e n t r a t i o n  F a c t o r   1 1 2
33 E q u i t y  M i n e  AMD Pump R e c o r d s   1 0 t
34 G o o s l y  L a k e  R i s k  F a c t o r s   1 0

PAGE

3

5

0
91



-  v i

LIST  OF FIGURES
FIGURE

1
2
3
4

S a m p l i n g  L o c a t i o n s  i n  M u c k  C r e e k  S y s t e m
G o o s l y
Goos l y
G o o s l y

5 G o o s l y
6 G o o s l y
7 G o o s l y
8 G o o s l y
9 G o o s l y
10 G o o s l y
11 G o o s l y
12
13
14 S e q u e n t i a l
15 S e q u e n t i a l
16 S e q u e n t i a l
17 S e q u e n t i a l
18 S e q u e n t i a l

Lake
Lake
Lake
Lake
Lake
Lake
Lake
Lake
Lake
Lake

S a m p l i n g
Sed iment
Sed imen t
Sed iment
Sed iment
Sed iment
Sed imen t
Sed iment
Sed imen t
Sed iment

L o c a t i o n s
P r o f i l e
P r o f i l e
P r o f i l e
P r o f i l e
P r o f i l e
P r o f i l e
P r o f i l e
P r o f i l e
P r o f i l e

A r s e n i c
Cadmium
Chromium
Copper
Lead
Manganese
M e r c u r y
S i l i c o n
Z i n c

Lead- 2 1 0  D i s t r i b u t i o n  i n  G o o s l y  L a k e  S e d i m e n t  P r o f i l e
P e r c e n t  M o i s t u r e  i n  G o o s l y  L a k e  S e d i m e n t  P r o f i l e

E x t r a c t i o n
E x t r a c t i o n
E x t r a c t i o n
E x t r a c t i o n
E x t r a c t i o n

-  G o o s l y  L a k e  -  A r s e n i c
-  G o o s l y  L a k e  -  Cadmium
- G o o s l y  L a k e  -  C o p p e r
- G o o s l y  L a k e  -  L e a d
-  G o o s l y  L a k e  -  Z i n c

PAGE

•4
65

6
6 '

7:
8

7•
80
8



1 . 0  I N T R O D U C T I O N

E q u i t y  S i l v e r  M i n e  i s  l o c a t e d  a p p r o x i m a t e l y  3 3  k m  s o u t h e a s t  o f
H o u s t o n ,  B . C .  T h e  m i n e  b e g a n  p r o d u c t i o n  i n  S e p t e m b e r  1 9 8 0 .  I n  November  1 9 8 1
i t  w a s  d e t e r m i n e d  t h a t  w a s t e  r o c k  a t  t h e  m i n e  s i t e  was g e n e r a t i n g  a c i d .  T h e
company c o n s t r u c t e d  a n  a c i d  m i n e  d r a i n a g e  c o l l e c t i o n  s y s t e m  a n d  h a s  t r e a t e d
t h e  w a t e r  s i n c e  t h a t  t i m e .

E n v i r o n m e n t a l  P r o t e c t i o n  u n d e r t o o k  a  w a t e r  a n d  s e d i m e n t  m o n i t o r i n g
p r o g r a m  t o  e v a l u a t e  t h e  i m p a c t  o f  t h e  m i n i n g  o p e r a t i o n  o n  G o o s l y  L a k e  i n  t h e
Buck C r e e k  s y s t e m .  T h e  s e d i m e n t o l o g i c a l  a p p r o a c h  w a s  u s e d  i n  1 9 8 7  a n d
p u r s u e d  i n  1 9 8 8 ,  1 9 8 9 ,  a n d  1 9 9 0 .
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S t a t i o
n

D e s c r i p t i o n S tudy  P e r f o r m e d

May 88 June 88 J u n / J u l  8 9 June 9 0

1 Buck C r e e k  u / s  B e s s e m e r - W W,S W,S

2 S i l t c h e c k  dam - W W,S,B W

3 Buck C r e e k  a t  G o o s l y  L k . - W W,S W,S

4 Goos l y  L a k e W W S , Z , I -

S Goos l y  L a k e W W,S - -

6 Goos l y  L a k e W W - -

7 G o o s l y  L a k e W W,S - S

8 Goos l y  L a k e W W,S S , Z , B , I W , S , Z , B , I

9 G o o s l y  L a k e W W,S S , Z , I -

10 Goos l y  L a k e W W Z , I S

11 G o o s l y  L a k e W W,S - W , S , Z , B , I
12 Goos l y  L a k e C - W , S , Z , R , I W , S , Z , B , I

13 Buck C r e e k  d / s  G o o s l y  L k . - W W,S W,S

2 . 0  D E S C R I P T I O N  OF THE STUDY AREA

The E q u i t y  m i n e  i s  n e a r  t h e  h e a d w a t e r s  o f  F o x y  C r e e k  a n d  B e s s e m e r
Creek ,  t h e  l a t t e r  b e i n g  a  t r i b u t a r y  t o  B u c k  C r e e k  w h i c h  f l o w s  i n t o  G o o s l y
Lake a n d  c o n t i n u e s  u n t i l  i t  j o i n s  t h e  B u l k l e y  R i v e r  a t  H o u s t o n  ( F i g u r e  1 ) .

Wa t e r  q u a l i t y  a n d  s e d i m e n t  s t a t i o n s  w e r e  v i s i t e d  May 2 6 - 2 7 ,  1 9 8 8 ,  J u n e
2 2 - 2 3 ,  1 9 8 8 ,  J u n e  3 0  t o  J u l y  2 ,  1 9  a n d  J u n e  1 6 - 1 8 ,  1 9 9 0 .  A  v a r i e t y  o f
m o n i t o r i n g  a c t i v i t i e s  w e r e  u n d e r t a k e n  a t  d i f f e r e n t  s t a t i o n s  d u r i n g  t h e  v i s i t s
( Ta b l e  1 ,  F i g u r e  2 )  .

TABLE 1 :  S A M P L E  STATION DESCRIPTION

W =  W a t e r  s a m p l e s
S =  S e d i m e n t  s a m p l e s
B =  S e d i m e n t  b i o a s s a y
Z =  Z o o p l a n k t o n  s a m p l e s
C =  C o r e  p r o f i l e
R =  R a d i o n u c l i d e  p r o f i l e
I  =  B e n t h i c  i n v e r t e b r a t e  s a m p l e s
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FIGURE 2 :  GOOSLY LAKE SAMPLING LOCATIONS
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3 . 0  M AT E R I A L S  AND METHODS

3 . 1  W a t e r

Wa t e r  s a m p l e s  c o l l e c t e d  i n  B u c k  C r e e k  o n  e a c h  s a m p l i n g  d a t e  c o n s i s t e d
o f  r e p l i c a t e d  s a m p l e s .  T h e  l a k e  s a m p l e s  w e r e  c o l l e c t e d  o n e  m e t r e  b e l o w  t h e
s u r f a c e ,  a n d  o n e  m e t r e  a b o v e  t h e  b o t t o m  u s i n g  a  Va n  D o r n  b o t t l e .  S a m p l e s
n e a r  t h e  t h e r m o c l i n e  w e r e  s a m p l e d  e i t h e r  i m m e d i a t e l y  a b o v e  a n d  b e l o w  t h e
t h e r m o c l i n e  ( i n  t h e  c a s e  o f  a  4 - s a m p l e s - p e r - w a t e r c o l u m n  d e s i g n ) ,  o r  i n  t h e
t h e r m o c l i n e  ( i n  t h e  c a s e  o f  3 - s a m p l e s - p e r w a t e r - c o l u m n  d e s i g n ) .

Lake p r o f i l e s  w e r e  p e r f o r m e d  a t  s e v e r a l  s t a t i o n s  u s i n g  a  H y d r o l a b
d i g i t a l  4 0 4 1  i n d i c a t o r  u n i t  a n d  a  4 0 2 1  S o n d e  u n i t .  C o n d u c t i v i t y ,
t e m p e r a t u r e ,  a n d  p H  w e r e  r e c o r d e d .

3 . 1 . 1  I m m e d i a t e s .  W a t e r  q u a l i t y  a n a l y s i s  i n c l u d e d  a l k a l i n i t y ,  p H ,
n i t r i t e s ,  n i t r a t e s ,  t o t a l  r e s i d u e s ,  f i l t e r a b l e  r e s i d u e s ,  n o n - f i l t e r a b l e
r e s i d u e s ,  a n d  s u l p h a t e s ;  t h e s e  p a r a m e t e r s  w e r e  l a b e l e d  a s  i m m e d i a t e s .
Samples w e r e  c o l l e c t e d  u s i n g  o n e  l i t r e  p o l y e t h y l e n e  b o t t l e s  a n d  k e p t  c o o l
u n t i l  a n a l y s e d .  T h e  o r g a n i c  a n d  i n o r g a n i c  c a r b o n  s a m p l e s  w e r e  c o l l e c t e d  i n
a c i d  w a s h e d  g l a s s  j a r s  a n d  p r e s e r v e d  w i t h  a  f e w  d r o p s  o f  c o n c e n t r a t e d
h y d r o c h l o r i c  a c i d .  T h e  d i s s o l v e d  f r a c t i o n  o f  t h e s e  t w o  p a r a m e t e r s  w e r e
f i l t e r e d  w i t h i n  2 4  h o u r s  o f  c o l l e c t i o n  u s i n g  a  0 . 4 5  µ m  c e l l u l o s e  n i t r a t e
f i l t e r .

3 . 1 . 2  M e t a l s .  T o t a l  m e t a l  s a m p l e s  w e r e  c o l l e c t e d  i n  a  1 0 0  m l  a c i d
washed p o l y e t h y l e n e  s a m p l e  b o t t l e  a n d  p r e s e r v e d  w i t h  0 . 5  m l  o f  n i t r i c  a c i d .
D i s s o l v e d  m e t a l  s a m p l e s  w e r e  f i l t e r e d  t h e  s a m e  d a y  t h r o u g h  a  0 . 4 5  µ m
c e l l u l o s e  n i t r a t e  f i l t e r  i n t o  a  100  m l  p o l y e t h y l e n e  b o t t l e  a n d  p r e s e r v e d  w i t h
0 . 5  m l  o f  n i t r i c  a c i d .  T o t a l  a n d  d i s s o l v e d  m e t a l s  w e r e  a n a l y s e d  b y
I n d u c t i v e l y  C o u p l e d  A r g o n  P l a s m a  ( I C A P )  E m i s s i o n  S p e c t r o s c o p y  w h i c h  g a v e  a
r e a d i n g  o f  t w e n t y - s i x  m e t a l s .  T h e  d e t e c t i o n  l i m i t s  f o r  t r a c e  m e t a l s  a n a l y s e d
on I C A P  w e r e  ( i n  m g / L ) :  a l u m i n u m ,  < 0 . 0 5 ;  a n t i m o n y ,  < 0 . 0 5 ;  a r s e n i c ,  < 0 . 0 5 ;
b a r i u m ,  < 0 . 0 0 1 ;  b e r y l l i u m ,  < 0 . 0 0 1 ;  b o r o n ,  < 0 . 0 1 ;  c a d m i u m ,  < 0 . 0 0 5 ;  c a l c i u m ,
< 0 . 1 ;  c o b a l t ,  < 0 . 0 0 5 ;  c o p p e r ,  < 0 . 0 0 5 ;  i r o n ,  < 0 . 0 0 5 ;  l e a d ,  < 0 . 0 5 ;  m a g n e s i u m ,
< 0 . 1 ;  m a n g a n e s e ,  < 0 . 0 0 1 ;  mo l ybdenum,  < 0 . 0 1 ;  n i c k e l ,  < 0 . 0 2 ;  p h o s p h o r u s ,  < 0 . 1 ;
s e l e n i u m ,  < 0 . 5 ;  s i l i c o n ,  < 0 . 0 5 ;  s o d i u m ,  < 0 . 0 1 ;  t i n ,  < 0 . 0 5 ;  s t r o n t i u m ,  < 0 . 0 1 ;
t i t a n i u m ,  < 0 . 0 0 2 ;  v a n a d i u m ,  < 0 . 0 1 ;  a n d  z i n c ,  < 0 . 0 0 2 .  C a d m i u m ,  c o p p e r ,  a n d
l e a d  s a m p l e s  w e r e  r e - a n a l y s e d  w i t h  a  g r a p h i t e  f u r n a c e  w h e n  t h e  v a l u e s  w e r e
b e l o w  t w i c e  t h e  d e t e c t i o n  l i m i t  o f  t h e  I C A P p r o c e d u r e .  T h e  g r a p h i t e  f u r n a c e
d e t e c t i o n  l i m i t  f o r  c a d m i u m ,  c o p p e r  a n d  l e a d  w a s  < 0 . 0 0 0 1 ,  < 0 . 0 0 0 5 ,  a n d
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<0 .0005  m g / L ,  r e s p e c t i v e l y .  H a r d n e s s  was d e t e r m i n e d  f r o m  t h e  d i s s o l v e d  m e t a l
samp le .

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

A l l  a n a l y s e s  w e r e  p e r f o r m e d  b y  t h e  E n v i r o n m e n t a l  P r o t e c t i o n  l a b o r a t o r y
i n  Wes t  Va n c o u v e r  i n  a c c o r d a n c e  w i t h  t h e  E n v i r o n m e n t  Canada ,  P a c i f i c  R e g i o n ,
L a b o r a t o r y  M a n u a l  ( A n o n . ,  1 9 7 9 ) .

3 . 1 . 3  C o p p e r  Complex ing  C a p a c i t y .  C o m p l e x i n g  c a p a c i t y  s a m p l e s
were  c o l l e c t e d  i n  A u g u s t  1 9 9 0 ,  a n d  a n a l y s e d  b y  C S R  I n t e r n a t i o n a l .  T h e
c o m p l e x i n g  c a p a c i t y  o f  t h e  o r g a n i c  l i g a n d s  t o  b i n d  c o p p e r  w e r e  d e t e r m i n e d
i n d i r e c t l y  b y  v o l t a m e t r y  u s i n g  a  p o l a r o g r a p h .  T h e  o r g a n i c  l i g a n d s  w e r e
t i t r a t e d  w i t h  i n c r e a s e d  q u a n t i t i e s  o f  C u ' .  S u c h  t i t r a t i o n  c u r v e s  s h o w  a
b r e a k  i n  t h e  g r a d i e n t  o f  t h e  c u r v e  t h a t  c o r r e s p o n d s  t o  t h e  s a t u r a t i o n  o f  t h e
o r g a n i c  l i g a n d s  t o  C u . '  C a l c u l a t i o n s  o f  c o m p l e x i n g  c a p a c i t y  a n d  c o n d i t i o n a l
s t a b i l i t y  c o n s t a n t s  w e r e  p e r f o r m e d  u s i n g  t h e  m e t h o d  d e s c r i b e d  b y  R u b i o
( 1 9 8 2 ) .

3 . 2  S e d i m e n t s

3 . 2 . 2  C o l l e c t i o n .  L a k e  s e d i m e n t s  w e r e  c o l l e c t e d  d u r i n g  t h e  J u n e
1988 s u r v e y  u s i n g  a  P l e x i g l a s  s e d i m e n t  t r a p  w i t h  a  4 5  c m  i n t e r n a l  d i a m e t e r
and 5  c m  h e i g h t  b a s e d  o n  a  d e s i g n  d e s c r i b e d  b y  H a k a n s o n  ( 1 9 7 6 ) .  F o u r
l e a d - w e i g h t e d  a r m s  w e r e  a t t a c h e d  t o  t h e  b o t t o m  o f  t h e  t r a p  t o  a d d  s t a b i l i t y
and p r e v e n t  t i p p i n g .  T h e  t r a p  was l e f t  i n  p l a c e  f o r  f o u r  w e e k s .  A  P l e x i g l a s
l i d  w a s  l o w e r e d  o n  a  s t a i n l e s s  s t e e l  c a b l e  f i x e d  i n  t h e  m i d d l e  o f  t h e  t r a p
d u r i n g  r e t r i e v a l  t o  a v o i d  s a m p l e  l o s s .

Lake b o t t o m  m e t a l  p r o f i l e s  w e r e  o b t a i n e d  b y  l o w e r i n g  a  P h l e g e r  c o r e r
i n t o  t h e  s e d i m e n t s .  A f t e r  c o r e r  p e n e t r a t i o n  o f  a b o u t  3 5 - 4 0  c m ,  v i s u a l
e x a m i n a t i o n  o f  t h e  t r a n s p a r e n t  c o r e  l i n e r  s h o w e d  n o  e v i d e n t  d i s t u r b a n c e  o f
t h e  t o p  s e d i m e n t  w i t h  n o  t u r b i d i t y  a b o v e  t h e  s e d i m e n t - w a t e r  i n t e r f a c e .
Sed iment  w a s  e x t r u d e d  a n d  f r a c t i o n e d  a t  e v e r y  c e n t i m e t r e  b a s e d  o n  a
m o d i f i c a t i o n  o f  t h e  c l o s e - i n t e r v a l  f r a c t i o n a t o r  d e s c r i b e d  b y  F a s t  a n d  W e t z e l
( 1 9 7 4 ) .  S e d i m e n t  f r a c t i o n s  w e r e  p u s h e d  a b o v e  a  P l e x i g l a s  p l a t e  b y  a  p l a s t i c
r o d  f i t t e d  w i t h  a  r u b b e r  b u n g .  T h e  e x t r u d e d  s e d i m e n t  w a s  c u t  o f f  a n d
c o n t a i n e d  b y  a  s l i d i n g  p l a s t i c  r i n g  a n d  d e p o s i t e d  i n t o  t h e  s a m p l i n g  b a g .  T h e
p l a t e  a n d  r i n g  w e r e  r i n s e d  i n  w a t e r  p r i o r  t o  e a c h  s e c t i o n .
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S u r f a c e  l a k e  s e d i m e n t s  f r o m  t h e  J u n e  1 9 8 9  a n d  1 9 9 0  s u r v e y s  w e r e
c o l l e c t e d  u s i n g  a n  Eckman d r e d g e .

F o u r  c r e e k  s e d i m e n t  s a m p l e s  w e r e  c o l l e c t e d  a t  e a c h  s i t e  u s i n g  a  c l e a n
a c r y l i c  t u b e  w i t h  a  4 . 6  c m  i n t e r n a l  d i a m e t e r  p u s h e d  i n t o  t h e  s t r e a m b e d  a b o u t
6 -8  c m .  A l l  s e d i m e n t  s a m p l e s  w e r e  t r a n s f e r r e d  i n t o  K r a f t  s o i l  s a m p l e
e n v e l o p e s ,  c o n t a i n e d  i n  a  W h i r l - p a t k  b a g ,  a n d  k e p t  c o o l  u n t i l  a n a l y s e d .

3 . 2 . 2  A n a l y s i s .

3 . 2 . 2 . 1  M e t a l  c o n t e n t .  S e d i m e n t  s a m p l e s  w e r e  a i r  d r i e d ,  s i e v e d  t o  < 1 5 0
µm ( e x c e p t  f o r  s e d i m e n t  f r o m  t r a p s  w h i c h  w e r e  s i e v e d  t o  < 6 3  µ m ) ,  d i g e s t e d
w i t h  a q u a  r e g i a ,  a n d  a n a l y s e d  f o r  h e a v y  m e t a l s  u s i n g  I C A P.  A  p o r t i o n  o f  t h e
s e d i m e n t s  w e r e  a l s o  i g n i t e d  a t  500°C i n  a  m u f f l e  f u r n a c e .  T h e  l o s s  o f  w e i g h t
was r e p o r t e d  a s  v o l a t i l e  r e s i d u e  a n d  t h e  r e m a i n d e r  a s  f i x e d  r e s i d u e .  T r a p
samp les  w e r e  a l s o  a n a l y s e d  f o r  t o t a l  n i t r o g e n  w h i c h  w a s  d e t e r m i n e d  b y
a u t o c l a v i n g  t h e  s e d i m e n t s  w i t h  p o t a s s i u m  p e r s u l p h a t e  i n  a  b a s i c  e n v i r o n m e n t .
The p r o c e s s  c o n v e r t s  a l l  f o r m s  o f  n i t r o g e n  i n t o  n i t r a t e .  T h e  r e s u l t s  w e r e
o b t a i n e d  w i t h  a  c o l o u r i m e t r i c  m e t h o d .  F i v e  s a m p l e s  w e r e  s u b m i t t e d  f o r
n i t r o g e n  K j e l d a h l  a n a l y s i s .

3 . 2 . 2 . 2  S e d i m e n t  e x t r a c t i o n s .  S a m p l e s  w e r e  a i r  d r i e d ,  s i e v e d  t o  <150  RM,
and r o l l e d  t o  h o m o g e n i s e .  T h e  s a m p l e s  w e r e  w e i g h e d  i n t o  5 0  m l  c e n t r i f u g e
t u b e s  a n d  s u b j e c t e d  t o  a  s e q u e n t i a l  l e a c h i n g  p r o c e d u r e  d e s i g n e d  t o  p a r t i t i o n
t r a c e  m e t a l s  i n t o  t h e  f o l l o w i n g  f r a c t i o n s :

1) F ( a ) :  E x c h a n g e a b l e  m e t a l s .  T h e  s e d i m e n t  s a m p l e  i s  e x t r a c t e d  w i t h  1M
MgC12 i n i t i a l l y  a t  p H  7  a t  r o o m  t e m p e r a t u r e  f o r  o n e  h o u r  o n  a
w r i s t  a c t i o n  s h a k e r .

2) F ( b ) :  M e t a l s  b o u n d  t o  c a r b o n a t e s  o r  s p e c i f i c a l l y  a d s o r b e d .  T h e
r e s i d u e  f r o m  ( a )  i s  l e a c h e d  w i t h  1M s o d i u m  a c e t a t e  a d j u s t e d  t o
pH 5  w i t h  a c e t i c  a c i d  a t  r o o m  t e m p e r a t u r e  f o r  f i v e  h o u r s  o n  a
w r i s t  a c t i o n  s h a k e r .

3) F ( c ) :  M e t a l s  b o u n d  t o  Fe -Mn  o x i d e s .  T h e  r e s i d u e  f r o m  ( b )  i s  e x t r a c t e d
a t  9 6 ° C  f o r  s i x  h o u r s  w i t h  0 . 0 4 M  NH,OH.HC1 i n  2 5 %  ( v o l / v o l )
a c e t i c  a c i d .

4) F ( d ) :  M e t a l s  b o u n d  t o  o r g a n i c  m a t t e r  a n d  s u l p h i d e s .  T h e  r e s i d u e  f r o m
(c) i s  e x t r a c t e d  a t  85°C f o r  f i v e  h o u r s  w i t h  0 . 0 2 M  M O ,  a n d  30%

H202 a d j u s t e d  t o  pH  2  w i t h  HNO3 a n d  t h e n  a t  r o o m  t e m p e r a t u r e  w i t h
3.2M NH,OAc i n  2 0 %  ( v o l / v o l )  H N O 3  f o r  3 0  m i n u t e s  o n  a  w r i s t
a c t i o n  s h a k e r .



-  8  -

5) F ( e ) :  R e s i d u a l  m e t a l s .  T h e  o r i g i n a l  d r i e d  s a m p l e s  a r e  w e i g h e d  i n
Te f l o n  d i g e s t i o n  v e s s e l s  a n d  d i g e s t e d  w i t h  HNO, a n d  HC1 i n  a
m i c r o w a v e  o v e n ,  r e s u l t i n g  i n  a  t o t a l  f r a c t i o n  ( M T ) .  T h e  r e s i d u a l
F (e )  i s  c a l c u l a t e d  v i a  F ( e )  =  MT -  [ F ( a )  +  F ( b )  +  F ( c )  +  F ( d ) ] .

A n a l y s i s  w a s  p e r f o r m e d  v i a  I n d u c t i v e l y  C o u p l e d  A r g o n  P l a s m a  ( I C A P )
E m i s s i o n  S p e c t r o s c o p y.

3 . 2 . 2 . 3  R a d i o n u c l e a r .  T h e  r a d i o n u c l e a r  a n a l y s i s  was p r o v i d e d  b y  Chemex
C o n s u l t a n t s ,  L t d .

-  P r i n c i p l e :  L e a d - 2 1 0  i s  t y p i c a l l y  d e t e r m i n e d  b y  m e a s u r i n g  t h e  b e t a
e m i s s i o n  o f  i t s  d a u g h t e r ,  b i s m u t h - 2 1 0 ,  w h i c h  i s  i s o l a t e d  b y  a  r a d i o c h e m i c a l
s e p a r a t i o n .  T h e  d i r e c t  b e t a  e m i s s i o n  o f  l e a d -210  i s  f e e b l e  a n d  d i f f i c u l t  t o
d e t e c t ;  b y  c o n t r a s t ,  t h a t  f r o m  b i s m u t h - 2 1 0  h a s  a  h i g h e r  e n e r g y  a n d  i s  e a s i e r
t o  d e t e c t .  T h e  b i s m u t h - 2 1 0  a c t i v i t y  i s  m e a s u r e d  w i t h  a  b e t a  d e t e c t o r  a n d
compared w i t h  t h e  a c t i v i t y  o f  s t a n d a r d s  c a r r i e d  t h r o u g h  t h e  same p r o c e d u r e .

-  E x p e r i m e n t a l :  O n e  g r a m  s u b s a m p l e s  o f  d r y  s o i l  o r  s e d i m e n t  w e r e
d i g e s t e d  w i t h  a  m i x t u r e  o f  h o t  c o n c e n t r a t e d  n i t r i c ,  p e r c h l o r i c ,  a n d
h y d r o f l u o r i c  a c i d s  a n d  e v a p o r a t e d  t o  d r y n e s s  i n  a  T e f l o n  d i s h .  T h e  s a l t
r e s i d u e s  w e r e  d i s s o l v e d  i n  2M h y d r o c h l o r i c  a c i d ,  a  l e a d  a n d  b i s m u t h  c a r r i e r
s o l u t i o n  was  a d d e d ,  a n d  t h e  b i s m u t h - 2 1 0  w a s  e x t r a c t e d  i n t o  c h l o r o f o r m  w i t h
d i e t h y l -ammonium d i t h i o c a r b a m a t e .  A n  a l i q u o t  o f  t h e  e x t r a c t  w a s  r e m o v e d  i n
o r d e r  t o  t e s t  t h e  e f f i c i e n c y  o f  t h e  e x t r a c t i o n  b y  a t o m i c  a b s o r p t i o n
s p e c t r o s c o p y.  T h e  r e m a i n i n g  b i s m u t h  was p r e c i p i t a t e d  a s  m i x e d  h y d r o x i d e  a n d
o x y c h l o r i d e  s a l t s  r e d i s s o l v e d  a n d  p u r i f i e d  b y  p r e c i p i t a t i o n  o f  b i s m u t h
o x y c h l o r i d e .  T h e  p r e c i p i t a t e  w a s  c o l l e c t e d  o n  a  0 . 4 5  g m  membrane  f i l t e r ,
a i r - d r i e d ,  w e i g h e d ,  m o u n t e d  o n  a  r i n g  a n d  d i s c  a s s e m b l y ,  c o v e r e d  w i t h
a lum inum f o i l ,  a n d  b e t a - c o u n t e d  a f t e r  2 4  h o u r s .  T h e  a l u m i n u m  f o i l  s c r e e n e d
o u t  a n y  w e a k  b e t a  e m i s s i o n s  f r o m  l e a d - 2 1 0  w h i l e  a l l o w i n g  t h e  m o r e  e n e r g e t i c
b i s m u t h - 2 1 0  p a r t i c l e s  t o  p a s s  t h r o u g h .  T h e  s t o r a g e  p e r i o d  o f  2 4  h o u r s
a l l o w e d  f o r  t h e  d e c a y  o f  o t h e r  b i s m u t h  i s o t o p e s  ( 2 1 1 ,  2 1 2 ,  2 1 4 )  w h i c h  m a y
have  b e e n  p r e s e n t .

The a c t i v i t y  o f  s a m p l e s  w a s  c o m p a r e d  w i t h  t h e  a c t i v i t y  o f  s t a n d a r d s
c a r r i e d  t h r o u g h  t h e  same  p r o c e d u r e .  C o u n t i n g  p e r i o d s  w e r e  1 0 0  m i n u t e s  a n d
t h e  s a m p l e  a c t i v i t y  w a s  r e p o r t e d ,  t o g e t h e r  w i t h  a n  u n c e r t a i n t y  v a l u e  w h i c h
r e f l e c t e d  t h e  f a c t  t h a t  t h e  measurement  p r o c e s s  i s  a  s t a t i s t i c a l  p r o c e s s  a n d ,
t h e r e f o r e ,  h a s  a n  u n c e r t a i n t y  v a l u e  a s s o c i a t e d  w i t h  i t .  T h e  a b s o l u t e
d e t e c t i o n  l i m i t  o f  t h e  m e t h o d  i s  n o r m a l l y  0 . 0 5  B q  b u t  may  v a r y  s l i g h t l y  d u e
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t o  s u c h  f a c t o r s  a s  s a m p l e  w e i g h t ,  e x t r a c t i o n  e f f i c i e n c y ,  d e t e c t o r  e f f i c i e n c y
o r  d e t e c t o r  b a c k g r o u n d  a c t i v i t y .

3 . 3  B i o a s s a y s

Sed imen ts  f o r  b i o a s s a y  w e r e  c o l l e c t e d  w i t h  a n  E c k m a n  d r e d g e .  T w o
samp les  w e r e  c o l l e c t e d  i n  1 9 8 9 ,  o n e  f r o m  t h e  s i l t c h e c k  dam a n d  a n o t h e r  f r o m
t h e  G o o s l y  L a k e  b o t t o m .  S e d i m e n t s  w e r e  k e p t  c o o l  a n d  s e n t  t o  t h e  E n v i r o n m e n t
Canada, I n l a n d  W a t e r s  L a b o r a t o r y  i n  B u r l i n g t o n ,  O n t a r i o ,  f o r  a n a l y s i s .

The 1 9 8 9  s e d i m e n t s  w e r e  e x t r a c t e d  w i t h  M i l l i - Q  r e a g e n t  g r a d e  w a t e r  ( 4
c a r t r i d g e  s y s t e m - 1 ,  S u p e r  C  c a r b o n  c a r t r i d g e ,  I o n - E X m  c a r t r i d g e ,  O r g a n e t - Q r
c a r t r i d g e  a n d  a  M i l l i - S t a k m  f i l t e r  w i t h  a  g l a s s  d i s t i l l e d  w a t e r  f e e d )  i n  a
1 : 1  r a t i o  ( V o l : W t )  a n d  s h a k e n  v i g o r o u s l y  f o r  3  m i n u t e s .  T h e  m i x t u r e  w a s
c e n t r i f u g e d  a t  5 0 0  r p m  i n  a  r e f r i g e r a t e d  c e n t r i f u g e  f o r  1 0  m i n u t e s .  T h e
s u p e r n a t a n t  w a s  u s e d  i n  t h e  t o x i c i t y  s c r e e n i n g  t e s t s .  N i n e  t e s t s  w e r e
p e r f o r m e d  o n  t h e s e  s e d i m e n t s  ( D u t k a  e t  a l . ,  1 9 8 7 ) .

I n  1 9 9 0 ,  t h r e e  s a m p l e s  w e r e  c o l l e c t e d  f r o m  G o o s l y  L a k e  f o r  a  C h i r o n o m u s
t e n t a n s  2 5 - d a y  emergence  t e s t .  S a m p l e s  w e r e  s e n t  t o  B u r l i n g t o n  f o r  a n a l y s i s .

3 . 3 . 1  D a p h n i a  magna.  T h e  D a p h n i a  manna u s e d  i n  t h e s e  t e s t s  i s  t h e
l a r g e s t  o f  t h e  D a p h n i a ,  o f t e n  r e a c h i n g  5  m m  i n  s i z e .  T h e  n e o n a t e s
( f i r s t - i n s t a r  y o u n g )  a r e  0 . 8  a n d  1 . 0  mm l o n g  a n d  c a n  b e  o b s e r v e d  b y  e y e .

T h i s  s t a g e  i s  t h e  o n e  m o s t  c o m m o n l y  u s e d  f o r  t o l e r a n c e  s t u d i e s .  T e s t s  a r e
p e r f o r m e d  o n  n e o n a t e  D a p h n i a  t h a t  h a v e  b e e n  r e l e a s e d  f r o m  t h e  m o t h e r ' s  b r o o d
chamber  d u r i n g  t h e  p r e v i o u s  2 4  h o u r s .  I n  t h e  t e s t ,  t e n  n e o n a t e s  a r e  u s e d  f o r
each  d i l u t i o n  o f  s a m p l e  t o  b e  t e s t e d .  T h e  n e o n a t e  D a p h n i a  a r e  o b s e r v e d  a t
1 h o u r ,  4  h o u r s ,  2 4  h o u r s ,  a n d  4 8  h o u r s ,  a n d  t h e  n u m b e r  o f  d e a d  a n i m a l s  a r e
r e c o r d e d .  A  2 4 - h o u r  o r  4 8 - h o u r  LC50 o r  EC50 v a l u e  i s  t h e n  d e r i v e d  f r o m  t h e
p a t t e r n  o f  d e a t h s  o b s e r v e d .

3 . 3 . 2  C e r i o d a p h n i a  d u b i a .  T h e  c l a d o c e r a n  C e r i o d a p h n i a  d u b i a  was u s e d
t o  e v a l u a t e  t h e  c h r o n i c  t o x i c i t y  o f  t h e  s a m p l e s .  I n  t h i s  t e s t ,  s i x  b e a k e r s
o f  a p p r o x i m a t e l y  3 0  m l  v o l u m e  w e r e  u s e d  f o r  e a c h  s a m p l e  d i l u t i o n  a n d  c o n t r o l ,
w i t h  o n e  a n i m a l  p e r  b e a k e r .  T e s t s  w e r e  p e r f o r m e d  w i t h  y o u n g  a n i m a l s  t h a t
w e r e  a s  s i m i l a r  i n  a g e  a s  p o s s i b l e  ( 8  h r s .  m a x i m u m ) .  O n  t h e  3 r d ,  5 t h ,  a n d
7 t h  d a y  o f  t h e  t e s t ,  t h e  y o u n g  w e r e  c o u n t e d  a n d  d i s c a r d e d .  D u r i n g  t h e  t e s t
p e r i o d  t h e  a n i m a l s  w e r e  f e d  d a i l y .  A t  t h e  e n d  o f  t h e  t e s t  t h e  n u m b e r  o f
y o u n g  p e r  o r i g i n a l  a d u l t  a n d  t h e  numbe r  o f  b r o o d s  p e r  a d u l t  w e r e  c o m p a r e d  t o
t h o s e  o b t a i n e d  i n  t h e  c o n t r o l  s a m p l e .  A n  a v e r a g e  o f  2 . 5  b r o o d s  p e r  a d u l t  i n
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t h e  c o n t r o l s  h a s  b e e n  u s e d  a s  t h e  e n d  p o i n t  i n  some t e s t i n g  p r o c e d u r e s  ( R a o ,
1 9 8 8 ) .

3 . 3 . 3  A g a r  S p o t  P l a t e .  T h i s  i s  a  s i m p l e ,  r a p i d  p r o c e d u r e  f o r  f i n d i n g
t h e  t o x i c i t y  o f  b o t h  w a t e r - s o l u b l e  a n d  - i n s o l u b l e  c o m p o u n d s  b y  u s e  o f  a
d i r e c t  a g a r - d i f f u s i o n  a s s a y .  T h e  p r o c e d u r e  u s e s  a  n o n - t o x i c  c a r r i e r  s y s t e m
f o r  D M S O - g l y c e r o l  e x t r a c t e d  samp les  a n d  a  30°C i n c u b a t i o n  t e m p e r a t u r e .  Z o n e s
o f  i n h i b i t i o n  a r e  n o t e d .  T h e  b a c t e r i a l  s p e c i e s  u s e d  t o  p r o v i d e  t h e
b a c k g r o u n d  l a w n  i s  B a c i l l u s  c e r e u s  a n d  t h e  s a m p l e  ( w a t e r  o r  D M S O - g l y c e r o l
e x t r a c t )  i s  s p o t t e d  o n t o  t h e  s e e d e d  a g a r  p l a t e .  R e s u l t s  c a n  b e  o b t a i n e d  i n
t h r e e  t o  f o u r  h o u r s  o r  o v e r n i g h t  a s  r e q u i r e d  ( D u t k a ,  1 9 8 8 ) .

3 . 3 . 4  T o x i - c h r o m o t e s t .  T h i s  i s  a  f a i r l y  r a p i d  ( 2 - 3  h r )  b a c t e r i a l
c o l o u r i m e t r i c  a s s a y  i n  k i t  f o r m  w h i c h  c a n  b e  u s e d  t o  t e s t  f o r  t o x i c a n t
a c t i v i t y  i n  w a t e r  a n d  s e d i m e n t  e x t r a c t s .  T h e  a s s a y  i s  b a s e d  o n  t h e  a b i l i t y
o f  s u b s t a n c e s  ( t o x i c a n t s )  t o  i n h i b i t  t h e  d e  n o v a  s y n t h e s i s  o f  a n  i n d u c i b l e
enzyme, b e t a  g a l a c t o s i d a s e ,  i n  a  h i g h l y  p e r m e a b l e  m u t a n t  o f  E .  c o l i .  T h e
s e n s i t i v i t y  o f  t h e  t e s t  i s  e n h a n c e d  b y  e x p o s i n g  t h e  b a c t e r i a  t o  s t r e s s i n g
c o n d i t i o n s  ( p r o v i d e d  b y  k i t  m a t e r i a l s )  a f t e r  w h i c h  t h e y  a r e  r e h y d r a t e d  i n  a
c o c k t a i l  c o n t a i n i n g  a  s p e c i f i c  i n d u c e r  o f  b e t a  g a l a c t o s i d a s e  a n d  e s s e n t i a l
f a c t o r s  r e q u i r e d  f o r  t h e  r e c o v e r y  o f  t h e  b a c t e r i a  f r o m  t h e i r  s t r e s s e d
c o n d i t i o n .  T h e  a c t i v i t y  o f  t h e  i n d u c e d  enzyme i s  d e t e c t e d  b y  t h e  h y d r o l y s i s
o f  a  c h r o m o g e n i c  s u b s t r a t e .  T o x i c  m a t e r i a l s  i n t e r f e r e  w i t h  t h e  r e c o v e r y
p r o c e s s  a n d  t h u s  w i t h  t h e  s y n t h e s i s  o f  t h e  enzyme a n d  t h e  c o l o u r  r e a c t i o n .

3 . 3 . 5  S p i r i l l u . m  v o l u t a n s .  T h e  o r g a n i s m  S .  v o l u t a n s  i s  a  l a r g e
a q u a t i c  b a c t e r i u m  w h i c h  i s  r e a d i l y  v i s i b l e  u n d e r  l o w  m a g n i f i c a t i o n .  I t  h a s
f l a g e l l a  f a s c i c l e s  a t  e a c h  e n d  w h i c h ,  u n d e r  n o r m a l  c o n d i t i o n s ,  f o r m  o r i e n t e d ,
r e v o l v i n g  cones  a l l o w i n g  t h e  b a c t e r i u m  t o  move f o r w a r d  a n d  r e v e r s e  d i r e c t i o n s
a t  w i l l .  D u r i n g  t h e  r e v e r s i n g  p r o c e s s  t h e  p o l a r  f a s c i c l e s  r e o r i e n t
s i m u l t a n e o u s l y .  T o  p e r f o r m  t h e  t e s t ,  S .  v o l u t a n s  i s  a d d e d  t o  a  v o l u m e  o f  t h e
sample  a n d  t h e  m o b i l i t y  o f  t h e  o r g a n i s m s  i s  o b s e r v e d  w i t h  a  m i c r o s c o p e .  I f
t h e  s a m p l e  i s  t o x i c  b u t  a t  a  n o n - l e t h a l  l e v e l ,  S .  v o l u t a n s  l o s e s  c o o r d i n a t i o n
as b o t h  f a s c i c l e s  t r y  t o  assume t h e  h e a d  o r  t a i l  o r i e n t a t i o n ,  t h u s  p r e v e n t i n g
n o r m a l  b a c t e r i a l  m o t i o n .

3 . 3 . 6  M i c r o t o x .  M i c r o b i c s  C o r p o r a t i o n  h a s  d e v i s e d  a  t e s t  f o r  a c u t e
l e v e l s  o f  t o x i c a n t s  i n  w a t e r  o r  s e d i m e n t  e x t r a c t s  i n  w h i c h  s p e c i a l i z e d
s t r a i n s  o f  l u m i n e s c e n t  b a c t e r i a  ( P h o t o b a c t e r i u m  phosphoreum)  a r e  u s e d  a s  t h e
b i o a s s a y  o r g a n i s m .  T h i s  t e s t  i s  f u n c t i o n a l  b e c a u s e  t h e  m e t a b o l i s m  o f  t h e
l u m i n e s c e n t  b a c t e r i a  i s  i n f l u e n c e d  b y  l o w  l e v e l s  o f  t o x i c a n t s  a n d ,
o c c a s i o n a l l y ,  s t i m u l a n t s .  A n y  a l t e r a t i o n  o f  m e t a b o l i s m  a f f e c t s  t h e  i n t e n s i t y



o f  t h e  o r g a n i s m ' s  l i g h t  o u t p u t .  B y  s e n s i n g  t h e s e  c h a n g e s  i n  l i g h t  o u t p u t ,
t h e  p r e s e n c e  a n d  r e l a t i v e  c o n c e n t r a t i o n  o f  t o x i c a n t s  c a n  b e  o b t a i n e d  b y
e s t a b l i s h i n g  t h e  E C "  l e v e l s  f r o m  g r a p h e d  d a t a  ( E C "  b e i n g  t h a t  c o n c e n t r a t i o n
o f  t o x i c a n t  c a u s i n g  a  50% r e d u c t i o n  i n  l i g h t  f r o m  t h e  b a s e l i n e  l e v e l ) .

3 . 3 . 7  M u t a t o x .  T h i s  i s  a  r e l a t i v e l y  new t e s t ,  d e v e l o p e d  b y  M i c r o b i c s
C o r p o r a t i o n ,  b a s e d  o n  t h e  u s e  o f  a  d a r k  m u t a n t  s t r a i n  o f
P h o t o b a c t e r i u m  p h o s p h o r e u m ,  M 1 6 9 ,  t o  s c r e e n  f o r  t h e  p r e s e n c e  o f  g e n o t o x i c
a g e n t s .  T h i s  t e s t  w i l l  p i c k  u p  c h e m i c a l s  w h i c h  a r e  ( a )  D N A d a m a g i n g  a g e n t s ,
(b) D N A i n t e r c a l a t i n g  a g e n t s ,  ( c )  d i r e c t  m u t a g e n s  w h i c h  e i t h e r  c a u s e  b a s e
s u b s t i t u t i o n  o r  a r e  f r a m e  s h i f t  a g e n t s ,  a n d  ( d )  DNA s y n t h e s i s  i n h i b i t o r s .  T h e
t e s t  p r o c e d u r e s  a r e  s i m i l a r  t o  t h o s e  f o l l o w e d  i n  t h e  M i c r o t o x  t e s t  w i t h
i n c u b a t i o n  o f  M169 c e l l s ,  c e l l  m e d i a ,  a n d  s a m p l e  a t  2 2  ±  2 ° C .  L i g h t  l e v e l
i s  r e a d  a f t e r  1 8  ±  1  h o u r  c o n t a c t  a n d  c o m p a r e d  t o  n e g a t i v e  c o n t r o l s  ( d i l u t i o n
w a t e r ,  s o l v e n t  c o n c e n t r a t i o n  u s e d ,  a n d  s o d i u m  a z i d e ) .

3 . 3 . 8  A T P - T O X  Sys tem.  T h e  c o n c e n t r a t i o n  o f  A T P  p e r  b a c t e r i a l  c e l l
r e m a i n s  r e l a t i v e l y  c o n s t a n t  a n d  s t a b l e  t h r o u g h o u t  a l l  p h a s e s  o f  g r o w t h .
Thus,  b a c t e r i a l  d e n s i t i e s  c a n  b e  e a s i l y  e s t i m a t e d  b y  m e a s u r i n g  t h e  A T P
c o n t e n t  o f  t h e  t e s t  s y s t e m .  W h e n  r a p i d l y  g r o w i n g  b a c t e r i a l  c e l l s  a r e  e x p o s e d
t o  t o x i c a n t s ,  g r o w t h  i n h i b i t i o n  u s u a l l y  o c c u r s .  A f t e r  s e v e r a l  l i f e  c y c l e s
t h e  t o x i c  e f f e c t  c a n  b e  e s t i m a t e d  b y  c o m p a r i n g  s a m p l e  c e l l  g r o w t h  t o  t h e
c o n t r o l  v i a  ATP c o n t e n t .  H o w e v e r ,  s o m e  t o x i c a n t s  n o t  o n l y  i n h i b i t  b a c t e r i a l
g r o w t h  b u t  a l s o  a f f e c t  t h e  l u c i f e r a s e  a c t i v i t y  d u r i n g  AT P  d e t e r m i n a t i o n s .
T h e r e f o r e ,  t h e  o b s e r v e d  l i g h t  o u t p u t  r e d u c t i o n  o f  t h e  t e s t  s y s t e m  i s  t h e  n e t
r e s u l t  o f  t h e  i n h i b i t i o n  o f  b o t h  b a c t e r i a l  g r o w t h  a n d  l u c i f e r a s e  ( c a l l e d
" t o t a l  i n h i b i t i o n  o f  t h e  ATP-TOX S y s t e m " ) .  L u c i f e r a s e  a c t i v i t y  i n h i b i t i o n
can b e  d e t e r m i n e d  b y  a d d i n g  a  s t a n d a r d  ATP s o l u t i o n ,  a s  e n z y m e  s u b s t r a t e ,  t o
t h e  s a m p l e  a n d  t o  a  d i s t i l l e d  w a t e r  c o n t r o l ,  a n d  m e a s u r i n g  t h e  l i g h t  e m i s s i o n
o f  t h e  e n z y m e .  I n  o u r  s t u d i e s ,  w e  u s e  E .  c o l i ,  K - 1 2 . P Q 3 7  s t r a i n ,  a l t h o u g h
any b a c t e r i u m  o r  m i x t u r e  o f  b a c t e r i a  c a n  b e  u s e d  i n  t h i s  t e c h n i q u e .

3 . 3 . 9  A l g a l - AT P.  T h e  a l g a l -ATP t o x i c a n t  s c r e e n i n g  t e s t  i s  b a s e d  o n  t h e
i n h i b i t i o n  o f  AT P  p r o d u c t i o n  i n  c u l t u r e s  o f  t h e  g r e e n  a l g a e  S e l e n a s t r u m
c a m r i c o r u t u m  ( B l a i s e  e t  a l . ,  1 9 8 4 ) .  T h e  A T P  c o n t e n t  o f  t h e  s t r e s s e d
S e l e n a s t r u m  i s  m e a s u r e d  f l u o r e s c e n c e .  T h e  r e s u l t s  a r e  r e p o r t e d  a s  a
p e r c e n t a g e  o f  R e l a t i v e  L i g h t  O u t p u t  ( R L O )  o f  t h e  n o n - s t r e s s e d  c o n t r o l s .

3 . 3 . 1 0  C h i r o n o m u s  t e n t a n s .  S e d i m e n t s  w e r e  p l a c e d  i n  t h e  t e s t
c o n t a i n e r  a n d  c o v e r e d  b y  a  s c r e e n  t o  r e t a i n  a d u l t s .  T h e  s e d i m e n t  l a y e r  w a s
3 c m  d e e p ,  o v e r l a i n  b y  1 5  c m  o f  g e n t l y  a e r a t e d  w a t e r .  A t  t h e  s t a r t  o f  t h e
t e s t  t h e  l a r v a e  w e r e  a d d e d  t o  t h e  t e s t  c o n t a i n e r s .  A  f o o d  m i x t u r e  o f
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C e r o p h y l ,  f i s h  f o o d ,  a n d  d i s t i l l e d  w a t e r  was g i v e n  t o  t h e  l a r v a e  a t  t h e  s t a r t
o f  t h e  t e s t  a n d  a g a i n  o n  D a y  8 ,  1 4 ,  a n d  1 8 .  A d u l t s  s t a r t e d  t o  e m e r g e  a f t e r
20 d a y s .  T h e  t e s t  w a s  c o n t i n u e d  f o r  a n o t h e r  5  d a y s  t o  c o u n t  a l l  e m e r g i n g
a d u l t s  a n d  t o  o b s e r v e  a n y  d e l a y e d  d e v e l o p m e n t .

3 . 4  I n v e r t e b r a t e s

3 . 4 . 1  B e n t h i c  i n v e r t e b r a t e s .  B e n t h i c  i n v e r t e b r a t e s  w e r e  c o l l e c t e d
u s i n g  a  2 2 5  cm2 c a p a c i t y  Eckman d r e d g e .  T h e  s a m p l e  was  s i e v e d  i n  t h e  f i e l d
t h r o u g h  a  3 5 0  g m  mesh s c r e e n  i n  1 9 8 9  a n d  a  5 0 0  g m  mesh s c r e e n  i n  1 9 9 0 .  T h e
i n s e c t s  w e r e  p r e s e r v e d  w i t h  K a h l e ' s  s o l u t i o n :  1 5  p a r t s  e t h y l  a l c o h o l ,  3 0
p a r t s  d e i o n i z e d  w a t e r ,  6  p a r t s  4 0 %  b u f f e r e d  f o r m a l i n ,  a n d  1  p a r t  g l a c i a l
a c e t i c  a c i d .  R o s e  b e n g a l  w a s  a d d e d  t o  h e l p  i n s e c t  s o r t i n g .

3 . 4 . 2  Z o o p l a n k t o n .  Z o o p l a n k t o n  samp les  w e r e  c o l l e c t e d  i n  t r i p l i c a t e
a t  3  s t a t i o n s  i n  1 9 9 0 .  T h e  s a m p l e s  c o n s i s t e d  o f  1 6 - m e t r e  v e r t i c a l  t o w s  u s i n g
a p l a n k t o n  n e t  o f  1 5 0  p.m m e s h  s i z e .  S a m p l e s  w e r e  p r e s e r v e d  w i t h  K a h l e ' s
s o l u t i o n  w i t h  R o s e  b e n g a l  a d d e d ,  a n d  s e n d  f o r  i d e n t i f i c a t i o n .

3 . 5  F i s h

F i s h  w e r e  c o l l e c t e d  u s i n g  a  g i l l  n e t  o f  mesh  s i z e  v a r y i n g  f r o m  2 . 5  t o
10 cm .  T h e  n e t  was  d e p l o y e d  p e r p e n d i c u l a r  t o  t h e  s o u t h  s h o r e  o f  t h e  l a k e  a n d
l e f t  f o r  12  h o u r s .  F i s h  w e r e  k e p t  f r o z e n  u n t i l  t i s s u e s  w e r e  r e m o v e d .  S c a l e s
were c o l l e c t e d  a n d  s e n t  t o  a  p r i v a t e  l a b o r a t o r y  f o r  a g e  i d e n t i f i c a t i o n .
D i s s e c t i n g  t o o l s  w e r e  r i n s e d  i n  a  d e i o n i z e d  w a t e r / a l c o h o l / d e i o n i z e d  w a t e r
s e r i e s  p r i o r  t o  p r e p a r i n g  e a c h  f i s h .  S o m e  m u s c l e  t i s s u e s  w e r e  s e n d  t o  a
p r i v a t e  l a b  f o r  l i p i d  a n a l y s i s  w h i l e  m e t a l  a n a l y s i s  f o r  a l l  t i s s u e s  w e r e
p e r f o r m e d  a t  t h e  We s t  Va n c o u v e r  l a b .

3 . 6  Q u a l i t y  C o n t r o l

The l a b o r a t o r y  p e r s o n n e l  p e r f o r m e d  r e g u l a r  q u a l i t y  c o n t r o l  o n  a l l
w a t e r ,  b i o t a ,  a n d  s e d i m e n t  a n a l y s e s .  A f t e r  e v e r y  t e n t h  s a m p l e  t h e  l a b o r a t o r y
r a n  a  b l a n k  s a m p l e .  A f t e r  e v e r y  4 0  s a m p l e s  a  r e a g e n t  b l a n k  s a m p l e  w a s
e v a l u a t e d  a s  w e l l  a s  r e f e r e n c e  m a t e r i a l .  A  r e - e v a l u a t i o n  o f  t h e  s a m p l e s  w e r e
p e r f o r m e d  i f  m e a s u r e m e n t s  w e r e  o u t s i d e  o f  t h e  r e f e r e n c e  m a t e r i a l  s p e c i f i e d
r a n g e .  A l l  a c i d s  u s e d  f o r  f i e l d  p r e s e r v a t i o n  a n d  l a b o r a t o r y  d i g e s t i o n s  w e r e
" B a k e r  I n s t r a - A n a l y s e d "  f o r  t r a c e  m e t a l  a n a l y s i s .  T h e  s e d i m e n t  s a m p l e
b a t c h e s  i n c l u d e d  t h r e e  b l a n k s  f o r  e a c h  e x t r a c t e d  f r a c t i o n ,  a n d  t h r e e
r e p l i c a t e s  e a c h  o f  t h e  t w o  i n - h o u s e  EP l a b  r e f e r e n c e  m a t e r i a l s .  T h e  n u m b e r



-  1 3  -

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

3 . 7  S t a t i s t i c s

Means a n d  s t a n d a r d  d e v i a t i o n s  w e r e  c a l c u l a t e d  f o r  a l l  r e p l i c a t e d
s a m p l e s .  T h e  c o e f f i c i e n t  o f  v a r i a t i o n  w a s  g i v e n  o n l y  f o r  G o o s l y  L a k e
s e d i m e n t s .  S t u d e n t ' s  t - t e s t s  w e r e  u s e d  f o r  c o m p a r i s o n s  b e t w e e n  s t a t i o n s .
The c o m p a r i s o n s ,  f o r  g r a p h i c a l  p u r p o s e s ,  w e r e  p e r f o r m e d  b y  o n e - w a y  ANOVA a n d
use  o f  T u k e y ' s  h a r m o n i c  s i g n i f i c a n t  d i f f e r e n c e  m u l t i p l e  c o m p a r i s o n  p l o t .  T h e
s i g n i f i c a n t  d i f f e r e n c e  w a s  e s t a b l i s h e d  w h e n  t h e  p r o b a b i l i t y  w a s  < 0 . 0 5 .

D i v e r s i t y  i n d i c e s  w e r e  c a l c u l a t e d  f r o m  t h e  b o t t o m  f a u n a  d a t a  u s i n g  t h e
Shannon- W e i n e r  d i v e r s i t y  i n d e x  d e s c r i b e d  b y  P i e l o u  ( 1 9 7 5 )  a n d  m o d i f i e d  a s
f o l l o w s :

g
S p e c i e s  D i v e r s i t y  ( H ' )  =  ( P i  l o g i c  P I )

i = 1
Where P1 =  n i / N

ni  =  t o t a l  n u m b e r  o f  i n d i v i d u a l s  i n  t h e  g e n u s
N =  t o t a l  n u m b e r  o f  i n d i v i d u a l s  i d e n t i f i e d  t o  g e n u s  l e v e l
g =  t o t a l  n u m b e r  o f  g e n e r a

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

The d i v e r s i t y  o f  t h e  b e n t h i c  i n v e r t e b r a t e  c o m m u n i t y  d e p e n d s  o n  t h e
number o f  s p e c i e s  a n d  t h e  e v e n n e s s  w i t h  w h i c h  t h e  i n d i v i d u a l s  a r e  a p p o r t i o n e d
among t h e m .  T h e  m e t h o d  o f  m e a s u r i n g  e v e n n e s s  i s  d e s c r i b e d  b y  P i e l o u  ( 1 9 7 5 )
and i s  g i v e n  b y :

Evenness ( J ' )  =   H '
l o g  g

Where H '  =  t h e  s p e c i e s  d i v e r s i t y
g =  t h e  n u m b e r  o f  g e n e r a

B e n t h i c  c o m m u n i t y  d i v e r s i t y  a l s o  depends  o n  t h e  s p e c i e s  r i c h n e s s  ( B o y l e
e t  a l . ,  1 9 9 0 ) .  T h i s  i n d e x  i s  c a l c u l a t e d  b y  M a r g a l e f ' s  f o r m u l a :

S p e c i e s  R i c h n e s s  ( D )  =  S  -  I
I n  ( I )

whe re  S  =  t o t a l  n u m b e r  o f  s p e c i e s  i n  t h e  c o m m u n i t y
I  =  t o t a l  n u m b e r  o f  i n d i v i d u a l s  i n  t h e  c o m m u n i t y
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The b e n t h i c  c o m m u n i t i e s  w e r e  a l s o  a n a l y s e d  u s i n g  t h e  P e r c e n t  s i m i l a r i t y
i n d e x  ( P s i )  a s  t h e  c o m m u n i t y  i n d e x ,  c o m p a r i n g  e a c h  s t a t i o n  t o  o t h e r  s t a t i o n s
u s i n g  t h e  f o r m u l a  d e s c r i b e d  b y  B r o c k  ( 1 9 7 7 ) :

k
P s i  1 0 0  -  0 . 5  l a - b i

where a  a n d  b  a r e ,  f o r  a  g i v e n  s p e c i e s ,  t h e  p e r c e n t a g e  o f  t h e  t o t a l
Sample A  a n d  B  w h i c h  t h a t  s p e c i e s  r e p r e s e n t s .



TAIL I  2  ( C o n t . ) :

TOTICP
Sta t ion  CU
(Depth) NG/L

TOTGF
CU
0G/L

DISICP
CU
0G/L

DISGF
CU
MG/L

TOTICP
FE
01G/L

DISICP TOTNG
FS H G
NG/L M G / L

TOTICP
MG
H6/1.

Mey 2 6 - 2 7 .  1 9 8 6

DISICP T O T I C P
MG M M
8G/L M G / L

DISICP
MM
MG/L

TOTICP
MO
NG/L

DISICP
00
MG/L

TOTICP
MA
NG/L

DISICP
MA
NG/L

TOTICP
MI
NG/L

DISICP
MI
0G/L

4 ( 1 0 0 .007 0.0049 40.005 0.0056 0 .359 0.142 ( . 0 0 0 0 5 4 . 3 3 .8 0.027 0.011 40.01 <0.01 3 . 3 3 . 0 <0.02 <0.02
4 ( 5 . ) 0 .015 0.0051 40.005 0.0030 0 . 2 9 9 0 .125  4 . 0 0 0 0 5 4 . 5 4 . 6 0 .037 0 .172 <0.01 (0 .01 3 . 6 3 . 6 40.02 40.02
4 ( 1 6 . ) ( 0 . 0 0 5 0.0035 40.005 0.0034 0 .337 0.126 ( . 0 0 0 0 5 5.1 4.1 0 .225 0 .015 (0.01 (0 .01 3 . 9 3 . 3 (0 .02 (0 .02

5 ( 1 0 0 .010 0.0094 0 .006 0.0041 0.341 0.131 ( . 0 0 0 0 5 4 . 7 4.1 0.027 0 .016 <0.01 <0.01 3 . 5 3 .2 (0 .02 (0 .02
5 ( 7 . ) 0 .007 0.0061 0 .006 0 .0050 0 .290 0 .136  ( . 0 0 0 0 5 4 . 6 4 . 0 0 .037 0 .009 (0 .01 <0.01 3 . 6 3 .2 (0 .02 40.02
5 ( 1 6 . ) (0 .005 0.0038 40.005 0.0037 0 .352 0 .135  ( . 0 0 0 0 5 5.1 4 . 7 0 .229 0 .142 (0 .01 <0.01 4 . 0 3 . 7 40.02 ( 0 . 0 2

6 ( 1 0 (0 .005 0.0047 0 .005 0.0044 0 .276 0 .136  ( . 0 0 0 0 5 4 . 5 4 . 0 0 .026 0 .010 (0 .01 (0 .01 3 . 5 3 . 2 <0.02 ( 0 . 0 2
6 ( 5 . ) ( 0 .005 0 .0043 ( 0 . 0 0 5 0 .0040 0 .307 0 .133  4 . 0 0 0 0 5 7 . 0 4 . 2 0 .045 0.012 (0 .01 (0 .01 2 4 . 5 3 .4 40.02 40.02
6415e) (0 .005 0.0036 0 .006 0.0043 0 .247 0.131 ( . 0 0 0 0 5 4 . 9 4 . 7 0 .145 0.107 (0 .01 <0.01 3 . 4 3 . 7 (0 .02 ( 0 . 0 2

7 ( 1 . ) ( 0 . 0 0 5 0.0037 ( 0 . 0 0 5 0 .0040 0 .295 0 .139  ( . 0 0 0 0 5 4 . 5 4.1 0 .026 0.011 (0 .01 (0 .01 3 . 5 3 .3 (0 .02 40.02
7(5e) 40.005 0.0043 (0 .005 0.0043 0 .272 0.127 ( . 0 0 0 0 5 4 . 6 4 . 3 0 .032 0 .013 (0 .01 (0 .01 3 . 6 3 .4 <0.02 ( 0 . 0 2
7(16e) ( 0 . 0 0 5 0.0031 40.005 0 .0043 0 .269 0 .143  ( . 0 0 0 0 5 5 . 2 4 . 9 0.201 0.164 40.01 (0 .01 4.1 3 . 9 <0.02 ( 0 . 0 2

41(1e) 0 .006 0.0041 0 .005 0 .0043 0 .295 0 .136  ( . 0 0 0 0 5 4 . 7 4.1 0 .027 0 .013 (0 .01 (0 .01 3 . 7 3 . 2 <0.02 ( 0 . 0 2
4(50) 40.005 0 .0040 <0.005 0.0037 0 .239 0 . 11 9  ( . 0 0 0 0 5 8 . 7 4 . 3 0 .035 0 .012 <0.01 (0 .01 3 5 . 3 3 .4 <0.02 ( 0 . 0 2
4(13e) 40.005 0 .0029 ( 0 . 0 0 5 0.0043 0 .309 0 .130  ( . 0 0 0 0 5 5.1 4 . 6 0 .092 0 .056 (0 .01 (0 .01 3 . 9 3 . 7 (0 .02 05.02

9 ( 1 . ) 0 .005 0.0047 ( 0 . 0 0 5 0.0041 0 .206 0 .134  ( . 0 0 0 0 5 4 . 6 4 . 2 0 .028 0.011 <0.01 <0.01 3 . 7 3 . 4 (0 .02 ( 0 . 0 2
9410e) 0 .004 0.0034 ( 0 . 0 0 5 0 .0039 0 .277 0 .132  4 . 0 0 0 0 5 4 . 6 4 . 3 0 .030 0.014 (0 .01 40.01 3 .7 3.4 40.02 <0.02
9 ( 1 5 . ) 0 .006 0.0029 ( 0 . 0 0 5 0 .0034 0 .319 0.131 ( . 0 0 0 0 5 5 . 0 4 . 5 0 .063 0 .037 <0.01 (0 .01 4.1 3 . 5 40.02 ( 0 . 0 2

10 (1 * ) 0 .007 0.0037 ( 0 . 0 0 5 0.0041 0 .335 0.131 4 . 0 0 0 0 5 4 . 6 4 . 2 0.027 0.012 (0 .01 40.01 3.7 3 . 3 40.02 40.02
10(10* ) 0 .006 0.0027 ( 0 . 0 0 5 0 .0039 0.271 0 .134  4 . 0 0 0 0 5 4 . 7 4 .3 0 .030 0 .013 <0.01 <0.01 3 .7 3 .3 (0 .02 40.02
1 0 ( 1 3 . ) 0 .004 0.0031 40.005 0.0033 0 .646 0.171 4 . 0 0 0 0 5 4 . 4 4 . 4 0 .076 0.061 40.01 40.01 3 . 4 3 . 5 (0 .02 40.02

11 ( 1 * ) 40.005 0.0041 40.005 0.0043 0 .248 0 .139  ( . 0 0 0 0 5 4 . 6 4 . 3 0 .028 0.012 <0.01 <0.01 3 . 7 3 . 3 ( 0 . 0 2 ( 0 . 0 2
11 ( 1 0 . ) <0.005 0.0022 40.005 0.0036 0 .270 0 .103  ( . 0 0 0 0 5 4 . 6 4 . 3 0 .029 0.013 <0.01 40.01 3 . 6 3 . 4 ( 0 . 0 2 40.02
11 ( 1 4 . ) 0 .006 0.0023 (0 .005 0.0036 0 . 2 . 0 0 .130  4 . 0 0 0 0 5 4 . 6 4 .6 0 .077 0.055 <0.01 <0.01 3 .8 3 .6 ( 0 . 0 2 40.02

WATER QUALITY -  GOOSLY LAKE



TABLE 2  ( C o a t . ) :

DISICP
p
MG/L

TOTICP
P8
MG/L

TOTGF
PS
MG/L

DISICP
PS
MG/L

DI9GF
PB
MG/L

TOTICP
38
MG/L

WATER QUALITY -  GOO5LY LAKE
May 2 6 - 2 7 .  1 9 4 8

D I9GF T O T I C P  0 1 5 I C . P  T O T I C P
38 3 1  3 1  3 M
116/L M G / L  M G / L  M G / L

DISICP
3811
MG/L

TOTICP
SR
MG/L

DISICP
38
MG/L

TOT1<9
TI
11G/L

DISICP TO T I C P
TI  Z X
MG/L 1 1 6 / 4

DISICP
ZS
MG/L

TOTICP
Sta t ion  P
(Depth) MG/L

4(1u) <0.1 <0.1 <0.05 (0 .0003 <0.05 (0 .0003 <0.05 ( 0 . 0 3 3.96 3 . 6 2 ( 0 . 0 5 ( 0 . 0 5 0.254 0 .235 0.004 <0.002 0 . 0 0 7 0.006
4 ( 5 . ) ( 0 . 1 40.1 40.05 (0 .0005 <0.05 (0 .0005 <0.05 <0.05 4 .03 3.91 ( 0 . 0 5 ( 0 . 0 5 0 .259 0 .266 0 .007 (0 .002  0 . 0 1 2 0.004
4 ( 1 6 . ) ( 0 . 1 (0 .1 ( 0 . 0 5 (0 .0005 ( 0 . 0 3 (0 .0005 ( 0 . 0 5 ( 0 . 0 5 4 .42 3 . 7 3 ( 0 . 0 5 ( 0 . 0 3 0 .295 0 .244 (0 .002 00.002 ( 0 . 0 0 2 0.003

5 ( 1 0 ( 0 . 1 40.1 ( 0 . 0 5 0.0005 <0.05 <0.0005 (0 .03 ( 0 . 0 5 3 .95 3 .67 ( 0 . 0 5 <0.05 0 .265 0 .239 0 .003 <0.002 0 . 0 0 7 0.003
5 ( 7 a ) < 0 A (0 .1 <0.05 (0 .0005 <0.05 (0 .0005 ( 0 . 0 5 ( 0 . 0 5 4 .04 3 . 7 0 ( 0 . 0 3 ( 0 . 0 5 0 .266 0 .239 0 .004 (0 .002  0 . 0 1 0 0 .003
5(16a) <0.1 (0 .1 <0.05 (0 .0005 <0.05 (0 .0005 <0.05 ( 0 . 0 5 4.21 4.01 <0.05 <0.05 0 .290 0 .272 0 .002 (0 .002  ( 0 . 0 0 2 0.003

6 ( 1 . ) <0.1 <0.1 <0.05 (0 .0005 40.05 (0 .0005 <0.05 <0.05 4.00 3 .64 ( 0 . 0 5 <0.05 0 .265 0 .239 0.003 40.002 0 0 . 0 0 2 0 .003
6 ( 5 . ) ( 0 .1 40.1 ( 0 . 0 3 (0 .0005 ( 0 . 0 5 (0 .0005 ( 0 . 0 3 <0.05 4.04 3.81 ( 0 . 0 5 ( 0 . 0 5 0.281 0 .250 0 .004 40.002 ( 0 . 0 0 2 0 .003
6 ( 1 5 . ) ( 0 . 1 (0 .1 ( 0 . 0 5 (0 .0005 ( 0 . 0 3 (0 .0003 ( 0 . 0 5 <0.05 3.93 4.01 ( 0 . 0 5 ( 0 . 0 5 0.284 0.271 (0 .002 (0 .002 4 0 . 0 0 2 0.003

741 . ) <0.1 40.1 <0.05 (0 .0005 ( 0 . 0 5 (0 .0005 ( 0 . 0 5 ( 0 . 0 5 4 .07 3 . 8 0 <0.05 ( 0 . 0 5 0 .268 0 .249 0.004 (0 .002  ( 0 . 0 0 2 0.004
7 ( 5 . ) ( 0 . 1 <0.1 ( 0 . 0 5 (0 .0005 ( 0 . 0 5 (0 .0005 <0.05 ( 0 . 0 5 4 .03 3 . 8 5 ( 0 . 0 5 ( 0 . 0 5 0 .268 0 .253 0.003 (0 .002 0 . 0 0 5 0.003
7(16■ ) <0.1 <0.1 <0.05 (0 .0005 ( 0 . 0 5 (0 .0005 <0.05 ( 0 . 0 5 4 .22 4 . 1 5 <0.05 <0.05 0 .298 0.284 40.002 <0.002 4 0 . 0 0 2 0.003

6(1o) ( 0 . 1 (0 .1 ( 0 . 0 5 (0 .0003 ( 0 . 0 5 (0 .0005 ( 0 . 0 5 <0.05 4 .19 3 . 8 3 <0.05 ( 0 . 0 5 0 .282 0 .252 0.003 40.002 0 . 0 0 2 0.006
8(5m) 40.1 <0.1 <0.05 0.0010 ( 0 . 0 5 40.0005 <0.05 ( 0 . 0 5 4 .05 3 . 8 5 <0.05 <0.05 0 .307 0.254 (0 .002 <0.002 0 . 0 0 3 0.003
8 ( 1 3 . ) 40.1 <0.1 40.05 <0.0005 <0.05 40.0005 ( 0 . 0 5 ( 0 . 0 5 4 . 2 9 4 . 0 0 ( 0 . 0 5 ( 0 . 0 5 0 .293 0.271 0.004 40.002 ( 0 . 0 0 2 0 .003

9(1a) ( 0 . 1 <0.1 ( 0 . 0 5 (0 .0005 ( 0 . 0 5 (0 .0003 <0.05 <0.05 4 .20 3 . 8 9 <0.05 ( 0 . 0 5 0 .276 0 .256 0 .005 (0 .002 0 . 0 0 5 0.005
9(10u) ( 0 . 1 <0.1 <0.05 (0 .0005 <0.05 (0 .0005 ( 0 . 0 5 (0 .05 4.11 3 . 9 0 <0.05 <0.05 0.274 0 .258 0 .004 (0 .002 0 . 0 0 3 40.002
9 ( 1 5 . ) 40.1 40.1 ( 0 . 0 3 (0 .0005 <0.05 (0 .0005 ( 0 . 0 5 40.05 4 .37 3 . 9 7 40.05 <0.05 0.291 0 .265 0 .007 <0.002 0 . 0 0 9 0.004

1 0 ( 1 . ) ( 0 .1 (0 .1 40.05 (0 .0003 ( 0 . 0 5 (0 .0005 <0.05 <0.05 4.17 3 . 8 6 <0.05 <0.05 0 .276 0 .253 0.004 40.002 0 . 0 0 4 0.002
1 0 ( 1 0 . ) 40.1 <0.1 ( 0 . 0 5 (0 .0005 ( 0 . 0 5 (0 .0005 ( 0 . 0 5 (0 .03 4 .27 3 . 8 4 ( 0 . 0 5 ( 0 . 0 5 0 .278 0 .253 0.004 (0 .002  ( 0 . 0 0 2 0.003
1 0 ( 1 3 . ) ( 0 . 1 (0 .1 ( 0 . 0 3 (0 .0005 <0.05 (0 .0005 ( 0 . 0 5 (0 .05 4.71 3 . 9 3 (0 .05 <0.05 0 .278 0 .259 0 .008 (0 .002  ( 0 . 0 0 2 40.002

11 ( 1 . ) 40.1 (0 .1 ( 0 . 0 5 (0 .0005 <0.05 (0 .0005 ( 0 . 0 5 <0.05 4.17 3 . 9 3 ( 0 . 0 5 40.05 0 .273 0 .259 0 .004 <0.001 ( 0 . 0 0 2 40.002
11 ( 1 0 . ) ( 0 .1 (0 .1 <0.05 (0 .0003 <0.05 (0 .0005 ( 0 . 0 5 <0.05 4.12 3 . 8 6 <0.05 ( 0 . 0 5 0.274 0 .256 0 .003 (0 .002  4 0 . 0 0 2 0 .003
11(14a) ( 0 . 1 ( 0 . 1 ( 0 . 0 5 (0 .0005 ( 0 . 0 5 (0 .0005 <0.05 ( 0 . 0 5 4 . 0 6 4 . 0 0 <0.05 <0.05 0 .265 0 .267 40.002 40.002 0 . 0 1 1 0.002
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4 . 0  R E S U L T S  AND DISCUSSION

4 . 1  W a t e r

4 . 1 . 1  M a y  2 6 - 2 7 ,  1 9 8 8 .  W a t e r  q u a l i t y  r e s u l t s  c a n  b e  f o u n d  i n  Ta b l e  2 ,
and l a k e  p r o f i l e  d a t a  i n  Ta b l e  3 .

The t e m p e r a t u r e - c o n d u c t i v i t y  p r o f i l e s  p e r f o r m e d  d u r i n g  t h e  May  s u r v e y
showed a n  i n c r e a s e  o f  c o n d u c t i v i t y  w i t h  d e p t h  a t  a l l  s t a t i o n s ,  w i t h  t h e
g r e a t e s t  c h a n g e  f o r  t h e  e a s t e r n  s t a t i o n s .  S u r f a c e  c o n d u c t i v i t y  v a r i e d  f r o m
1 7 6 . 1  t o  1 8 4 . 6  µ m h o s / c m ,  w h i l e  b o t t o m  c o n d u c t i v i t y  r e a d i n g s  w e r e  b e t w e e n
1 9 4 . 8  a n d  2 2 9 . 2  R m h o s / c m .  T h e  t h e r m o c l i n e  w a s  e a s i e r  t o  d e f i n e  i n  t h e
e a s t e r n  p a r t  o f  t h e  l a k e .  T h e  w e s t e r n  p r o f i l e  w a s  p e r f o r m e d  a  d a y  l a t e r  a n d
s t r o n g  w i n d s  i n c r e a s e d  t h e  m i x i n g  o f  t h e  e p i l i m n i o n  w i t h  t h e  m e t a l i m n i o n .
pH w a s  i n  a  n e u t r a l  r a n g e  o f  7 . 1  t o  7 . 7 .  T h e  s u r f a c e  p H  w a s  a l w a y s  g r e a t e r
t h a n  a t  d e p t h .

Cadmium l e v e l s  w e r e  h i g h  a t  s e v e r a l  s t a t i o n s .  T o t a l  c a d m i u m  a t  o n e
m e t r e  d e p t h  w a s  0 . 7  l i g / L  a t  S t a t i o n  5 ;  1 . 4  R g / L  a t  S t a t i o n  6 ;  0 . 7  R g / L  a t
S t a t i o n  1 0 ;  a n d  1 . 5  µ g / L  a t  S t a t i o n  1 1 .  T h e  s a m p l e  a t  S t a t i o n  9 ,  1 0  m e t r e s
deep,  w a s  2 . 8  µ g / L .  T h e s e  a r e  a b o v e  t h e  C a n a d i a n  C o u n c i l  o f  R e s o u r c e s  a n d
E n v i r o n m e n t  M i n i s t e r s  g u i d e l i n e s  (CCREM, 1 9 8 7 )  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  ( 0 . 2  µ g / L ,  h a r d n e s s  < 6 0  m g / L ;  o r  0 . 8  µ g / L ,  h a r d n e s s  6 0 - 1 2 0  m g / L ) .  A l l
d i s s o l v e d  cadmium v a l u e s  w e r e  n e a r  o r  b e l o w  t h e  d e t e c t i o n  l i m i t  o f  0 . 1  µ g / L .

To t a l  c o p p e r  v a l u e s  w e r e  a l l  a b o v e  t h e  d e t e c t i o n  l i m i t  w h i l e  s e v e r a l
d i s s o l v e d  s a m p l e s  w e r e  c o n t a m i n a t e d .  T h e  g r a p h i t e  f u r n a c e  r e s u l t s  w e r e  u s e d
s i n c e  t h e  a n a l y s i s  o f f e r e d  l o w e r  d e t e c t i o n  l i m i t s  a n d  g r e a t e r  p r e c i s i o n .
G e n e r a l l y  t o t a l  c o p p e r  l e v e l  d e c e a s e d  w i t h  d e p t h ;  t h e  h i g h e s t  v a l u e s  w e r e
f o u n d  i n  t h e  o n e  m e t r e  s a m p l e  a t  m o s t  s t a t i o n s .  S i g n i f i c a n t  c o p p e r
c o n c e n t r a t i o n s  w e r e  f o u n d  a t  S t a t i o n  4  ( 6 . 9  µ g / L ) ;  S t a t i o n  5  ( 9 . 4  µ g / L ) ;  a n d
S t a t i o n  1 1  ( 8 . 1  µ g / L ) .  A l l  c o p p e r  s a m p l e s  i n  G o o s l y  L a k e  w e r e  a b o v e  t h e
CCREM g u i d e l i n e  f o r  p r o t e c t i o n  o f  a q u a t i c  l i f e  ( 2  µ g / L ,  h a r d n e s s  < 1 2 0  m g / L ) .
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C I O (0 .01 (0 .01 0 . 1 9 0 .07 ( 0 . 0 5 ( 0 . 0 5 0 .026 0 .022 16.6 15.4 <0.005 0.0001 <0.005 (0.0001 0 .005 (0 .005 (0 .005 (0 .005
4 4 5 0 40.01 40.01 0 . 3 0 ( 0 . 0 5 ( 0 . 0 5 40.05 0.027 0 .026 17.7 18.6 ( 0 . 0 0 5 (0.0001 ( 0 . 0 0 5 (0.0001 0 .009 (0 .005 (0 .005 (0 .005
4 ( 1 6 0 (0 .01 (0 .01 0 . 2 3 0 . 0 6 ( 0 . 0 5 ( 0 . 0 5 0 .032 0 .023 20.2 16.6 <0.005 (0.0001 ( 0 . 0 0 5 (0.0001 ( . 0 0 5 ( 0 . 0 0 5 (0 .005 ( 0 . 0 0 5

5 ( 1 0 (0 .01 (0.01 0 . 1 9 0 . 1 0 ( 0 . 0 5 ( 0 . 0 5 0 .026 0 .023 17.6 16.4 <0.005 0.0007 ( 0 . 0 0 5 (0 .0001 ( . 0 0 5 (0 .005 ( 0 . 0 0 5 40.005
5(7o) (0 .01 (0.01 0 . 2 2 0 . 0 6 ( 0 . 0 5 <0.05 0 .027 0 .023 18.0 16.0 <0.005 (0.0001 ( 0 . 0 0 0 (0 .0001 0.008 (0 .005 (0 .005 <0.005
5 ( 1 6 0 (0 .01 (0 .01 0 . 1 9 ( 0 . 0 5 ( 0 . 0 5 ( 0 . 0 5 0 .030 0 .027 20.0 19.0 ( 0 . 0 0 5 0.0007 ( 0 . 0 0 5 (0.0001 ( . 0 0 5 (0 .005 (0 .005 (0 .005

6(1o) (0 .01 <0.01 0 . 1 5 0 .06 ( 0 . 0 5 ( 0 . 0 5 0 .026 0 .023 17.5 16.1 ( 0 . 0 0 5 0.0014 ( 0 . 0 0 5 (0.0001 ( 0 . 0 0 5 ( 0 . 0 0 5 <0.005 (0 .005
6 ( 5 0 (0 .01 40.01 0 . 1 8 0 .06 ( 0 . 0 5 ( 0 . 0 5 0.027 0.023 18.7 16.8 ( 0 . 0 0 5 (0 .0001 ( 0 . 0 0 5 (0.0001 (0 .005 <0.005 0.012 (0 .005
6 ( 1 5 0 (0 .01 40.01 ( 0 . 0 5 0 .06 ( 0 . 0 5 ( 0 . 0 5 0 .028 0 .026 19.6 16.7 (0 .005 (0 .0001 ( 0 . 0 0 5 (0.0001 (0 .005 (0 .005 (0 .005 (0 .005

7 ( 1 0 (0 .01 <0.01 0 . 2 0 0.06 ( 0 . 0 5 ( 0 . 0 5 0 .026 0 .023 17.6 16.5 ( 0 . 0 0 5 (0.0001 ( 0 . 0 0 5 (0.0001 (0 .005 (0 .005 0 . 0 0 5 00.005
7 ( 5 0 (0 .01 (0 .01 0 . 1 7 ( 0 . 0 5 <0.05 ( 0 . 0 5 0 .027 0 .024 18.0 17.1 <0.005 (0 .0001 ( 0 . 0 0 5 (0 .0001 (0 .005 ( 0 . 0 0 5 (0 .005 0 . 0 0 5
7 ( 1 6 0 0 . 0 1 (0.01 0 . 0 5 ( 0 . 0 5 0 . 0 5 ( 0 . 0 5 0.031 0 .028 2 0 . 5 19.6 ( 0 . 0 0 5 0.0003 ( 0 . 0 0 5 (0 .0001 (0 .005 (0 .005 (0 .005 (0 .005

8 ( 1 . ) <0.01 (0.01 0 .17 0 . 0 8 ( 0 . 0 5 ( 0 . 0 5 0 .027 0.024 18.4 16.6 <0.005 (0.0001 ( 0 . 0 0 5 (0 .0001 0.006 (0 .006 ( 0 . 0 0 5 40.005
8(5a) (0 .01 <0.01 0 . 1 2 0 . 0 6 ( 0 . 0 5 ( 0 . 0 5 0 .028 0 .024 20.2 17.1 <0.005 0.0003 00.005 (0 .0001 0 . 0 0 5 ( 0 . 0 0 5 <0.005 0 . 0 0 5
6 ( 1 3 0 (0 .01 (0 .01 0 . 2 0 0 .06 <0.05 ( 0 . 0 5 0 .030 0 .026 19.6 18.4 (0 .005 (0.0001 ( 0 . 0 0 5 (0 .0001 (0 .005 (0 .005 ( 0 . 0 0 5 (0 .006

9(1a) (0 .01 (0 .01 0 . 2 2 0 . 0 5 ( 0 . 0 5 <0.05 0 .027 0.024 18.1 16.9 <0.005 (0 .0001 ( 0 . 0 0 5 40.0001 (0 .005 (0 .005 ( 0 . 0 0 5 <0.005
9(100) (0 .01 <0.01 0.21 0 .07 ( 0 . 0 5 ( 0 . 0 5 0.027 0.024 18.1 17.0 (0 .005 0.0028 ( 0 . 0 0 5 (0.0001 <0.005 (0 .005 00.005 (0 .005
9 ( 1 5 0 (0 .01 (0 .01 0 . 2 2 0 . 0 5 ( 0 . 0 5 <0.05 0 .030 0 .025 19.7 17.9 (0 .005 (0.0001 ( 0 . 0 0 5 (0 .0001 0.009 (0 .005 0 .005 (0 .005

1 0 ( 1 0 (0 .01 (0 .01 0.21 0 . 0 9 ( 0 . 0 5 ( 0 . 0 5 0 .027 0.024 18.2 16.7 ( 0 . 0 0 5 0.0007 ( 0 . 0 0 5 (0.0001 0 .005 (0 .005 (0 .005 (0 .005
1 0 ( 1 0 0 (0 .01 <0.01 0 .18 ( 0 . 0 5 ( 0 . 0 5 ( 0 . 0 5 0 .027 0.024 18.6 16.6 (0 .005 (0.0001 ( 0 . 0 0 5 (0 .0001 0 .007 (0 .005 ( 0 . 0 0 5 (0 .005
10(130) (0 .01 (0 .01 0 .42 0.07 0 . 0 4 ( 0 . 0 5 0 .032 0 .027 18.7 17.4 (0 .005 (0.0001 40.005 (0 .0001 0 .013 (0 .005 ( 0 . 0 0 5 (0 .005

11(1■ ) <0.01 (0.01 0.21 0 .05 ( 0 . 0 5 ( 0 . 0 5 0 .027 0.024 18 .0 17.1 (0 .005 0.0013 ( 0 . 0 0 5 (0.0001 0.006 (0 .005 (0 .005 <0.005
11(10■ ) (0 .01 (0.01 0 . 1 6 40.05 <0.05 ( 0 . 0 5 0 .027 0.024 18.2 17.1 (0 .005 (0.0001 <0.005 (0.0001 (0 .005 (0 .005 ( 0 . 0 0 5 (0 .005
11(1411) (0 .01 (0.01 0 . 1 0 0 .06 ( 0 . 0 5 ( 0 . 0 5 0 .026 0 .026 18.2 18.3 ( 0 . 0 0 5 (0.0001 <0.005 0.0002 (0 .005 (0 .005 ( 0 . 0 0 5 <0.005
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4 ( 1 0 35.0 53.9 54.7 2.0 127 7 0.043 <0.005 0.042 5 5 1 6 16 60 29
4 ( 5 0 42.0 65.6 66.6 2.0 131 (5 0.012 <0.005 0.062 6 5 1 6 16 60 32
4(160 40.0 58.4 59.3 2.8 150 (5 <0.005 <0.005 0.127 7 7 1 6 14 50 38

5 ( 1 0 35.5 57.7 54.8 1.41 127 6 0.027 (0.005 0.030 6 5 1 6 16 60 32
5 ( 7 0 35.5 56.4 57.3 I .& 132 6 0.018 (0.005 0.073 5 5 1 7 16 60 33
5(160 39.0 66.3 67.8 2.5 143 (5 (0.005 (0.005 0.117 7 7 1 6 15 50 36

6 ( 1 0 35.5 56.4 57.2 1.41 130 (5 0.031 (0.005 0.041 5 5 1 7 17 60 30
6 ( 5 0 35.5 59.3 60.3 1.41 133 8 0.012 <0.005 0.062 5 6 1 7 16 60 32
6(150 38.5 66.1 67.2 2.3 151 (5 (0.005 (0.005 0.209 6 7 1 6 14 50 36

7 ( 1 0 35.0 57.9 58.7 1.8 132 7 0.031 (0.005 0.048 5 5 1 6 16 60 31
7 ( 5 0 35.0 60.1 61.0 1.8 137 (5 0.012 (0.005 0.066 5 5 1 7 16 60 22
7(160 39.5 69.4 70.4 2.3 123 7 (0.005 (0.005 0.135 6 7 1 6  • 15 50 33

41(10 35.0 58.5 59.5 1.5 129 (5 0.026 <0.005 0.053 5 5 1 6 15 60 31
41(50 35.5 60.4 61.2 1.3 133 (5 0.010 40.005 0.071 6 5 1 6 16 60 33
8(130 37.0 65.2 66.2 2.18 137 <5 (0.005 (0.005 0.099 6 6 1 5 15 60 36

9 ( 1 0 35.0 59.41 60.6 1.5 131 (5 0.016 (0.005 0.051 5 5 1 7 16 60 31
9(100 35.0 60.0 61.0 1.3 135 (5 0.015 (0.005 0.061 5 5 1 6 16 60 32
9(150 35.0 63.0 63.9 1.8 123 (5 40.005 <0.003 0.005 6 6 1 6 16 60 34

10(10 35.5 59.1 60.1 1.3 118 (5 0.019 (0.005 0.057 5 5 1 7 16 50 32
10(100 25.5 59.6 60.5 1.8 114 (5 0.024 (0.005 0.064 5 5 1 6 16 60 32
10(130 25.5 61.7 62.8 5.3 135 (5 (0.005 (0.005 0.009 5 5 1 6 16 60 33

11(10 35.0 60.4 61.3 1.8 117 6 0.020 40.005 0.065 6 S 1 6 16 60 31
11(100 35.0 60.2 60.9 1.8 126 45 0.018 (0.005 0.073 5 5 1 5 16 60 31
11(140 37.0 64.3 65.8 2.0 119 (5 (0.005 (0.005 0.117 6 6 1 5 16 60. 23

TABLE 2  ( C o n t . ) :  W A T E R  QUALITY -  GOOSLY LAKE
Noy 26-27. 1988
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TABLE 3 :  GOOSLY LAKE TEMPERATURE-CONDUCTIVITY PROFILES -  M a y  2 6 - 2 7 ,  1 9 8 8

S t a t i o n  D e p t h  C o n d u c t i v i t y  T e m p e r a t u r e  p H
4 ( m )  ( A m h o s / c m )  ( ° C )

1 1 7 6 . 1  9 . 3  7 . 7
2 1 7 6 . 4  9 . 0  7 . 7
3 1 8 2 . 8  7 . 4  7 . 5
4 1 8 8 . 0  6 . 9  7 . 6
5 1 9 2 . 6  6 . 3  7 . 5
6 1 9 4 . 9  6 . 1  7 . 5
7 1 9 7 . 1  6 . 0  7 . 5

11 2 0 9 . 7  5 . 1  7 . 4
15 2 2 1 . 9  4 . 5  7 . 4
17 2 2 9 . 2  4 . 1  7 . 3

S t a t i o n  D e p t h  C o n d u c t i v i t y  T e m p e r a t u r e
5 ( m )  ( g m h o s / c m )  ( ° C )

pH

1 1 7 9 . 3  9 . 1  7 . 5
2 1 7 9 . 3  9 . 0  7 . 5
3 1 7 9 . 5  8 . 9  7 . 5
4 1 7 9 . 5  8 . 8  7 . 5
5 1 7 9 . 8  8 . 5  7 . 5
6 1 8 5 . 8  7 . 2  7 . 4
7 1 9 2 . 4  6 . 4  7 . 4
8 1 9 3 . 5  6 . 2  7 . 4
9 1 9 6 . 8  5 . 9  7 . 4

10 1 9 9 . 6  5 . 8  7 . 3
11 2 0 8 . 8  5 . 4  7 . 3
15 2 1 6 . 8  4 . 7  7 . 3
16 2 2 4 . 8  4 . 4  7 . 2

S t a t i o n  D e p t h  C o n d u c t i v i t y  T e m p e r a t u r e
6 ( m )  ( A m h o s / c m )  ( ° C )

pH

1 1 8 0 . 1  8 . 8  7 . 4
2 1 8 0 . 9  8 . 7  7 . 4
3 1 8 3 . 3  8 . 1  7 . 4
4 1 8 6 . 0  7 . 7  7 . 4
5 1 8 9 . 3  6 . 8  7 . 4
6 1 9 2 . 4  6 . 4  7 . 3
7 1 9 4 . 8  6 . 2  7 . 3
8 1 9 7 . 1  6 . 0  7 . 3

11 2 0 7 . 7  5 . 4  7 . 3
13 2 1 0 . 8  5 . 2  7 . 3
15 2 1 5 . 9  4 . 8  7 . 2
16 2 2 0 . 2  4 . 7  7 . 2
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TABLE 3  ( c o n t . ) :
GOOSLY LAKE TEMPERATURE-CONDUCTIVITY PROFILE -  M a y  2 6 - 2 7 ,  1 9 8 8

S t a t i o n  D e p t h  C o n d u c t i v i t y  T e m p e r a t u r e  p H
7 ( m )  ( K m h o s / c m )  ( ° C )

1 1 8 0 . 9  8 . 7  7 . 4
2 1 8 1 . 9  8 . 4  7 . 4
3 1 8 2 . 8  8 . 1  7 . 4
4 1 8 8 . 2  7 . 1  7 . 4
5 1 9 1 . 5  6 . 6  7 . 4
6 1 9 4 . 3  6 . 3  7 . 3
7 1 9 5 . 1  6 . 2  7 . 3
8 1 9 7 . 9  6 . 0  7 . 3
9 2 0 1 . 0  5 . 8  7 . 3

10 2 0 2 . 9  5 . 6  7 . 2
11 2 0 6 . 0  5 . 5  7 . 2
16 2 1 3 . 3  5 . 1  7 . 2
17 2 2 1 . 1  4 . 6  7 . 2

S t a t i o n  D e p t h  C o n d u c t i v i t y  T e m p e r a t u r e
8 ( m )  ( g m h o s / c m )  ( ° C )

PH

1 1 8 1 . 1  8 . 6  7 . 4
2 1 8 2 . 5  8 . 0  7 . 1
3 1 8 3 . 6  7 . 7  7 . 1
4 1 8 9 . 3  6 . 9  7 . 2
5 1 9 2 . 9  6 . 5  7 . 2
6 1 9 3 . 5  6 . 4  7 . 2
7 1 9 7 . 3  6 . 0  7 . 2
8 1 9 9 . 3  5 . 9  7 . 1
9 1 9 9 . 8  5 . 9  7 . 2

10 2 0 2 . 6  5 . 7  7 . 1
15 2 0 5 . 7  5 . 5  7 . 2
16 2 0 9 . 1  5 . 3  7 . 1

S t a t i o n  D e p t h  C o n d u c t i v i t y  T e m p e r a t u r e  p H
9 ( i n )  ( g r a h o s / c m )  ( ° C )

1 1 8 4 . 1
2 1 8 3 . 8
3 1 8 3 . 3
4 1 8 3 . 5
5 1 8 3 . 3
6 1 8 3 . 5
7 1 8 3 . 0
8 1 8 3 . 3
9 1 8 4 . 4

10 1 8 4 . 4
11 1 8 4 . 4
12 1 8 4 . 9
13 1 8 6 . 0
14 1 8 8 . 2
15 1 9 1 . 2
16 2 0 0 . 7

8 .7
8 .7
8 .7
8 . 6
8 . 6
8 . 5
8 . 5
8 . 4
8 .2
8 .2
8 .2
8 . 1
7 . 9
7 . 6
7 . 2
6 . 0

7 . 4
7 . 4
7 . 5
7 . 6
7 . 6
7 . 6
7 . 6
7 . 6
7 . 6
7 . 6
7 . 6
7 . 6
7 . 5
7 . 5
7 . 5
7 . 3
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TABLE 3  ( c o n t . ) :
GOOSLY LAKE TEMPERATURE-CONDUCTIVITY PROFILE -  M a y  2 6 - 2 7 ,  1 9 8 8

S t a t i o n  D e p t h  C o n d u c t i v i t y  T e m p e r a t u r e  p H
10 C m )  ( g m h o s / c m )  ( ° C )

1 1 8 4 . 6  8 . 9  7 . 4
2 1 8 4 . 1  8 . 7  7 . 4
3 1 8 2 . 7  8 . 7  7 . 3
4 1 8 2 . 5  8 . 7  7 . 3
5 1 8 2 . 5  8 . 7  7 . 3
6 1 8 2 . 2  8 . 7  7 . 4
7 1 8 3 . 0  8 . 5  7 . 4
8 1 8 2 . 7  8 . 5  7 . 4
9 1 8 2 . 7  8 . 5  7 . 4

10 1 8 3 . 0  8 . 5  7 . 4
11 1 8 3 . 0  8 . 5  7 . 4
13 1 8 4 . 9  8 . 2  7 . 4
15 1 8 6 . 5  7 . 9  7 . 3
16 1 8 9 . 3  7 . 5  7 . 4
17 1 9 4 . 8  6 . 7  7 . 3

S t a t i o n  D e p t h  C o n d u c t i v i t y  T e m p e r a t u r e
11 E r n )  ( g m h o s / c m )  ( ° C )

pH

1 1 8 0 . 6  9 . 0
2 1 8 1 . 1  8 . 7
3 1 8 0 . 9  8 . 7
4 1 8 0 . 9  8 . 7
5 1 8 1 . 4  8 . 6
6 1 8 1 . 4  8 . 6
7 1 8 1 . 4  8 . 5
8. 1 8 1 . 7  8 . 5

11 1 8 4 . 9  8 . 0
15 2 1 0 . 8  5 . 2
16 2 2 3 . 0  4 . 6

The m e r c u r y,  l e a d ,  a n d  ch rom ium s a m p l e s  w e r e  n e a r  o r  b e l o w  t h e  d e t e c t i o n
l i m i t .  Z i n c ,  a l t h o u g h  d e t e c t a b l e ,  w a s  a l w a y s  b e l o w  t h e  0 . 0 3  m g / L  CCREM
g u i d e l i n e .  T h e s e  m e t a l  v a l u e s  a r e  n o t  s u s p e c t e d  t o  c a u s e  p r o b l e m s  f o r
a q u a t i c  l i f e .

Most  o f  t h e  t o t a l  o r g a n i c  c a r b o n  was  d i s s o l v e d ,  v a r y i n g  1 4  t o  1 7  m g / L .
S u l p h a t e  l e v e l s  w e r e  f a i r l y  c o n s i s t e n t  t h r o u g h o u t  t h e  l a k e  w i t h  l e v e l s  o f  2 9
t o  3 8  m g / L .  C o l o u r  w a s  h i g h  a t  5 0 - 6 0  r e l a t i v e  u n i t s  a n d  t u r b i d i t y  w a s  1 . 3
t o  5 . 3  F T U .  S u s p e n d e d  s o l i d s  w e r e  b e l o w  o r  c l o s e  t o  t h e  d e t e c t i o n  l i m i t  o f
5 m g / L  w h i l e  s u b s t a n t i a l  d i s s o l v e d  s o l i d s  w e r e  p r e s e n t  i n  t h e  w a t e r  ( 11 4 - 1 5 1
m g / L ) .



-  2 3

4 . 1 . 2  J u n e  2 2 - 2 3 ,  1 9 8 8 .  W a t e r  q u a l i t y  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  4 ,  a n d  t h e  l a k e  p r o f i l e  d a t a  i s  i n  Ta b l e  5 .

The t h e r m o c l i n e  w a s  b e t w e e n  5  a n d  8  m e t r e s  b a s e d  o n  t h e  l a k e  s t a t i o n s
t e m p e r a t u r e - c o n d u c t i v i t y  p r o f i l e s .  C o n d u c t i v i t y  w a s  l o w e r  a t  t h e  s u r f a c e ,
r a n g i n g  f r o m  1 7 0 . 5  t o  1 7 8 . 8  µmhos / cm .  T h e  v a l u e s  a t  t h e  b o t t o m  r a n g e d  f r o m
1 8 4 . 5  t o  1 9 3 . 5  µ m h o s / c m  c o r r e s p o n d i n g  t o  a  s u r f a c e - b o t t o m  d i f f e r e n c e  o f  1 2
t o  1 8  g m h o s / c m .  M o s t  s t a t i o n s  e x p e r i e n c e d  a  d e c r e a s e  i n  c o n d u c t i v i t y  a t  t h e
t h e r m o c l i n e  o f  2  t o  6  µ m h o s / c m  f r o m  t h e  s u r f a c e .  T h e  p H  v a l u e s  t h r o u g h o u t
t h e  l a k e  w e r e  b e t w e e n  7 . 0  a n d  7 . 8  p H  u n i t s .

To t a l  cadmium l e v e l  was  0 . 9  µ g / L  a t  S t a t i o n  6  ( 8  m e t r e s  d e e p ) .  T h i s  was
above t h e  CCREM g u i d e l i n e  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  o f  0 . 8  g g / L  f o r
h a r d n e s s  o f  6 0  t o  1 2 0  m a / L .  D i s s o l v e d  cadmium v a l u e s  w e r e  b e l o w  o r  c l o s e  t o
t h e  d e t e c t i o n  l i m i t  o f  0 . 1  µ g / L .  S o m e  h i g h  d i s s o l v e d  cadmium v a l u e s  w e r e  d u e
t o  c o n t a m i n a t i o n .

A l l  l a k e  s a m p l e s  h a d  c a r b o n a t e  h a r d n e s s  r a n g i n g  f r o m  6 2 . 1  t o  7 0 . 9  m g / L .
Carbonous  h a r d n e s s  w a s  a l m o s t  t w i c e  a s  h i g h  a s  i n  M a y  1 9 8 8  w h i l e  t o t a l
h a r d n e s s  d i d  n o t  i n c r e a s e  a s  much.  T h i s  c a n  b e  e x p l a i n e d  b y  t h e  l a r g e  a m o u n t
o f  l i m e  a d d e d  f o r  t h e  c o n t r o l  o f  a c i d  m i n e  d r a i n a g e  d u r i n g  t h e  s p r i n g  a n d
summer. A l k a l i n i t y  d i d  n o t  c h a n g e  f r o m  May t o  J u n e .  A l k a l i n i t y  i n  M a y  w a s
s i m i l a r  t o  t h e  h a r d n e s s  d u e  t o  t h e  w a t e r  i n c r e a s i n g  i n  c a l c i u m  c o n t e n t
w i t h o u t  b e n e f i t i n g  f r o m  a n  i n c r e a s e  i n  b u f f e r i n g  c a p a c i t y .

To t a l  c o p p e r  v a l u e s  w e r e  a l l  a b o v e  t h e  d e t e c t i o n  l i m i t  w h i l e  d i s s o l v e d
v a l u e s  w e r e  s u b j e c t  t o  s e v e r a l  c o n t a m i n a t i o n s .  T h e  g r a p h i t e  f u r n a c e  r e s u l t s
we re  u s e d  s i n c e  t h e  a n a l y s i s  l e d  t o  g r e a t e r  p r e c i s i o n  w i t h  l o w e r  d e t e c t i o n
v a l u e s .  G e n e r a l l y  t o t a l  c o p p e r  l e v e l s  d e c r e a s e d  w i t h  d e p t h ;  h i g h  v a l u e s  w e r e
f o u n d  a t  t h e  o n e  m e t r e  d e e p  s a m p l e  a t  m o s t  s t a t i o n s .  S i g n i f i c a n t  c o p p e r
c o n c e n t r a t i o n s  w e r e  f o u n d  a t  S t a t i o n  4  ( 5 . 1  g g / L  a t  1  m e t r e  d e p t h )  a n d
S t a t i o n  11  ( 7 . 1  µ g / L  a t  7  m e t r e s  d e p t h ) .  A l l  c o p p e r  s a m p l e s  i n  G o o s l y  L a k e
w e r e  a b o v e  t h e  CCREM g u i d e l i n e  f o r  p r o t e c t i o n  o f  a q u a t i c  l i f e  ( 2  g g / L  f o r
w a t e r  w i t h  h a r d n e s s  b e l o w  1 2 0  m g / L ) .



sc. --)0_-,,o.fefrogriA,
Koke5. (wit_
f l y )  I S  4. . .c i  2 . 1

TOTICP
5t.st ionAG
( D e p t h ) M G M

DISICP
AG
MG/L

TOTICP
AL
MG/t.

3 1 5 1 0
AL
MG/t.

TOTICP
45
14G/1.

DISICP
45
MGM

TOTICP
6A
MGM

DISICP
OA
MGM

TOTICP
CA
MGM

p r m m
CA
K M

TOTICP
CD
MGM

u m p
CD
MG/L

M I C A
M
K M

B M W
CO
lOGM

TOTIM
CO
K M

p i m a
CO
NG&

TOTICP
M
MGM

DISICP
CA
OGM

4 4 1 0 40.01 <0.01 0 . 0 , ( 0 . 0 5 40.05 <0.05 0.024 0.024 14.7 16.1 40.005 0.0002 ( 0 . 0 0 5 (0.0001 40.005 <0.005 (0 .005 40.005
4 ( 5 0 40,01 40.01 0 .11 (0 .03 40.05 <0.05 0 .025 0 .025 19.2 16.4 (0 .005 0.0002 ( 0 . 0 0 5 (0.0001 <0.005 (0 .001 40.005 40.005
4 ( 1 6 0 <0.01 <0.01 0 . 1 7 <0.05 <0.05 40.05 0 .029 0 .026 20 .6 19.4 (0 .005 0.0002 40.005 (0.0001 <0.005 (0 .005 40.005 <0.005

5(1s ) (0 .01 <0.01 0 . 1 0 ( 0 . 0 5 ( 0 . 0 5 ( 0 . 0 5 0 .024 0 .024 18.4 17.9 (0 .005 0.0001 <0.005 (0.0001 <0.005 (0 .005 <0.005 40.005
3(910 <0.01 (0 .01 0 . 1 2 <0.05 40.05 <0.05 0 .024 0 .025 16.4 16.3 (0 .005 0.0004 40.005 0.0002 <0.005 40.005 (0 .005 (0 .005
5 ( 1 6 0 40.01 <0.01 0 . 1 2 (0 .05 ( 0 . 0 5 40.05 0 .025 0 .023 19.1 16.4 40.005 (0 .0001 <0.005 (0.0001 (0 .005 (0 .005 (0 .005 (0.005

4(141) 40.01 <0.01 0 . 0 9 ( 0 . 0 5 <0.05 ( 0 . 0 5 0 .024 0 .025 16.4 16.5 (0 .005 40.0001 ( 0 . 0 0 5 (0.0001 (0 .005 <0.005 (0 .005 (0 .005
6 ( 6 . ) <0.01 ( 0 . 0 1 0 .11 <0.05 <0.05 ( 0 . 0 5 0 .024 0.024 16.3 18.3 (0 .005 0 .0009 ( 0 . 0 0 5 (0.0001 <0.005 40.005 40.005 (0 .005
6 ( 1 4 . ) 40.01 0.01 0 . 1 2 0.06 <0.05 <0.05 0 .029 0.026 21 .2 20.1 ( 0 . 0 0 5 0.0003 ( 0 . 0 0 3 0.0001 (0 .005 0.005 40.005 0.007

7 ( 1 . ) 40.01 (0 .01 0 .12 ( 0 . 0 5 ( 0 . 0 5 <0.05 0 .026 0.024 20 .0 16.1 ( 0 . 0 0 5 0.0006 ( 0 . 0 0 5 0.0002 (0 .005 <0.005 40.005 (0 .003
7 ( 7 0 (0 .01 <0.01 0 . 0 4 <0.05 40.05 ( 0 . 0 5 0 .027 0.024 20 .2 16.3 <0.005 (0 .0001 ( 0 . 0 0 5 0.0002 <0.005 <0.005 40.005 (0 .005
7 ( 1 7 . ) <0.01 (0 .01 0 . 0 4 ( 0 . 0 5 ( 0 . 0 5 <0.05 0 .026 0 .025 19.1 16.7 <0.005 (0 .0001 <0.005 0.0003 ( 0 . 0 0 5 (0 .005 ( 0 . 0 0 5 (0 .005

6 ( 1 . ) <0.01 <0.01 ( 0 . 0 5 40.05 <0.05 ( 0 . 0 3 0 .025 0.024 19.3 16.2 <0.005 (0 .0001 ( 0 . 0 0 5 0.0003 <0.005 <0.005 (0 .005 (0 .005
6 ( 7 0 (0 .01 (0 .01 0 . 0 9 40.05 <0.05 <0.05 0 .026 0 .025 19.9 16.4 <0.005 (0 .0001 <0.005 0.0004 00.005 0 . 0 0 5 (0 .009 40.005
6 ( 1 6 . ) <0.01 (0 .01 0 . 1 0 (0 .05 ( 0 . 0 5 <0.05 0.026 0.027 20.5 20.1 <0.005 10.0001 <0.005 (0 .0001 ( 0 . 0 0 5 (0 .005 00.005 (0 .005

9 ( 1 . ) <0.01 <0.01 0 . 0 5 ( 0 . 0 5 <0.05 <0.05 0 .026 0 .024 19.5 18.3 ( 0 . 0 0 5 0.0001 ( 0 . 0 0 5 (0 .0001 40.005 40.005 (0 .005 (0 .005
9 ( 7 . ) (0 .01 (0 .01 0 . 0 9 40.05 <0.05 40.05 0 .027 0 .024 20.3 16.2 <0.005 0.0002 <0.005 (0 .0001 (0 .005 40.005 (0 .005 <0.005
9 ( 1 4 0 40.01 40.01 0 . 1 2 0 .07 ( 0 . 0 5 <0.05 0 .032 0 .027 2 3 . 3 20.0 <0.005 0.0004 40.005 40.0001 (0 .005 (0 .003 ( 0 . 0 0 5 40.005

1 0 ( 1 . ) <0.01 <0.01 ( 0 . 0 5 ( 0 . 0 5 ( 0 . 0 5 ( 0 . 0 5 0 .027 0 .024 20 .7 16.3 <0.005 (0 .0001 ( 0 . 0 0 5 (0 .0001 40.005 40.005 (0 .005 <0.005
1 0 ( 7 . ) <0.01 40.01 0 . 1 0 (0 .05 (0 .05 <0.05 0 .025 0.024 19.2 16.4 ( 0 . 0 0 5 0.0001 ( 0 . 0 0 5 (0 .0001 <0.005 (0 .009 (0 .005 <0.005
10 (15 . ) <0.01 40.01 0 . 0 9 ( 0 . 0 5 ( 0 . 0 5 ( 0 . 0 5 0.034 0 .026 2 3 . 0 20.4 40.005 (0 .0001 <0.005 (0 .0001 <0.005 (0 .005 (0 .005 (0 .009

1 1 ( 1 0 40.01 (0 .01 0 . 0 6 ( 0 . 0 5 ( 0 . 0 5 <0.05 0 .026 0.024 21.4 16.4 (0 .005 0.0001 ( 0 . 0 0 5 (0.0001 ( 0 . 0 0 5 <0.005 ( 0 . 0 0 9 40.005
11 ( 7 . ) (0 .01 (0 .01 0 . 1 0 0 . 0 6 ( 0 . 0 5 ( 0 . 0 5 0 .025 0 .023 16.5 16.8 (0 .005 40.0001 ( 0 . 0 0 5 (0.0001 (0 .005 (0 .005 40.005 <0.005
11 ( 1 5 0 40.01 (0 .01 0 . 1 2 <0.05 ( 0 . 0 5 <0.05 0 .029 0.027 2 1 . 0 19.9 (0 .005 0.0001 ( 0 . 0 0 5 40.0001 (0 .005 (0 .005 ( 0 . 0 0 5 40.005

TABLE 4   : W A T E R  QUALITY -  6005LY LAKE
June 2 2 - 2 3 ,  1 9 4 6



TOLE 4  ( C o n t . ) :

TOTICP
Stet...ton CU
(Depth) SG/L

TOTGF
CU
SG&

DISICP
CU
NG/L

DISGF
CU
NG/L

TOTICP
FE
NG/L.

DISICP
FE
NG/L

TOTICP
MG
NG/L

DISICP
NG
NG/1.

TOTICP
NM
NG/L

DISICP
MM
NG&

TOTICP
MO
NG/L

DISICP
MO
06/1,

TOTICP
NA
NG&

DISICP
NA
SG/L

TOTICP D I S I C P
NI N I
SG/L N G / L

4 4 1 0 0 .007 0.0051 (0 .005 0.0049 0 .167 0.091 4 . 3 4 . 3 0.013 (0.001 (0 .01 <0.01 3 , 7 3 . 4 ( 0 . 0 2 ( 0 . 0 2
4 4 5 0 (0 .005 0.0042 0 .006 0.0038 0 .218 0 ,093 4 . 5 4 . 5 0.020 (0.001 (0 .01 (0 .01 3 . 9 3 . 6 <0.02 ( 0 . 0 2
4(16s) (0 .005 0.0044 ( 0 . 0 0 5 0 .0035 0 .272 0 .092 4 . 9 4 . 7 0.053 (0.001 (0 .01 <0.01 4 . 2 3 . 7 <0.02 ( 0 . 0 2

5 ( 1 0 (0 .005 0.0045 ( 0 . 0 0 5 0.0043 0 .168 0 .085 4 . 3 4 . 2 0.013 (0 .001 (0 .01 <0.01 3 . 8 3 . 4 ( 0 . 0 2 ( 0 . 0 2
5 ( 9 0 0 .006 0.0046 ( 0 . 0 0 5 0.0039 0 .197 0 .093 4 . 3 4.4 0 .016 <0.001 (0 .01 <0.01 3 . 8 3 . 6 (0 .02 <0.02
5 ( 1 6 0 0 .006 0.0046 <0.005 0.0041 0 .242 0 .111 4 . 4 4.4 0.028 (0 .001 (0 .01 <0.01 3 . 7 3 .4 [ 0 . 0 2 ( 0 . 0 2

6 ( 1 0 <0.005 0 .0045 (0 .005 0 .0040 0 .194 0.092 4 . 3 4 . 4 0,012 <0.001 (0 .01 <0.01 3 . 7 3 . 5 (0 .02 <0.02
6 ( 6 0 0.006 0 .0045 40.005 0.0036 0 .164 0.064 4 . 3 4 .4 0.015 <0.001 (0 .01 (0 .01 3 . 7 3.4 ( 0 . 0 2 (0 .02
6(14s) ( 0 . 0 0 5 0.0037 0 .009 0.0040 0 .258 0.102 5 . 0 5 . 0 0.072 (0 .001 (0 .01 (0 .01 4 . 3 3 . 9 ( 0 . 0 2 ( 0 . 0 2

7 ( 1 0 0.006 0.0046 ( 0 . 0 0 5 0.0042 0 .195 0 .046 4 . 7 4 . 3 0.012 (0 .001 (0 .01 <0.01 4 . 0 3 . 5 <0.02 <0.02
7 ( 7 0 ( 0 . 0 0 5 0 .0046 ( 0 . 0 0 5 0.0041 0 .200 0 .019 4 . 7 4 . 4 0 .015 <0.001 (0 .01 <0.01 4 . 0 3 . 4 <0.02 40.02
7(17s) <0.005 0.0041 ( 0 . 0 0 5 0.0042 0 .207 0.094 4 . 5 4 . 6 0 .023 (0 .001 (0 .01 (0 .01 3 . 6 3 . 6 ( 0 . 0 2 <0.02

8 ( 1 . ) ( 0 . 0 0 5 0.0044 ( 0 . 0 0 5 0.0041 0 .153 0 .086 4 . 4 4 . 3 0 .010 (0.001 (0 .01 <0.01 3 . 7 3 . 4 (0 .02 ( 0 . 0 2
8 ( 7 0 ( 0 . 0 0 5 0.0044 40.005 0.0038 0 .187 0.091 4 . 6 4 , 5 0.014 (0.001 (0 .01 (0 .01 3 . 9 3 . 5 (0 .02 <0.02
8(16s) <0.005 0 .0035 ( 0 . 0 0 5 0.0036 0 .247 0 .098 4 . 8 4 . 9 0 .075 <0.001 (0 .01 (0 .01 4 .1 3 . 8 <0.02 ( 0 . 0 2

9 ( 1 . ) 0 .006 0 .0046 ( 0 . 0 0 5 0.0043 0.174 0.094 4 . 5 4 . 4 0 .013 40.001 (0 .01 (0 .01 3 . 6 3 . 4 ( 0 . 0 2 ( 0 . 0 2
9 (7■ ) (0 .005 0 .0049 ( 0 . 0 0 5 0 .0040 0 .209 0 .067 4 . 6 4 . 4 0 .019 40.001 (0 .01 (0 .01 4.1 3 . 4 ( 0 . 0 2 ( 0 . 0 2
9(14s) ( 0 . 0 0 5 0 .0039 0 .006 0.0035 0 .295 0.101 5 . 5 4 . 9 0 .068 (0 .001 (0 .01 (0 .01 4 . 7 3 . 6 ( 0 . 0 2 ( 0 . 0 2

1 0 ( 1 . ) ( 0 . 0 0 5 0.0047 ( 0 . 0 0 5 0.0043 0 .160 0 .046 4 . 6 4 .4 0 ,013 (0 .001 <0.01 (0 .01 4.1 3 . 5 ( 0 . 0 2 40.02
10(7s) <0.005 0.0037 ( 0 . 0 0 5 0.0031 0.231 0 .066 4 . 4 4 . 4 0 .016 (0 .001 (0 .01 (0 .01 3 . 8 3 . 6 ( 0 . 0 2 ( 0 . 0 2
1 0 ( 1 5 . ) 40.005 0 .0032 <0.005 0 .0019 0 .322 0 .102 5 . 4 4 . 9 0 .142 (0 .001 (0 .01 ( 0 . 0 1 4 . 6 3 . 9 ( 0 . 0 2 ( 0 . 0 2

11 ( 1 . ) ( 0 . 0 0 5 0.0041 ( 0 . 0 0 5 0.0038 0 .190 0.091 4 . 9 4 . 3 0 .014 <0.001 <0.01 <0.01 4 . 2 3 . 5 <0.02 ( 0 . 0 2
1 1 ( 7 0 0 .008 0.0071 0 .000 0 .0030 0 .203 0 .096 4 . 4 4 . 4 0 .019 (0 .001 (0 .01 <0.01 3 . 7 3 . 6 ( 0 . 0 2 ( 0 . 0 2
11 ( 1 5 . ) ( 0 . 0 0 5 0 .0040 0.007 0.0023 0 .269 0 .099 4 . 9 4 . 8 0.054 (0.001 (0 .01 (0 .01 4.1 3 . 6 ( 0 . 0 2 , (0 .02

WATER QUALITY -  G005LY LAKE
June 2 2 - 2 3 .  1 9 8 8



TABLE 4 ( C o n t . ) :

DISICP
P
NG/L

TOTICP
PS
NG/L

TOTGf
PS
NG/L

DISICP
PS
MG/L

DISGF
PS
NG/L

DISICP
SA
NG/L

WATER QUALITY -  GOOSLY LAKE
June 2 2 - 2 3 .  I s a s

TOTICP T O T I C P  D I S I C P  T O T I C P
SS S I  9 1  9 1
NG/L A G / L  N G / L  M G / 4

DISICP
91
NG/L

TOTICP
SR
NG/L

DISICP
911
NG/L

TOTICP D I S I C P
TI  T 1
NG/L 1 1 G / 1 .

TOTICP
ZN
NG/L

DISICP
ZN
MG/L

S t e t  ion
(Depth)

TOTICP
P
NG/L

4 ( 1 . ) ( 0 . 1 (0 .1 <0.05 (0 .0005 <0.05 0.0005 <0.05 [ 0 . 0 5 4.14 3.411 ( 0 . 0 1 ( 0 . 0 5 0 .272 0 .243 0 .003  < 0 . 0 0 2 0.004 0.006
4(54) <0.1 ( 0 . 1 03.05 (0 .0005 ( 0 . 0 5 (0 .0005 <0.05 <0.05 4.34 4.03 <0.05 <0.05 0 .259 0 .266 0.003 0 . 0 0 2 (0 .002 <0.002
4(164) ( 0 . 1 0 . 1 ( 0 . 0 5 (0 .0005 ( 0 . 0 5 (0 .0005 ( 0 . 0 5 ( 0 . 0 5 4 .51 4 .19 ( 0 . 0 5 ( 0 . 0 5 0.274 0 .274 0.004 ( 0 . 0 0 2 (0 .002 (0 .002

5 ( 1 . ) ( 0 .1 0 . 1 ( 0 . 0 5 (0 .0005 ( 0 . 0 5 (0 .0005 <0.05 <0.05 4 . 0 5 3.83 <0.05 <0.05 0 .266 0 .279 <0.002 < 0 . 0 0 2 0 .003 (0 .002
5 ( 9 0 (0 .1 (0 .1 ( 0 . 0 5 (0 .0005 ( 0 . 0 5 0.0007 ( 0 . 0 5 <0.05 4 . 1 0 4.02 <0.05 ( 0 . 0 5 0 .249 0 .270 0 .003  ( 0 . 0 0 2 (0 .002 (0 .002
5 ( 1 6 . ) 40.1 ( 0 . 1 ( 0 . 0 5 40.0005 ( 0 . 0 5 0.0006 <0.05 ( 0 . 0 5 4 . 2 7 4.07 ( 0 . 0 5 ( 0 . 0 5 0.274 0 .290 0 .003  ( 0 . 0 0 2 (0 .002 (0 .002

6 ( 1 0 0 . 1 <0.1 ( 0 . 0 5 (0 .0005 ( 0 . 0 5 0.0007 0 . 0 6 ( 0 . 0 5 3 .95 3.89 ( 0 . 0 5 ( 0 . 0 5 0 .266 0.267 (0 .002  4 0 . 0 0 2 (0 .002 (0 .002
6 ( 1 0 ( 0 . 1 ( 0 . 1 <0.05 (0 .0005 ( 0 . 0 5 0.0008 <0.05 <0.05 4 . 1 0 3 .99 ( 0 . 0 5 ( 0 . 0 5 0 .250 0 .272 0 .002  ( 0 . 0 0 2 (0 .002 (0 .002
6(141) 40.1 0 . 1 40.05 (0 .0005 ( 0 . 0 5 0.0011 0 . 0 6 ( 0 . 0 5 4 .64 4.28 ( 0 . 0 5 ( 0 . 0 5 0 .276 0 .240 0 .003  0 . 0 0 3 (0 .002 <0.002

7(14) ( 0 . 1 (0 .1 ( 0 . 0 5 (0 .0005 ( 0 . 0 5 0.0007 ( 0 . 0 5 ( 0 . 0 5 4 . 3 2 3.13 ( 0 . 0 5 ( 0 . 0 5 0 .293 0 .213 0.003 ( 0 . 0 0 2 0 .006 (0.002
7(741 <0.1 0 . 1 ( 0 . 0 5 (0 .0005 <0.05 (0 .0005 ( 0 . 0 5 ( 0 . 0 5 4 .47 3.99 ( 0 . 0 5 <0.05 0 .279 0 .272 0.003 4 0 . 0 0 2 (0 .002 (0 .002
7(174) ( 0 . 1 ( 0 . 1 ( 0 . 0 5 (0 .0005 ( 0 . 0 5 (0 .0005 ( 0 . 0 5 <0.05 4 .26 4 .06 ( 0 . 0 3 40.05 0 .256 0 .270 0.003 ( 0 . 0 0 2 <0.002 40.002

6 ( 1 . ) ( 0 . 1 ( 0 . 1 ( 0 . 0 5 (0 .0005 ( 0 . 0 5 (0 .0005 <0.05 ( 0 . 0 5 4 . 1 7 3.64 <0.05 ( 0 . 0 5 0 .279 0 .264 (0 .002  ( 0 . 0 0 2 (0 .002 <0.002
6 (7■ ) ( 0 .1 ( 0 . 1 ( 0 . 0 5 (0 .0005 ( 0 . 0 5 (0 .0005 ( 0 . 0 5 ( 0 . 0 5 4 . 4 0 4.01 ( 0 . 0 5 ( 0 . 0 5 0 .275 0 .272 0 .002  ( 0 . 0 0 2 (0 .002 (0 .002
1(164) ( 0 . 1 <0.1 ( 0 . 0 5 (0 .0005 40.05 (0 .0005 ( 0 . 0 5 ( 0 . 0 5 4 .48 4.31 ( 0 . 0 5 ( 0 . 0 5 0 .267 0 .262 0.002 < 0 . 0 0 2 <0.002 <0.002

9 ( 1 . ) <0.1 0 . 1 ( 0 . 0 5 (0 .0005 <0.05 (0 .0005 ( 0 . 0 5 ( 0 . 0 5 4 . 2 6 3.90 <0.05 <0.05 0 .283 0 .217 0 .003  4 0 . 0 0 2 ( 0 . 0 0 2 (0 .002
9 ( 7 . ) 0 . 1 <0.1 ( 0 . 0 5 (0 .0005 ( 0 . 0 5 (0 .0005 ( 0 . 0 5 <0.05 4 . 4 9 4.02 <0.05 ( 0 . 0 5 0 .279 0 .270 0 .003  < 0 . 0 0 2 ( 0 . 0 0 2 (0 .002
9 ( 1 4 . ) ( 0 .1 (0 .1 (0 .05 (0 .0005 ( 0 . 0 5 (0 .0005 ( 0 . 0 5 <0.05 5 . 1 0 4.26 ( 0 . 0 5 <0.05 0 .310 0 .279 0.004 < 0 . 0 0 2 <0.002 <0.002

1 0 ( 1 0 00.1 ( 0 . 1 ( 0 . 0 5 (0 .0005 ( 0 . 0 5 0 . 0 0 0 5 ( 0 . 0 5 ( 0 . 0 5 4 .37 3.49 <0.05 ( 0 . 0 5 0 .306 0 .205 (0 .002  ( 0 . 0 0 2 (0 .002 <0.002
1 0 ( 7 0 <0.1 ( 0 . 1 ( 0 . 0 5 (0 .0005 <0.05 (0 .0005 ( 0 . 0 5 ( 0 . 0 5 4 .33 4.01 <0.05 ( 0 . 0 5 0.262 0.271 0.002 ( 0 . 0 0 2 0 .030 0 .003
10(144) <0.1 <0.1 ( 0 . 0 5 (0 .0005 40.05 (0 .0005 ( 0 . 0 5 <0.05 5 . 0 9 4.33 ( 0 . 0 5 <0.05 0 .303 0.241 0.003 4 0 . 0 0 2 0 . 0 0 2 <0.002

11(14) 0 . 2 ( 0 . 1 <0.05 (0 .0005 40.05 (0 .0005 ( 0 . 0 5 ( 0 . 0 5 4 . 6 8 3 .69 ( 0 . 0 5 ( 0 . 0 5 0 .316 0 .265 0.003 4 0 . 0 0 2 0 . 0 0 5 0.004
11 ( 7 . ) ( 0 . 1 ( 0 . 1 <0.05 (0 .0005 ( 0 . 0 5 (0 .0005 ( 0 . 0 5 ( 0 . 0 5 4 . 2 0 4 .01 ( 0 . 0 5 <0.05 0.251 0 .269 0.003 ( 0 . 0 0 2 <0.002 40.002
11 ( 1 5 0 <0.1 ( 0 . 1 ( 0 . 0 5 (0 .0005 <0.05 (0 .0005 ( 0 . 0 5 ( 0 . 0 5 4 . 6 5 4.25 ( 0 . 0 5 <0.05 0.276 0 .279 0 .003  < 0 . 0 0 2 0 .001 (0 .002



I

TABLE 4  ( C e n t . ) 1

DISICP D I S I C P  COMD
HC NG/L NT NG/L UKNO/C

PH
REL.U.

TURD
FTU

WATER QUALITY -  GOOSLY LAKE
Jun.  2 2 - 2 3 .  1 9 8 8

TR M F R  T I C  T O C
NG/L M G / L  O G / L  I I G / L

DIC
NG/L

DOC
NG/L

SO4
NG/L

S t a t i o n  ALK
(Depth) NG/L

4 ( 1 0 3 5 . 0 6 2 . 7 6 3 . 2 130 7 . 8 0 . 5 124 (5 4 17 4 15 28
4 ( 5 0 35 .0 6 4 . 2 6 4 . 8 135 7 . 8 0 . 9 114 <S 5 16 4 13 31
4 ( 1 6 0 3 6 . 0 6 7 . 7 68 .1 148 7 . 9 1 .8 127 <5 6 15 5 12 33

5 ( 1 0 3 5 . 5 6 2 . 1 6 2 . 7 134 7 . 9 0 . 6 122 <5 4 17 4 15 29
5 4 9 0 3 6 . 5 6 3 . 9 6 4 . 4 140 8 . 0 0 . 7 120 45 4 17 5 12 31
5 ( 1 6 0 3 7 . 5 6 5 . 1 6 5 . 8 140 8 . 0 0 . 8 129 (5 5 16 5 13 31

6 ( 1 0 3 5 . 0 6 4 . 2 6 4 . 8 135 7 . 9 0 . 5 124 (5 4 17 4 14 30
6 ( 8 0 34 .5 6 3 . 9 64 .1 138 7 . 9 0 . 7 126 (5 5 16 4 12 30
6 ( 1 4 0 3 7 . 0 7 0 . 6 71 .4 150 7 . 9 0 . 9 132 (5 6 14 6 12 30

7 4 1 0 35 .0 6 3 . 2 6 3 . 6 135 7 . 9 0 . 3 125 (5 5 16 4 14 29
7 ( 7 0 3 5 . 0 6 3 . 9 6 4 . 4 138 7 . 9 0 . 6 115 (5 5 16 4 12 29
7 4 1 7 0 35 .0 6 5 . 5 66.1 140 7 . 9 1 . 0 122 45 5 16 5 12 31

8(10 ) 3 5 . 0 6 3 . 3 6 3 . 4 138 7 . 9 0 . 6 118 (5 4 16 4 13 29
8 ( 7 0 3 5 . 0 6 4 . 5 6 5 . 1 138 7 . 9 0 . 7 115 (5 3 15 4 13 30
0 ( 1 6 . ) 3 6 . 0 7 0 . 5 7 0 . 9 148 7 . 9 1 . 8 128 (5 6 14 6 11 34

9 ( 1 0 35 .0 6 3 . 6 6 4 . 2 133 7 . 9 0 . 6 122 45 5 18 30
9 ( 7 0 3 5 . 0 6 3 . 6 6 4 . 2 138 7 . 9 0 . 8 123 45 5 17 31
9 ( 1 4 0 37 .0 70 .0 7 0 . 9 148 7 . 9 0 . 9 130 (5 5 15 4 12 33

1 0 ( 1 0 3 5 . 0 6 3 . 0 6 4 . 2 135 7 . 9 0 . 5 122 (5 4 16 4 15 30
1 0 ( 7 0 35 .0 6 4 . 2 6 4 . 7 138 C O 0 . 6 114 (5 4 16 4 13 32
1 0 ( 1 5 . ) 3 7 . 0 7 0 . 9 7 1 . 5 150 7 . 9 2 . 3 130 6 6 13 4 12 35

1 1 0 0 3 5 . 0 6 3 . 8 6 4 . 4 134 7 . 9 0 . 6 116 (5 4 16 4 13 30
11 ( 1 7 0 35 .0 6 5 . 2 6 6 . 0 138 8 . 0 0 . 7 118 (5 5 15 4 13 30
11 ( 1 5 0 3 7 . 0 6 9 . 3 7 0 . 0 148 7 . 9 0.5 137 (5 6 14 - - 33

'!4 "--N
i
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TABLE 5 :  G O O S LY  LARS TEMPERATURE-CONDUCTIVITY PROFILES -  J u n e  2 2 - 2 3 ,  1 9 8 8

S t a t i o n  D e p t h  C o n d u c t i v i t y  T e m p e r a t u r e  p H
4 ( m )  ( µ m h o s / c m )  ( ° C )

1 1 7 5 . 8  1 3 . 4  7 . 0
2 1 7 3 . 0  1 3 . 3  7 . 3
3 1 7 2 . 5  1 3 . 2  7 . 4
4 1 7 2 . 5  1 3 . 0  7 . 6
5 1 7 2 . 0  1 2 . 9  7 . 6
6 1 7 1 . 8  1 1 . 2  7 . 5
7 1 7 3 . 3  9 . 2  7 . 3
8 1 7 3 . 0  8 . 6  7 . 2
9 1 7 4 . 8  8 . 0  7 . 2

10 1 7 6 . 3  7 . 7  7 . 1
14 1 9 0 . 3  5 . 9  7 . 1
16 1 9 1 . 0  5 . 7  7 . 0
17 1 9 1 . 3  5 . 6  7 . 0

S t a t i o n  D e p t h  C o n d u c t i v i t y  T e m p e r a t u r e  p H
5 ( m )  ( µ m h o s / c m )  ( ° C )

1 1 7 2 . 8  1 3 . 3  7 . 1
2 1 7 2 . 5  1 2 . 9  7 . 4
3 1 7 2 . 0  1 1 . 7  7 . 4
4 1 7 1 . 5  1 1 . 5  7 . 4
5 1 7 1 . 5  1 1 . 4  7 . 4
6 1 7 1 . 8  1 1 . 2  7 . 4
7 1 7 7 . 3  1 0 . 6  7 . 4
8 1 7 2 . 5  9 . 2  7 . 3
9 1 7 4 . 0  8 . 1  7 . 3

10 1 7 7 . 8  7 . 5  7 . 2
11 1 8 3 . 3  6 . 7  7 . 0
12 1 8 5 . 8  6 . 4  7 . 2
14 1 8 8 . 5  6 . 0  7 . 2
16 1 8 9 . 8  5 . 8  7 . 1
17 1 9 0 . 8  5 . 6  7 . 0

S t a t i o n  D e p t h  C o n d u c t i v i t y  T e m p e r a t u r e  p H
6 ( m )  ( g m h o s / c m )  ( ° C )

1 1 7 6 . 0  1 2 . 6
2 1 7 5 . 8  1 2 . 5
3 1 7 4 . 5  1 2 . 5
4 1 7 4 . 0  1 2 . 5
5 1 7 4 . 0  1 1 . 5
6 1 7 5 . 8  9 . 4
7 1 7 5 . 0  8 . 6
8 1 7 6 . 3  8 . 0
9 1 8 0 . 0  7 . 4

10 1 8 0 . 8  7 . 1
12 1 9 2 . 0  6 . 7
14 1 8 6 . 5  6 . 4
15 1 8 8 . 8  6 . 1



-  2 9  -

TABLE 5  ( c o n t . ) :
GOOSLY LAKE TEMPERATURE-CONDUCTIVITY PROFILES -  J u n e  2 2 - 2 3 ,  1 9 8 8

S t a t i o n  D e p t h  C o n d u c t i v i t y  T e m p e r a t u r e  p H
7 ( m )  ( R M h o s / c m )  ( ° C )

1 1 7 7 . 0  1 3 . 4  7 . 7
2 1 7 5 . 8  1 2 . 8  7 . 7
3 1 7 5 . 3  1 2 . 7  7 . 7
4 1 7 5 . 0  1 2 . 3  7 . 7
5 1 7 4 . 5  1 1 . 1  7 . 5
6 1 7 5 . 8  9 . 4  7 . 4
7 1 7 6 . 0  8 . 5  7 . 4
8 1 7 6 . 5  8 . 2  7 . 3
9 1 7 8 . 3  7 . 9  7 . 3

10 1 7 9 . 8  7 . 7  7 . 3
12 1 8 2 . 8  7 . 1  7 . 3
14 1 8 8 . 5  6 . 3  7 . 2
15 1 8 9 . 8  6 . 1  7 . 2
16 1 9 1 . 0  5 . 9  7 . 1

S t a t i o n  D e p t h  C o n d u c t i v i t y  T e m p e r a t u r e  p H
(m) ( g m h o s / c m )  ( ° C )

1 1 7 8 . 8  1 3 . 4  7 . 8
2 1 7 5 . 5  1 2 . 7  7 . 8
3 1 7 5 . 0  1 2 . 6  7 . 7
4 1 7 4 . 3  1 2 2 . 4  7 . 7
5 1 7 2 . 8  1 1 . 2  7 . 5
6 1 7 4 . 3  9 . 7  7 . 3
7 1 7 4 . 8  8 . 9  7 . 3
8 1 7 5 . 8  8 . 4  7 . 3
9 1 7 6 . 3  8 . 0  7 . 3

10 1 7 7 . 5  7 . 8  7 . 3
12 1 7 9 . 8  7 . 4  7 . 2
14 1 8 4 . 3  6 . 8  7 . 2
15 1 8 7 . 3  6 . 4  7 . 1
16 1 8 8 . 8  6 . 1  7 . 1
17 1 9 1 . 5  5 . 7  7 . 0

S t a t i o n  D e p t h  C o n d u c t i v i t y  T e m p e r a t u r e  p H
9 ( m )  ( 1 . m h o s / c m )  ( ° C )

1 1 7 2 . 7  1 3 . 2
2 1 7 2 . 3  1 2 . 9
3 1 7 1 . 8  1 2 . 6
4 1 7 2 . 5  1 0 . 9
5 1 7 3 . 0  9 . 3
6 1 7 3 . 3  B . 8
7 1 7 4 . 0  8 . 2
8 1 7 5 . 8  7 . 8
9 1 7 6 . 0  7 . 7

10 1 7 7 . 5  7 . 6
12 1 8 1 . 0  6 . 9
14 1 8 8 . 0  6 . 0
15 1 8 9 . 5  5 . 8

7 . 7
7 . 7
7 . 7
7 . 6
7 . 5
7 . 4
7 . 3
7 . 3
7 . 3
7 . 3
7 . 3
7 . 2
7 . 2
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TABLE 5  ( c o n t . ) :
GOOSLY LAKE TEMPERATURE-CONDUCTIVITY PROFILES -  J u n e  2 2 - 2 3 ,  1 9 8 8

S t a t i o n  D e p t h  C o n d u c t i v i t y  T e m p e r a t u r e  p H
10 ( m )  ( µ m h o s / c m )

1 1 7 6 . 3  1 2 . 5  7 . 7
2 1 7 5 . 3  1 2 . 4  7 . 7
3 1 7 5 . 0  1 2 . 1  7 . 7
4 1 7 4 . 5  1 1 . 7  7 . 6
5 1 7 5 . 3  1 1 . 0  7 . 5
6 1 7 6 . 3  1 0 . 2  7 . 4
7 1 7 6 . 5  8 . 1  7 . 3
8 1 7 9 . 5  7 . 6  7 . 3
9 1 8 3 . 3  7 . 1  7 . 2

10 1 8 7 . 5  6 . 4  7 . 1
14 1 9 3 . 5  5 . 7  7 . 1
16 1 9 3 . 5  5 . 6  7 . 1

S t a t i o n  D e p t h  C o n d u c t i v i t y  T e m p e r a t u r e
11 ( m )  ( g m h o s / c m )  ( ° C )

pH

1 1 7 0 . 5  1 3 . 0  7 . 6
2 1 6 9 . 3  1 2 . 8  7 . 7
3 1 6 9 . 0  1 2 . 5  7 . 7
4 1 6 9 . 5  1 2 . 0  7 . 7
5 1 7 0 . 3  1 0 . 0  7 . 5
6 1 7 1 . 8  8 . 5  7 . 4
7 1 7 2 . 8  8 . 2  7 . 4
8 1 7 3 . 3  8 . 0  7 . 3
9 1 7 3 . 8  7 . 9  7 . 3

10 1 7 4 . 3  7 . 7  7 . 3
12 1 7 7 . 8  7 . 3  7 . 3
14 1 8 2 . 0  6 . 7  7 . 2
15 1 8 4 . 5  6 . 4  7 . 2

The c r e e k  s a m p l e  r e s u l t s  s h o w e d  a n  i n c r e a s e  o f  c o p p e r  a t  S t a t i o n  3
downst ream o f  t h e  m i n e  d i s c h a r g e  ( Ta b l e  6 ) .  T h e  c o p p e r  l e v e l  n e v e r  r e t u r n e d
t o  t h e  b a c k g r o u n d  l e v e l  a f t e r  l e a v i n g  G o o s l y  L a k e ,  b o t h  o n  t h e  t o t a l  a n d
d i s s o l v e d  b a s i s .  S u b s t a n t i a l  p r e c i p i t a t i o n  o f  d i s s o l v e d  i r o n  a n d  manganese
c o u l d  b e  o b s e r v e d  a f t e r  t h e  w a t e r  l e a v e s  t h e  l a k e .  T h e  c a d m i u m  v a l u e s  w e r e
l o w e r  t h a n  t h e  l a k e  r e s u l t s .  I t  seems  t h a t  t h e  cadm ium c o n c e n t r a t i o n s  m a y
r e s i d e  l o n g e r  i n  t h e  l a k e  t h a n  t h e  c r e e k .  T h e  h a r d n e s s  a n d  s u l p h a t e  w e r e
c l e a r l y  i n f l u e n c e d  b y  t h e  m i n e  d i s c h a r g e .  T h e  w a t e r  r e s i d e n c e  i n  t h e  l a k e
d i d  n o t  r e d u c e  t h e s e  p a r a m e t e r s  t o  b a c k g r o u n d  l e v e l s .  T o t a l  o r g a n i c  c a r b o n
was n o t  s u b s t a n t i a l l y  i n f l u e n c e d  b y  t h e  m i n e  d i s c h a r g e  o r  t h e  l a k e  r e s i d e n c e
t i m e .



v\ott..6 0,3
+ q

Rep' .  1 <0.01 (0 .01 0 . 1 8 ( 0 . 0 5 ( 0 . 0 5 ( 0 . 0 5 0 .026 0.022 12.9 11 .8 (0 .005 0.0002 ( 0 . 0 0 5 (0.0001 ( 0 . 0 0 5 ( 0 . 0 0 5 ( 0 . 0 0 5 ( 0 . 0 0 5
1 Repl.  2 (0 .01 (0 .01 0 . 2 0 ( 0 . 0 5 <0.05 <0.05 0 .023 0.022 11 .6 11 .6 (0 .005 0.0002 ( 0 . 0 0 5 (0.0001 ( 0 . 0 0 5 ( 0 . 0 0 5 (0 .005 40 .005

Rept.  3 (0 .01 (0 .01 0 . 1 7 ( 0 . 0 5 ( 0 . 0 5 <0.05 0.024 0 .022 12.0 11 .4 <0.005 0.0002 (0 .005 (0.0001 ( 0 . 0 0 5 ( 0 . 0 0 5 (0 .005 ( 0 . 0 0 5
Avereee 0 .18 0.024 0 .022 12.2 11 .6 0.0002
S.O. 0 .02 0.002 0 .000 0 . 7 0 . 2 0.0000

2 Repl.  1 <0.01 <0.01 0 . 6 2 0 . 0 7 ( 0 . 0 5 0 .06 0 .056 0 .049 123.0 112 .0 <0.005 0.0028 (0 .005 0.0008 (0 .005 (0 .005 (0 .005 ( 0 . 0 0 5

Neel .  1 (0 .01 (0 .01 0 . 1 3 ( 0 . 0 5 40.05 ( 0 . 0 5 0 .029 0.028 25.0 24.1 <0.005 0.0002 (0 .005 0.0001 (0 .005 ( 0 . 0 0 5 (0 .005 ( 0 . 0 0 5
3 Arp1. 2 (0 .01 (0 .01 0 .17 0 . 0 5 ( 0 . 0 5 0 . 0 5 0.027 0.028 2 3 . 5 24.1 (0 .005 0.0002 ( 0 . 0 0 5 0.0001 40.005 ( 0 . 0 0 5 (0 .005 ( 0 . 0 0 5

R . p l .  3 (0 .01 (0 .01 0 . 1 / 0 . 0 5 ( 0 . 0 5 <0.05 0.028 0 .027 24.3 24.1 (0 .005 0.0002 ( 0 . 0 0 5 (0.0001 (0 .005 ( 0 , 0 0 5 ( 0 . 0 0 5 ( 0 . 0 0 5
A r m y * 0 . 1 6 0 . 0 5 0.028 0 .028 24 .3 24.1 - - 0.0002 0.0001
S.D. 0 . 0 2 0 . 0 0 0.001 0.001 0 . 8 0 . 0 - - 0.0000 0.0000 1 • • • •

Roca. 1 (0 .01 (0 .01 0 . 0 9 ( 0 . 0 5 ( 0 . 0 5 ( 0 . 0 5 0.024 0 .025 18.1 18.2 (0 .005 0.0001 ( 0 . 0 0 5 (0.0001 <0.005 ( 0 . 0 0 5 ( 0 . 0 0 5 ( 0 . 0 0 5
13 Ropl.  2 (0 .01 (0 .01 0 .08 <0.05 ( 0 . 0 5 <0.05 0 .025 0.024 18.6 18.2 <0.005 0.0001 40.005 (0.0001 ( 0 . 0 0 5 ( 0 . 0 0 5 ( 0 . 0 0 5 ( 0 . 0 0 5

Repl.  3 40.01 (0 .01 ( . 0 5 ( 0 . 0 5 ( 0 . 0 5 ( 0 . 0 5 0 .025 0.024 18.4 18.2 <0.005 0.0001 ( 0 . 0 0 5 (0.0001 (0 .005 ( 0 . 0 0 5 ( 0 . 0 0 5 ( 0 . 0 0 5
Avers , * - - 0 . 0 9 0 .025 0.024 18.4 18.2 - - 0.0001
S . D . - - 0 .01 0.001 0.001 0 . 3 0 . 0 - - 0.0000

T A X I

S ta t i c ' ,

WATER QUALITY -  DUCK CREEK
Juno 2 2 - 2 3 .  1 9 8 8

TOTICP D I S I C P  T O T I C P  D I S I C P  T O T I C P  D I S I C P  T O T I C P  D I S I C P  TO T I C P D I S I C P  T O T I C P  TOTGF
AG A G  A L  A L  A S  A S  B A  R A  C A  C A  C D  C D
MG/L M G / L  M G / L  M G / L  K G / L  M G / L  M G / L  M G / L  M U L  M G / L  K G / L  M G / L

DISICP D I S C ,
CD C D
NG/L P I G / L

TOTICP
CO
MG/L

DISICP T O T I C P
CO C O
MG/1. M G / L

DISICP
CM
MG/L



TABLE 6  ( C o n t . ) :

TtY1GF D I S I C P
CU C U
*G/L 1 1 6 / L

DI5GF
CU
NG/L

TOTICP
FE
MG/L

DISICP
FE
MG/L

WATEP QUALITY -  DUCK CREEK
Jun. 2 2 - 2 3 .  1 9 6 6

TOTICP 0 1 5 1 C P  T O T I C P  D I 5 I C P
MG M G  M M  N M
MG/L N G / L  N G / L  N G / L

TOTICP
MO
MG/L

DISICP
NO
MG/L

TOTICP
MA
IIG/L

015ICP
NA
MG/L

TOTICP
NI
MG/L

DISICP
NI
*G/L

Sta t ion
TOTICA
CU
MG/L

Rep1. 1 40.005 0.0010 < 0 . 0 0 5 ( 0 . 0 0 5 0 .449 0 .265 3.4 3 . 2 0.024 0 .019 (0 .01 (0 .01 2 .7 2 . 3 40.02 ( 0 . 0 2
1 Rep1. 2 0 .005 0.0014 1 0 . 0 0 5 <0.005 0 .401 0 .257 3.1 3.1 0.025 0 .014 (0 .01 (0 .01 2 . 6 2 . 3 (0 .02 <0.02

Repl.  3 ( 0 . 0 0 5 0.0017 < 0 . 0 0 5 ( 0 . 0 0 5 0 .425 0 .255 3 .2 3.1 0.026 0 .014 (0 .01 (0 .01 2 . 5 2 . 3 <0.02 40.02
Avers , * 0.0014 0.424 0 .259 3 .2 3 .1 0.026 0 .018 2 . 6 2 . 3
S . D . - - 0 .0004 0 .020 0 .005 0 . 2 0 .1 0.002 0.001 0.1 0 . 0

2 Repl.  1 0 .038 0 .024 0 .449 0 .020 17.6 16.6 0.223 0 .149 (0 .01 <0.01 9 . 3 6.1 (0 .02 <0.02

'<p1 .  1 40.005 0.0042 < 0 . 0 0 5 0.0033 0 .449 0 .292 5.1 5 . 0 0.057 0 .046 (0 .01 <0.01 3 .6 3 . 3 (0 .02 ( 0 . 0 2
3 Repl .  2 ( 0 . 0 0 5 0.0045 ( 0 . 0 0 5 0.0031 0.441 0 .297 4 . 7 5 . 0 0.053 0 .048 (0 .01 (0 .01 3 . 3 3 . 3 (0 .02 ( 0 . 0 2

Repl.  3 0 .005 0.0043 ( 0 . 0 0 3 0.0031 0 .456 0 .294 4 . 9 5 . 0 0.055 0 .049 (0 .01 (0 .01 3 . 5 3 . 2 (0 .02 <0.02
Aversire - - 0.0043 - - 0 .0032 0 .449 0 .296 4 . 9 5 . 0 0.055 0 .044 - - - - 3 . 5 3 . 3
S.D. - - 0.0002 - - 0.0001 0 .006 0 .003 0 . 2 0 . 0 0.002 0.001 0 . 2 0 . 1

Rep1. 1 0 .006 0.0041 ( 0 . 0 0 5 0.0024 0.177 0 .095 4 . 3 4 . 3 0.021 0 .002 (0 .01 (0 .01 3 .7 3 . 5 (0 .02 ( 0 . 0 2
13 Repl .  2 ( 0 . 0 0 5 0.0037 ( 0 . 0 0 5 0 .0025 0 .204 0 .094 4 .4 4 . 3 0.024 0 .004 (0 .01 (0 .01 3 . 4 3 . 5 ( 0 . 0 2 ( 0 . 0 2

Rep1. 3 0 .005 0.0036 ( 0 . 0 0 5 0.0035 0 .169 0 .096 4 . 3 4 . 4 0.021 0 .003 <0.01 (0 .01 3 . 8 3 . 6 (0 .02 ( 0 . 0 2
Average 0 .006 0.003$ - - 0 .0026 0 .190 0 .095 4 . 3 4 . 3 0.022 0 .003 - - - - 3 . 8 3 . 5
S.D. 0 .001 0.0002 - - 0 .0006 0.014 0.001 0 .1 0 .1 0.002 0.001 - - 0 .1 0 . 1



TABLE 6  ( C o o t . ) :

Butte,
TOTICP
p
NG/L

DISICP
P
NG&

TOTICP I M F
P1 P B
MG/L M G / L

DISICP
PB
MG/L

DISGE
PS
NG/L

DISICP
56
MG/L

TOTICP
58
NG/L

TOTICP
SI
NG/L

DISICP
5 /
NG/L

TOTICP
SW
NG/L

DISICP
SR
NG/L

TOTICP
SR
MG/L

DISICP
SR
NG/L

romp
TI
NG&

DISICP
7/
NG/L

TOTICP
211
NG/L

DISICP
ZM
MG/L

R p l .  1 40.1 ( 0 . 1 <0.05 ( 0 . 0 0 0 5 ( 0 . 0 5 (0 .0005 ( 0 . 0 5 <0.05 5 . 8 0 5 .13 ( 0 . 0 5 ( 0 . 0 5 0 .120 0 .113 0.006 <0.002 (0 .002 ( 0 . 0 0 2
1 R . p l .  2 (0 .1 ( 0 . 1 ( 0 . 0 5  ( 0 . 0 0 0 5 ( 0 . 0 5 (0 .0005 40.05 ( 0 . 0 5 5 .23 5 .12 <0.05 ( 0 . 0 5 0 .105 0.111 0 .007 0 .002 40.002 ( 0 . 0 0 2

Rep' .  3 ( 0 . 1 (0 .1 ( 0 . 0 5  ( 0 . 0 0 0 5 <0.05 (0 .0005 ( 0 . 0 5 ( 0 . 0 5 5 .49 5 .03 ( 0 . 0 5 ( 0 . 0 5 0 .109 0 .110 0.005 (0 .002 (0 .002 ( 0 . 0 0 2
Aveiro,* 5.51 5 . 0 9 0 .111 0 .111 0 .006
S.D. 0 . 2 9 0 . 0 6 0 .006 0 .002 0.001

2 Rapt. 1 ( 0 . 1 ( 0 . 1 ( 0 . 0 5  ( 0 . 0 0 0 5 ( 0 . 0 5 (0 .0005 0 . 0 7 ( 0 . 0 5 5 .56 4.51 ( 0 . 0 5 ( 0 . 0 5 4 .140 4.010 0 .010 0 .002 0.051 0 . 0 4 0

Ravi .  1 (0 .1 40.1 ( 0 . 0 5  ( 0 . 0 0 0 5 ( 0 . 0 5 (0 .0005 ( 0 . 0 5 <0.05 5 .52 5 .22 ( 0 . 0 5 ( 0 . 0 5 0 .515 0.532 0.004 (0 .002 (0 .002 ( 0 . 0 0 2
3 R . p l .  2 (0 .1 40.1 ( 0 . 0 5  ( 0 . 0 0 0 5 ( 0 . 0 5 (0 .0005 ( 0 . 0 5 ( 0 . 0 5 5 .29 5.27 ( 0 . 0 5 ( 0 . 0 5 0 .477 0.534 0 .005 (0 .002 (0 .002 ( 0 . 0 0 2

R . p l .  3 (0 .1 ( 0 . 1 ( 0 . 0 5  ( 0 . 0 0 0 5 ( 0 . 0 5 (0 .0005 ( 0 . 0 5 ( 0 . 0 5 5 .46 5 . 2 9 ( 0 . 0 5 ( 0 . 0 5 0 .500 0 .534 0 .005 40.002 40.002 40 .042
Avers?, 5 .42 5 . 2 6 0 .497 0.533 0 .005
S.D. 0 .12 0 . 0 4 0.019 0.001 0.001

Repl .  1 ( 0 . 1 ( 0 . 1 40.05 ( 0 . 0 0 0 5 ( 0 . 0 5 (0 .0005 ( 0 . 0 5 <0.05 3.86 3 .67 <0.05 ( 0 . 0 5 0 .253 0.272 0 .003 (0 .002 (0 .002 <0.002
13 R . p l .  2 ( 0 . 1 ( 0 . 1 ( 0 . 0 5  ( 0 . 0 0 0 5 ( 0 . 0 5 (0 .0005 ( 0 . 0 5 <0.05 3.97 3.67 ( 0 . 0 5 ( 0 . 0 5 0 .262 0.271 0 .003 (0 .002 (0 .002 ( 0 . 0 0 2

R . p l .  3 (0 .1 ( 0 . 1 ( 0 . 0 5  ( 0 . 0 0 0 5 <0.05 (0 ,0005 ( 0 . 0 5 ( 0 . 0 5 3 .89 3.66 ( 0 . 0 5 ( 0 , 0 5 0 .259 0.274 0 .003 <0.002 (0 .002 <0.002
Avereqe - - - - 3.91 3.67 0 .259 0.272 0 .003
S.D. 0 .06 0.01 0.004 0.002 0 .000

WATER QUALITY -  BUCK CREEK
June 2 2 - 2 3 .  1 9 4 8



TABLE 6  ( C o o t . ) :

DISICP D I S I C P  COND
NC NG/L NT NG/L M I M I C

PH
NEL.U.

WATER QUALITY -  BUCK CREEK
3unit 2 2 - 2 3 .  1 9 6 8

TURD T R  M F R  T I C
FTU N G / L  N G / L  N G / L

TOC
NG/L

DIC
NG/L

DOC
NG/L

SO4
NG/L

Sta t ion ALK
NG/L

Reid.  1 39 .5 4 2 . 5 43 .4 83 7 . 9 0 . 6 88 <5 6 17 5 14 6
1 Regd. 2 4 0 . 0 4 1 . 9 4 2 . 8 83 8 . 0 0 . 6 94 <5 6 17 5 15 4

Rep/ .  3 40 .0 41 .2 4 1 . 9 $3 7 . 9 0 . 7 99 0 6 17 5 14 4
Averego 39 .8 4 1 . 9 4 2 . 7 83 7 . 9 0 . 6 94 6 17 5 14 S
S.D. 0 . 3 0 . 7 0 . 8 0 0 .1 0 .1 6 0 0 0 1 1

2 Ropl.  1 6 1 . 0 349 355 640 8 .1 5 . 8 562 <5 10 10 10 7 250
I

Repl .  1 4 1 . 5 80 .7 82 .1 160 8 . 0 0 . 6 142 (5 6 16 6 15 37
' 1 4 . 13 Ropl.  2 4 2 . 0 8 0 . 8 8 2 . 3 160 8 . 0 0 . 6 147 <5 6 15 6 12 37

Rep/ .  3 4 2 . 0 80 .7 8 2 . 2 160 C O 0 . 6 142 (5 7 14 6 13 37 1
Averops 41 .8 8 0 . 7 8 2 . 2 160 C O 0 . 6 144 6 15 6 13 37
S.D. 0 . 3 0 .1 0 . 1 0 0 . 0 0 . 0 3 1 1 0 2 0

k i p l .  1 3 5 . 0 6 3 . 3 6 3 . 8 133 8 . 0 0 . 4 123 <5 4 16 29
13 Rim/.  2 3 5 . 0 6 3 . 2 6 3 . 9 135 7 . 9 0 . 4 125 <5 4 16 28

Repl.  3 35 .0 6 3 . 3 6 3 . 9 133 8 . 0 0 . 3 115 <5 4 16 29
Aveiro, . 3 5 . 0 6 3 . 3 6 3 . 9 134 8 . 0 0 . 4 121 4 16 29
S.D. 0 . 0 0 .1 0 . 1 1 0 .1 0 .1 5 0 0 1



-  3 5  -

i d e n t i c a l
a t  t h e  c o n t r o l

TABLE 8 :

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

GOOSLY LAKE TEMPERATURE-CONDUCTIVITY PROFILE

The d i s s o l v e d  l e v e l

-  J u n e  3 0 ,  1 9 8 9

S t a t i o n D e p t h C o n d u c t i v i t y Te m p e r a t u r e pH
12 (m) (µmhos/cm) (°C)

1 1 6 4 . 8 1 4 . 8 7 . 9
2 1 6 5 . 8 1 4 . 6 7 . 7
3 173 .3 1 3 . 4 7 . 6
4 1 6 3 . 8 1 2 . 5 7 . 5
5 1 5 7 . 5 1 0 . 4 7 . 3
6 1 6 1 . 3 8 . 8 7 . 2
7 1 6 2 . 8 7 . 4 7 . 2
8 1 6 3 . 0 6 . 8 7 . 2
9 163 .3 6 .4 7 . 1

10 164 .3 6 .1 7 . 0
15 1 6 8 . 5 5 . 1 7 . 2
16 1 6 9 . 5 5 . 1 7 . 0

4 . 1 . 3  J u n e  3 0  -  J u l y  2 ,  1 9 8 9 .  T h e  w a t e r  q u a l i t y  r e s u l t s  a r e  g i v e n
i n  Ta b l e  7 ,  a n d  l a k e  p r o f i l e  d a t a  i n  Ta b l e  8 .

The t h e r m o c l i n e  was b e t w e e n  5  a n d  6  m e t r e s  d e p t h .  T h e r e  w a s  a n  i n c r e a s e
i n  c o n d u c t i v i t y  b e t w e e n  t h e  s u r f a c e  a n d  t h e  b o t t o m ,  h o w e v e r  m e a s u r e m e n t s
f l u c t u a t e d  n e a r  t h e  t h e r m o c l i n e .  p H  d e c r e a s e d  f r o m  t h e  s u r f a c e  ( 7 . 9 )  t o  t h e
b o t t o m  ( 7 . 0 ) .

Cadmium c o n c e n t r a t i o n s  i n  t h e  l a k e  d i d  n o t  i n c r e a s e  c o m p a r e d  t o  t h e  1 9 8 8
s u r v e y s .  A l t h o u g h  o n l y  t h e  m i d d l e  l a k e  s t a t i o n  was s a m p l e d  ( S t a t i o n  1 2 ) ,  a l l
samp les  w e r e  b e l o w  t h e  d e t e c t i o n  l i m i t .  T o t a l  a n d  d i s s o l v e d  c o p p e r  l e v e l s
we re  a b o v e  t h e  CCREM g u i d e l i n e s  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 .  T o t a l
o r g a n i c  c a r b o n  was  h i g h  ( 2 1  t o  2 3  m g / L )  c o m p a r e d  t o  t h e  J u n e  1 9 8 8  s u r v e y  ( 1 4
t o  1 8  m g / L ) .  H a r d n e s s  w a s  c o m p a r a b l e  t o  t h e  J u n e  1 9 8 8  s u r v e y .

The B u c k  C r e e k  u p s t r e a m  a n d  d o w n s t r e a m  s t a t i o n s  w e r e  a l l  b e l o w  t h e
d e t e c t i o n  l i m i t  f o r  t o t a l  a n d  d i s s o l v e d  cadm ium.  C o p p e r  h a d  a  d i f f e r e n t
r e s p o n s e  a s  S t a t i o n  3  a n d  1 3  h a d  d i s s o l v e d  f r a c t i o n  c o n c e n t r a t i o n s  a l m o s t



14-4,14:1L

Repl.  1 (0 .01 (0 .01 0 . 0 6 ( 0 . 0 5 0 . 0 1 ( 0 . 0 5 0.027 0 .025 14.1 13 .4 ( 0 . 0 0 1 (0.0001 (0 .005 (0.0001 <0.005 (0 .005 0.007 (0.005
1 Ravi.  2 <0.01 (0 .01 0 . 1 9 ( 0 . 0 5 <0.05 ( 0 . 0 5 0 .032 0 .025 13.3 13 .5 <0.005 (0.0001 (0 .005 (0 .0001 (0 .005 (0 .005 0.007 (0 .005

Repl.  3 0 . 0 1 (0.01 0 .14 ( 0 . 0 5 <0.05 ( 0 . 0 5 0 .026 0 .025 13.0 1 3 . 6 (0 .005 (0.0001 ( 0 . 0 0 5 (0 .0001 (0 .005 (0 .005 ( 0 . 0 0 5 (0 .005
Maroc)* 0 .13 0.028 0 .025 13.5 13 .5 0 .007
S.D. 0 . 0 7 0.003 0 .000 0 . 6 0 . 1 0 .000

Repl.  1 <0.01 (0.01 1 .89 0 . 1 5 <0.05 <0.05 0.072 0 .060 164 173 ( 0 . 0 0 5 0.0015 (0 .005 0.0013 0 .010 (0 .005 0.006 (0 .005
2 Repl. 2 (0 .01 <0.01 1.62 0 . 1 5 ( 0 . 0 5 <0.05 0.071 0.060 165 172 ( 0 . 0 0 5 0.0013 (0 .005 0.0014 0.011 (0 .005 (0 .005 (0 .005

Repl. 3 (0 .01 (0 .01 1.93 0 . 1 5 ( 0 . 0 5 ( 0 . 0 5 0.072 0 .059 165 171 (0 .005 0.0015 (0 .005 0.0014 0.013 (0 .005 0.006 (0 .005
Averse* 1.81 0 . 1 5 0.072 0 .060 165 172 0.0014 0.0014 0.011 0 .006
S.D. 0 . 1 7 0 . 0 0 0.001 0.001 0 .6 1 . 0 0.0001 0.0001 0.002 0.000

Repl.  1 (0 .01 (0 .01 0 .18 ( 0 . 0 5 <0.05 ( 0 . 0 5 0 .042 0 .005 43.8 6 2 . 4 <0.005 (0 .0001 (0 .005 (0.0001 0 .005 (0.005 co.00s (0.005
3 Repl.  2 <0.01 (0 .01 0 .42 ( 0 . 0 5 <0.05 0 . 0 5 0 .048 0.040 45 .6 4 5 . 7 ( 0 . 0 0 5 (0 .0001 (0 .005 (0.0001 0 .005 (0.005 0.003 (0.005

Repl. 3 (0 .01 (0.01 0 . 9 6 <0.05 <0.05 ( 0 . 0 5 0.054 0.039 44.2 4 4 . 6 ( 0 . 0 0 5 (0 .0001 (0 .005 (0.0001 0 .007 (o.00s to.om (0.005
Average 0 .52 0 .048 0 .028 44 .5 5 1 . 0 0.006
S.D. 0 .40 0 .006 0 .020 0 . 9 10 .0 0.001

(1 a ) (0 .01 40.01 0 . 1 0 <0.05 ( 0 . 0 5 ( 0 . 0 5 0.028 0.028 18.5 18.4 (0 .005 (0 .0001 (0 .005 (0.0001 (0 .005 (0 .005 (0 .005 (0 .005
12 (3 m) (0 .01 (0.01 0 .05 ( 0 . 0 5 ( 0 . 0 5 ( 0 . 0 5 0 .025 0.026 17.7 17 .8 (0 .005 (0 .0001 <0.005 (0.0001 40.005 (0 .005 <0.005 <0.005

(8 a ) (0 .01 (0.01 <0.05 <0.05 0.06 ( 0 . 0 5 0 .025 0.02% 18.4 10.1 ( 0 . 0 0 5 (0.0001 (0 .005 (0 .0001 0.000 (0 .005 0 .005 (0 .005
(16 a ) (0 .01 (0 .01 ( 0 . 0 5 ( 0 . 0 5 ( 0 . 0 5 ( 0 . 0 5 0 .025 0 .025 18.1 18.1 ( 0 . 0 0 5 (0 .0001 ( 0 . 0 0 5 (0.0001 (0 .005 ( 0 . 0 0 5 0 . 0 0 5 (0 .005

Repl.  1 (0 .01 (0.01 0 . 1 3 ( 0 . 0 5 ( 0 . 0 5 ( 0 . 0 5 0 .027 0.025 17.3 17.1 (0 .005 (0 .0001 (0 .005 (0 .0001 (0 .005 (0 .005 ( 0 . 0 0 5 (0 .005
13 Kepi.  2 <0.01 (0 .01 ( 0 . 0 5 <0.05 ( 0 . 0 5 ( 0 . 0 5 0.026 0.026 17.5 17 .4 (0 .005 (0.0001 <0.005 (0.0001 0.005 (0 .005 0 .005 <0.005

Repl.  3 (0 .01 <0.01 0 .08 <0.05 ( 0 . 0 5 ( 0 . 0 5 0.026 0 .025 17.2 17.7 (0 .005 (0 .0001 (0 .005 (0.0001 (0 .005 (0 .005 40.005 (0 .005
Avere04) 0 .11 0 .026 0.025 17.3 17 .4
S.D. 0 . 0 4 0.001 0.001 0 . 2 0 . 3

v-Atue.aeo-pL- 1 4 / 1 „ c e .

(cal

TAILS 7

S t a t i o n

WATER QUALITY -  BUCK CREEK SYSTEM
Juno 3 0 .  1 9 0 9

TOTICP DISICP TOTICP DISICP TOTICP DISICP TOTICP maim TOTICP
AG A G  A L  A L  k s  A S  B A  B A  C A
m a  K a  m a  m a  $ G / L  K a  M a  M a  K a

DISICP TOTICP TOTGF
CA C D  C D
RG/L M a  M G / L

DISICP D I S G F
CD C D
NG/L N G / L

TOTICP D I S I C P  TO T I C P D I S I C P
CO C O  C R  C R
NG/L M G / L  N G / L  N G / L



TAU. 7  (Cont.) 1:

Station
TOTICP
CU
MG/L

TOTGF
CU
NG/L

DISICP DISGF
Cu C u
NG1L O G I L

TOTICP
FE
NG/L

DISICP
FE
NG/L

TOTICP
K
IIG/L

June 30.

DISICP
K
KG/L

1989

TOTICP
MG
NG/L

DISICP
NG
NG/L

T1MICA
MN
i4GiL

DISICP
NM
*GIL

TOTICP
NO
NG/L

DISICP
NO
MG/L

TOTICP
NA
NG/L

DISICP
MA
MG/L

TOTICP
NI
NG/L

DISICP
NI
MG/L

Norl. 1 (0.005 0.0006 0.011 (0.0005 0.427 0.297 3 <2 3.9 3.6 0.034 0.026 (0.01 40.01 2.6 2.6 (0.02 00.02
1 Dupl. 2 0.000 0.0092 (0.005 0 . 0 0 0 6 0.518 0.270 (2 (2 3.9 3.6 0.033 0.026 (0.01 40.01 2.7 2.5 (0.02 40.02

Repl. 3 <0.005 0.0019 (0.005 0 . 0 0 0 9 0.459 0.296 2 <2 3.8 3.6 0.032 0.026 40.01 40.01 2.6 2.6 (0.02 40.02
Avery* 0.0039 - -  0 . 0 0 0 8 0.468 0.290 3 - - 3.9 3.6 0.033 0.026 2.6 2.6
S.D. 0.0046 - -  0 . 0 0 0 2 0.046 0.011 1 0.1 0.0 0.001 0.000 0.1 0.1

Dupl. 1 0.099 0.042 1.140 0.033 5 <2 22.1 21.7 0.481 0.506 <0.01 (0.01 12.1 12.8 0.03 40.02
2 M p h  2 0.009 0.050 1.060 0.033 4 3 22.4 21.7 0.408 0.505 40.01 (0.01 12.4 12.0 0.03 40.02

*AO.  3 0.089 OP • 0.042 1.170 0.032 5 4 22.0 21.4 0.481 0.500 (0.01 (0.01 12.1 12.6 0.03 40.02
Average 0.092 O b . 0.045 1.123 0.033 4 22.2 21.6 0.483 0.504 12.2 12.7 0.03 - -
S.D. 0.006 0.005 0.057 0.001 1 1 0.2 0.2 0.004 0.003 0.2 0.1 0

Nopl. 1 0.007 0.0049 (0.005 0 . 0 0 4 3 0.717 (0.005 (2 (2 8.1 5.7 0.090 4.001 (0.01 40.01 5.0 1.9 40.02 40.02
3 Ne$1. 2 0.009 0.0060 0.005 0 . 0 0 4 8 0.952 0.382 3 (2 8.6 7.8 0.114 0.095 (0.01 (0.01 5.3 5.0 40.02 40.02

Repl. 3 0.006 0.0072 (0.005 0 . 0 0 4 4 1.480 0.330 2 (2 8.3 7.6 0.134 0.093 (0.01 (0.01 5.2 5.0 (0.02 (0.02
Aver414 0.007 0.0060 0.0045 1.050 0.360 3 - - 8.3 7.0 0.115 0.094 5.2 4.0
S.D. 0.002 0.0012 0.0003 0.391 0.031 1 0.3 1.2 0.010 0.001 0.2 1.0

<1 . ) 0.007 0.0049 (0.005 0 . 0 0 4 8 0.310 0.149 <2 (2 4.6 4.4 0.067 0.006 (0.01 (0.01 3.5 3.S 40.02 (0.02
12 <3 • ) 0.007 0.0073 0.007 0 . 0 0 4 0 0.205 0.109 <2 (2 4.4 4.2 0.020 0.003 (0.01 (0.01 3.3 3.4 (0.02 (0.02

<8 e ) 0.010 0.0044 0.006 0 . 0 0 4 5 0.138 0.090 2 (2 4.5 4.2 0.013 0.002 (0.01 (0.01 3.4 3.3 40.02 (0.02
<16 a> 0.010 0.0000 0.005 0 . 0 0 4 4 0.144 0.091 2 (2 4.5 4.2 0.011 0.002 (0.01 (0.01 3.5 3.4 (0.02 <0.02

Sept. 1 0.006 0.0042 (0.005 0 . 0 0 3 0 0.292 0.134 <2 <2 4.4 4.2 0.053 0.023 (0.01 (0.01 3.4 3.1 (0.02 <0.02
13 Repl. 2 (0.005 0.0020 0.004 0 . 0 0 5 9 0.222 0.162 3 (2 4.5 4.3 0.049 0.026 (0.01 (0.01 3.4 2.5 (0.02 40.02

Rept. 3 (0.005 0.0024 (0.005 0 . 0 0 4 3 0.249 0.135 (2 <2 4.4 4.2 0.051 0.025 40.01 (0.01 3.3 3.3 (0.02 (0.02
Averels - - 0.0029 - -  0 . 0 0 4 7 0.254 0.144 - - 4.4 4.2 0.051 0.025 3.4 3.4
S.D. 0.0012 - -  0 . 0 0 1 1 0.035 0.016 0.1 0.1 0.002 0.002 • 0.1 0.1

WATER QUALITY -  MUCK CREEK SYSTEM



TABLE 7  (Cont . ) 7 , ,  * A T E R  QUALITY -  BUCX CREEK SYSTEM
June 3 0 .  1 9 6 9

Sta t ion
TOTICP
P
MG/L

DISICP
P
IOG/L

TOTICP TOTGF
PB P B
MG/L M G / L

DISICP D I 3 G F
PB P B
MG/1. O G / L

TOTICP
SS
mG/L

DISICP
SE
MG/L

TOTICP
SI
4G/L

DISICP
SI
MG/L

TOTICP
S4
*G/L

DISICP
54
MG/L

TOTICP
3R
MG/L

DISICP
SR
■G/L

r o m p
24
MG/1.

DISICP
Z4
MIG/L

R . p l .  1 ( 0 . 1 ( 0 A <0.05 ( 0 . 0 0 0 6 <0.05 ( 0 . 0 0 0 5 ( 0 . 0 5 <0.05 4.63 4 .58 <0.05 ( 0 . 0 5 0.133 0.137 0 .014 (0 .002
1 Rept. 2 ( 0 . 1 <0.1 <0.05 ( 0 . 0 0 0 6 ( 0 . 0 5  ( 0 . 0 0 0 5 <0.05 ( 0 . 0 5 5.11 4 . 6 0 ( 0 . 0 5 ( 0 . 0 5 0.135 0 .136 0 .015 40.002

R . p l .  3 ( 0 . 1 (0 .1 <0.05 ( 0 . 0 0 0 6 <0.05 ( 0 . 0 0 0 5 ( 0 . 0 5 (0 .05 4.92 4 .66 <0.05 ( 0 . 0 5 0.129 0.136 0 .015 0 .044
Averee• - -  - - - -  - - - - - - 4 .95 4.61 - - 0 .132 0.136 0 .015 - -
S.D. 0.14 0 .04 0.003 0.001 0.001

Reel .  1 ( 0 . 1 ( 0 . 1 <0.05 4 0 . 0 0 0 6 <0.05 ( 0 . 0 0 0 5 0.07 0 .05 6 .53 4 . 3 9 ( 0 . 0 5 ( 0 . 0 5 6 .450 7 .140 0 .100 0.041
2 R . p l .  2 ( 0 . 1 <0.1 (0 .05  ( 0 . 0 0 0 6 ( 0 . 0 5  ( 0 . 0 0 0 5 0 .06 (0 .05 6 .20 4 .37 ( 0 . 0 5 40.05 6.580 7 .140 0.094 0 .034

R . p l .  3 (0 .1 (0 .1 <0.05 ( 0 . 0 0 0 6 ( 0 . 0 5  ( 0 . 0 0 0 5 0 .06 0.06 6.63 4 .34 ( 0 . 0 5 ( 0 . 0 5 6.400 7 .010 0 .096 0 .034
Average - -  - - - -  - - 0 . 0 6 0 . 0 6 6.45 4 .37 . . ... 6.477 7.097 0.097 0 .039
S.D. 0.01 0.01 0.23 0 . 0 3 0.093 0 .075 0 .003 0 .002

R . p l .  1 ( 0 . 1 ( 0 . 1 ( 0 . 0 5  ( 0 . 0 0 0 6 ( 0 . 0 5  ( 0 . 0 0 0 5 ( 0 . 0 5 <0.05 5.06 6 . 0 7 ( 0 . 0 5 ( 0 . 0 5 1.240 0 .049 0 .019 <0.002
2 R . p l .  2 <0.1 ( 0 . 1 ( 0 . 0 5  ( 0 . 0 0 0 6 ( 0 . 0 5  ( 0 . 0 0 0 5 <0.05 <0.05 5.71 4.73 <0.05 ( 0 . 0 5 1.300 1.320 0 .019 40.002

R . p l .  3 ( 0 . 1 ( 0 . 1 ( 0 . 0 5  ( 0 . 0 0 0 6 ( 0 . 0 5  ( 0 . 0 0 0 5 <0.05 ( 0 . 0 5 6.64 4 . 5 5 ( 0 . 0 5 ( 0 . 0 5 1.260 1.290 0 .020 0 .002
Average - -  - - - -  - - - - - - 5 .82 5 . 1 2 - - - - 1 .267 0 .900 0 .019 - -
S.D. 0.82 0 .43 0.031 0 .702 0.001

(1 ■ ) ( 0 . 1 ( 0 . 1 ( 0 . 0 5  ( 0 . 0 0 0 6 ( 0 . 0 5  < 0 . 0 0 5 <0.05 ( 0 . 0 5 4.57 4 . 0 0 ( 0 . 0 5 ( 0 . 0 5 0 .305 0 .314 0.033 0 .016
12 43 a ) <0.1 <0.1 <0.05 ( 0 . 0 0 0 6 ( 0 . 0 5  < 0 . 0 0 5 ( 0 . 0 5 <0.05 4.17 3 .69 <0.05 <0.05 0.304 0.311 0 .022 0.004

(8 (5) <0.1 ( 0 . 1 <0.05 ( 0 . 0 0 0 6 <0.05 < 0 . 0 0 5 ( 0 . 0 5 (0 .05 3.60 3 .20 ( 0 . 0 5 ( 0 . 0 5 0 .324 0.331 0 .017 0 .005
(16 a ) <0.1 <0.1 ( 0 . 0 5  ( 0 . 0 0 0 6 ( 0 . 0 5  ( 0 . 0 0 5 ( 0 . 0 5 ( 0 . 0 5 3.56 3.27 ( 0 . 0 5 <0.05 0.327 0.337 0.021 0.004

R . p l .  1 <0.1 ( 0 . 1 ( 0 . 0 5  ( 0 . 0 0 0 6 ( 0 . 0 5  < 0 . 0 0 0 5 ( 0 . 0 5 <0.05 3.06 2 .56 <0.05 <0.05 0.303 0.311 0.011 (0 .002
13 R . p l .  2 ( 0 . 1 ( 0 . 1 ( 0 . 0 5  ( 0 . 0 0 0 6 (0 .05  ( 0 . 0 0 0 5 40.05 (0 .05 2 .78 2 .65 ( 0 . 0 5 <0.05 0.304 0 .320 0.011 0.004

R . p l .  3 40.1 ( 0 . 1 ( 0 . 0 5  ( 0 . 0 0 0 6 ( 0 . 0 5  ( 0 . 0 0 0 5 ( 0 . 0 5 ( 0 . 0 5 2.90 2.61 ( 0 . 0 5 ( 0 . 0 5 0 .300 0 .313 0.012 (0 .002
Average - - - -  - - - -  - - - - - - 2.92 2.61 . . 0 .302 0 .315 0.011 - -
S.D. 0 .15 0 .05 0.002 0 .005 0.001



TABLE 7  ( C o n t . )  W A T E R  QUALITY -  BUCK CREEK SYSTEM
June 3 0 .  1 9 8 9

Sta t ion
ALK

MG/L

DISICP
MC
MG/L

DISICF
HT
N U L

FR

NG/L

KFR

MG.&

PH

REL.U.

SO4

IIGA.

TIC

MG/L

TOC
MG/L

Repl .  1 4 7 . 6 48 .4 4 9 . 3 95 <5 8 . 1 5 9 15
1 Repl .  2 4 7 . 6 48.7 4 9 . 6 96 18 8 . 1 5 9 15

Rap ' .  3 9 4 . 2 48 .8 4 9 . 8 98 6 8 . 1 4 8 16
Average 6 3 . 1 48 .6 4 9 . 6 96 12 8 . 1 5 9 15
S.D. 2 6 . 9 0 . 2 0 . 3 2 8 0 1 1 1

Repl .  1 7 3 . 3 520 530 884 23 8 . 3 370 16 4
2 R e p l .  2 7 4 . 7 518 528 888 22 8 . 3 420 15 11

Repl .  3 7 4 . 7 515 525 886 (5 8 . 3 410 16 9
Average 7 4 . 2 518 528 886 23 8 . 3 400 16 8
S.D. 0 . 8 3 3 2 1 0 26 1 4

Repl .  1 5 5 . 3 179 179 250 50 8 . 2 77 11 15
3 R e p l .  2 5 5 . 3 146 149 249 21 8 . 2 86 11 16

Repl .  3 5 5 . 3 143 145 250 20 8 . 2 88 11 18
Average 5 5 . 3 156 158 250 30 8 . 2 84 11 16
S.D. 0 . 0 20 19 1 17 0 6 0 2

(1 ■ ) 3 6 . 9 64.1 6 4 . 8 124 <5 8 . 0 27 8 21
12 (3 a ) 3 4 . 9 6 2 . 0 6 2 . 7 115 <5 8 . 0 29 7 22

(8 a ) 3 6 . 9 6 2 . 5 6 3 . 1 120 <5 8 . 1 28 7 21
(16 a ) 4 1 . 7 6 2 . 4 6 3 . 0 121 <5 8 . 1 29 6 23

Repl .  1 3 5 . 9 5 9 . 8 6 0 . 5 116 <5 8 . 0 27 6 22
13 Rep].. 2 3 5 . 9 61 .2 6 2 . 1 116 <5 8 . 0 28 7 21

Repl .  3 3 5 . 9 6 1 . 7 6 2 . 4 119 <5 8 . 0 24 6 22
Average 3 5 . 9 6 0 . 9 6 1 . 7 117 8 26 6 22
S .D . 0 . 0 1 . 0 1 . 0 2 0 2 1 1



-  4 0  -

4 . 1 . 4  o n e  1 5 - 1 7 ,  1 9 9 0 .  T h e  w a t e r  q u a l i t y  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  9 ,  a n d  t h e  l a k e  p r o f i l e  d a t a  i s  i n  Ta b l e  1 0 .

The t h e r m o c l i n e  c o u l d  b e  f o u n d  b e t w e e n  6  a n d  8  m e t r e s  d e p t h  a t  S t a t i o n s
11 a n d  1 2 .  A t  S t a t i o n  8 ,  t h e  t h e r m o c l i n e  w a s  d i s t u r b e d  d u e  t o  s t r o n g
wes t - e a s t  w i n d s .  W a r m e r  s u r f a c e  w a t e r s  m i g r a t e d  t o w a r d  t h e  e a s t e r n  p a r t  o f
t h e  l a k e  a n d  l o w e r e d  t h e  t h e r m o c l i n e  t o  a  d e p t h  o f  1 1  t o  1 2  m e t r e s .  T h i s
e f f e c t  o f  i n t e r n a l  s e i c h e  h a s  b e e n  r e p o r t e d  b e f o r e  ( H u t c h i n s o n ,  1 9 5 7 ) .

Lake p H  v a r i e d  f r o m  7 . 0  i n  t h e  h y p o l i m n i o n  t o  8 . 1  i n  t h e  e p i l i m n i o n .
C o n d u c t i v i t i e s  w e r e  f a i r l y  c o n s t a n t  v a r y i n g  b e t w e e n  3 3 . 3  a n d  3 6 . 8  µ m h o s / c m .
C o n d u c t i v i t y  w a s  r e d u c e d  f r o m  e a r l i e r  s u r v e y s  w h i c h  h a d  l e v e l s  o n  t h e  o r d e r
o f  1 8 0  Rmhos /cm ( G o d i n ,  1 9 8 8 ) .

4 .2  S e d i m e n t s

4 . 2 . 1  L a k e  S u r f a c e  S e d i m e n t  C o l l e c t i o n .  S e d i m e n t  t r a p s  w e r e  l o c a t e d  i n
t h e  l a k e  i n  May 1 9 8 8  a t  S t a t i o n s  5 ,  7 ,  8 ,  9 ,  a n d  11 .  R e t r i e v a l  w a s  p e r f o r m e d
on J u n e  2 2 ,  1 9 8 8 .  s e d i m e n t  w a s  c o l l e c t e d  b y  a n  Eckman d r e d g e  a t  S t a t i o n s  4 ,
8, 9 ,  1 0 ,  a n d  12  o n  J u l y  2 ,  1 9 8 9 ,  a n d  S t a t i o n s  7 ,  8 ,  1 0 ,  1 1 ,  a n d  1 2 ,  o n  J u n e
16, 1 9 9 0 .  Ta b l e s  1 1 ,  1 2 ,  a n d  1 3  s h o w  t h e  r e s u l t s  o f  t h e s e  s a m p l e s .

Sed iment  a r s e n i c  c o n t e n t  g r e a t l y  i n c r e a s e d  f r o m  1987  t o  1 9 8 8 .  T h i s  w a s
p a r t l y  d u e  t o  t h e  i m p r o v e d  d e t e c t i o n  l i m i t  o f  t h e  I C A P p r o c e d u r e  w h i c h  w a s
changed f r o m  5 0  g g / g  i n  1 9 8 7  t o  8  R g / g  i n  1 9 8 8 .  T h e  a r s e n i c  c o n t e n t  o f  t h e
r e f e r e n c e  m a t e r i a l  a v e r a g e d  1 1 . 6  ±  1 . 3  µ g / g .  I n  1 9 8 9 ,  t h e  d e t e r m i n a t i o n  o f
a r s e n i c  i n  t h e  r e f e r e n c e  m a t e r i a l  was  < 8  µ g / g ,  i n d i c a t i n g  n o t  a l l  a r s e n i c  i n
t h e  s a m p l e  was  a c c o u n t e d  f o r .  I t  i s  d i f f i c u l t  t o  d e t e r m i n e  i f  t h e  s e d i m e n t
a r s e n i c  c o n t e n t  s h o w e d  s i g n i f i c a n t  e l e v a t i o n  d u e  t o  t h e s e  p r o b l e m s  w i t h  t h e
r e f e r e n c e  m a t e r i a l  o r  s o m e  o t h e r  i n f l u e n c e .



LAAA:4-A-

-Cen4 velAfter,ix,

5  )Pi‘478)2

Rep1. 1 (0 .01 (0 .01 0 . 5 6 0.11 <0.05 <0.05 0.01 (0 .01 0 .033 0 .026 <0.001 <0.001 11 . 6 11.6
Repl .  2 ( 0 . 0 1 40.01 0 . 5 4 0 . 0 9 <0.05 ( 0 . 0 5 0.01 40.01 0 .032 0 .026 (0 .001 (0 .001 11 .7 11.7

1 Repl .  3 ( 0 . 0 1 (0 .01 0 . 5 * 0 . 0 6 ( 0 . 0 5 ( 0 . 0 5 (0 .01 <0.01 0 .033 0 .026 <0.001 (0 .001 11 .6 11.6
Average - - - - - - 0 . 5 6 0 . 0 9 - - - - - - 0 .01 - - - 0 .033 0 .026 - - - - - - 11 .6 11 .6
S.D. 0 . 0 2 0 4 2 0 . 0 0 0.001 0 .000 0 . 1 0 .1

2 Repl .  1 40.01 40.01 0 . 4 3 0 . 0 8 ( 0 . 0 5 <0.05 0 .02 0 .02 0 .055 0 . 0 4 7 (0 .001 40.001 296 300

Repl .  1 40.01 (0 .01 0 . 4 7 0 . 0 4 ( 0 . 0 5 <0.05 (0 .01 (0 .01 0 .043 0 .037 (0 .001 (0 .001 61 .4 61 .7
Repl .  2 ( 0 . 0 1 (0 .01 0 .41 0 . 0 6 ( 0 . 0 5 ( 0 . 0 5 0 .02 (0 .01 0.041 0 .037 (0 .001 40.001 6 1 . 4 61 .7

3 Repl .  3 ( 0 . 0 1 (0 .01 0 . 3 6 0 . 0 6 ( 0 . 0 5 <0.05 0 .02 <0.01 0 .042 0 .036 40.001 01.001 6 1 . 8 6 0 . 6
A v e r y , - - - - - - 0 . 4 2 0 .07 - - - - - - 0 .02 - - - 0 .042 0 .037 - - - - - - 6 1 . 5 61 .4
S.D. 0 . 0 5 0.01 0 . 0 0 0.001 0.001 0 . 2 0 . 5

sur face ( 0 . 0 1 (0 .01 0 . 1 5 <0.05 ( 0 . 0 5 ( 0 . 0 5 <0.01 (0 .01 0 .030 0 .027 (0 .001 <0.001 29.7 30.2
8 12 a (0 .01 (0 .01 0 . 1 2 ( 0 . 0 5 ( 0 . 0 5 <0.05 0 .02 (0 .01 0 .032 0 .027 <0.001 (0 .001 29 .5 30 .2

16 • (0 .01 (0 .01 0 . 1 5 0 . 0 5 00.05 ( 0 . 0 5 (0 .01 <0.01 0.031 0 . 0 2 9 <0.001 40.001 25 .3 26 .3

sur face (0 .01 (0 .01 0 . 4 6 ( 0 . 0 5 ( 0 . 0 5 ( 0 . 0 5 (0 .01 40.01 0 .048 0 .027 (0 .001 (0 .001 3 6 . 9 28.9
11 10 a (0 .01 <0.01 0 . 1 5 ( 0 . 0 5 40 .05 ( 0 . 0 5 (0 .01 <0.01 0.031 0 . 0 2 8 (0 .001 (0 .001 26.2 26.4

16 a 40.01 (0 .01 0 . 2 2 40.05 40.05 40.05 0.01 (0 .01 0 .039 0 .033 (0 .001 <0.001 24 .6 26 .5

sur face ( 0 . 0 1 40.01 0 . 1 2 ( 0 . 0 5 <0.05 40.05 0.01 40.01 0 . 0 3 0 0 .027 (0 .001 (0 .001 28.1 2 0 . 9
12 10 a ( 0 . 0 1 40.01 0 .14 <0.05 ( 0 . 0 5 40.05 0 .02 <0.01 0 .034 0 .028 (0 .001 (0 .001 25 .7 26 .0

19 m 40.01 (0 .01 0 . 9 2 ( 0 . 0 5 00.05 ( 0 . 0 5 0 .02 <0.01 0.051 0 .037 40.001 40.001 25.1 2 6 . 0

Nep1. 1 ( 0 . 0 1 40.01 0 . 1 6 0 . 0 5 ( 0 . 0 5 40.05 0 .02 <0.01 0 .032 0 .027 (0 .001 (0 .001 27 .3 26 .0
Repl .  2 ( 0 . 0 1 <0.01 0 . 1 5 40 .05 ( 0 . 0 5 <0.05 0 .02 ( 0 . 0 1 0 . 0 3 0 0 .027 01.001 (0 .001 27 .4 28.1

13 Reel .  3 40.01 (0 .01 0 . 1 6 4 0 . 0 ( 0 . 0 5 ( 0 . 0 5 (0 .01 (0 .01 0 .030 0 .027 (0 .001 (0 .001 27.1 2 0 . 0
Average - - - - - - 0 . 1 6 0 .02 0.031 0 .027 - - - - - - 27 .3 2 6 . 0
C D . - - - 0 .01 0 . 0 0 0.001 0 . 0 0 0 0 . 2 0 .1

TABLE 9 WATER QUALITY -  BUCK CREEK SYSTEM
Juno 1 5 - 1 7 .  1 9 9 0

TOTICP D I S I C P  T O T I C P  D I S I C P  T O T I C P  D I S I C P  T O T I C P  D I S I C P  T O T I C P  D I S I C P  T O T I C P  D I S I C P  T O T I C P  D I S I C P
S t a t i o n  A G  A G  A L  A L  A S  A S  8  B  B A  B A  D E  B E  C A  C A
Number K G / L  M G / L  M G / L  N M  M G / L  M G / L  M G / L  M G / L  M G / L  M G M  M G / L  N G / L  M G &  M G &



TAILS I  ( C o n t . ) :  W A T E R  QUALITY -  BUCK CREEK SYSTEM
June 1 5 - 1 7 .  1 9 9 0

S t a t i o n
Iluabar

TOTICP
CD
14G/L

TOTGF
CD
MG/L

DISICP
CD
MG/L

DISGF
CD
MG/L

TOTICP
CO
MG/L

DISICP
CO
MG/L

TOTICP
CR
MG/L

DISICP
CR
MG/L

TOTICP
CU
MG/L

DISICP
CU
MG/L

TOTICP
FS
MG/L

DISICP
FE
MG/L

TOTICP
K
MG/L

DISICP
K
MG/L

TOTICP
MG
MG/L

DISICP
MG
MG/L

Ropl. 1 <0.005 (0.0001 <0.005 (0.0001 <0.005 <0.005 0.006 <0.005 ( 0 . 0 0 5 (0 .005 0 .66a 0 .284 <2 <2 3 . 3 3 .3
Reel .  2 <0.005 (0.0001 (0 .005 (0.0001 <0.005 <0.005 0.008 (0 .005 (0 .005 (0 .005 0 .650 0 .276 <2 C2 3 . 2 3.3

1 Reel .  3 <0.005 (0.0001 ( 0 . 0 0 5 (0 .0001 <0.005 ( 0 . 0 0 5 (0 .005 (0 .005 <0.005 <0.003 0 .676 0 .259 <2 c2 3 . 3 3 . 3
Average - - - - - - - - - - - - - - - - - - 0 .007 - - - - - - - - - 0 .665 0 .274 - - - 3 . 3 3.3
S.D. 0.001 0 .013 0 .013 0 . 0 0 . 0

2 Reel .  1 (0 .005 0.0014 (0 .005 0.0014 <0.005 (0 .005 0.011 (0 .005 0 .028 0.017 0 .345 0 .035 3 3 5 6 . 0 55.3

Reel .  1 <0.005 0.0002 (0 .005 0 .0002 <0.005 ( 0 . 0 0 5 0.007 (0 .005 0 .006 (0 .005 0 .625 0 .353 <2 <2 12.1 12.2
Rep/.  2 (0 .005 0.0002 ( 0 . 0 0 5 0.0002 ( 0 . 0 0 5 ( 0 . 0 0 5 0 .010 (0 .005 0 .008 (0 .005 0 .758 0 .354 (2 (2 12.0 12.2

3 Rep/. 3 40.005 0.0002 (0 .005 0.0002 ( 0 . 0 0 5 ( 0 . 0 0 5 0 .010 (0 .005 0 .010 (0 .005 0 .734 0 .347 (2 (2 11.0 12.1
Average - - - 0 .0002 - - - 0 .0002 - - - - - - 0 .009 - - - 0 . 009 - - - 0 .772 0.351 - - - _..- 12.0 12.2
3.D. 0 0 0.002 0.001 0 .047 0.004 0 . 2 0.1

surface (0 .005 0.0003 ( 0 . 0 0 5 (0.0001 ( 0 . 0 0 5 <0.005 <0.005 (0 .005 ( 0 . 0 0 5 (0 .005 0 .482 0 . 11 0 <2 <2 6 . 4 6 . 5
6 12 a (0 .005 0.0001 (0 .005 (0.0001 <0.005 <0.005 0.009 (0 .005 0 .010 ( 0 . 0 0 5 0 .226 0 . 11 0  < 2 42 6 . 4 6 . 5

16 a (0 .005 0.0003 (0 .005 (0 .0001 <0.005 (0 .005 0.008 <0.005 <0.005 (0 .005 0 .309 0 .142 (2 (2 5 . 0 5 . 9

surface (0 .005 0.0026 40.005 (0 .0001 <0.005 <0.005 0.011 (0 .005 0 .065 (0 .005 0 .525 0.104 (2 (2 6 . 6 6 . 3
11 10 ■ ( 0 . 0 0 5 (0.0001 (0 .005 (0 .0001 ( 0 . 0 0 5 ( 0 . 0 0 5 0 .010 <0.005 0 .006 <0.005 0 .286 0 .142 <2 <2 5 . 7 5 . 9

16 ■ <0.005 0.0001 40.005 40.0001 ( 0 . 0 0 5 ( 0 . 0 0 5 0 .005 <0.005 0 .005 <0.005 0 .413 0 .165 <2 <2 5 . 7 5 . 8

surface <0.005 0.0002 ( 0 . 0 0 5 (0.0001 ( 0 . 0 0 5 ( 0 . 0 0 5 0.011 (0 .005 0 .007 ( 0 . 0 0 5 0.214 0 .104 (2 (2 6 . 3 6 . 3
12 10 ■ ( 0 .005 0.0002 ( 0 . 0 0 5 (0 .0001 ( 0 . 0 0 5 <0.005 0.008 (0 .005 0 .006 (0 .005 0 .269 0.131 <2 <2 5 . 0 6 . 0

19 ■ ( 0 .006 (0.0001 <0.005 (0 .0001 <0.005 ( 0 . 0 0 5 0 .010 ( 0 . 0 0 5 0 .007 (0 .005 1.620 0 .223 <2 <2 5 . 6 5 . 6

Reel .  1 <0.005 0.0001 (0 .005 (0 .0001 0 .005 ( 0 . 0 0 5 0.008 (0 .005 0 .006 <0.005 0 .263 0 . 11 8 <2 t2 6 . 0 6 . 2
Reel .  2 (0 .005 (0.0001 (0 .005 (0 .0001 (0 .005 <0.005 0.006 (0 .005 ( 0 . 0 0 5 (0 .005 0.254 0 .116 (2 <2 6 .1 6 . 2

13 Rap1. 3 (0 .005 0.0001 (0 .005 (0 .0001 <0.005 (0 .005 0.010 ( 0 . 0 0 5 (0 .005 ( 0 . 0 0 5 0 .275 0 .115 (2 (2 6.1 6 . 2
Average - - - - - - - - - - - - - - - - - - 0 .004 - - - - - - - - - 0 .264 0 . 11 6 6.1 6 . 2
S.D. 0 .002 0.011 0.002 0.1 0 . 0



TAMA < C o n t . ) !

R . p l .  1 0.036 0 .025 <0.01 <0.01 2 .4 2 . 3 <0.02 (0 .02 (0.1 <0.1 ( 0 . 0 5 0.0025 <0.05 (0 .0005 <0.05 ( 0 . 0 5
Repl .  2 0 .035 0 .023 (0.01 <0.01 2.4 2.4 ( 0 . 0 2 <0.02 <0.1 <0.1 <0.05 0.0031 ( 0 . 0 5 (0 .0005 ( 0 . 0 5 ( 0 . 0 5

1 f t p l .  3 0 .037 0 .022 (0.01 <0.01 2 .4 2 .4 (0 .02 <0.02 <0.1 (0 .1 <0.05 0.0025 ( 0 . 0 5 0.0006 <0.05 ( 0 . 0 5
Average 0.036 0 .023 - - - - - - 2 .4 2 .4 - - - - - - - - - 0.0027 - . _ - - - - - - - - -
5 .D. 0.001 0 .002 0 . 0 0.1 - - - 0 .0003

2 Repl.  1 0 .241 0 .224 <0.01 (0 .01 11 .9 12.1 ( 0 . 0 2 (0 .02 (0 .1 <0.1 ( 0 . 0 5 0.0041 ( 0 . 0 5 (0 .0005 ( 0 . 0 5 ( 0 . 0 5

Repl .  1 0 .120 0 .100 (0.01 (0 .01 4 . 2 4 . 3 <0.02 <0.02 (0 .1 ( 0 . 1 ( 0 . 0 5 0.0030 <0.05 0.0007 ( 0 . 0 5 <0.05
Repl.  2 0 . 11 7 0 .200 (0.01 <0.01 4 . 2 4 . 3 <0.02 <0.02 (0 .1 ( 0 . 1 ( 0 . 0 5 0.0043 <0.05 0.0011 ( 0 . 0 5 ( 0 . 0 5

3 Rspl .  3 0 .112 0 .099 (0.01 (0 .01 4.1 4 . 3 <0.02 (0 .02 (0 .1 <0.1 ( 0 . 0 5 0.0036 ( 0 . 0 5 0.0016 <0.05 <0.05
Average 0 .116 0 .100 . . . - - - 4 . 2 4 . 3 - - - - - - - - - 0 .0036 - - - 0 .0011 - - - - - -
S.D. 0 .004 0.001 0.1 0 . 0 - - - 0 .0007 - - - 0 .0005

aurfeoe 0 .033 0 .003 (0.01 (0 .01 3 . 5 3 . 6 <0.02 (0 .02 ( 0 . 1 (0 .1 ( 0 . 0 5 0.0032 <0.05 0.0007 ( 0 . 0 5 ( 0 . 0 5
• 12 • 0 .030 0 .002 (0 .01 <0.01 3 . 5 3 . 6 <0.02 ( 0 . 0 2 <0.1 (0 .1 ( 0 . 0 5 0.0037 ( 0 . 0 5 0.0011 ( 0 . 0 5 <0.05

16 a 0 .016 0 .007 <0.01 (0 .01 3 . 6 3 .6 <0.02 <0.02 (0 .1 ( 0 . 1 ( 0 , 0 5 0.0024 ( 0 . 0 5 0.0009 <0.05 ( 0 . 0 5

s u r f e d , 0 .019 0 .002 (0.01 (0 .01 6 . 4 3 . 6 (0 .02 <0.02 ( 0 . 2 ) (0 .1 , ( 0 . 0 5 0.0298 ( 0 . 0 5 0.0010 ( 0 . 0 5 ( 0 . 0 5
11 10 m 0.047 0 .004 (0.01 <0.01 3 . 5 3 . 6 ( 0 . 0 2 <0.02 40,1 (0 .1 ( 0 . 0 5 0.0019 ( 0 . 0 5 0.0011 ( 0 . 0 5 ( 0 . 0 5

16 a 0 .122 0 .034 (0 .01 (0 .01 3 . 6 3 . 7 ( 0 . 0 2 ( 0 . 0 2 <0.1 ( 0 . 1 ( 0 . 0 5 0 .0029 ( 0 . 0 5 0.0008 ( 0 . 0 5 ( 0 . 0 5

surface 0 .028 0 .002 (0 .01 (0 .01 3 . 5 3 . 6 ( 0 . 0 2 <0.02 ( 0 . 1 (0 .1 ( 0 . 0 5 0.0056 ( 0 . 0 5 0.0014 ( 0 . 0 5 40.05
12 10 • 0 .040 0 .003 (0.01 (0 .01 3 . 5 3 . 6 ( 0 . 0 2 <0.02 (0 .1 <0.1 ( 0 . 0 5 0.0021 40.05 0.0007 ( 0 . 0 5 ( 0 . 0 5

19 a 0 .203 0.121 (0 .01 (0 .01 3 . 7 3 . 6 ( 0 . 0 2 <0.02 (0 .1 ( 0 . 1 ( 0 . 0 5 0.0095 ( 0 . 0 5 0.0008 ( 0 . 0 5 ( 0 . 0 5

Rep1. 1 0 .045 0 . 0 1 0 (0 .01 40.01 3 . 5 3 .6 ( 0 . 0 2 ( 0 . 0 2 (0 .1 (0 ,1 ( 0 . 0 5 0.0044 ( 0 . 0 5 0.0011 ( 0 . 0 5 ( 0 . 0 5
Map]. 2 0 .045 0 .011 (0 .01 (0 .01 3 . 5 3 . 6 ( 0 . 0 2 ( 0 . 0 2 <0.1 <0.1 <0.05 0.0021 <0.05 0.0012 ( 0 . 0 5 ( 0 . 0 5

13 14410. 3 0 .047 0.011 (0 .01 (0 .01 3 . 5 3 .6 (0 .02 ( 0 . 0 2 (0 .1 ( 0 . 1 ( 0 . 0 5 0.0016 00.05 0.0011 ( 0 . 0 5 ( 0 . 0 5
Average 0 .046 0.011 - - - - - - 3 . 5 3 . 6 - - - - - - 0 .0027 - - - 0 .0011 - - - . . .
S.D. 0.001 0.001 0 . 0 0 . 0 0 .0015 - - - 0.0001

WATER QUALITY -  BUCK CREEK SYSTEM
June 1 5 - 1 7 .  1 9 9 0

TOTICP D I S I C P  T O T I C P  D I S I C P  T O T I C P  D I S I C P  T O T I C P  D I S I C P  T O T I C P  D I S I C P  T O T I C P  M T G E  D I S I C P  D I S G E  T O T I C P  D I S I C P
Sta t ion  M M  K M  M O  M O  N A  N A  N I  M I  P  P  P 8  P 8  P 8  P S  5 8  S 8
Muslim? M G / L  K G / L  M G / L  M G / L  M G / L  M G / L  M G / L  N G / L  M G / L  M G / L  M G / L  M G / L  K G / L  M G / L  W G / L  1 1 G / L



TABLE 9  ( C o n t . ) :  W A T E R  QUALITY -  BUCK CREEK SYSTEM
June 1 5 - 1 7 .  1 9 9 0

S t a t i o n
Number

TOTICP
SE
MG/L

DISICP
SE
MG/L

TOTICP
SI
NG/L

DISICP
SI
MG/L

TOTICP
3M
MG/L

DISICP
SM
MG/L

TOTICP
SR
MG/L

DISICP
SR
MG/L

TOTICP
TI
MG/L

DISICP
TI
MG/L

TOTICP
V
MG/L

DISICP
V
MG/L

TOTICP
211
MG/L

DISICP
20
NG/L

Repl.  1 <0.05 <0.05 7 .35 6.21 <0.05 ( 0 . 0 5 0 .129 0.124 0 .009 <0.002 40.01 <0.01 0 .012 <0.002
Repl.  2 ( 0 . 0 5 ( 0 . 0 5 7 .28 6 . 2 3 ( 0 . 0 5 ( 0 . 0 5 0 .128 0.125 0.007 40.002 (0 .01 40.01 (0 .002 (0 .002

1 Repl.  3 <0.05 <0.05 7 . 3 2 6 . 1 9 <0.05 ( 0 . 0 5 0.128 0 .125 0.008 <0.002 <0.01 40.01 <0.002 40.002
Avereqe - - - - - - 7 .32 6.21 - - - 0 .124 0 .125 0 .004 - - - - - - - - - - - - - - -
S.D. 0 .04 0 .02 0.001 0.001 0.001

2 Aepi .  1 <0.05 ( 0 . 0 5 4 .16 3.51 ( 0 . 0 5 ( 0 . 0 5 4 .16 4.06 (0 .002 40.002 <0.01 40.01 0.071 0 . 0 4 *

Repl.  1 ( 0 . 0 5 ( 0 . 0 5 6 . 9 0 5 .90 <0.05 ( 0 . 0 5 0.902 0.884 0.004 (0 .002 <0.01 40.01 0 .017 0 .003
Repl.  2 ( 0 . 0 5 <0.05 6 .75 5 .90 ( 0 . 0 5 <0.05 0 .896 0.881 (0 .002 (0 .002 (0 .01 (0 .01 0.004 0.002

3 Repl.  3 <0.05 ( 0 . 0 5 6 .52 5 .83 ( 0 . 0 5 ( 0 . 0 5 0.887 0.871 <0.002 <0.002 (0 .01 40.01 0 .008 0.004
Averepe - - - 6 .72 5 .88 - - - - - - 0 .895 0 .879 - - - - - - - - - - - - 0 .010 0 .003
S.D. 0 . 1 9 0 .04 0 .008 0.007 0 .007 0.001

surface ( 0 . 0 5 ( 0 . 0 5 5 .1 4 . 8 ( 0 . 0 5 ( 0 . 0 5 0 .476 0.472 <0.002 (0 .002 <0.01 <0.01 <0.002 (0 .002
8 12 a ( 0 . 0 5 <0.05 5.01 4 . 7 9 ( 0 . 0 5 <0.05 0 .473 0.468 (0 .002 (0 .002 <0.01 40.01 (0 .002 <0.002

16 ■ ( 0 . 0 5 <0.05 5 . 3 8 5 .07 <0.05 ( 0 . 0 5 0 .443 0.441 (0 .002 (0 .002 (0 .01 40.01 <0.002 (0 .002

esurteoe <0.05 <0.05 5.48 4 .73 <0.05 ( 0 . 0 5 0 .478 0.457 40.002 <0.002 (0 .01 (0 .01 0 .379 (0 .002
11 10 a ( 0 . 0 5 <0.05 5 . 2 9 5 .07 40.05 ( 0 . 0 5 0.441 0 .44 (0 .002 <0.002 <0.01 <0.01 <0.002 <0.002

16 a <0.05 <0.05 5 . 6 9 5 . 1 8 ( 0 . 0 1 40.05 0.441 0 .44 <0.002 <0.002 <0.01 40.01 <0.002 (0 .002

surfaces ( 0 . 0 5 <0.05 5 . 0 3 4 .73 <0.05 <0.05 0 .468 0.459 <0.002 <0.002 40.01 <0.01 (0 .002 <0.002
12 10 ■ 40.05 <0.05 5 . 1 9 4 . 9 3 ( 0 . 0 5 ( 0 . 0 5 0 .447 0.443 (0 .002 40.002 (0 .01 40.01 (0 .002 <0.002

19 ■ <0.05 ( 0 . 0 5 7 .88 5 .23 40.05 <0.05 0 . 4 5 0.434 0 .015 (0 .002 (0 .01 <0.01 0.007 (0 .002

Rapt. 1 <0.05 <0.05 5 . 0 6 4 .63 <0.05 <0.05 0.444 0 .439 (0 .002 <0.002 <0.01 40.01 (0 .002 (0 .002
Repl .  2 ( 0 . 0 5 ( 0 . 0 5 5 . 0 9 4 . 6 5 <0.05 ( 0 . 0 5 0 .454 0.444 (0 .002 <0.002 (0 .01 <0.01 (0 .002 (0 .002

13 Rep1. 3 40.05 <0.05 5 . 0 8 4.62 <0.05 <0.05 0 .449 0.446 <0.002 <0.002 <0.01 <0.01 <0.002 <0.002
Av e r * * * - - - - - - 5 .08 4 .63 - - - - - - 0 . 449 0.443 - - - - - - - - - - - - - - - - - -
S.D. 0 .02 0 .02 0 .005 0.004



TAIL& 9  ( C e n t . ) :

S t a t i o n
Number

ALM

NG/L

PH

REL.U.

DISICP
NC
MG/L

DISICP
HT
MG/L

SO4

NG/L

Tic

MG/L

TOC

NG/L

DIC

MG/L

DOC

MG/L

TR

NG/L

MFR

NG/L

Repl.  1 41 7 . 7 42 .7 4 4 . 0 4 . 4 9 18 9 18 110 9
Reel .  2 41 7 . 7 42 .8 44 .0 4 . 2 9 18 9 17 100 9

1 % m i .  3 41 7 . 7 4 2 . 5 43 .6 4 . 0 9 18 9 18 110 I I
Average 41 7 . 7 42 .7 43 .9 4 . 2 9 18 9 18 107 10
S.D. 0 0 . 0 0 . 2 0 . 2 0 . 2 0 0 0 1 6 1

2 Rop1. 1 52 7 . 4 976 982 897 12 a a 9 1570 45

Regd. 1 44 7 . 7 204 206 146 11 16 10 16 340 7
Rep!. 2 44 7 . 7 204 206 158 11 16 10 16 340 c5

3 Ritpl. 3 44 7 . 7 201 203 144 10 16 10 15 350 (5
Average 44 7 . 7 203 205 149 11 16 10 16 343 - • -
S.D. 0 0 . 0 1 .7 1 .7 7 . 6 1 0 0 1 6 - - -

surface 36 7 . 9 102 103 6 7 . 7 8 14 7 16 180 (5
8 12 is 37 7 . 7 102 103 6 7 . 8 a 16 6 16 180 Cs

16 • 34 7 . 8 89 .9 9 0 . 9 5 6 . 7 10 16 8 16 180 45

surhsos 36 7 . 7 9 7 . 9 9 8 . 6 6 4 . 4 4 16 7 16 180 (5
I I 10 ■ 38 7 . 7 90.1 91 .2 56 .3 10 15 8 17 160 t5

16 ■ 38 7 . 5 U . S 8 9 . 5 54 .0 10 15 6 15 160 (5

surfoos 37 7 . 7 98.1 9 9 . 0 64 .3 8 17 8 15 180 ( 5
12 10 ■ 37 7 . 6 9 1 . 5 92 .5 56 .4 9 16 9 16 170 45

19 a 36 7 . 5 8 8 . 7 9 0 . 0 54 .4 11 15 8 15 200 29

Rop1. 1 37 7 . 7 9 5 . 3 96 .3 5 4 . 6 8 18 7 15 180 6
Repl.  2 37 7 . 7 9 5 . 6 96 .5 54 .4 a 17 a 16 170 (5

12 Reid. 3 36 7 .7 9 5 . 6 9 6 . 5 6 0 . 6 a 17 7 16 140 6
Average 37 7 . 7 9 5 . 5 96 .4 5 7 . 9 4 17 7 16 177 6
S.D. 1 0 . 0 0 . 2 0.1 3 . 0 0 1 1 1 6 0

WATER QUALITY -  BUCK CREEK SYSTEM
Juno 1 5 - 1 7 .  1 9 9 0



-  4 6  -

TABLE 1 0 :  GOOSLY LAKE TEMPERATURE CONDUCTIVITY-PROFILE -  J u n e  1 5 - 1 6 ,  1 9 9 0

S t a t i o n  D e p t h  C o n d u c t i v i t y  T e m p e r a t u r e  p H
8 ( m )  ( p . m h o s / c m )  ( ° C )

1 3 4 . 2  1 3 . 4  7 . 7
2 3 3 . 9  1 3 . 4  7 . 7
3 3 3 . 9  1 3 . 4  7 . 7
4 3 3 . 9  1 3 . 4  7 . 8
5 3 3 . 9  1 3 . 3  7 . 8
6 3 3 . 8  1 3 . 2  7 . 6
7 3 3 . 8  1 1 . 9  7 . 5
8 3 3 . 5  1 1 . 8  7 . 4
9 3 4 . 2  1 0 . 4  7 . 3

10 3 3 . 9  9 . 8  7 . 2
11 3 3 . 9  9 . 2  7 . 1
12 3 3 . 8  8 . 0  7 . 0
13 3 3 . 6  7 . 8  7 . 0
14 3 3 . 7  7 . 6  7 . 0
15 3 3 . 6  7 . 2  7 . 0
16 3 3 . 5  6 . 6  7 . 0

S t a t i o n  D e p t h  C o n d u c t i v i t y  T e m p e r a t u r e  p H
11 ( m )  ( µ m h o s / c m )  ( ° C )

1 3 6 . 8  1 2 . 7  7 . 7
2 3 4 . 5  1 2 . 3  7 . 6
3 3 4 . 3  1 2 . 0  7 . 6
4 3 4 . 1  1 1 . 9  7 . 5
5 3 4 . 1  1 1 . 8  7 . 5
6 3 4 . 2  1 1 . 0  7 . 4
7 3 4 . 4  9 . 5  7 . 2
8 3 3 . 9  7 . 3  7 . 2
9 3 3 . 4  6 . 8  7 . 1

10 3 3 . 3  6 . 3  7 . 2
11 3 3 . 3  6 . 2  7 . 1
15 3 3 . 3  5 . 6  7 . 1
16 3 3 . 3  5 . 6  7 . 0

S t a t i o n  D e p t h  C o n d u c t i v i t y  T e m p e r a t u r e  p H
12 ( m )  ( g m h o s / c m )  ( ° C )

1 3 6 . 5  1 3 . 1  7 . 6
2 3 4 . 7  1 3 . 0  8 . 1
3 3 4 . 2  1 2 . 9  7 . 8
4 3 3 . 9  1 2 . 3  7 . 7
5 3 4 . 2  1 1 . 7  7 . 6
6 3 4 . 5  1 1 . 4  7 . 5
7 3 4 . 6  1 0 . 4  7 . 4
8 3 4 . 6  9 . 8  7 . 3
9 3 4 . 4  8 . 9  7 . 3

10 3 3 . 5  8 . 7  7 . 0
15 3 3 . 0  7 . 0  7 . 0
18 3 3 . 7  5 . 5  7 . 0
19 3 3 . 7  5 . 5  7 . 0



Ala-+++c 4,4.4 col 14'44i7L
do-4 i e ^  ?"5/1.4 .
(Taid2.1 / /  - 3  ind..4.4ipe)

TABLE 1 1 : SEDIMENT QUALITY -  GOOSLY LAKE
June 2 2 .  1 9 6 6

Lebo S E D I C P SEDGY' SEDICP SEDICP SEDICP SEDICP S E D I C P  SEDGY' S E D I C P SEDICP SEDICP SEDICP SMOG SEDICP SEDICP
S t a t i c s  AG AG AL AS EA CA C D  C D  C O CR CV FE no NG OP
Number U G / G UG/G UG/G UG/G UG/G VG/G U G / G  U G / G  U G / G 0G/G UG/G UG/G VG/G VG/G UG/G

5 <2 0 . 5 1 26200 50 523 6800 0 . 6 0 . 8 20 32 .2 90 62200 0 .409 7100 3670
7 42 0 . 6 0 26900 50 549 9800 0 . 8 1 .0 16 32.1 100 64200 0 .372 7300 5290
8 <2 0 . 6 2 29600 450 492 9000 1 .0 0 . 9 20 3 3 . 6 100 57200 0 .447 7400 2760
9 <2 0.61 29900 <50 465 10000 0 . 5 0 . 8 20 3 3 . 6 88 60100 0 .332 7600 4260

11 <2 0 . 6 8 32200 60 519 11000 1 . 0 1 .0 20 32.1 100 62800 0 .374 7600 5470
Average
S.D.

0 . 6 0
0 . 0 6

29600
1512

53
6

$10
32

9720
879

0 . 6
0 . 2

0 . 9
0.1

19
2

3 2 . 8
0 . 9

96
6

61300
2726

0 .367
0 .043

7440
270

4294
1131 1

Lek .  S E D I C P
S t a t i c s  NO
Number U G / G

SEDICP
NA
UG/G

SEDICP
NI
VG/G

SEDICP
P
UG/G

SEDICP
P8
UG/G

SEDICP
SI
UG/G

SEDICP
SR
VG/G

9SDICP
SN
UG/G

SEDICP
TI
UG/G

SEDICP
V
UG/G

SEDICP
26
UG/G

SFR

NG/KG MG/KG

TM

0G/G

5 45 700 3 3 . 6 3100 37 2030 150 <6 967 7 7 . 7 249 653000 147000 4700
7 45 700 3 6 . 9 3500 51 2200 164 <6 605 7 5 . 9 266 630000 170000 5600
8 45 700 3 7 . 8 3000 50 1960 159 <6 864 77.4 363 640000 160000 3600
9 45 800 3 7 . 6 3200 46 1790 182 <6 971 7 9 . 5 294 640000 160000 5400

11 45 400 3 7 . 0 3600 65 1790 203 <6 836 7 5 . 9 300 822000 178000 6600
Average 660 3 6 . 6 3260 SO 1954 176 893 7 7 . 3 299 637000 163000 5620
S.D. -  - 152 1 . 7 259 10 173 21 75 1 . 5 41 11705 11705 687



TABLE 1 2  :  S E D I M E N T  QUALITY -  BUCK CREEK SYSTEJI

Repl. 1 (2 15600 10 8230 40.6 36.5 <0.8 34300 0 . 11 0 1000 6090 1700 <2
1 Repl. 2 (2 14400 (8 7330 <0.11 37.9 <0.8 31600 0 .130 1000 5570 1150 42

Rep!. 3 (2 14400 10 7600 <0.8 40.7 40.8 32900 0 .095 1000 6280 1190 (2
Rapt. 4 (2 14400 10 7770 <0.8 40 .6 <0.8 34400 0 .120 1000 6560 1250 (2
Average - - 14750 10 7733 - - 39.4 - - 33300 0 .114 1000 6125 1323 - -
S.D. 700 0 376 1.4 1324 0 .015 0 417 255

Rep1. 1 4 19500 67 7680 3 . 9 26.1 527.0 43600 0 .160 3200 6120 605 7
2 R p l .  2 4 19000 66 7670 3 .7 26.6 538.0 42900 0.204 2800 6040 600 I

Rep!. 3 4 19300 65 7650 3 . 9 28 .5 545 .0 44100 0 .160 3100 6170 616 9
Repl. 4 5 20800 99 8170 4 . 0 30.1 579.0 45900 0 .140 3500 6470 832 8
Average 4 19650 69 7893 3 . 9 28.4 547.3 44173 0 .166 3150 6200 813 8
S.D. 1 794 7 207 0.1 1.4 22.4 1258 0.027 269 168 14 1

Repl. 1 (2 15000 19 9100 1 . 0 36.3 35.3 39200 0 .130 1000 6010 1140 (2
3 Rep!. 2 C2 12400 10 7670 1 . 0 34 .5 9 .8 34700 0 .093 900 5460 636 (2

Repl. 3 <2 15100 21 8530 1 . 0 37.1 32.5 36600 1.380 1000 5590 1040 (2
Rep!. 4 (2 13600 10 6200 ( 0 . 8 35 .9 25.0 35600 0 .150 1000 5600 812 42
Average - - 14025 15 6375 1 . 0 36 .0 25.7 36525 0 .438 975 5670 907 - -
3.D. - - 1262 6 599 0 . 0 1.1 11.4 1945 0 .626 50 233 227

4 grab (2 27000 49 9950 1 . 0 36 .2 95.2 62600 0 .596 2600 7600 3260 <2
8 grab (2 16300 34 9120 0 . 9 36.1 64 .9 47200 0 .300 1600 6370 1560 (2
9 grab <2 29700 49 9690 <0.6 38 .0 92 .5 66000 0 .465 2700 8000 3700 <2

10 grab <2 26800 53 10500 <0.8 49 .7 66 .2 66000 1.030 2700 7950 4030 2
12 grab (2 31200 32 8260 <0.6 38.9 90.3 68100 0 .678 2000 4530 3420 (2

Average - - 27000 43 9504 1 .0 39.6 66.2 61960 0.614 2460 7690 3194 - -
S.D. - - 5096 10 854 0.1 5 . 7 12.2 6494 0 .273 497 609 951

Rapt. 1 <2 14400 10 9190 0 . 6 43 .3 1 .0 30400 0 .120 1000 7070 928 (2
Rep!. 2 <2 14400 10 9780 2 . 0 37.4 9 . 6 26700 0 .120 1000 6440 1100 <2

13 Pepl.  3 42 15700 10 9140 40.6 45 .2 ( 0 . 6 33800 0 .049 1000 7600 566 (2
Rep!. 4 (2 14000 9 9510 0 . 9 40 .7 1 .0 29600 0 .120 1000 7270 876 t2
Average - - 14625 10 9405 1 . 2 41.7 3 .9 30675 0.102 1000 7145 868 - -
S.D. - - 741 1 299 0 . 7 3.4 5 .0 2199 0 .036 0 562 223

nba 1645 (2 5820 76 29300 6 . 5 29100 112.0 95600 0.951 1000 7330 763 19
ribs 1643 (2 5700 76 29000 6 . 5 27800 110.0 90500 0 .676 700 7290 743 20
nba 1645 C2 6010 71 26700 8.1 28100 112.0 95600 0.661 600 7360 740 16

obis 1646 (2 20400 <6 4210 ( 0 . 6 46 .2 <0.8 26200 0 .075 4900 6870 255 (2
abs 1 6 4 6 (2 20200 (8 4200 ( 0 . 8 46 .4 ( 0 . 8 26700 0.074 4800 9000 259 2
nba 1646 <2 20900 <6 4100 <0.6 46.8 ( 0 A 26400 0.062 5000 6930 256 2

July 2 ,  1 9 6 9

S t a t i o n
SEDICP S E D I C P  S E D I C P S E D I C P  S E D I C P  S E D I C P S E D I C P S E D I C P SEDHG S E D I C P  S E D I C P  S E D I C P S E D I C P
AG A L  A S  C A  C D  C R  C U  F E  K G  K  N G  N N  N O
UG/G U G / G  U G / G  U G / G  D W G  U G / G  U G / G  M G / G  U G / G  U G / G  V G / 6  U G / G  V G / G



TARLS 1 2  ( C o n t . ) :

S ta t ion

SEDIMENT QUALITY -  BUCK CREEK SYSTEM
July 2 ,  1 9 8 9

SIDICP S E D I C P S E D I C P S E D I C P  S E D I C P S E D I C P  S E D I C P  S E D I C P S E D I C P  S E D I C P  5 F R  S U R
NA M I  P  P B  S I  S A  S R  T I  V  2 1 1
UG/G O G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  M G / K G  M G / K G

Ropl, 1  1 1 3 0  2 7  1 5 0 0  1 0  7 2 0  < 8  1 0 1  1 0 3 0  8 7  1 0 9  9 3 9 0 0 0  6 0 1 0 0
1 R e p l .  2  3 6 0  2 5  1 4 0 0  1 0  6 9 3  < 8  9 0 . 6  1 0 6 0  8 1  1 0 3  9 3 1 0 0 0  4 8 6 0 0

Pop1. 3  3 4 0  2 6  1 5 0 0  1 0  7 2 5  < 8  6 9 . 1  1 0 1 0  8 4  1 0 1  9 4 7 0 0 0  5 3 1 0 0
Repl .  4  3 2 0  3 0  1 5 0 0  1 0  8 3 6  < 8  9 0 . 6  1 0 4 0  8 8  1 1 0  9 4 9 0 0 0  5 0 6 0 0
Average 3 4 3  2 8  1 4 7 5  1 0  7 4 4  9 2 . 8  1 0 4 0  8 3  1 0 6  9 4 6 5 0 0  5 3 2 0 0
S.D. 2 6  2  5 0  0  6 3  5 . 5  2 9  3  4  5 2 6 0  5 2 0 3

Rapp1. 1  3 4 0  3 6  1 7 3 0  1 7 6  6 8 4  ( 6  2 0 5  5 5 1  7 4  5 7 3  9 5 2 0 0 0  4 8 0 0 0
2 R e v d .  2  3 0 0  3 8  1 6 7 0  1 7 5  7 4 1  < 8  2 0 3  5 2 4  7 0  5 6 6  9 5 0 0 0 0  4 9 7 0 0

Rep2. 3  3 2 0  4 0  1 7 1 0  1 8 0  7 6 3  < 8  2 1 0  5 5 3  7 4  5 7 9  9 4 6 0 0 0  5 1 8 0 0
Rep' .  4  3 2 0  4 1  1 7 7 0  1 8 9  7 6 4  0  2 1 9  5 7 9  7 9  5 9 9  9 5 1 0 0 0  4 9 4 0 0
Average 3 2 0  3 9  1 7 2 0  1 8 0  7 4 3  2 1 0  5 5 4  7 4  5 7 9  9 9 0 2 5 0  4 9 7 2 5
S.D. 1 6  2  4 2  6  4 3 '  7  2 3  4  1 4  1 7 0 8  1 5 6 9

Repl.  1  3 5 0  3 0  1 4 1 6 0  1 9  6 4 6  < 8  1 7 0  1 0 2 0  8 8  1 6 0  9 2 3 0 0 0  7 7 3 0 0
3 R e p l .  2  2 6 0  2 5  1 7 9 0  1 0  6 4 4  < 6  1 1 7  1 0 6 0  8 4  1 3 3  9 5 8 0 0 0  4 1 6 0 0

Repl .  3  2 9 0  2 7  1 7 3 0  2 0  7 1 4  < 8  1 6 2  1 0 1 0  8 5  1 5 2  9 2 9 0 0 0  7 0 7 0 0
Repl .  4  2 6 0  2 7  1 7 8 0  1 7  7 8 6  < 8  1 4 8  9 7 8  8 2  1 4 3  9 4 4 0 0 0  5 6 4 0 0
Averego 2 9 3  2 7  1 7 9 0  1 7  6 9 6  1 4 9  1 0 1 7  8 5  1 4 7  9 3 8 5 0 0  6 1 5 0 0
S.D. 3 9  2  5 4  5  6 7  2 3  3 4  3  1 2  1 5 7 1 6  1 5 8 7 8

4 g r a b  4 2 0  3 7  2 8 4 0  3 8  1 1 4 0  < 8  1 7 6  6 7 5  1 0 0  3 9 1  6 4 1 0 0 0  1 3 1 0 0 0
8 g r a b  3 3 0  3 0  2 2 6 0  2 3  7 7 9  < 8  1 4 9  8 8 7  8 5  1 6 2  9 0 4 0 0 0  9 5 3 0 0
3 g r a b  6 2 0  3 8  3 1 9 0  3 1  1 3 2 0  < 6  1 7 4  7 7 1  1 1 0  4 3 6  6 4 0 0 0 0  1 6 0 0 0 0

10 g r a b  1 2 0 0  5 1  2 9 2 0  6 4  1 2 6 0  3 1  1 7 7  6 9 5  1 0 0  4 7 9  8 3 2 0 0 0  1 6 6 0 0 0
12 g r a b  5 4 0  4 3  2 6 6 0  3 6  1 4 6 0  < 8  1 2 8  7 0 2  1 1 0  3 5 8  8 5 9 0 0 0  1 4 1 0 0 0

Average 6 2 2  4 0  2 7 7 8  3 8  1 1 9 6  - -  1 6 1  7 4 6  1 0 1  3 6 5  8 5 6 6 0 0  1 4 3 1 0 0
S.D.  3 4 2  6  3 3 8  1 5  2 5 9  2 2  8 7  1 0  1 2 2  2 8 2 4 4  2 8 4 5 3

Repl.  1  4 0 0  3 4  1 9 9 0  1 0  6 5 9  < 8  1 2 6  1 6 6 0  7 6  1 5 0  6 8 7 0 0 0  1 1 3 0 0 0
13 R a p t .  2  4 5 0  3 3  1 9 9 0  1 0  6 7 0  < 8  1 3 9  1 6 3 0  7 0  1 8 2  8 7 7 0 0 0  1 2 3 0 0 0

Rep1. 3  4 2 0  2 9  1 9 3 0  1 0  7 8 2  t 8  1 2 3  2 0 2 0  9 1  1 5 8  9 4 3 0 0 0  5 7 0 0 0
Rep' .  4  4 5 0  2 $  2 0 0 0  1 0  6 1 0  < 4  1 2 2  1 5 0 0  6 1  1 5 3  9 1 1 0 0 0  M O O
Average 4 3 0  3 1  1 9 7 8  1 0  6 4 0  1 2 8  1 7 0 3  8 0  1 6 1  9 0 4 5 0 0  1 5 5 0 0
S.D. 2 4  3  3 2  0  7 3  8  2 2 3  9  1 5  2 9 3 6 6  2 9 3 6 6

nbe 1645  1 1 0 0  3 6  4 6 0  7 4 5  3 6 1  2 9 4  6 0 5  1 6 0  2 2  1 7 6 0
nbe 1 6 4 5  1 1 0 0  3 8  4 5 0  7 3 5  3 6 3  2 8 5  7 9 1  1 7 6  2 1  1 7 4 0
nba 1645  1 1 0 0  3 6  4 4 0  7 0 3  4 4 1  3 0 9  7 9 7  1 9 5  2 1  1 7 4 0

vibe 1646  1 0 2 0 0  2 4  5 1 0  2 9  9 4 2  < 8  3 0 . 5  6 1 0  5 3  1 2 0
nbe 1646  1 0 4 0 0  2 5  5 1 0  2 6  1 0 1 0  < 8  3 0 . 9  6 2 1  5 6  1 2 6
nba 1646  1 0 3 0 0  2 4  5 1 0  2 6  9 3 4  < 8  3 1 . 1  6 3 9  5 6  1 1 9  ,  - -



TABLE 1 3 :  S E D I M E N T  QUALITY -  BUCM CREEK SYSTEM
June 1 6 ,  1 9 9 0

R . p l .  1 <2 17400 19 298 0 . 6 7070 <0.8 <20 41 .6 23 .8 35000 0 .097 1000 5780
R . p l .  2 <2 16800 23 292 0 . 6 7070 <0.8 <20 42 .8 21 .2 33200 0 . 11 0 1000 5550

1 Repl. 3 <2 19500 20 330 0 . 6 7320 <0.8 <20 45.2 23 .7 36400 0 .100 1700 6110
R . p l .  4 <2 18800 c8 310 0 . 7 7330 <0.8 <20 45 .2 23 .3 34600 0 .088 2000 6100
Averege - - - 18125 21 308 0 . 6 7198 - - - - - - 43.7 23 .0 34630 0 .099 1425 5805
S.D. - - - 1242 3 17 0 . 0 147 1.8 1.2 1310 0 .009 506 271

R . p l .  1 <2 14600 31 210 0 . 6 7730 <0.8 <20 39.6 4 3 . 9 36100 0 .062 1000 5170
3 R .p l .  2 <2 15700 25 214 0 . 6 7650 <0.8 <20 38.3 41.6 35800 0 .058 2000 5310

R .p l .  3 <2 12100 19 165 0 . 5 6960 <0.6 (20 37.2 30 .0 34000 0 .040 1000 4670
Rep!. 4 c2 12600 19 177 0 . 4 7100 <0.8 <20 38.5 34.8 36000 0 .045 1000 4790
Average - - - 13750 24 192 0 . 5 7360 - - - - - - 38.4 37 .6 35475 0.051 1250 4985
S.D. - - - 1690 6 24 0.1 387 1.0 6 . 4 991 0 .010 500 304

7 grab <2 28700 53 507 1 .0 8880 <0.8 (20 36.4 107 66300 0.247 2700 6730
8 grab <2 30400 57 536 1 .0 8920 <0.8 <20 38.2 107 68800 0.254 2900 6970
10 grab <2 34100 38 591 1 . 0 8900 <0.8 <20 38.3 111 71500 0.280 3500 7170
11 grab c2 34700 33 551 1 . 0 8870 <0.6 <20 39.6 111 71700 0.274 3600 7300
12 grab <2 28500 71 705 1 . 0 8210 <0.8 <20 33.9 108 80200 0.241 2600 6360

Average - - - 31260 30 578 1.0 8756 - - - - - - 37 .3 109 71700 0 .259 3060 6906
S.D. - - - 2950 15 77 0 306 2 . 2 2 5241 0 .017 462 374

Repl. 1 <2 16600 (8 236 0 .4 9280 <0.8 <20 42.4 38.7 22200 0.066 1000 5720
13 Rap!. 2 <2 16000 <8 217 0 . 5 9400 <0.8 <20 47 .5 38 .9 25500 0 .060 1000 6540

Repl. 3 <2 14600 <8 217 0 . 3 8960 <0.8 <20 44.8 3 0 . 5 24000 0 .050 1000 5990
R .p l .  4 <2 15400 <8 231 0 . 5 9010 <0.8 <20 45.6 34.1 26600 0 .048 1000 6410
Average - - - 15700 223 0 . 4 9163 - - - - - - 45.1 35 .6 24575 0 .056 1000 6165
S.D. - - - 775 10 0 .1 212 2.1 4 . 0 1909 0 .008 0 378

nbe1646 <2 22600 10 50 1 .0 4210 <0.8 <20 50 .0 16 .0 29400 0 .066 5100 1540
nba1646 <2 19300 <8 41 1 .0 3950 <0.6 <20 45.1 15 .0 26200 0 .072 4400 6110
nba1646 <2 21300 19 46 1 . 0 4120 <0.8 <20 49.2 15.0 29200 0 .073 4900 8410

SEDICP S E D I C P  S E D I C P S E D I C P  S E D I C P  S E D I C P S E D I C P  S E D I C P  S E D I C P S E D I C P  S E D I C P  SEDOG S E D I C P  S E D I C P
S t a t i o n  A G  A L  A S  B A  B E  C A  C D  C O  C R  C U  F E  K G  K  K G
Nuaber U G / G  U G 1 G  U G / G  U G / G  U G I G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G



I

Repl.  1 892 <2 350 28 1500 <8 <8 963 <0 95 .9 1120 86 119 941000 58600
1 Ropl. 2 923 <2 340 25 1400 <8 <8 991 (8 93 .0 1120 82 105 948000 52400

Repl.  3 1060 (2 410 30 1600 <A <8 853 <8 94 .5 1190 93 123 931000 69400
Repl.  4 903 (2 360 30 1600 8 (8 883 <8 94.9 1130 91 108 944000 55500
Average 945 . . . 365 28 1525 923 94.6 1140 88 114 941000 58975
S.D. 78 31 2 96 65 1.2 34 5 9 7257 7397

Repl.  1 734 (2 310 26 1800 10 <8 894 <8 109 1040 81 169 946000 53900
3 Repl.  2 654 <2 320 26 1820 (8 <8 816 (8 106 1110 84 161 951000 49400

Rep1. 3 480 (2 250 22 1890 10 <8 839 (8 87 .0 1120 83 134 960000 39900
Rep1. 4 529 (2 260 23 1920 9 ce 920 <8 95 .0 1110 83 147 958000 42100
Average 599 - - - 285 24 1858 10 867 99 .3 1095 83 153 953750 46325
S.D. 116 35 2 57 1 48 10.1 37 1 15 6449 6480

7 grab 2430 2 370 36 3000 26 (8 1530 (8 175 802 95 251 846000 154000
8 grab 2490 3 610 44 3170 • 28 <8 1460 (8 174 861 99 282 848000 152000
10 9rob 3080 (2 510 39 3530 28 (8 1420 (8 176 803 100 338 831000 169000
11 grab 2750 3 570 42 3140 24 (8 1480 (8 173 873 100 335 800000 200000
12 grab 4250 <2 360 34 3830 23 (8 1700 (8 171 691 98 292 827000 173000

Average 3000 3 484 39 3334 26 1518 174 806 98 300 830400 169600
S.D. 744 1 114 4 339 2 109 2 72 2 37 19295 19295

Rep1. 1 241 2 390 23 1890 46 ce 842 (8 144 1660 48 141 860000 140000
13 Repl.  2 305 (2 420 26 2190 9 (8 647 (8 129 1690 55 153 901000 98900

Repl.  3 305 (2 480 21 2100 ca <8 762 (8 123 1690 54 140 903000 97000
Repl.  4 289 <2 390 25 2130 <8 (8 910 (8 123 1970 55 162 898000 102000
Average 285 - - - 420 24 2078 840 130 1858 53 149 890500 109475
S.D. 30 42 2 130 61 10 124 3 10 20437 20454

Nbs1646 256 2 11300 26 540 20 <8 1140 (8 31.4 736 55 125
Mbs1646 243 2 11100 24 520 20 (8 1200 <8 29.1 599 49 125
Mbe1646 251 3 11300 24 530 22 (8 1170 <8 30.5 675 53 121

TABLE 1 3  ( C o n t . ) : SEDIMENT QUALITY -  BUCK CREEK SYSTEM
Juno 1 6 .  1 9 9 0

SEDICP S E D I C P S E D I C P  S E D I C P  S E D I C P S E D I C P  S E D I C P S E D I C P  S E D I C P S E D I C P S E D I C P  S E D I C P S E D I C P  S F R  S V R
Sta t ion  M N  M O  M A  N I  p  A B  S B  5 1  S N  S R  7 1  '  V  2 N
Nueber U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  M G / K G  M G / K G



-  5 2  -

The a v e r a g e  cadmium c o n c e n t r a t i o n  i n  G o o s l y  L a k e  was  0 . 8  µ g / g  i n  1 9 8 8 ,
1 . 0  g g / g  i n  1 9 8 9 ,  a n d  b e l o w  t h e  d e t e c t i o n  l i m i t  i n  1 9 9 0 .  T h e  1 9 8 9  a v e r a g e
i s  s u s p e c t  s i n c e  s e v e r a l  r e p l i c a t e s  w e r e  b e l o w  t h e  d e t e c t i o n  l i m i t .  I n  1 9 8 8
t h e  s e d i m e n t s  w e r e  a n a l y s e d  i n  t h e  g r a p h i t e  f u r n a c e  w h i c h  g a v e  l o w e r  v a l u e s .

Sed imen t  c o p p e r  c o n c e n t r a t i o n s  d e c r e a s e d  f r o m  a n  a v e r a g e  o f  11 6  g g / g  i n
1987 ( G o d i n ,  1 9 8 8 )  t o  9 6  A g / g  i n  1 9 8 8  a n d  8 6  g g / g  i n  1 9 8 9 ,  b u t  i n c r e a s e d  t o
109 g g / g  i n  1 9 9 0 .

The m e r c u r y  l e v e l  i n  G o o s l y  L a k e  s e d i m e n t s  m e a s u r e d  0 . 3 8 7  ±  0 . 0 4 3  g g / g
i n  1 9 8 8 ,  i n c r e a s e d  t o  0 . 6 1 4  ±  0 . 2 7 3  g g / g  i n  1 9 8 9 ,  a n d  f e l l  t o  0 . 2 5 9  ±  0 . 0 1 7
g g / g  i n  1 9 9 0 .  A s  f o r  cadmium,  l e v e l s  r o s e  t o  1 9 8 9  b u t  s h a r p l y  d e c r e a s e d  t h e
f o l l o w i n g  y e a r .

Av e r a g e  l a k e  s e d i m e n t  l e a d  l e v e l s  seemed t o  b e  r e d u c e d  c o n s i s t e n t l y  f r o m
1987 ( 7 0 . 1  µ g / g )  t o  1 9 9 0  ( 2 6  µ g / g ) .  T h e  a v e r a g e  l e a d  c o n t e n t  i n  1 9 8 8  w a s  5 0
g g / g  a n d  i n  1 9 8 9 ,  3 8  µ g / g .

Z i n c  s e d i m e n t  c o n c e n t r a t i o n  s h o w e d  s u b s t a n t i a l  v a r i a b i l i t y .  I n  1 9 8 7
s e d i m e n t  s a m p l e s  t h e  a v e r a g e  was 2 7 7  R g / g  w h i l e  i n  1 9 8 8  i t  w a s  2 9 9  µ g / g .  I n
1989 t h e  c o n c e n t r a t i o n  was  o n l y  1 6 0 . 8  µ g / g ,  b u t  t o  r o s e  a g a i n  t o  3 0 0  g g / g  i n
1990.

4 . 2 . 2  B u c k  C r e e k  S e d i m e n t  C o l l e c t i o n .
a r e  p r e s e n t e d  i n  Ta b l e s  1 2 ,  1 3 ,  a n d  1 4 .

The s e d i m e n t  a n a l y s i s  r e s u l t s

The a r s e n i c  d e t e c t i o n  p r o b l e m  was t h e  same f o r  t h e  c r e e k  s a m p l e s  a s  f o r
l a k e  s a m p l e s .  T h e  1 9 8 8  a n a l y s i s  d i d  n o t  h a v e  a  l o w  e n o u g h  d e t e c t i o n  l i m i t
and t h e  1 9 8 9  a n a l y s i s  o f  t h e  r e f e r e n c e  m a t e r i a l  was  l o w e r  t h a n  t h e  c e r t i f i e d
v a l u e ,  t h u s  f a i l i n g  t o  d e t e c t  a  p o r t i o n  o f  a r s e n i c .  I n  1 9 9 0  t h e  d e t e c t i o n
o f  a r s e n i c  s h o w e d  h i g h  v a r i a b i l i t y  ( 5 7 % )  i n  t h e  r e c o v e r y  o f  r e f e r e n c e
m a t e r i a l .



N aAmit . 1
o-,00 , C  [30--a-d-16Q12

r e - 0

Rep1. 1 c2 0 .08 19100 <50 345 8400 <0.5 0.1 10 5 6 . 0 29 37200 0.094 7600 1610
1 R . p l .  2 <2 0.07 18300 (50 322 8200 0 . 6 0 . 1 10 6 1 . 6 31 30400 0 .100 7900 2140

Re4.1. 3 <2 0.07 17700 <50 36.2 7900 ( 0 . 5 0 .1 20 5 6 . 0 28 36600 0 . 1 5 0 7600 1640
R . p l .  4 <2 0.07 16800 (50 349 8400 ( 0 . 5 0 .1 20 5 5 . 6 27 37500 0 .085 7200 2230
Aver oee - - 0 .07 17975 - - 345 8225 - - 0 . 1 15 5 7 . 3 29 37425 0 .108 7575 1955
S.D. 0 .00 971 17 236 0 . 0 6 2 . 9 2 750 0 .029 207 277

R . p l .  1 <2 0.27 20100 <50 289 6800 ( 0 . 5 0 . 5 10 4 6 . 2 63 42700 0 .160 6500 643
3 Mimi. 2 (2 0.24 19100 (50 382 6600 0 . 6 0 . 8 16 41.0 71 43600 0 .223 64100 815

Repl .  3 (2 0.31 20700 (50 333 7200 0 . 9 0 . 8 20 4 3 . 9 79 41000 0 .189 6500 726
Repl .  4 (2 0 .37 18600 (50 316 6700 0 . 7 0 . 8 10 42.2 81 40700 0 .180 6100 774
Average - - 0 .30 19625 __ 330 6825 0 . 6 0 . 7 14 43.3 74 42000 0 .144 6475 750
S.D. 0.06 950 39 263 0.1 0 . 2 5 2 . 3 8 1383 0 .026 287 57

Repl .  1 (2 0 .10 18500 (50 304 8800 0 . 6 0 . 3 10 4 3 . 0 36 32600 0 .100 7600 763
13 R . p l .  2 <2 0 .10 17700 <50 375 7800 ( 0 . 5 0 . 3 9 33.4 37 33500 0 . 11 0 6600 431

Repl.  3 (2 0.07 14500 <50 226 9000 ( 0 . 5 0 . 2 10 43 .8 32 30000 0 .060 7400 981
Repl.  4 <2 0 .09 15300 (50 217 9300 0 . 7 0 . 2 10 42 .3 35 30900 0.170 7500 881
Avereee - - 0 .09 16500 - - 281 8725 0 . 7 0 . 2 10 40 .6 35 31950 0 . 11 0 7275 764
S.D. 0.01 1904 74 650 0 .1 0 . 0 1 4 . 9 2 1322 0 .045 437 239

nbo 1646 (2 0 .17 24700 (50 68 4400 <0.5 0 . 3 7 41 .7 20 26000 0.062 9100 27$
nbo 1646 (2 0 .17 26100 (50 67 4400 <0.5 0 . 3 8 43 .6 17 26400 0 .083 9300 281
nbo 1646 t2 0 .19 27100 (50 73 4600 ( 0 . 5 0 . 3 8 44.2 17 26900 0 .100 9500 279

TAILS 1 4 :

Stot ler,

SEDIMENT DUALITY -  RUCK CREEK
June 2 3 .  1 9 8 8

SEDICP SEDGF S E D I C P  9ED1CP S E D I C P  S E D I C P S E D I C P SEDGF S E D I C P  S E D I C P  S E D I C P  M I C A  M U G  S E D I C P  S E D I C P
AG A G  A L  A S  8 A  C A  C D  C D  C O  C R  C U  F E  O G  N G  M N
UG/G U G / G  U G / G  U G / G  U G / G  U G / G  D W G  V G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G



TABLE 1 4  ( C o n t . )  :  S E D I M E N T  QUALITY -  BUCK CREEK
Juno 2 3 .  1 9 8 8

R . p l .  1 <5 000 39.6 1900 20 1300 110 ( 8 1290 8 2 . 5 120 944000 55900 1200
1 R . p l .  2 <5 1000 45.1 2000 24 1400 110 <8 1370 03 .6 150 151000 48700 1100

Rep/.  3 <5 1600 40.7 1800 21 1400 110 l e 1310 8 1 . 9 140 949000 51100 1100
R . p l .  4 <5 3600 38 .6 2000 16 1500 110 ( 8 1330 8 0 . 9 140 9441000 52100 1200
Avereme 1750 4 1 . 0 1925 20 1400 110 1325 82 .2 1341 948000 51950 1150
S.D. 1279 2 . 9 96 3 82 0 34 1.1 13 2944 2995 58

Repl. 1 <5 700 3 0 . 9 2100 26 1300 96 <8 1280 8 6 . 9 160 9341000 62500 1500
3 R . p l .  2 <5 1000 3 4 . 9 2100 26 1400 110 <8 1140 8 6 . 9 187 922000 77500 1900

R . p l .  3 <5 700 3 3 . 0 2100 26 1200 110 48 1160 89.1 187 921000 78600 1900
R . p l .  4 <5 900 31 .2 2000 25 1300 100 (8 1140 78.9 184 939000 61100 1600
Avereee - - 825 32 .5 2075 26 1300 105 11410 8 5 . 5 140 930000 69925 1725
S.D. 150 1.8 50 1 82 6 67 4 . 5 13 9032 9410 206

R . p l .  1 (5 900 33 .8 2300 24 1100 89 <8 1950 66 .0 140 912000 88100 2500
13 R . p l .  2 <5 600 26 .8 2700 26 1200 96 (8 1630 57 .9 130 861000 139000 6700

R . p l .  3 <5 900 33.6 2400 34 1100 100 <8 1990 6 0 . 8 140 937000 62600 2100
R . p l .  4 45 500 3 0 . 5 2500 19 1100 120 <8 2040 6 0 . 8 130 922000 78500 3000
Averege 725 3 1 . 2 , 2475 26 1125 101 1903 61 .4 133 908000 92050 3573
S.D. 206 3 . 3 171 6 50 13 185 3 . 4 6 32973 33019 2116

mho 1646 <5 10000 23.8 700 27 1500 36 ca 784 32 .6 130
Was 1646 <5 11000 25.2 700 26 1500 37 ( 8 783 33 .7 130
mbe 1646 <5 11000 25.3 700 29 1300 38 <8 765 3 5 . 9 130

SEDICP S E D I C P S E D I C P  S E D I C P S E D I C P  S E D I C P S E D I C P S E D I C P S E D I C P  S E D I C P S E D I C P  S F R  S V R  T N
Static▶  N O  N A  X I  P  P B  S I  S R  B M  T I  V  2 1 4
Number U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  N G / K G  11 G / K G  O G / G



-  5 5  -

Cadmium c o n c e n t r a t i o n s  i n  c r e e k  s e d i m e n t s  w e r e  l o w e r  i n  1 9 8 8  a n d  1 9 9 0
samp les  t h a n  i n  1 9 8 9 .  A l l  s t a t i o n s  s h o w e d  cadm ium l e v e l s  b e l o w  o r  c l o s e  t o
t h e  d e t e c t i o n  l i m i t .  I n  1 9 8 9  c a d m i u m  c o n c e n t r a t i o n  was  1 . 0  g g / g  a t  S t a t i o n
3 a n d  1 . 2  g g / g  a t  S t a t i o n  1 3  d o w n s t r e a m  o f  G o o s l y  L a k e .  I n  1 9 8 7  S t a t i o n  1 3
had  c a d m i u m  l e v e l s  o f  1 . 8  g g / g  ( G o d i n ,  1 9 8 8 ) .

The 1 9 8 9  c o p p e r  r e s u l t s  m a y  b e  l o w  s i n c e  t h e  r e f e r e n c e  m a t e r i a l
a n a l y t i c a l  r e s u l t  w a s  l o w e r  t h a n  t h e  c e r t i f i e d  v a l u e .  V a l u e s  r a n g e d  f r o m  a
l o w  o f  3 . 9  µ g / g  a t  S t a t i o n  1 3  ( 1 9 8 9 )  t o  7 4  g g / g  a t  S t a t i o n  3  ( 1 9 8 8 ) .  V a l u e s
f o r  c r e e k  s t a t i o n s  i n  1 9 9 0  f e l l  w i t h i n  t h i s  r a n g e .

M e r c u r y  c o n c e n t r a t i o n s  w e r e  a n a l y s e d  i n  1 9 8 8 ,  1 9 8 9 ,  a n d  1 9 9 0 .  T h e
a v e r a g e  v a l u e  a t  S t a t i o n  3  w a s  s u b s t a n t i a l l y  h i g h e r  i n  1 9 8 9  ( 0 . 4 3 8  R a / g
compared t o  0 . 1 8 8  g g / g  i n  1 9 8 8 )  b u t  t h e r e  i s  n o  s t a t i s t i c a l  d i f f e r e n c e
b e t w e e n  t h e  t w o  d u e  t o  t h e  h i g h  v a r i a b i l i t y  i n  t h e  1 9 8 9  r e s u l t s .  F u r t h e r
i n v e s t i g a t i o n  o f  t h e  c h a n g e s  i n  m e r c u r y  c o n t e n t  i n  B u c k  C r e e k  s e d i m e n t s  i n
1990 s h o w e d  l e v e l s  r e d u c e d  t o  a n  a v e r a g e  r a n g e  b e t w e e n  0 . 0 5 1  a n d  0 . 0 9 9  µ g / g .

The l e a d  v a l u e s  d i d  n o t  c h a n g e  s u b s t a n t i a l l y  b e t w e e n  t h e  t h r e e  s t a t i o n s ,
howeve r  a  s l i g h t  r e d u c t i o n  o v e r  t h e  y e a r s  o f  s a m p l i n g  w a s  n o t i c e a b l e .  T h e
l e a d  v a l u e s  r a n g e d  b e t w e e n  < 8  µ g / g  a n d  2 6  µ g / g .

4 . 2 . 3  G o o s l y  L a k e  C o r e  P r o f i l e .  A  s e d i m e n t  c o r e  p r o f i l e  o f  t h e  l a k e
b o t t o m  w a s  t a k e n  f r o m  t h e  d e e p e s t  p a r t  o f  t h e  l a k e  ( S t a t i o n  1 2 )  o n  M a y  2 3 ,
1988,  t o  e v a l u a t e  m e t a l  c o n t a m i n a t i o n  t h r o u g h  t i m e .  T h r e e  r e p l i c a t e s  w e r e
t a k e n  ( T a b l e  1 5 ) .  F i g u r e s  3  t o  1 1  s h o w  a v e r a g e  c o n c e n t r a t i o n  v e r s u s  d e p t h
f o r  a r s e n i c ,  c a d m i u m ,  c h r o m i u m ,  c o p p e r ,  l e a d ,  m a n g a n e s e ,  m e r c u r y ,  s i l i c o n ,
and z i n c .

C o n t a m i n a t i o n  e v a l u a t i o n  u s i n g  s e d i m e n t  c o r e s  i s  b a s e d  on  t h e  a s s u m p t i o n
t h a t  t h e r e  i s  a  n e g l i g i b l e  r e d i s t r i b u t i o n  o f  m e t a l s  w i t h i n  t h e  s e d i m e n t
co lumn  a n d  r e l a t i v e l y  u n i f o r m  s e d i m e n t a t i o n  r a t e s .  K e m p  e t  a l .  ( 1 9 7 6 )  f o u n d
t h a t  t h e  a s s u m p t i o n  i s  v a l i d  f o r  m a n y  m e t a l s  s u c h  a s  c o p p e r ,  n i c k e l ,  l e a d ,
cadmium, c h r o m i u m ,  a n d  m e r c u r y ,  b u t  i r o n  a n d  manganese  m i g r a t e  u p w a r d  f r o m
r e d u c i n g  t o  o x i d i z i n g  s i t e s .  O n e  o f  t h e  p r o b l e m s  w i t h  t h e  i m p a c t  e v a l u a t i o n
a t  E q u i t y  h a s  b e e n  t h e  l a c k  o f  p r o p e r  b a s e l i n e  e v a l u a t i o n .  T h i s  a p p r o a c h  may
f i l l  t h e  g a p  b y  d e s c r i b i n g  t h e  p r e - i n d u s t r i a l  c o n d i t i o n  a n d  t h e r e f o r e
e s t a b l i s h  t h e  l e v e l  o f  c o n t a m i n a t i o n  f r o m  E q u i t y  S i l v e r  o p e r a t i o n s .





TAILS 1 5  ( C o n t . )

1 500 31 3660 18 1040 (8 175 788 120 1290
2 470 31 2940 21 1060 (8 159 824 120 1210
3 450 33 2490 20 1090 0 141 785 120 1300
4 400 31 2870 19 847 48 140 758 110 742
5 410 32 2360 20 632 la 136 721 110 591
6 440 36 2540 10 791 c8 137 785 120 517
7 440 33 2210 10 661 48 135 824 120 483

12-1 8 400 37 1950 (8 823 (8 131 856 120 569
9 380 36 2000 (8 733 48 131 838 120 440

10 420 33 2050 Ca 956 <4 126 914 120 626
14 430 34 1800 48 1020 ce 123 950 120 132
19 M O 90 1880 <4 1040 ce 108 927 110 344
24 400 31 1970 <8 1170 ce 111 956 110 139
29 430 30 1930 10 1140 (6 106 893 110 145
34 360 31 1830 (8 1120 18 108 893 110 129

1 490 32 2520 23 948 48 153 789 110 203
2 420 30 2370 10 954 (8 147 789 110 1090
3 450 31 2410 16 1140 (8 144 829 120 926
4 470 35 2490 20 801 0 138 729 110 690
5 360 31 2430 20 771 (4 132 620 110 544
6 340 32 1970 s 770 48 131 724 110 405
7 350 33 1930 48 1240 <8 125 816 120 467

12-2 6 360 31 1900 (8 1300 (8 123 786 110 442
9 360 27 1690 <8 740 (8 120 778 110 534

10 380 30 1870 CO 915 (6 119 829 110 439
14 420 35 1850 <6 959 20 116 840 110 459
19 340 30 1830 (6 932 (8 106 448 110 245
24 360 35 2110 (8 975 48 109 919 110 430
29 420 30 1850 <8 1130 (8 107 1110 110 249
34 370 32 1940 <▶ 1260 48 107 478 110 210

1 - 2 500 29 3590 22 1270 (4 162 741 120 1030
3 410 34 2070 10 1220 c8 135 890 130 572
4 310 35 2520 25 1090 418 141 440 130 1010
5 520 36 2550 22 722 18 142 755 120 701
6 440 37 2190 17 884 48 141 830 130 555
7 460 31 2950 21 1270 48 143 749 120 1120

12-3 8 420 36 2050 10 1290 48 130 900 130 702
9 400 35 1860 48 1330 (41 130 913 120 633

10 410 25 2110 (8 1380 (8 124 864 120 616
14 440 36 1770 (8 1330 (8 121 893 120 391
19 370 31 1950 <8 1270 (8 107 842 120 517
24 420 33 2070 (8 1430 (8 111 871 120 434

nbe1646 11600 22 560 (8 992 (8 34 .4 609 61 120
nbe1646 11600 22 560 <8 962 48 34.7 638 61 121
nbe1646 11900 25 580 (8 1000 (5 3 4 . * 668 64 123

SEDIMENT CORE PROFILE -  STATION 1 2
N.y 2 3 .  1 9 8 8

Statical  Coro S S D I C P  I N D I O )  S E D I C P S E D I C P  S E D I C P S E D I C P  S S D I C P S E D I C P  S E D I C P  S E D I C P
Number D e p t h  M A  N I  P  P S  S I  S N  S R  T I  V  2 4
-Rep1. C N  U G I G  U G I G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G



FIGURE 3: GOOSLY LAKE SEDIMENT PROFILE (cw'
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FIGURE 4: GOOSLY LAKE SEDIMENT PROFILE) 05"
- CADMIUM
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FIGURE 5: GOOSLY LAKE SEDIMENT PROFILE, iq"
- CHROMIUM
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FIGURE 6: GOOSLY LAKE SEDIMENT PROFILE/ '
- COPPER
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FIGURE 7: GOOSLY LAKE SEDIMENT PROFILE, Itiss
— LEAD

Depth (cm)
0

5

10

15

20

25

30

36
0

At Station 12 -  May 23, 1988

1
5

RII

Ii

II

ill

so

2
C

3

I I

c

10 1 5
Concentration (ug/g)

2

2
A.°

20 25



FIGURE 8: GOOSLY LAKE SEDIMENT PROFILE, (
- MANGANESE
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FIGURE 9: GOOSLEY LAKE SEDIMENT PROFILE,
MERCURY
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FIGURE 10: GOOSLY LAKE SEDIMENT PROFILE, H
- SILICON
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FIGURE 11: GOOSLY LAKE SEDIMENT PROFILE /9;"
- ZINC
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-  6 7  -

M e t a l  c o n t e n t  i n c r e a s e d  i n  a l l  p r o f i l e s  f r o m  1 0  c m  d e e p  t o  t h e  s u r f a c e
o f  t h e  s e d i m e n t s .  T h e  d e e p e r  p o r t i o n s  h a d  a  f a i r l y  c o n s t a n t  m e t a l
c o n c e n t r a t i o n  w h i c h  c o u l d  b e  c o n s i d e r e d  t h e  b a s e l i n e  c o n c e n t r a t i o n  f o r  t h i s
a r e a .  J o h n s o n  e t  a l .  ( 1 9 8 6 )  f o u n d  s i m i l a r  i n c r e a s e s  i n  r e c e n t  s e d i m e n t s  f o r
i r o n ,  m a n g a n e s e ,  m e r c u r y ,  l e a d ,  z i n c ,  a n d  c a d m i u m .  V e r t i c a l  p r o f i l e s  o f
m e r c u r y  h a d  m o r e  v a r i a b i l i t y  t h a n  t h e  o t h e r  m e t a l s .  N i c k e l ,  c o p p e r ,  a n d
chromium h a d  l i t t l e  d i f f e r e n c e  i n  T u r k e y  L a k e s  p r o f i l e s  ( J o h n s o n  e t  a l . ,
1 9 8 6 ) .

The c o r r e l a t i o n  o f  manganese  t o  o t h e r  m e t a l s  i n  t h e  G o o s l y  L a k e  c o r e
p r o f i l e  w a s  h i g h  f o r  s t r o n t i u m ,  r = 0 . 9 8 ;  i r o n ,  r = 0 . 9 6 ;  c a l c i u m ,  r = 0 . 9 2 ;
cadmium, r = 0 . 8 9 ;  z i n c ,  r = 0 . 8 5 ;  m e r c u r y ,  r = 0 . 8 3 ;  l e a d ,  r = 0 . 8 2 ;  c o p p e r ,  r = 0 . 8 2 ;
sod ium,  r = 0 . 8 0 ;  a l u m i n u m ,  r = 0 . 7 6 ;  a n d  a r s e n i c ,  r = 0 . 7 4 .  M e t a l s  w i t h  a l m o s t
no c o r r e l a t i o n  o r  n e g a t i v e  c o r r e l a t i o n  i n c l u d e  c h r o m i u m ,  r = - 0 . 0 5 ;  n i c k e l ,
r = - 0 . 0 9 ;  s i l i c o n ,  r = - 0 . 3 1 ;  a n d  t i t a n i u m ,  r = - 0 . 8 0 .  F r o m  t h e s e  r e l a t i o n s h i p s ,
i t  c o u l d  b e  s a i d  t h a t  c h r o m i u m  i s  a  c o n s e r v a t i v e  m e t a l ,  n o t  i n f l u e n c e d  b y
o t h e r  m e t a l  d e p o s i t i o n s .  C h r o m i u m  h a s  t h e  n e a r  v e r t i c a l  m e t a l  d i s t r i b u t i o n
o f  a  f a i r l y  c o n s t a n t  d e p o s i t i o n .

C o r n w e l l  ( 1 9 8 6 )  s h o w e d  t h a t  z i n c  p r o f i l e s  a r e  l e s s  a f f e c t e d  b y  manganese
and i r o n  m i g r a t i o n  i n  t h e  s e d i m e n t  t h a n  t h e  o t h e r  t r a c e  m e t a l s .  T h e  e l e v a t e d
z i n c  c o n c e n t r a t i o n  i n  t h e  m e t a l  o x i d e s  e n r i c h e d  s e d i m e n t s  w o u l d  n o t  b e
d i a g e n e t i c  f e a t u r e .  T h e  s t r o n g  c o r r e l a t i o n  o f  z i n c  w i t h  manganese  a n d  t h e
o t h e r  m e t a l s  s u g g e s t s  t h a t  t h e  m e a s u r e m e n t s  a r e  t r u l y  r e p r e s e n t a t i v e  o f  t h e
m e t a l  d e p o s i t i o n  a n d  n o t  o f  a  d i a g e n e t i c  f e a t u r e .  T h e  s t r o n g  p r e s e n c e  o f
i r o n  a n d  s u l p h a t e  i n  t h e  e n v i r o n m e n t  may  s u g g e s t  t h a t  s u l p h a t e  r e d u c t i o n  may
p r e v e n t  t h e  m i g r a t i o n  o f  m e t a l s  i n  t h e  s e d i m e n t  a n d  t h e r e f o r e  p r o t e c t  t h e
e n v i r o n m e n t  f r o m  d e g r a d a t i o n  b y  t h e  t r a c e  m e t a l s .  T h e  m i a r a t i o n  o f  m e t a l s
t o  t h e  s u r f a c e  a l o n g  w i t h  m a n g a n e s e  a n d  i r o n  h a s  a  s i g n i f i c a n t  e f f e c t  i n
l a k e s  w h e r e  s e d i m e n t a t i o n  r a t e s  a r e  p a r t i c u l a r l y  l o w ,  a s  i n  a n  a r c t i c  l a k e .

B a c k g r o u n d  c o n c e n t r a t i o n s  w e r e  t a k e n  a s  t h e  c o n c e n t r a t i o n s  p r i o r  t o  t h e
i n f l e c t i o n  p o i n t  o f  t h e  c o n c e n t r a t i o n  p r o f i l e .  T h e  i n f l e c t i o n  p o i n t  w a s
c o n s i d e r e d  t o  b e  a t  t h e  1 0  c m  l e v e l  b a s e d  o n  s e v e r a l  m e t a l  a n a l y s e s .  T h i s
a l s o  c o r r e s p o n d s  t o  t h e  b e g i n n i n g  o f  t h e  m i n i n g  a c t i v i t y  i n  t h e  a r e a  b a s e d
on t h e  l e a d - 2 1 0  d e t e r m i n a t i o n .  T h e  b a s e l i n e  c o n c e n t r a t i o n s  a r e  d i s c u s s e d
f u r t h e r  i n  S e c t i o n  4 . 7 .

4 . 2 . 4  L e a d - 2 1 0 .  R e s u l t s  f r o m  t h e  1 9 8 9  r a d i o d a t i n g  c o r e  a r e  p r e s e n t e d
i n  Ta b l e  1 6  a n d  F i g u r e s  1 2  a n d  1 3 .  L i n e a r  r e g r e s s i o n  w a s  p e r f o r m e d  o n  t h e
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Sed iment  D e p t h
(cm)

Lead- 2 1 0
B q / g  C . L .

% M o i s t u r e

5 . 0 -  6 . 0 0 .82 ± 0 . 1 4 7 9 . 9
10 .0 -  1 1 . 0 0 .28 ± 0 . 1 1 82 .1
1 5 . 0 -  1 6 . 0 0 .48 ± 0 . 0 8 7 7 . 9
2 0 . 0 -  2 1 . 0 0 .21 ± 0 . 0 5 7 9 . 9
2 5 . 0 -  2 6 . 0 0.33 ± 0 . 0 6 7 7 . 6
3 0 . 0 -  3 1 . 0 0 .35 ± 0 . 0 7 7 5 . 4
3 5 . 0 -  3 6 . 0 0 .13 ± 0 . 0 6 7 5 . 5
3 6 . 0 -  3 7 . 0 0 .37 ± 0 . 0 4 7 6 . 6
3 7 . 0 -  3 8 . 0 <0 .05 7 6 . 6

r e s u l t s  e x c e p t  t h a t  f r o m  t h e  s u r f a c e  ( 0  c m ) .  T h e  e q u a t i o n  f o r  t h e  l i n e  i s
d e s c r i b e d  b y  t h e  f o l l o w i n g  f o r m u l a :

y  ( ' ' P b )  - 0 . 0 1 3 0 8 ( d e p t h )  +  0 . 6 4 5 1 5
r  =  - 0 . 6 9 3 7 6

= 0 . 6 6 6

T h i s  l i n e a r  r e l a t i o n s h i p  i s  b a r e l y  s i g n i f i c a n t  a n d  depends  o n  s e v e r a l  f a c t o r s
as d i s c u s s e d  b e l o w .  B a s e d  o n  t h i s  l i n e a r  r e l a t i o n s h i p  t h e  s u r f a c e
s e d i m e n t a t i o n  r a t e  i s  e s t i m a t e d  a t  1 0 . 6  m m / y e a r .

S e v e r a l  f a c t o r s  c o n t r i b u t e  t o  t h e  l o w  d e g r e e  o f  c o r r e l a t i o n  i n  t h e
r e g r e s s i o n .  N e v i s s i  ( 1 9 8 5 )  s h o w e d  t h a t  t h e  l e a d - 2 1 0  d e p o s i t i o n  i n  t h e
P a c i f i c  N o r t h w e s t  i s  n o t  c o n s t a n t  a n d  i s  v e r y  much  i n f l u e n c e d  b y  a n n u a l  a n d
s e a s o n a l  v a r i a t i o n s .  A s s u m p t i o n s  o f  c o n s t a n t  a t m o s p h e r i c  l e a d - 2 1 0  i n p u t
s h o u l d  b e  r e - e x a m i n e d  i n  l i g h t  o f  t h e s e  n e w  r e s u l t s .  C o n t r i b u t i o n  t o  t h i s
f l u x  f r o m  r a d o n  e m a n a t i o n s ,  v o l c a n o e s ,  f o r e s t  f i r e s ,  s o i l  d u s t ,  a n d
a n t h r o p o g e n i c  s o u r c e s  w o u l d  a l l  i n f l u e n c e  t h e  l e a d - 2 1 0  r e s u l t s .  J o s h i  ( 1 9 8 9 )
f u r t h e r  e x p l o r e d  t h e s e  p r o b l e m s  b y  s u g g e s t i n g  t h a t  a n y  l e a d - 2 1 0  d a t i n g
e s t i m a t i o n  s h o u l d  r e s u l t  f r o m  t h e  s u b s t r a c t i n g  o f  t h e  s e d i m e n t a r y  r a d i u m - 2 2 6
f r o m  t h e  t o t a l  l e a d - 2 1 0  t o  p r o d u c e  u n s u p p o r t e d  l e a d - 2 1 0 .  K r i s h n a s w a m y  e t  a l .
(1971) s h o w e d  t h a t  u n s u p p o r t e d  l e a d - 2 1 0  r e s u l t s  h a v e  l a r g e  e r r o r  v a l u e s  a s
d e p t h  i n c r e a s e s  b e c a u s e  t o t a l  l e a d - 2 1 0  a n d  r a d i u m - s u p p o r t e d  l e a d - 2 1 0
a c t i v i t i e s  a r e  c o m p a r a b l e .

TABLE 1 6 :  G O O S LY  LAKE LEAD- 2 1 0  ANALYSIS I N  SEDIMENT CORE SAMPLE, 1 9 8 8

A t  S t a t i o n  1 2  -  M a y  2 3 ,  1 9 8 8
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The m e t h o d o l o g y  u s e d  i n  o u r  s u r v e y  c o m p l e t e l y  d i g e s t e d  t h e  s a m p l e s .  O n
t h e  o t h e r  h a n d ,  J o s h i  a n d  Durham ( 1 9 7 6 )  s u g g e s t e d  t h a t  t h e  e n t i r e  s a m p l e  m u s t
be b r o u g h t  i n t o  s o l u t i o n  f o r  g e o c h r o n o l o g y.  T h e s e  same a u t h o r s  p o i n t e d  o u t
t h a t  l e a d  r e c o v e r y  c o u l d  b e  a f f e c t e d  b y  t h e  l a g  t i m e  b e t w e e n  t h e
r a d i o c h e m i c a l  e x t r a c t i o n  a n d  t h e  f o r m a t i o n  o f  b i s m u t h - 2 1 0 .  A t  f i r s t  t h e r e
i s  a  d e c r e a s e  d u e  t o  t h e  l e a d - 2 1 0  a c t i v i t y  f r o m  n a t u r a l  t h o r i u m ,  t h e n
b i s m u t h - 2 1 0  a c t i v i t y  i n c r e a s e d  t o  a  p l a t e a u  a f t e r  1 0  d a y s .

Lead  h a d  t h e  m o s t  v a r i a b l e  r e s u l t s  i n  t h e  1 9 8 7  s e d i m e n t  t r a p  s a m p l i n g
p r o g r a m .  F u t u r e  i n v e s t i g a t i o n  o f  d a t i n g  w i t h  l e a d - 2 1 0  s h o u l d  i n v o l v e  t h e
a n a l y s i s  o f  r a d i u m - 2 2 6 ,  r e - e v a l u a t i o n  o f  t h e  d i g e s t i o n  p r o c e d u r e ,  t h e
r e p l i c a t i o n  o f  t h e  s a m p l i n g  t o  o b t a i n  a  d i s t r i b u t i o n  o f  t h e  m e a s u r e m e n t ,  a n d
an e v a l u a t i o n  o f  l e a d  i n p u t s  f r o m  t h e  m i n e .  C e s i u m - 1 3 7  m e a s u r e m e n t s  c o u l d
a l s o  b e  u s e d ,  b u t  c e s i u m  t e n d s  t o  b e  m o b i l e  i n  s e d i m e n t .  A d d i t i o n a l l y ,
g e o c h r o n o l o g y  i n  s e d i m e n t  c o r e s  m a y  b e  s u p p o r t e d  b y  p o l l e n  c o u n t s   s i n c e
l o g g i n g  a c t i v i t y  i n  t h e  a r e a  w o u l d  r e s u l t  i n  c h a n g e s  t o  p l a n t  c o m p o s i t i o n .

4 . 2 . 5  S e q u e n t i a l  E x t r a c t i o n .  I t  i s  w i d e l y  a c c e p t e d  t h a t  a d s o r p t i o n  o f
c o n t a m i n a n t s  t o  p a r t i c u l a t e  m a t t e r  i s  a  m a j o r  p r o c e s s  a f f e c t i n g  t h e
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  i n  t h e  w a t e r  p h a s e .  S o m e  m o d e l s  v i e w  t h e
s o r p t i o n  a s  a  c o m p l e t e l y  r e v e r s i b l e  p r o c e s s  b u t  t h e r e  i s  g r o w i n g  e v i d e n c e  o f
t h e  i n c o m p l e t e  r e v e r s i b i l i t y  a n d  s l o w  k i n e t i c s  o f  m e t a l s  a n d  h y d r o p h o b i c
c o n t a m i n a n t s _  S e q u e n t i a l  e x t r a c t i o n  was p e r f o r m e d  o n  t h e  s e d i m e n t s  i n  o r d e r
t o  d e t e r m i n e  t h e  r e a c t i v i t y  o f  t h e  s e d i m e n t s  t o  b i o l o g i c a l  i n t e r a c t i o n .
W h i l e  t h e  c h e m i c a l  s e p a r a t i o n  o f  t h e  m e t a l  f r a c t i o n  d o e s  n o t  r e p l i c a t e
b i o l o g i c a l  a c t i v i t y ,  i t  i s  b e l i e v e d  t h a t  t h e  g r a d i e n t  o f  c h e m i c a l  r e a c t i v i t y
may r e f l e c t  s o m e  o f  t h e  b i o l o g i c a l  s e n s i t i v i t y  t o  t h e s e  m e t a l s .  T h i s  i s  o n e
o f  m a n y  m e t h o d o l o g i e s  t o  a t t e m p t  t o  e v a l u a t e  d e s o r p t i o n  s t r e n g t h  a n d  i t s
e f f e c t  o n  t h e  b i o t a .

I t  i s  i n c r e a s i n g l y  r e c o g n i z e d  t h a t  t h e  e c o l o g i c a l  s i g n i f i c a n c e  o f
p o l l u t a n t  i n p u t s  i s  d e t e r m i n e d  more  b y  t h e  s p e c i f i c  f o r m  a n d  r e a c t i v i t y  t h a n
by  t h e  a c c u m u l a t i o n  r a t e .  T h i s  e f f e c t  t y p i c a l l y  r e f e r s  t o  s u r f a c e - b o u n d
p o l l u t a n t s ,  w h i c h  become p a r t l y  m o b i l i z e d  i n  t h e  a q u a t i c  h a b i t a t  b y  c h a n g e s
o f  pH a n d  r e d o x  c o n d i t i o n s ,  i n c r e a s e d  s a l i n i t i e s ,  o r  c o n c e n t r a t i o n  o f  o r g a n i c
c h e l a t o r s .  T h e  m e t a l  c o n t a m i n a n t s  i n t r o d u c e d  i n t o  t h e  a q u a t i c  e n v i r o n m e n t
u s u a l l y  r e p r e s e n t  r e l a t i v e l y  u n s t a b l e  c h e m i c a l  f o r m s  a n d  s h o u l d  b e  m o r e
a c c e s s i b l e  f o r  s h o r t -  a n d  m i d d l e - t e r m  g e o c h e m i c a l  p r o c e s s e s  ( F O r s t n e r ,  1 9 8 7 )  .
A c h e m i c a l  l e a c h i n g  a p p r o a c h  e x h i b i t s  d i s t i n c t  a d v a n t a g e s  c o m p a r e d  t o
t h e r m o d y n a m i c  m o d e l s  s i n c e  t h e  f o r m e r  i n c o r p o r a t e s  i n f o r m a t i o n  o n  t h e
d i a g e n e t i c  e f f e c t s  ( a g i n g ,  d i f f u s i o n )  a n d  r e a c t i o n s  k i n e t i c s  ( F o r s t n e r ,
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1 9 8 7 ) ;  h o w e v e r ,  r e c e n t  d i s c u s s i o n s  o f  s e q u e n t i a l  e x t r a c t i o n  d i s c o u r a g e  i t s
use  d u e  t o  t h e  l a c k  o f  v a l i d a t i o n  o f  t h e  m e t h o d o l o g y  ( N i r e l  a n d  M o r e l ,  1 9 9 0 ) .
F o r  e x a m p l e  K a r l s s o n  e t  a l .  ( 1 9 8 7 )  f o u n d  t h a t  s i g n i f i c a n t  a m o u n t s  o f  o r g a n i c
m a t t e r  c h a r a c t e r i z e d  a s  h u m i c  a n d  f u l v i c  a c i d s  w e r e  s i m u l t a n e o u s l y
i n c o r p o r a t e d  i n  t h e  h y d r o u s  o x i d e  p h a s e .  T h e  s e q u e n t i a l  e x t r a c t i o n s  i n  t h i s
s t u d y  a r e  n o t  u t i l i s e d  t o  i d e n t i f y  c h e m i c a l  p h a s e s  b u t  t o  e v a l u a t e  t h e
r e l a t i v e  e a s e  w i t h  w h i c h  t h e  m e t a l  l o a d  i s  r e l e a s e d  b y  l o w e r i n g  t h e  p H  o r
i n c r e a s i n g  t h e  r e d o x  p o t e n t i a l .

The s e d i m e n t  e x t r a c t i o n s  w e r e  p e r f o r m e d  o n l y  o n  s e d i m e n t s  r e c e n t l y
d e p o s i t e d  i n  t h e  s e d i m e n t  t r a p s .  M e t a l  p a r t i t i o n i n g  o f  a n o x i c  s e d i m e n t s  m u s t
be p e r f o r m e d  u n d e r  o x y g e n  f r e e  c o n d i t i o n s ,  w i t h  d e - a e r a t i o n  o f  l e a c h i n g
a g e n t s  p r i o r  t o  c o n t a c t  w i t h  t h e  s a m p l e s  ( F O r s t n e r ,  1 9 8 7 ) .  T h e  s e d i m e n t s
s u b j e c t  t o  t h e  s e q u e n t i a l  e x t r a c t i o n  w e r e  n o t  c o l l e c t e d  o r  a n a l y s e d  u n d e r
n i t r o g e n  a t m o s p h e r e  s i n c e  i t  w a s  f e l t  t h a t  t h e  s e d i m e n t  a t  t h e  w a t e r
i n t e r f a c e  w o u l d  b e  s u b j e c t  t o  o x i d a t i o n .  N o  d i s s o l v e d  o x y g e n  p r o b e
o b s e r v a t i o n s  i n d i c a t e d  o x y g e n  d e p l e t i o n  n e a r  t h e  s e d i m e n t .

The f i v e  f r a c t i o n s  ( e x c h a n g e a b l e ,  c a r b o n a t e ,  i r o n  a n d  manganese o x i d e s ,
o r g a n i c ,  a n d  r e s i d u a l )  w e r e  o b t a i n e d  f r o m  s a m p l e s  c o l l e c t e d  i n  1 9 8 7  a n d  1988
( Ta b l e  1 7 ) .  E l e m e n t s  o f  c o n c e r n  ( a r s e n i c ,  c a d m i u m ,  c o p p e r ,  l e a d ,  a n d  z i n c )
a r e  r e p r e s e n t e d  i n  F i g u r e s  1 4  t o  1 8 .

A q u a l i t a t i v e  r a t h e r  t h a n  q u a n t i t a t i v e  a p p r o a c h  i s  u s e d  f o r  t h e
e v a l u a t i o n  o f  b i o l o g i c a l  s i g n i f i c a n c e  o f  t h e  m e t a l  l e a c h a t e  f r o m  t h e
s e d i m e n t .  T h e  pH o f  t h e  e x t r a c t a n t  a n d  t h e  o x i d a t i o n  s t a t e  i n c r e a s e  f r o m  t h e
e x c h a n g e a b l e  p o r t i o n  t o  t h e  t o t a l  p o r t i o n .  T h e  b i o l o g i c a l  a c t i v i t y  i s
i n t e r p r e t e d  a c c o r d i n g  t o  t h i s  a p p r o a c h  i n  r e g a r d  t o  G o o s l y  L a k e  s e d i m e n t s .

A r s e n i c  c o n t e n t  i n  t h e  e x c h a n g e a b l e  p h a s e  was v e r y  s m a l l  c o m p a r e d  t o  t h e
o v e r a l l  m e t a l  c o n t e n t .  T h e  d i s t r i b u t i o n  o f  m e t a l  t h r o u g h  t h e  f r a c t i o n  d i d
n o t  a p p e a r  t o  c h a n g e  b e t w e e n  s t a t i o n s  o r  b e t w e e n  t h e  t w o  y e a r s  s a m p l e d .
Cadmium c o n t e n t  i n  t h e  s e d i m e n t s  s h o w e d  a  l a r g e  p r o p o r t i o n  e a s i l y
e x c h a n g e a b l e .  T h e  v a l u e s  v a r i e d  f r o m  0 . 4  t o  2 . 5  µ g / g ,  o r  5 0  t o  69% o f  t h e
t o t a l  c a d m i u m  c o n t e n t  i n  t h e  s e d i m e n t .  C o p p e r  s h o w e d  v e r y  l i t t l e  a c t i v i t y
i n  t h e  e x c h a n g e a b l e  a n d  c a r b o n a t e  f r a c t i o n .  M o s t  o f  t h e  c o p p e r  c o n t e n t  was
r e t r i e v e d  f r o m  t h e  o r g a n i c  f r a c t i o n  w h i c h  i s  c o n s i s t e n t  w i t h  t h e  s t r o n g
a f f i n i t y  o f  t h e  m e t a l  w i t h  h u m i c  a n d  f u l v i c  a c i d s .  L e a d  c o n c e n t r a t i o n s  w e r e
m o s t l y  f o u n d  i n  t h e  r e s i d u a l  p o r t i o n  a n d  some  i n  t h e  o r g a n i c  a n d  s u l p h i d e
f r a c t i o n  ( l i s t e d  a s  " o r g a n i c "  o n  Ta b l e  1 7 ) .
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The l e v e l s  i n  t h e  e x c h a n g e a b l e ,  c a r b o n a t e ,  a n d  o x i d e s  f r a c t i o n s  w e r e  a l l
b e l o w  t h e  d e t e c t i o n  l i m i t  o f  2  } 1 g / g .  Z i n c  l e v e l s  i n  t h e  e x c h a n g e a b l e  a n d
c a r b o n a t e  f r a c t i o n s  w e r e  q u i t e  l o w .  M o s t  o f  t h e  z i n c  c o n t e n t  w a s  f o u n d  i n
t h e  r e s i d u a l  f r a c t i o n .

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

S e v e r a l  e x p e r i m e n t s  a d d r e s s e d  t h e  l e a c h a b i l i t y  o f  cadmium u n d e r  v a r i o u s
c o n d i t i o n s .  A n  e x p e r i m e n t  b y  L i o n  e t  a l .  ( 1 9 8 2 )  w i t h  l e a d  a n d  cadmium u s i n g
samples  f r o m  o x i d i z e d  s u r f a c e  l a y e r s  o f  m u d f l a t s  i n  San  F r a n c i s c o  B a y  e s t u a r y
showed r e l e a s e s  o f  a d s o r b e d  cadmium w i t h i n  a  t i m e f r a m e  o f  9 6  h o u r s ,  w h e r e a s
l e a d  w a s  s u b s t a n t i a l l y  n o n - d e s o r b a b l e  o v e r  t h e  2 6 4  h o u r  d u r a t i o n  o f  t h e
e x p e r i m e n t .

Salomons ( 1 9 8 0 )  s h o w e d  t y p i c a l  e f f e c t s  o f  t e m p o r a l  i n c r e a s e s  i n  s o r p t i o n
i n t e n s i t y  f o r  cadmium a n d  z i n c  o n  f i n e  g r a i n e d  f l u v i a t e  p a r t i c l e s  ( Ta b l e  1 8 ) .

TABLE 1 8 :  P E R C E N T  NON-DESORBABLE CADMIUM AND Z I N C  ON R I V E R  SUSPENDED MATTER
AFTER TREATMENT W I T H  N a C l  S O L U T I O N  O F  SEAWATER CONCENTRATION

Days 1  3  8  2 4  6 0

Cadmium (%)  2 4  3 0  3 3  3 7  4 0
Z i n c  ( % )  6 0  6 7  7 0  7 4  8 8

An e x p e r i m e n t  d e s i g n e d  b y  A h l f  e t  a l .  ( 1 9 8 4 ) ,  i n t e g r a t i n g  s e d i m e n t
b i o a s s a y  a n d  t h e  s e d i m e n t  e x t r a c t i o n ,  s h o w e d  t h a t  u p t a k e  o f  n i c k e l  a n d
cadmium b y  a l g a e  h a d  a  s i g n i f i c a n t  c o r r e l a t i o n  t o  t h e  a d s o r b e d / e x c h a n g e a b l e
phase  a s  d e t e r m i n e d  f r o m  t h e  e x t r a c t i o n  s t u d i e s .  T h e s e  e x t r a c t i o n s  w e r e
based  o n  t h e  Te s s i e r  e t  a l .  ( 1 9 7 9 )  p r o c e d u r e .

B i o a v a i l a b i l i t y  t e s t i n g  u s i n g  a  m u l t i c h a m b e r  d e v i c e  b y  C a l m a n o  e t  a l .
(1988) i n d i c a t e d  t h a t  c o p p e r  a n d  c a d m i u m  w e r e  m a i n l y  i n f l u e n c e d  b y  o r g a n i c
s u b s t a n c e s  a t  t h e  b i n d i n g  s i t e s  a n d  t h e s e  w e r e  o f  p a r t i c u l a r  i m p o r t a n c e  i n
t h e  t r a n s f e r  o f  t h e s e  e l e m e n t s  i n t o  b i o l o g i c a l  s y s t e m s .  E v e n  a t  a  r e l a t i v e l y
s m a l l  p e r c e n t a g e  o f  o r g a n i c  s u b s t a n c e s ,  t h e s e  m a t e r i a l s  m a y  b e  i n v o l v e d  i n
m e t a b o l i c  p r o c e s s e s  a n d ,  t h u s ,  m a y  c o n s t i t u t e  t h e  m a j o r  c a r r i e r s  b y  w h i c h
m e t a l s  a r e  t r a n s f e r r e d  w i t h i n  t h e  f o o d  c h a i n .



-  7 3  -

The c o n t r o l  o f  h e a v y  m e t a l s  f r o m  t h e  m i n e ' s  a c i d  l e a c h a t e ,  e s p e c i a l l y
c o p p e r ,  h a s  b e e n  t h r o u g h  l i m e  p r e c i p i t a t i o n  a n d  s e t t l i n g  i n  a  s e d i m e n t a t i o n
p o n d  p r i o r  t o  d i s c h a r g e .  T h i s  p r a c t i c e  h a s  h a d  a n  e f f e c t  w h i c h  c o u l d  b e
n o t i c e d  i n  t h e  l a k e  ( T a b l e  1 9 ) .  T h e  a n n u a l  a v e r a g e  t o t a l  c a l c i u m  a n d
s u l p h a t e  c o n c e n t r a t i o n s  i n c r e a s e d  i n  G o o s l y  L a k e  f r o m  1 9 8 2  t o  1 9 8 8 ;  i n  1 9 8 9
t h e s e  c o n c e n t r a t i o n s  a p p e a r e d  t o  d e c r e a s e .  I n  1 9 9 0 ,  ' w a t e r  q u a l i t y  a n a l y s e s
i n d i c a t e d  a  n e t  i n c r e a s e  i n  c o n c e n t r a t i o n  o f  t h e s e  e l e m e n t s .  T h i s  was  d u e  t o
t h e  l a r g e  amoun t  o f  t r e a t e d  AMD d i s c h a r g e  t o  G o o s l y  L a k e  i n  1990  ( s e e  S e c t i o n
4 . 8 ) .

4 . 3  C o p p e r  Complex ing  C a p a c i t y

G o o s l y  L a k e  a n d  B u c k  C r e e k  w a t e r s  a r e  c h a r a c t e r i z e d  b y  h i g h  d i s s o l v e d
o r g a n i c  c o n t e n t .  H u m i c  a n d  f u l v i c  a c i d  a r e  l o n g  o r g a n i c  m o l e c u l e s  r e s u l t i n g
f r o m  t h e  d e c o m p o s i t i o n  o f  p l a n t  m a t e r i a l  a n d  g i v e  w a t e r  a  t e a  c o l o u r a t i o n
w h i c h  i s  t y p i c a l  o f  G o o s l y  L a k e .  T h e s e  o r g a n i c  m a t e r i a l s  p o s e s s  h i g h
a f f i n i t y  t o  h e a v y  m e t a l s ,  a n d  t o  c o p p e r ,  i n  p a r t i c u l a r .  T h e  c h e l a t i o n  o f
c o p p e r  t e n d s  t o  k e e p  t h e  m e t a l  i n  t h e  w a t e r  c o l u m n ;  h o w e v e r ,  t h e  b i n d i n g  o f
t h e  m e t a l  t o  t h e  o r g a n i c  s u b s t a n c e  r e d u c e s  t h e  t o x i c i t y  o f  c o p p e r .  A  c o p p e r
c o m p l e x i n g  c a p a c i t y  t e s t  o f  B u c k  C r e e k  w a t e r s  p e r f o r m e d  i n  1 9 8 9  i n d i c a t e d
t h a t  2 8 . 6  t o  4 7 . 9  p p b  o f  c o p p e r  c o u l d  p o t e n t i a l l y  b e  b o u n d  t o  t h e  o r g a n i c
s u b s t a n c e  ( T a b l e  2 0 ) .  A l t h o u g h  t h e  w a t e r  c o n c e n t r a t i o n  o f  c o p p e r  i n  t h i s
sys tem w a s  a b o v e  t h e  CCREM g u i d e l i n e s ,  t h e  r i s k  o f  t h e s e  l e v e l s  s h o u l d  n o t
r e s u l t  i n  d e g r a d a t i o n  o f  t h e  a q u a t i c  r e s o u r c e s .
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Ye a r Dep th
C a l c i u m

(mg/L)
S u l p h a t e

(mg/L)

1982 S u r f a c e 1 2 . 1 1 5 . 2
B o t t o m 1 2 . 2 1 5 . 4

1983 S u r f a c e 11 . 2 14 .2
Bo t t om 13 .2 1 4 . 2

1984 S u r f a c e 1 2 . 5 1 2 . 7
B o t t o m 1 2 . 8 1 3 . 5

1985 S u r f a c e 1 5 . 0 2 0 . 0
B o t t o m 1 3 . 9 1 3 . 7

1986 S u r f a c e 1 6 . 1 2 9 . 3
Bo t t om 1 5 . 3 2 3 . 2

1987 S u r f a c e 2 2 . 6 4 3 . 3
B o t t o m 2 0 . 6 3 6 . 7

1988 S u r f a c e 2 3 . 1 3 1 . 5
Bo t t om 2 4 . 3 3 3 . 2

1989 S u r f a c e 2 0 . 1 3 7 . 3
Bo t t om 1 8 . 1 2 8 . 8

1990 S u r f a c e 2 8 . 1 6 4 . 3
Bo t t om 2 5 . 1 5 4 . 4

S t a t i o n pH Cu C o m p l e x i n g
C a p a c i t y

Complexed C u
P o t e n t i a l

1 7 . 8 1 6.37x10-7 4 0 . 8  p p b

2 8 .30 4.50x10-7 2 8 . 6

3 7 .65 7 . 5 4 x 1 0 - ' 4 7 . 9

TABLE 1 9 :  ANNUAL AVERAGE CALCIUM AND SULPHATE CONCENTRATIONS I N  GOOSLY LAKE

Based o n  d a t a  p r o v i d e d  b y  WMB S m i t h e r s ,  B . C .  M i n i s t r y  o f  E n v i r o n m e n t

TABLE 2 0 :  C O P P E R  COMPLEXING CAPACITY FOR BUCK CREEK SYSTEM -  1 9 8 9
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4 . 4  B i o a s s a y s

The s e d i m e n t  b i o a s s a y  i s  a n o t h e r  me thod  o f  a s s e s s i n g  t h e  b i o a v a i l a b i l i t y
o f  p a r t i c u l a t e - a s s o c i a t e d  c o n t a m i n a n t s .  B i o a s s a y s  w e r e  p e r f o r m e d  o n  v a r i o u s
t r o p h i c  l e v e l s  a n d  w i t h  d i f f e r e n t  r e s p o n s e  l e v e l s  i n  o r d e r  t o  s c a n  a
m u l t i t u d e  o f  e f f e c t s  t h a t  m a y  b e  p r e s e n t  i n  t h e  s e d i m e n t s .

R e s u l t s  s h o w e d  t h a t  l a k e  s e d i m e n t  s a m p l e s  c o l l e c t e d  i n  1 9 8 9  d i d  n o t
c o n t a i n  a c u t e l y  t o x i c  c h e m i c a l s ;  h o w e v e r ,  t h e y  may  h a v e  p r o d u c e d  s u b l e t h a l
e f f e c t s  ( T a b l e  2 1 ) .  P o s i t i v e  r e s p o n s e s  w e r e  f o u n d  w i t h  t h e  r e p r o d u c t i o n ,
enzyme i n h i b i t i o n ,  a n d  g e n o t o x i c i t y  t e s t s .  B a s e d  o n  t h e  r a n k i n g  s y s t e m
d e v e l o p e d  b y  D u t k a  ( 1 9 8 8 ) ,  t h e  l a k e  s e d i m e n t  w a s  a s  t o x i c  a s  t h e  s e d i m e n t
c o l l e c t e d  i n  t h e  s i l t c h e c k ,  r e s u l t i n g  f r o m  t h e  n e u t r a l i z a t i o n  o f  a c i d  m i n e
d r a i n a g e  ( T a b l e  2 1 ) .  T h e  m o s t  i n t e r e s t i n g  a s p e c t  o f  t h e s e  r e s u l t s  i s  t h e
s t r o n g  i n h i b i t i o n  o f  C e r i o d a p h n i a  d u b i a  r e p r o d u c t i o n .  C e r i o d a p h n i a  w a s  n o t
i d e n t i f i e d  i n  t h e  z o o p l a n k t o n  s a m p l e s  c o l l e c t e d  i n  1 9 8 5  ( W i l k e s  a n d  M a c l e a n ,
1 9 8 7 ) .  T h i s  c o u l d  mean e i t h e r  t h a t  t h e  o r g a n i s m  was n e v e r  f o u n d  i n  t h e  l a k e
o r  h a d  b e e n  e l i m i n a t e d  b y  c o m p e t i t i o n  w i t h  o t h e r  z o o p l a n k t o n  p o p u l a t i o n s  s u c h
as D a p h n i a  s p .

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

Sed imen t  w a s  c o l l e c t e d  f r o m  S t a t i o n s  8 ,  1 1 ,  a n d  1 2  i n  1 9 9 0  f o r  a
Ch i ronomus  t e n t a n s  2 5 - d a y  e m e r g e n c e  t e s t .  T h e  r e s u l t s  s h o w e d  t h a t  G o o s l y
Lake s e d i m e n t s  w e r e  n o t  t o x i c  a t  t h a t  t i m e  s i n c e  l a r v a l  e m e r g e n c e  w a s  n o t
a f f e c t e d .

4 . 5  B e n t h i c  I n v e r t e b r a t e s

B e n t h i c  i n v e r t e b r a t e s  w e r e  c o l l e c t e d  o n  J u l y  2 ,  1 9 8 9 ,  a n d  J u n e  1 6 - 1 8 ,
1990,  w i t h  a n  Eckman  d r e d g e  ( Ta b l e s  2 2  a n d  2 3 ) .  T h e  s a m p l e s  w e r e  c o l l e c t e d
a t  d e p t h s  v a r y i n g  b e t w e e n  1 3 . 5  a n d  1 9  m e t r e s .
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TABLE 21: SEDIMENT BIOASSAiRESULTS IN- 1988

Daphnia M i c r o t o x  a p i r i l l u m  S p o t p l a t e  A T P -Tax g t E L I I . P l u d a
ma E I  ( E C 5 0 )  v o l m i a n s  t e s t  (EC50) S y s t e m  (Enzyme d u b i .

Sample ( E C 5 0 )  ( b e h a v i o r )  i n h i b i t i o n )  ( R e p r o d u c t i o n )

Lake N e g a t i v e  N e g a t i v e  N e g a t i v e  N e g a t i v e  N e g a t i v e  5 0 %  t o  1%
(St.8)

Siltcheck
Dam ( S t . 2 )  Negative Negative N e g a t i v e  N e g a t i v e 7.3% 7 5 %  t o  10%

Sample

Nutat T o x i - C h r o m o t e s t  A l g a l
(Ge —  ( E n z y m e  A T P
toxi y )  i n h i b i t i o n )

Rank

Lake 1 8 . 5 2 4 n t r o l  2 3 %
(St .8)

4L-IkkiL"ita
Siltcheck a y e  44,e ,c".
Dam ( S t . 2 )  6 . 9 , 4 t o n t r o l   4 2 %

Negative

Negative

16

13

NulluA,14
Acks.Z.er io
t•"44•,05Ailt,-4

•

•
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TABLE 2 2 :  SUMMARY OF BENTHIC MACROINVERTEBRATES

S p e c i e s  S t a t i o n

GOOSLY LAKE -  1 9 8 9

4 8 9 10 12

COPEPODA
H a r p a c t i c o i d a 6

HYDRACARINA 1 4

DIPTERA
C e r a t o p o g o n i d a e :
P a l p o m y i a  s p . 1

C h i r o n i m i d a e :
P h a e n o s p e c t r a  s p . 21 11 2 1 29
Ch i ronomus  s p . 4 4 9 5 16
P r o c l a d i u s  s p . 1 2 - 1
R h e o t a n y t a r s u s  s p . - 2 3 1
P a r a t a n y t a r s u s - - 1
P s e c t r o c l a d i u s  s p . - - 1
E u k i e f e r i e l l a  s p . - - 2
C a r d i o o c l a d i u s  s p . - - 2
T h i e n e m a n n i e l l a  s p . - - 2

OLIGOCHAETA
T u b i f i c i d a e ,  j u v . 16 16 2 3 14
L u m b r i f i c i d a e ,  j u v . 2 - - - 1
N a i d i d a e :
N a i s  s p . - - 13 - -
C h a e t o g a s t e r  s p . - - 5 - -
S t y l a r i a  l a c u s t r i s - - 2 - -

NEMATODA 2 19 14 - 1

OSTRACODA 1

TOTAL NUMBER 46 61 61 9 63
DENSITY ( # / m 2 ) 2044 2711 2711 400 2800
NUMBER OF TAXA 6 9 15 3 7

DIVERSITY INDEX 0 . 5 6 0 . 7 8 1 . 0 2 0 . 4 0 . 5 7
EVENNESS 0.72 0 . 8 2 0 . 8 7 0 . 8 4 0 . 6 7
RICHNESS INDEX 1 . 3 1 1 . 9 5 1 . 7 7 0 . 9 1 1 . 4 5
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TABLE 2 3 :  B E N T H I C  INVERTEBRATES -  GOOSLY LAKE -  a l i n e  1 6 - 1 8 ,  1 9 9 0
S t a t i o n  8  S t a t i o n  11  S t a t i o n  1 2

( a v e r a g e  o f  3  r e p l i c a t e s )

PLANKTONIC ORGANISMS:
D i p t e r a
Chaoborus s p .  L 5 23 14

C a l a n o i d a
D i a p t o m i d a e  j u v . <1 1 0

C l a d o c e r a
Daphn ia  r o s e a 4 7 <1
Daphn ia  s c h o d l e r i <1 0 0
( C e r i o d a p h n i a  s p ? )  d a m . <1 <1 0

EPIBENTHIC ORGANISMS:
C y c l o p o i d a
C y c l o p o i d a  j u v . <1 <1 <1

BENTHIC ORGANISMS:
Emp id idae  p u p a e
C h i r o n m i d a e  p u p a e
Chi ronomus s p . 4 7 4
P h a e n o p s e c t r a  s p . 1 4 3

O l i g o c h a e t a
T u b i f i c i d a e ,  j u v . 3 6 1

TOTAL AVERAGE NUMBER 23 47 20
DENSITY ( # / m 2 ) 1035 2102 875
NUMBER OF TAXA 6 8 9

DIVERSITY 0 . 4 7 0 . 6 5 0 . 7 6
EVENNESS 0 . 6 0 0 . 7 2 0 . 8 0
RICHNESS 1 . 5 9 1 . 8 2 2 . 6 8

TABLE 24: PERCENTAGE S I M I L A R I T Y
LAKE -  1 9 8 9  AND 1 9 9 0

INDEX O F BENTHIC INVERTEBRATES I N  GOOSLY

1989 S t a t i o n 8 9 10 12

4 56 .55 1 8 . 4 5 3 . 4 5 8 1 . 4
8 3 8 . 7 4 3 . 1 5 64 .85
9 1 9 . 7 5 2 2 . 9 5

10 5 8 . 7 0

1990 S t a t i o n 11 12

8 7 3 . 7 6 5 6 . 4 8
11 77 .53
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S u b s t a n t i a l  d i f f e r e n c e s  i n  t h e  c o m p o s i t i o n  a n d  c o m m u n i t y  s t r u c t u r e
e x i s t e d  b e t w e e n  t h e  t w o  s u r v e y s  ( T a b l e  2 4 ) .  T h e  i n i t i a l  s t r u c t u r e  o f  t h e
b e n t h i c  i n v e r t e b r a t e s  i n  G o o s l y  L a k e  w a s  n o t  c h a r a c t e r i z e d .  N a t u r a l
v a r i a b i l i t y  d u e  t o  m a n y  c o m p l e x  b i o t i c  a n d  a b i o t i c  f a c t o r s  p r e v e n t e d  t h e
d i f f e r e n t i a t i o n  b e t w e e n  p o l l u t i o n  i m p a c t s  a n d  n o r m a l  c h a n g e .  B o y l e  e t  a l .
(1990) s h o w e d  t h a t  t h e  s e n s i t i v i t y ,  s t a b i l i t y ,  a n d  c o n s i s t e n c y  o f  c o m m u n i t y
i n d i c e s  a r e  a l l  d e p e n d e n t  o n  i n i t i a l  c o n d i t i o n s .  F u r t h e r m o r e ,  t h e y  c a u t i o n
t h e  b i o l o g i s t  t h a t  t h e  p r e s e n t  s t a g e  o f  t e c h n i c a l  d e v e l o p m e n t  m a y  g i v e
m i s l e a d i n g  b i o l o g i c a l  i n t e r p r e t a t i o n s  o f  t h e  d a t a  t h e y  t e n d  t o  s u m m a r i z e .
R a t h e r  t h a n  p e r f o r m i n g  more  c o m p l e x  s t a t i t i c a l  a p p r o a c h e s  s u c h  a s  o r d i n a t i o n
t e c h n i q u e s  o n  a  v e r y  s m a l l  d a t a  s e t ,  t h e  d a t a  r e p o r t e d  h e r e  s h o u l d  b e  u s e d
q u a l i t a t i v e l y .

4 . 6  Z o o p l a n k t o n

Z o o p l a n k t o n  d a t a  c a n  b e  f o u n d  i n  Ta b l e  2 5 .  T h e  d e n s i t y  o f  o r g a n i s m s
v a r i e d  f r o m  4 0 , 8 0 7  t o  5 5 , 0 1 0  p e r  c u b i c  m e t r e .

Pennak ( 1 9 7 8 )  s t a t e d  t h a t  t h e  d e n s i t y  o f  r o t i f e r s  i n  m o s t  p l a n k t o n
samples  v a r i e s  f r o m  4 0 , 0 0 0  t o  5 0 0 , 0 0 0  i n d i v i d u a l s  p e r  c u b i c  m e t r e .  I n  o u r
s t u d y  t h e  d e n s i t y  v a r i e d  f r o m  1 7 , 0 0 0  t o  23 ,000 /m3 a n d  a p p e a r e d  t o  b e  g o v e r n e d
by  f o o d  a v a i l a b i l i t y .  T h e  m o s t  a b u n d a n t  a n d  common r o t i f e r s  i n  g e n e r a l
open- w a t e r  p l a n k t o n  c o m m u n i t i e s  a r e  K e r a t e l l a  s p . ,  K e l l i c o t t i a  s p . ,  F i l i n a
s p . ,  a n d  A s p l a n c h n a  s p . ;  t h e s e  s p e c i e s  a r e  f o u n d  i n  G o o s l y  L a k e  ( T a b l e  2 5 ) .
Pennak m e n t i o n e d  t h a t  a l k a l i n e  w a t e r s  g e n e r a l l y  c o n t a i n  r e l a t i v e l y  f e w
s p e c i e s  b u t  l a r g e  n u m b e r s  w h e r e a s  a c i d  w a t e r s  c o n t a i n  l a r g e  n u m b e r s  o f
s p e c i e s  a n d  f e w  i n d i v i d u a l s .  I n  s e v e n  e a r l i e r  s u r v e y s ,  W i l k e s  a n d  M a c l e a n
(1987) f o u n d  t w o  f e w e r  s p e c i e s  b u t  a  h i g h e r  d e n s i t y  t h a n  t h i s  s u r v e y .  T h e

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

Copepoda a r e  r e p r e s e n t e d  b y  t h e  t w o  s u b o r d e r s  C a l a n o i d a  a n d  C y c l o p o i d a .
G e n e r a l l y  t h e  c y c l o p o i d s  a r e  r e p r e s e n t e d  b y  o n l y  o n e  d o m i n a n t  s p e c i e s ,  a n d
o f t e n  c o d o m i n a n c e  w i t h  a  c l a n o i d  i s  e n c o u n t e r e d .  P e n n a k  s t a t e d  t h a t  C y c l o p s
b i s c u s p i d a t u s  i s  g e n e r a l l y  o n e  o f  t h e  d o m i n a n t  s p e c i e s .  T h i s -  s p e c i e s  w a s
i d e n t i f i e d  i n  W i l k e s '  s u r v e y s  b u t  o u r  s u r v e y  o n l y  i d e n t i f i e d  C y c l o p s
s c u t i f e r .  I t  was  n o t  p o s s i b l e  t o  d e t e r m i n e  i f  t h e  s p e c i e s  was w e l l  i d e n t i f i e d
o r  r e f l e c t e d  a  c h a n g e  i n  l a k e  c o n d i t i o n s  ( a n t h r o p o g e n i c  o r  s e a s o n a l ) .  C y c l o p s
s c u t i f e r  i s  s a i d  t o  b e  a b u n d a n t  i n  t h e  h y p o l i m n i o n  o f  l i m n e t i c  h a b i t a t s .
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TABLE 2 5 :  ZOOPLANKTON - GOOSLY LAKE -

S t a t i o n  8
( a v e r a g e  o f

June 1 6 - 1 8 ,  1 9 9 0

S t a t i o n  11
3 r e p l i c a t e s ,  i n

S t a t i o n  1 2
organ isms /m3)

D i p t e r a
Chaoborus s p .  L 4 2 3
Chaoborus  s p .  P <1 0 0

C a l a n o i d a
A g l a o d i a p t o m u s  l e p t o p u s 0 34 0
D i a p t o m i d a e  j u v . 3 71 0
E p i s c h u r a  s p  j u v . 0 0 2
C a l a n o i d a  j u v . 5 0 8
N a u p l i i 13109 15577 14570

C y c l o p o i d a
C y c l o p s  s c u t i f e r 1017 1090 934
C y c l o p o i d a  j u v . 4916 14336 6668

C l a d o c e r a
Daphn ia  ( p u l e x ? ) 0 2 0
Daphn ia  r o s e a 1153 2524 1037
Daphn ia  s c h o d l e r i 49 49 160
Daphn ia  a m b i g u a 48 54 46
C e r i o d a p h n i a  s p . 5 0 0
Bosmina l o n g i r o s t r i s 312 443 200
S ida  c r y s t a l i n a 5 0 3
L e p t o d o r a  k i n d t i i 2 0 0

Rot  i f  era
A s p l a n c h a  s p ? 4112 3957 4660
K e l l i c o t i a  s p . 17154 16024 11340
F i l i n a  s p . 1745 703 1000
K e r a t e l l a  ( q u a d r a d e n t a ) 117 144 117
K e r a t e l l a  ( c o c h l e a r i s ) 59 0 58

The D i a p t o m i d a e  f a m i l y  i n  t h e  c a l a n o i d s  s u b o r d e r  h a v e  a  p r e f e r e n c e  f o r
c o l d  w a t e r s .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  s p e c i e s  f r o m  t h i s  f a m i l y  w e r e
m o s t l y  f o u n d  a t  S t a t i o n  11 ,  w h e r e  t h e  h y p o l i m n i o n  w a s  c o l d e r  f o r  a  g r e a t e r
d e p t h  o f  t h e  w a t e r  c o l u m n .  M o r e  c a l a n o i d  s p e c i e s  w e r e  i d e n t i f i e d  i n  t h i s
s u r v e y  ( 4 )  t h a n  i n  W i l k e s '  s e v e n  s u r v e y s  ( 1 ) .

The 1 9 9 0  s u r v e y  showed a  h i g h  p r o p o r t i o n  o f  b o t h  c a l a n o i d  a n d  c y c l o p o i d
j u v e n i l e s  a s  c o m p a r e d  t o  a d u l t s  ( 1 8 x  t o  2 5 x ) .  T h i s  i s  a  g o o d  i n d i c a t i o n  t h a t
r e p r o d u c t i o n  was  n o t  a f f e c t e d .

C l a d o c e r a n  p o p u l a t i o n s  a r e  k n o w n  t o  e x h i b i t  l a r g e  f l u c t u a t i o n s  i n
numbers ,  s t a r t i n g  w i t h  l o w  numbers  i n  e a r l y  s p r i n g  a n d  i n c r e a s i n g  t o  l a r g e
p o p u l a t i o n s  a s  t h e  t e m p e r a t u r e  r e a c h e s  6  t o  1 2 ° C .  S u m m e r  p o p u l a t i o n s  a r e
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u s u a l l y  s m a l l e r .  C a l d o c e r a n  s p e c i e s  i n  t h e  same l a k e  h a v e  f r e q u e n t l y  s h o w n
l a r g e  f l u c t u a t i o n s  f r o m  y e a r  t o  y e a r .  S i d a  c r y s t a l i n a  h a s  s h o w n  p o p u l a t i o n
maxima d u r i n g  f a l l  i n  G o o s l y  L a k e ,  w h i c h  c o u l d  e x p l a i n  t h e  l o w  n u m b e r s  i n
J u l y .  D a p h n i a  s p . ,  B o s m i n a  s p . ,  a n d  C e r i o d a p h n i a  s p .  a r e  common l i m n e t i c
s p e c i e s .  C l a d o c e r a n s  a r e  w e l l  k n o w n  f o r  t h e i r  s e n s i t i v i t y  t o  t o x i c
s u b s t a n c e s  a n d  e s p e c i a l l y  t h e i r  s e n s i t i v i t y  t o  m e t a l s .  T h e  p o p u l a t i o n  seemed
t o  b e  a d e q u a t e l y  d i v e r s e  i n  t h e  l a k e  w i t h  l a r g e  n u m b e r s  o f  i n d i v i d u a l s .  T h i s
seems t o  i n d i c a t e  g o o d  l a k e  c o n d i t i o n s  w i t h  r e s p e c t  t o  m e t a l  c o n c e n t r a t i o n s .

4 . 7  F i s h  T i s s u e  A n a l y s i s

The m u s c l e  t i s s u e  m e t a l  a n a l y s i s  f o r  m e r c u r y  c o n t e n t  i n  r a i n b o w  t r o u t
showed t h a t  t h e  l e v e l s  w e r e  w e l l  b e l o w  t h e  c o n s u m p t i o n  l i m i t  o f  0 . 5  µ g / g  w e t
w e i g h t  ( T a b l e  2 6 ) ;  h o w e v e r ,  o n e  p e a m o u t h  c h u b  a c c u m u l a t e d  h i g h e r
c o n c e n t r a t i o n s .  T h e  r e a s o n  f o r  t h i s  d i f f e r e n c e  i s  n o t  c l e a r  b u t  i t  m a y  b e
r e l a t e d  t o  t h e  d i e t .  A l l  s t o m a c h  c o n t e n t s  e v a l u a t e d  s h o w e d  t h a t  t h e  c h u b
were  f e e d i n g  e x c l u s i v e l y  o n  z o o p l a n k t o n  w h i l e  t h e  t r o u t  w e r e  f e e d i n g  o n
i n s e c t  l a r v a e  a n d  a d u l t s .

The l i p i d  c o n t e n t  d i d  n o t  r e v e a l  much  a b o u t  t h e  f i t n e s s  o f  t h e  f i s h  d u e
t o  t h e  h i g h  v a r i a b i l i t y  i n  t h e  r e s u l t s  ( Ta b l e  2 7 ) .  N o  r e l a t i o n s h i p  c o u l d  b e
f o u n d  f o r  l i p i d  c o n t e n t  a n d  a g e  o r  s p e c i e s .  T h e  l i p i d  c o n t e n t  w o u l d  b e
a f f e c t e d  s e r i o u s l y  b y  r e p r o d u c t i o n  s t a g e ;  t r o u t  w e r e  c o l l e c t e d  a f t e r  s p a w n i n g
and,  t h e r e f o r e ,  w o u l d  b e  e x p e c t e d  t o  h a v e  l o w e r  l i p i d  c o n t e n t  i n  t h e i r
t i s s u e s .

A l l  t i s s u e  m e t a l  c o n c e n t r a t i o n s  w e r e  r e p o r t e d  o n  a  d r y  w e i g h t  b a s i s
( Ta b l e s  2 8  t o  3 1 ) .  T h e  m u s c l e  t i s s u e  f r o m  r a i n b o w  t r o u t  c o l l e c t e d  i n  G o o s l y

Lake b y  B .  W i l k e s  c o m p a r e d  r e l a t i v e l y  w e l l  w i t h  o u r  r e s u l t s .  T i s s u e
d i f f e r e n c e s  b e t w e e n  r a i n b o w  t r o u t  a n d  peamou th  c h u b  w e r e  m o r e  e v i d e n t .  M e t a l
c o n t e n t  i n  p e a m o u t h  t i s s u e s  w a s  h i g h e r  i n  a l m o s t  a l l  i n s t a n c e s  f o r  m u s c l e ,
g i l l s ,  a n d  k i d n e y .  T h e  m o s t  s t r i k i n g  d i f f e r e n c e  b e t w e e n  t h e  t w o  s p e c i e s  w e r e
f o r  t h e  k i d n e y  l e v e l s  w h e r e  c a d m i u m ,  m e r c u r y ,  a n d  z i n c  c o n c e n t r a t i o n s  w e r e
much h i g h e r  i n  t h e  c h u b  p o p u l a t i o n .
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Sample # Age
( y e a r )

We i g h t
(grn)

L e n g t h
(cm)

M e r c u r y  c o n t e n t
( A g / g  w e t  w e i g h t )

1 4 53 .2 1 7 . 6 0 .087
2 4 5 9 . 8 1 7 . 0 0 . 0 8 1
3 4 7 9 . 9 2 0 . 2 0 .134
4 4 64 .9 1 8 . 0 0 . 0 8 8
5 4 104 2 0 . 4 0 .080
6 4 7 7 . 0 1 9 . 2 0 .078
7 3 43 .3 1 6 . 0 0 .084
8 3 5 7 . 8 1 7 . 7 0 .064
9 3+ 87 .3 2 0 . 5 0 . 0 5 1

10 3+ 60 .1 1 8 . 0 0 .069
11 3 60 .0 1 7 . 7 0 .072
12 3 49 .2 1 6 . 5 0 .071
13 3 5 2 . 4 1 6 . 6 0 .060
14 2+ 54 .4 1 7 . 0 0 .072
15 2+ 4 7 . 8 1 7 . 2 0 .072
16 2+ 4 0 . 6 1 5 . 4 0 .052
17 2+ 2 6 . 7 1 3 . 7 0 . 0 5 6

Sample # Age
(yea r )

We i g h t
(gm)

L e n g t h
(cm)

M e r c u r y  c o n t e n t
(Ag /g  w e t  w e i g h t )

1 3+ 5 3 . 6 1 7 . 0 0 .297
2 3+ - 17 .2 0 .505
3 3+ 3 9 . 0 15 .4 0 .225
4 3+ 44 .3 15 .7 0 .207
5 3+ 57 .9 1 8 . 1 0.462
6 3+ 4 2 . 6 14 .9 0 .021
7 3+ 43 .3 1 6 . 6 0 .142
8 3+ - 1 6 . 8 0 .450
9 3+ - 1 7 . 0 0 .464

10 3+ 48 .1 1 5 . 9 0 .454
11 3+ 4 7 . 8 1 7 . 6 0 .300

TABLE 2 6 :  F I S H  MUSCLE MERCURY ANALYSIS -  GOOSLY LARK -  inane 1 7 ,  1 9 9 0

Rainbow t r o u t

Peamouth c h u b

N o t e :  P e a m o u t h  c h u b  s tomachs  c o n t a i n e d  e s s e n t i a l l y  z o o p l a n . k t o n  w h i l e  r a i n b o w
t r o u t  s t o m a c h s  c o n t a i n e d  i n s e c t  l a r v a e  a n d  n u m e r o u s  f l y i n g  a d u l t s .



-  8 3  -

ti F i s h  Number L i p i d (%) F i s h  Number L i p i d  ( % )

Ra inbow t r o u t Peamouth c h u b

1 0 . 5 17 1 . 3

2 0 .9 i 18 1 . 2

3 1 . 0 19 0 . 7

4 1 . 4 , 20 1 . 2

5 1 . 5 21 0 . 5

6 1 . 0 22 0 . 9

7 0 . 8 / 23
.

1 . 0

8 1 . 2 24 0 . 7

9 1 . 1 1 25 0 . 9

10 0 . 6 1 26 1 . 2

11 1 . 3 1 27 0 . 5

12 0 . 6

13 0 . 6

14 0 .9

15 1 . 3

16 0 . 9

17 1 . 2

TABLE 2 7 :  L I P I D  CONTENT I N  F I S H  MUSCLE -  GOOSLY LAKE -  J u n e  1 7 ,  1 9 9 0

4 . 8  E c o l o g i c a l  R i s k  Assessment DRAFT
An e c o l o g i c a l  r i s k  a s s e s s m e n t  b a s e d  o n  t h e  w o r k  o f  H a k a n s o n  ( 1 9 8 0 )  w a s

p r e v i o u s l y  d e s c r i b e d  f o r  G o o s l y  L a k e  ( G o d i n ,  1 9 8 8 ) .  T h e  c u r r e n t  r e p o r t
a t t e m p t s  t o  b e t t e r  d e f i n e  c e r t a i n  p a r a m e t e r s  t h a t  w e r e  n o t  w e l l  d e f i n e d  i n
t h e  p a s t  a s s e s s m e n t .  T h e  c o n t a m i n a t i o n  f a c t o r  d e s c r i b e d  b y  H a k a n s o n  ( 1 9 8 0 )
i s  d e f i n e d  i n  t w o  w a y s :  b a s e d  o n  l i t e r a t u r e  r e f e r e n c e s  a n d  o n  t h e  c o r e  d a t a
( Ta b l e  3 2 ) .  T h e  l e v e l  o f  c o n t a m i n a t i o n  i n c r e a s e s  a c c o r d i n g  t o  t h e  l i t e r a t u r e
c o n t a m i n a t i o n  f a c t o r ,  w h i l e  t h a t  d e r i v e d  f r o m  t h e  c o r e  v a l u e s  d e c r e a s e s .

The l a t t e r  may  b e t t e r  r e f l e c t  t h e  a c t u a l  d i s c h a r g e s  a s  t h e r e  i s  a  d e l a y
o f  a  y e a r  o r  t w o  b e t w e e n  r e l e a s e  a n d  s e d i m e n t a t i o n .  T h e  m i n e  d i s c h a r g e s  o f
e l e m e n t s  t h r o u g h  t h e  AMID t r e a t m e n t  s y s t e m  v a r y  s u b s t a n t i a l l y  f r o m  y e a r  t o
y e a r  ( T a b l e  3 3 ,  c o m p a n y  f i l e s ) .  T h e  c o n t a m i n a t i o n  f a c t o r  b a s e d  o n  t h e
s e d i m e n t  c o r e  d a t a  seems t o  f o l l o w  t h e  AMID d i s c h a r g e  t o  B e s s e m e r  C r e e k  w i t h
a l a p s e  o f  t w o  y e a r s .



(LAC 4

2-SC 3  1 )

TABLE 241', FISH NUSCLRAANALYSIS -  GOOSLT LAKE
Juhi 1 7 .  1 9 9 0

BIOICP B I O I C P  B I O I C P  B I O I C P  B I O I C P  B I O I C P  B1OGF B I O I C P  B I O I C P  B I O I C P  B I O I C P  B I O N G  8 1 0 I C P  M I C A  B I O I C P
Floh A L  A S  I A  B E  C A  C D  C D  C O  C R  C U  F E  N G  K  N G  N M
Nuobor U G / G  U G / G  U G / G  U G / G  U G I G  U G / G  U G I G  U C / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G

Rainbow 1  ( 4  ( 4  0 . 1  < 0 . 0 8  1 0 2 0  ( 0 . 4  0 . 0 1 0  ( 0 . 4  4 0 . 4  5 . 4 '  2 3 . 2  0 . 4 1 9  2 1 5 0 0  1 4 2 0  0 . 9 5
t r o u t  2  ( 4  ( 4  0 . 2  ( 0 . 0 8  9 6 0  4 0 . 4  ( 0 . 0 0 6  < 0 . 4  < 0 . 4  1 . 7  1 6 . 9  0 . 4 0 3  2 0 6 0 0  1 3 3 0  1 . 2 0

3 ( 4  ( 4  ( 0 . 0 6  < 0 . 0 8  1 1 0 0  4 0 . 4  ( 0 . 0 0 8  < 0 . 4  ( 0 . 4  1 . 2  1 5 . 4  0 . 5 8 3  1 9 4 0 0  1 2 7 0  0 . 7 0
4 ( 4  ( 4  < 0 . 0 6  < 0 . 0 6  1 0 8 0  ( 0 . 4  0 . 0 3 0  ( 0 . 4  < 0 . 4  1 . 6  1 5 . 6  0 . 4 3 2  2 0 0 0 0  1 2 9 0  0 . 8 0
S 4 4  ( 4  ( 0 . 0 6  ( 0 . 0 6  9 3 7  ( 0 . 4  0 . 0 2 0  ( 0 . 4  ( 0 . 4  1 . 7  1 4 . 9  0 . 3 6 5  1 8 1 0 0  1 2 0 0  0 . 8 0
6 c 4  < 4  ( 0 . 0 8  < 0 . 0 6  8 6 3  ( 0 . 4  0 . 0 1 0  ( 0 . 4  ( 0 . 4  1 . 6  1 8 . 3  0 . 3 9 6  1 9 4 0 0  1 2 4 0  0 . 8 5
7 4 4  ( 4  < 0 . 0 6  4 0 . 0 8  1 3 1 0  4 0 . 4  0 . 0 0 9  ( 0 . 4  ( 0 . 4  2 . 3  2 2 . 0  0 . 3 8 4  2 2 1 0 0  1 5 1 0  0 . 8 0
a < 4  ( 4  ( 0 . 0 6  < 0 . 0 6  7 0 0  4 0 . 4  ( 0 . 0 0 8  < 0 . 4  < 0 . 4  1 . 6  1 9 . 7  0 . 3 0 0  1 7 5 0 0  1 2 3 0  0 . 7 0
9 t 4  ( 4  ( 0 . 0 8  ( 0 . 0 8  9 3 8  ( 0 . 4  0 . 0 1 0  < 0 . 4  < 0 . 4  1 . 1  1 4 . 4  0 . 3 7 1  2 0 5 0 0  1 3 7 0  0 . 6 0

10 ( 4  ( 4  ( 0 . 0 6  4 0 . 0 6  1 1 4 0  ( 0 . 4  < 0 . 0 0 6  < 0 . 4  ( 0 . 4  1 . 9  2 1 . 3  0 . 3 5 6  2 0 6 0 0  1 3 2 0  0 . 4 0
11 ( 4  ( 4  < 0 . 0 6  4 0 . 0 6  1 1 3 0  4 0 . 4  0 . 0 0 9  ( 0 . 4  < 0 . 4  1 . 4  1 5 . 5  0 . 3 2 0  1 8 8 0 0  1 2 7 0  0 . 6 0
12 ( 4  ( 4  ( 0 . 0 6  ( 0 . 0 6  1 0 3 0  ( 0 . 4  0 . 0 1 0  < 0 . 4  ( 0 . 4  1 . 9  2 0 . 3  0 . 3 4 8  1 9 6 0 0  1 2 7 0  0 . 6 0
13 ( 4  ( 4  < 0 . 0 6  ( 0 . 0 8  9 4 4  ( 0 . 4  0 . 0 1 0  ( 0 . 4  ( 0 . 4  1 . 7  1 7 . 0  0 . 3 0 3  2 0 0 0 0  1 3 0 0  0 . 9 5
14 ( 4  < 4  0 . 1  < 0 . 0 6  1 5 1 0  < 0 . 4  0 . 0 2 0  < 0 . 4  < 0 . 4  1 . 7  1 6 . 3  0 . 3 3 6  1 6 4 0 0  1 1 6 0  0 . 9 5
15 ( 4  4 4  0 . 4  ( 0 . 0 8  1 3 1 0  < 0 . 4  0 . 0 0 9  < 0 . 4  ( 0 . 4  1 . 4  1 8 . 5  0 . 3 4 0  1 7 5 0 0  1 1 6 0  0 . 7 0
16 ( 4  4 4  0 . 2  < 0 . 0 6  8 1 0  ( 0 . 4  ( 0 . 0 0 8  < 0 . 4  < 0 . 4  1 . 6  1 9 . 0  0 . 2 6 0  1 9 2 0 0  1 2 6 0  0 . 7 0
17 ( 4  ( 4  0 . 2  < 0 . 0 4  1 3 1 0  4 0 . 4  0 . 0 2 0  ( 0 . 4  4 0 . 4  1 . 7  2 0 . 2  0 . 2 5 0  1 9 0 0 0  1 3 1 0  1 . 2 0

P0000uth 1 4  ( 4  ( 4  2 . 6  < 0 . 0 6  2 4 2 0  4 0 . 4  0 . 0 1 0  ( 0 . 4  4 0 . 4  2 . 9
chub 1 9  < 4  < 4  2 . 5  ( 0 . 0 6  2 7 3 0  ( 0 . 4  0 . 1 2 0  ( 0 . 4  ( 0 . 4  2 . 7

20 ( 4  ( 4  2 . 0  ( 0 . 0 6  2 9 6 0  ( 0 . 4  0 . 0 4 0  < 0 . 4  ( 0 . 4  2 . 8
21 < 4  < 4  1 . 8  ( 0 . 0 8  2 4 3 0  < 0 . 4  (0 .008 < 0 . 4  ( 0 . 4  3 . 4
22 ( 4  ( 4  2 . 3  4 0 . 0 6  3 9 1 0  < 0 . 4  0 . 1 5 0  ( 0 . 4  0 . 6  3 . 0
23 ( 4  < 4  0 . 6  ( 0 . 0 8  1 7 3 0  ( 0 . 4  0 . 0 1 0  4 0 . 4  ( 0 . 4  1 . 2
24 ( 4  ( 4  1 . 6  < 0 . 0 6  2 5 5 0  < 0 . 4  0 . 0 3 0  ( 0 . 4  4 0 . 4  2 . 0
25 4 4  ( 4  2 . 9  ( 0 . 0 8  2 4 7 0  ( 0 . 4  0 . 0 7 0  4 0 . 4  ( 0 . 4  2 . 6
26 4 4  < 4  1 . 5  4 0 . 0 4  2 5 3 0  ( 0 . 4  0 . 0 5 0  < 0 . 4  ( 0 . 4  2 . 5
27 < 4  < 4  2 . 4  < 0 . 0 6  2 6 8 0  < 0 . 4  0 . 0 5 4  < 0 . 4  < 0 . 4  2 . 7
2 *  < 4  < 4  2 . 4  < 0 . 0 8  2 2 3 0  ( 0 . 4  0 . 0 5 0  < 0 . 4  4 0 . 4  2 . 6

2 9 . 5  1 . 5 6 0  1 8 . 2 0 0  1 3 1 0  1 . 5 0
35.1 2 . 6 6 0  1 5 8 0 0  1 1 5 0  1 . 3 0
2 4 . 8  1 . 1 0 0  1 7 7 0 0  1 2 4 0  1 . 3 0
2 6 . 0  0 . 9 5 4  1 7 6 0 0  1 4 0 0  1 . 6 0
53 .6  2 . 4 7 0  1 7 6 0 0  1 3 2 0  2 . 2 0
10.2  0 . 1 0 0  1 7 1 0 0  1 3 2 0  3 . 1 0
1 9 . 5  0 . 7 3 0  1 6 6 0 0  1 2 7 0  1 . 1 0
40 .4  2 . 3 8 0  1 6 0 0 0  1 1 2 0  1 . 4 0
32.1 2 . 4 7 0  1 6 6 0 0  1 3 3 0  1 . 3 0
39 .0  2 . 4 4 0  1 7 3 0 0  1 1 9 0  1 . 5 0
38.7 1 . 5 8 0  1 7 9 0 0  1 3 0 0  1 . 1 0



TABLE 2 6  C o n t . ) ( t  F I S H  MUSCLE ANALYSIS -  GOOSLY LAKE
June 1 7 .  1 9 9 0

BIOICP B I O I C P  B I O I C P  B I O I C P  6 1 0 I C P  B I O G F  B I O I C P  6 1 0 I C P  S I O I C P  B I O I C P  B I O I C P  B I O I C P  S I O I C P  6 1 0 1 C P  H 2 O
Fish N O  M A  M I  P  P B  P R  S h  S E  S I  S A  S R  T I  V  2 1 I
Number U G / G  U G / G  U G / G  U C / G  U G / G  U G / G  U G / G  U G / G  U G / G  G G / G  U G / G  U G / G  W I G  U G / G  A

Rainbow 1  ( 0 . 8  1 6 7 0  ( 2  1 2 7 0 0  5  2 . 9 5  4 4  ( 4  4  4 4  3 . 3  ( 0 . 2  4 0 . 6  3 3 . 2  7 9 . 2
t r o u t  2  ( 0 . 6  1 9 1 0  ( 2  1 1 9 0 0  ( 4  0 . 5 9  < 4  ( 4  ( 4  4 4  3 . 0  ( 0 . 2  ( 0 . 6  2 9 . 8  7 9 . 8

3 ( 0 . 6  1 9 0 0  ( 2  1 1 1 0 0  ( 4  0 . 5 2  ( 4  ( 4  ( 4  4 4  3 . 1  < 0 . 2  ( 0 . 8  2 4 . 0  7 7 . 0
4 < 0 . 8  1 4 6 0  4 2  1 1 5 0 0  ( 4  0 . 9 7  ( 4  ( 4  ( 4  4 4  3 . 2  ( 0 . 2  ( 0 . 6  3 1 . 1  7 9 . 7
5 ( 0 . 6  1 2 9 0  ( 2  1 0 7 0 0  < 4  0 . 3 3  < 4  ( 4  ( 4  ( 4  2 . 9  4 0 . 2  ( 0 . 6  2 3 . 5  7 6 . 1
6 ( 0 . 8  2 4 7 0  ( 2  1 1 0 0 0  4 4  0 . 3 2  4 4  ( 4  4 4  4 4  2 . 5  ( 0 . 2  4 0 . 4  3 0 . 7  8 0 . 2
7 4 0 . 6  1 9 0 0  < 2  1 3 2 0 0  ( 4  0 . 9 3  ( 4  < 4  7  ( 4  4 . 2  0 . 4  ( 0 . 8  3 6 . 0  7 6 . 0
6 ( 0 . 8  1 9 9 0  ( 2  1 0 1 0 0  < 4  0 . 2 1  ( 4  ( 4  5  ( 4  2 . 6  4 0 . 2  4 0 . 6  3 9 . 1  7 8 . 8
9 O A  1 8 7 0  ( 2  1 1 5 0 0  ( 4  0 . 4 1  ( 4  ( 4  ( 4  ( 4  2 . 9  ( 0 . 2  4 0 . 6  2 5 . 9  6 6 . 2

10 ( 0 . 8  2 1 6 0  ( 2  1 1 6 0 0  ( 4  0 . 4 5  4 4  ( 4  ( 4  4 4  4 . 3  < 0 . 2  4 0 . 6  3 1 . 9  6 0 . 5
11 4 0 . 8  1 6 7 0  ( 2  1 1 0 0 0  ( 4  0 . 2 9  ( 4  ( 4  ( 4  c e  3 . 7  ( 0 . 2  < 0 . 8  3 3 . 3  7 7 . 6
12 ( 0 . 6  2 1 1 0  t 2  1 1 6 0 0  ( 4  0 . 6 0  ( 4  ( 4  ( 4  ( 4  3 . 6  ( 0 . 2  ( 0 . 8  2 8 . 4  7 9 . 5
13 ( 0 . 6  1 4 3 0  ( 2  1 1 6 0 0  ( 4  0 . 9 0  ( 4  ( 4  7  ( 4  3 . 0  ( 0 . 2  ( 0 . 8  3 0 . 1  6 0 . 2
14 4 0 . 6  2 0 0 0  ( 2  1 1 2 0 0  ( 4  0 . 6 6  4 4  ( 4  ( 4  ( 4  5 . 5  ( 0 . 2  ( 0 . 6  3 5 . 6  7 6 . 7
15 4 0 . 8  1 8 1 0  ( 2  1 0 4 0 0  < 4  0 . 1 8  ( 4  ( 4  ( 4  ( 4  5 . 2  < 0 . 2  ( 0 . 8  3 5 . 8  7 8 . 7
16 ( 0 A  1 7 3 0  < 2  1 0 7 0 0  ( 4  0 . 1 1  ( 4  ( 4  ( 4  ( 4  2 . 6  < 0 . 2  4 0 . 4 1  2 7 . 0  6 0 . 2
17 4 0 . 6  1 9 3 0  ( 2  1 1 4 0 0  4 4  0 . 2 1  < 4  ( 4  5  ( 4  4 . 7  ( 0 . 2  4 0 . 6  3 1 . 4  7 7 . 6

Peesouth 1 6  ( 0 . 6  1 9 5 0  4 2  1 1 0 0 0  ( 4  0 . 3 6  ( 4  ( 4  ( 4  ( 4  1 2 . 3  ( 0 . 2  ( 0 . 8  7 6 . 5  6 1 . 2
chub 1 9  ( 0 . 6  2 0 2 0  ( 2  9 5 9 0  ( 4  0 . 1 1  ( 4  4 4  ( 4  < 4  1 2 . 0  4 0 . 2  ( 0 . 8  6 2 . 8  6 1 . 0

20 4 0 . 8  1 9 2 0  4 2  1 0 7 0 0  < 4  0 . 2 1  < 4  < 4  < 4  ( 4  1 7 . 4  ( 0 . 2  ( 0 . 6  7 0 . 1  7 9 . 6
21 ( 0 . 6  2 0 1 0  ( 2  1 0 9 0 0  ( 4  0 . 2 2  ( 4  ( 4  6  < 4  1 2 . 6  ( 0 . 2  ( 0 . 6  7 4 . 4  7 9 . 3
22 4 0 . 6  2 1 6 0  ( 2  1 1 1 0 0  ( 4  0 . 2 3  < 4  ( 4  5  ( 4  1 6 . 8  < 0 . 2  4 0 . 6  7 1 . 2  8 1 . 3
23 4 0 . 4 1  1 8 3 0  4 2  9 5 6 0  4 4  0 . 1 5  4 4  4 4  5  < 4  6 . 6  ( 0 . 2  ( 0 . 8  3 5 . 7  7 9 . 3
24 4 0 . 6  1 6 5 0  4 2  9 7 2 0  4 4  0 . 0 6  ( 4  4 4  ( 4  < 4  1 7 . 1  ( 0 . 2  4 0 . 6  5 1 . 6  6 0 . 6
25 ( 0 . 8  2 7 5 0  ( 2  9 7 3 0  4 4  0 . 2 2  ( 4  4 4  ( 4  C 4  1 1 . 0  ( 0 . 2  ( 0 . 8  8 7 . 5  6 1 . 1
26 ( 0 . 6  1 6 1 0  4 2  9 4 3 0  ( 4  0 . 6 1  ( 4  ( 4  ( 4  < 4  1 0 . 3  ( 0 . 2  ( 0 . 8  5 8 . 4  8 1 . 2
27 ( 0 . 8  1 7 8 0  ( 2  1 0 2 0 0  ( 4  0 . 1 7  < 4  < 4  6  < 4  1 2 . 1  ( 0 . 2  ( 0 . 8  6 6 . 3  6 1 . 4
26 4 0 . 6  1 6 7 0  4 2  1 0 1 0 0  ( 4  0 . 2 7  ( 4  ( 4  5  ( 4  1 0 . 2  ( 0 . 2  ( 0 . 6  1 2 1  6 1 . 1



TAMA 2 9  a FISH G ILL METAL ANALYSIS G O O S LY  LAKE
Juno 1 7 .  1 9 9 0

810ICP B I O I C P  S I O I C P  B I O I C P  B I O I C P  B I O I C P  8 1 0 G F  B I O I C P  B I O I C P  B I O I C P  81101CP B I O H G  B I O I C P  ■ I O I C P  S I O I C P
Fish A L  A S  8 4  B E  C A  C D  C D  C O  C R  C U  F E  H G  N  M G  M N
Mustier U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G I G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G

Rainbow 1  2 0  4 5  7 . 0  4 0 . 0 9  4 1 1 0 0  0 . 6  0 . 1 5  ( 0 . 5  c 0 . 5  3 . 6  1 4 1  0 . 1 6 6  1 0 7 0 0  1 4 0 0  1 7 . 6
t r o u t  2  1 5  4 6  6 . 8  4 0 . 1  3 8 3 0 0  4 0 . 6  0 . 2 0  ( 0 . 6  < 0 . 6  2 . 0  1 4 5  0 . 1 4 0  8 5 0 0  1 2 6 0  3 3 . 4

3 2 6  ( 4  4 . 9  ( 0 . 0 8  2 6 8 0 0  ( 0 . 4  0 . 1 4  0 . 5  ( 0 . 4  1 . 7  1 4 4  0 . 2 7 7  6 5 7 0  1 0 0 0  1 4 . 4
4 5 6  ( 5  6 . 7  4 0 . 1  4 2 5 0 0  < 0 . 5  0 . 1 3  ( 0 . 5  4 0 . 5  4 . 9  1 7 4  0 . 2 0 1  9 1 0 0  1 4 5 0  2 3 . 4
5 1 2  ( 4  5 . 0  4 0 . 0 6  3 3 1 0 0  0 . 7  0 . 3 0  0 . 6  4 0 . 4  1 . 9  1 1 6  0 . 2 1 1  8 3 7 0  1 1 0 0  1 6 . 6
6 9 4  ( 4  7 . 5  4 0 . 0 8  3 5 7 0 0  0 . 8  0 . 3 0  1 . 3  < 0 . 4  2 . 4  3 5 1  0 . 1 6 5  1 0 1 0 0  1 3 5 0  5 8 . 8
7 2 7  ( 5  3 . 5  ( 0 . 1  3 0 0 0 0  < 0 . 5  0 . 2 0  0 . 6  ( 0 . 5  4 . 7  1 7 5  0 . 1 5 4  1 0 9 0 0  1 1 5 0  1 1 . 9
8 2 5  ( 7  6 . 7  4 0 . 1  4 1 6 0 0  4 0 . 7  0 . 1 8  < 0 . 7  4 0 . 7  2 . 0  9 2 . 3  0 . 1 3 0  8 8 0 0  1 6 6 0  1 3 . 0
9 2 7  < 7  7 . 2  ( 0 . 1  3 8 2 0 0  4 0 . 7  0 . 2 2  ( 0 . 7  ( 0 . 7  1 . 9  1 6 6  0 . 2 1 0  9 2 0 0  1 3 0 0  1 6 . 5

10 4 0  < 6  6 . 1  ( 0 . 1  5 1 3 0 0  < 0 . 6  0 . 2 4  0 . 8  < 0 . 6  2 . 4  1 8 4  0 . 1 5 0  1 1 0 0 0  1 7 1 0  2 6 . 0
11 2 3  < 4  4 . 3  ( 0 . 0 4  3 5 1 0 0  ( 0 . 4  0 . 1 6  0 . 6  ( 0 . 4  1 . 8  1 2 0  0 . 1 5 7  9 9 0 0  1 2 4 0  1 2 . 3
12 2 6  ( 5  6 . 7  4 0 . 1  3 6 4 0 0  < 0 . 5  0 . 1 8  0 . 6  < 0 . 5  1 . 9  1 5 0  1 . 4 2 0  1 1 1 0 0  1 4 2 0  1 5 . 4
13 1 6  ( 5  5 . 0  ( 0 . 1  3 9 1 0 0  ( 0 . 5  0 . 1 8  ( 0 . 5  4 0 . 5  2 . 1  1 5 2  0 . 1 3 2  1 0 0 0 0  1 2 9 0  1 9 . 6
14 2 9  < 4  4 . 1  4 0 . 1  3 4 6 0 0  0 . 8  0 . 2 3  0 . 8  0 . 6  2 . 3  1 4 2  0 . 1 2 4  9 2 0 0  1 2 6 0  1 9 . 3
15 5 2  ( 6  6 . 9  ( 0 . 1  3 6 9 0 0  0 . 6  0 . 1 8  0 . 6  < 0 . 6  1 . 7  1 9 2  0 . 1 4 0  1 1 3 0 0  1 4 8 0  2 0 . 5
16 M o t  o v o l l o b l e
17 1 4  4 6  3 . 9  ( 0 . 1  4 1 3 0 0  ( 0 . 6  0 . 2 5  < 0 . 6  ( 0 . 6  1 . 7  1 3 4  0 . 1 2 3  1 1 8 0 0  1 4 9 0  1 4 . 7

Psosouth l e  a  4 7  3 4 . 9  < 0 . 1  5 7 0 0 0  ( 0 . 7  0 . 1 7  4 0 . 7  ( 0 . 7  2 . 5  1 4 2  0 . 3 0 6  1 0 0 0 0  2 8 1 0  2 1 . 2
chub 1 9  9 6  < 5  4 0 . 5  4 0 . 1  4 8 2 0 0  _  1  0 . 3 2  1 . 5  4 0 . 5  3 . 5  3 2 0  0 . 8 0 7  1 1 0 0 0  2 6 4 0  2 2 . 7

20 1 0  ( 1 0  2 3 . 3  ( 0 . 2  3 8 9 0 0  ( 1  0 . 1 0  4 1  ( 1  3 . 1  1 4 3  0 . 2 0 7  1 1 0 0 0  2 2 6 0  1 7 . 0
21 1 8  ( 6  2 1 . 0  4 0 . 2  4 4 6 0 0  < 0 . 8  0 . 2 6  2  1  4 . 0  1 8 4  0 . 2 0 0  9 9 0 0  2 3 3 0  2 3 . 1
22 5 0  < 5  2 9 . 6  ( 0 . 1  5 2 1 0 0  < 0 . 5  0 . 2 5  0 . 8  ( 0 . 5  3 . 7  2 2 0  0 . 6 1 8  1 1 7 0 0  2 6 4 0  3 4 . 7
23 2 6  ( 6  9 . 4  < 0 . 1  3 5 8 0 0  4 0 . 6  0 . 0 8  1  ( 0 . 6  4 . 1  1 0 3  0 . 0 4 8  9 0 0 0  1 4 1 0  8 0 . 0
24 7 0  < 9  3 0 . 2  4 0 . 2  5 0 9 0 0  < 0 . 9  0 . 1 0  1  ( 0 . 9  3 . 0  2 1 8  0 . 1 6 0  1 0 0 0 0  2 6 7 0  3 7 . 9
25 1 4  4 5  5 2 . 5  ( 0 . 1  6 2 0 0 0  0 . 7  0 . 0 9  0 . 8  4 0 . 5  3 . 0  1 7 7  0 . 8 4 3  1 1 1 0 0  2 8 2 0  5 4 . 0
26 1 4  4 5  1 9 . 6  < 0 . 1  4 5 0 0 0  0 . 8  0 . 1 6  1 . 1  ( 0 . 5  4 . 2  2 2 8  0 . 7 4 4  1 0 5 0 0  2 1 9 0  1 5 . 0
27 3 7  < 6  3 3 . 0  ( 0 . 1  4 4 4 0 0  4 0 . 6  0 . 2 8  1  ( 0 . 6  3 . 3  1 9 6  0 . 8 2 2  1 1 0 0 0  2 4 7 0  2 7 . 4
28 2 0  ( 6  2 0 . 9  < 0 . 1  4 0 8 0 0  < 0 . 6  0 . 1 0  0 . 7  4 0 . 6  3  1 8 2  0 . 3 3 5  1 0 0 0 0  2 2 6 0  2 1 . 0



TAALR 2 9  ( C o o t . ) a0

Philnbow 1 ( 0 . 9 6540 42 29100 (5 0 . 1 5 <5 <5 7 (5 153 40.2 40.9 146 8 0 . 0
t r o u t 2 41 4320 (2 26800 (6 0 . 1 5 <6 46 17 <6 126 ( 0 . 2 <1 104 7 4 . 5

3 ( 0 . 8 6030 <2 21100 <4 0 . 2 8 <4 44 14 4 8 9 . 5 ( 0 . 2 ( 0 . 0 102 77 .5
4 41 4140 <2 29300 (5 0 .099 <S 5 35 (5 130 ( 0 . 2 41 164 0 1 . 5
5 <0.8 4620 42 24200 (4 <0.04 44 5 15 44 100 ( 0 . 2 ( 0 . 8 106 76 .8
6 ( 0 . 8 5510 <2 27100 (4 0 .31 <4 (4 47 <4 116 <0.2 40.41 136 77 .4
7 (1 5750 <2 23600 (5 0 . 2 2 (5 (5 12 (5 112 <0.2 (1 136 0 2 . 5
4 41 3670 (3 29300 <7 0.1 (7 <7 15 (7 157 ( 0 . 3 (1 147 42 .3
9 41 6480 <3 27000 (7 0 .24 (7 (7 19 47 127 ( 0 . 3 <1 125 82 .4

10 41 5680 (2 35500 (6 0 . 1 6 <6 <6 21 <6 198 ( 0 . 2 <1 154 78 .9
11 ( 0 . 8 4060 (2 25900 (4 0 . 1 2 (4 44 17 (4 127 ( 0 . 2 ( 0 . 8 139 78.4
12 (1 5540 <2 27500 (5 0 . 2 3 (5 10 15 45 140 ( 0 . 2 <1 131 79 .7 1
13 (1 5120 (2 28000 C5 1.73 (5 <5 7 45 123 ( 0 . 2 (1 125 40.1
14 (1 4490 <2 25400 46 0 . 1 3 46 (6 15 46 119 40.2 41 124 7 6 . 9 t--t'IN
15 41 5110 (2 27700 (6 0 . 3 4 <6 (6 27 46 152 ( 0 . 2 <1 144 75.1 I
16 not e v o l l e b I e
17 41 4920 42 30600 <6 0 . 1 2 (6 (6 14 (6 145 <0.2 (1 166 0 1 . 9

Peemouth 18 41 5010 (3 42400 47 0 .14 (7 <7 10 (7 416 ( 0 . 3 (1 303 7 9 . 9
chub 19 <1 6060 (2 36200 <5 0 . 2 5 <5 <5 19 <5 299 ( 0 . 2 <1 252 80 .4

20 42 5880 (4 31400 <10 0 .1 (10 CIO 410 (10 322 ( 0 . 4 42 206 7 9 . 3
21 42 5220 (3 33300 (8 <0.04 <8 <6 14 (8 327 40.3 42 345 75.2
22 41 7120 42 36800 ( 5 0 .62 45 (5 24 0 298 40.2 <1 221 8 1 . 3
23 41 4400 42 25900 46 0 . 3 4 46 (6 17 t6 174 ( 0 . 2 41 NI 75.1
24 42 4780 t4 38400 t9 0 .31 (9 49 51 49 481 ( 0 . 4 ( 2 249 7 6 . 0
25 41 7700 42 43300 <5 0 . 2 7 45 <5 12 <5 365 <0.2 (1 297 7 9 . 9
26 41 5860 (2 33500 (5 ( 0 . 0 5 <5 45 10 45 235 ( 0 . 2 (1 220 8 1 . 7
27 (1 6490 <2 34300 (6 0 . 2 8 46 <6 18 <6 259 ( 0 . 2 <1 237 79 .6
20 41 5870 42 31400 <6 0 . 1 4 (6 46 10 (6 256 ( 0 . 2 <1 307 79 .7

FISH GILL METAL ANALYSIS -  GOOSLY LAKE
June 1 7 ,  1 9 9 0

BIOICP b I O I C P  B I O I C P  S I O I C P  0 1 0 I C P  b I O G F  B I O I C P  B I O I C P  B I O I C P  8 1 0 1 c P  B I O I C P  B I O I C P  s u m p  ' m o p  N 2 0
n a b  N O  N A  N I  P  P R  P B  S R  S R  9 1  S W  S R  T I  V  7 J A
Umber  O G / G  V G / G  U G / G  U G / G  V G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  U G / G  A



TABLE 3 0 *

Coepoit- I n c l u d e s  B I O I C P
i t e  F i s h  A L
Number Number  U G I G

BIOICP
AS
UG/G

BIOICP
BA
UG/G

BIOICP
BE
UG/G

June 1 7 .

BIOICP
CA
UG/G

1990

BIOICP
CD
UG/G

BIOGF
CD
UG/G

BIOICP
CO
UG/G

BIOICP
CR
UG/G

BIOICP
CU
VG/G

BIOICP
FE
UG/G

BIONG
NG
UGM

BIOICP
K
UG/G

BIOICP
NG
UG/G

BIOICP
NN
UG/G

Rainbow 1 1  •  2  ( 8 <6 <0.2 <0.2 380 <0.6 0 .67 4 . 2 <0.6 374 1100 0 . 3 3 11000 770 6 . 6
t r o u t 2 3  •  4  0 (8 ( 0 . 2 ( 0 . 2 320 1.0 1 .5 7 . 2 40 .8 471 1800 0 .26 12000 790 6 . 9

3 5  •  6  ( 5 45 <0.1 ( 0 . 1 480 <0.5 0 .46 3 . 5 <0 .5 209 851 0.31 11100 710 4 . 4
4 7  •  8  ( 1 0 (10 <0.2 ( 0 . 2 550 ci 0 .69 3 . 3 1 . 0 221 870 0 . 2 2 11000 840 6 . 4
S 9  •  1 0  4 4 40 ( 0 . 2 ( 0 . 2 870 <0.8 0 . 6 2 4 . 6 10 .8 171 1160 0 . 2 5 11000 760 6 . 2
6 1 1 ,  1 2 .  1 3  ( 6 <6 ( 0 . 1 <0.1 380 ( 0 . 6 0 . 6 7 3 . 0 ( 0 . 6 172 894 0 . 2 3 11000 740 5 . 5
7 1 4 . 1 5 . 1 6 . 1 7  4 7 (7 ( 0 . 1 (0 .1 1200 ( 0 . 7 0 . 4 5 3 . 1 <0.7 111 $04 0 . 2 4 12000 810 6 . 3

Campos- I n c l u d e s  B I O I C P BIOICP BIOICP BIOICP BIOICP BIOGF BIOICP BIOICP BIOICP BIOICP B M W MO/CP BIOICP BIOICP N O
its F i s h  M O NA N P PB PB M SE M M SR T I V EN
Mosher N u m b e r  W M W M W M W M W M w m m n m i G w m w m w m w m UG/G w m x

Rainbow 1 1  •  2  2 4240 <3 13000 (8 ( 0 . 0 8 (8 24 10 46 2 .1 40.3 42 162 74.4
t r o u t 2 2  •  4  4 2 4500 (3 13300 (8 (0 .06 <8 46 10 <8 2 . 0 40.3 <2 166 74 .7

3 5  •  6  1 3370 (2 13200 (5 40.05 45 9 10 45 1 . 4 40.2 41 116 73 .2
4 7  •  4  2 3320 t4 13100 <10 (0 .1 <10 20 20 410 3 . 3 ( 0 . 4 42 207 7 6 . 0
S 9  •  1 0  ( 2 4240 43 12800 48 40.08 48 21 10 (8 4 . 6 ( 0 . 3 (2 243 73 .2
6 1 1 ,  1 2 .  1 3  ( 1 3230 <2 13000 (6 0 .22 (6 13 14 (6 2 .1 ( 0 . 2 <1 146 73 .4
7 1 4 + 1 5 . 1 6 . 1 7  < 1 3390 <3 12200 (7 ( 0 . 0 7 (7 10 10 (7 5 . 6 <0.3 t l 166 73.1

FON LIVER NETAL ANALYSIS -  GOODLY LAKE

Peemouth A  t e m p l e  1 0 . 1  g  d r y  we ight  wee n o t  produced when Peemouth chub l i v e r  * e s p i e s  were  combined:
chub 8  1 8  •  1 9  •  2 0  •  2 1  •  2 2

9 2 3  •  2 4  2 5  •  2 6  •  2 7  •  2 8
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Ca•poa- I n c l u d e s  B I O I C P  B I O I C P  B I O I C P  B I O I C P  B I O I C P  B I O I C P  B I O G F
i t .  F i s h  A L  A S  B A  B E  C A  C D  C D
Number N u m b e r  U E / C  U G / G  U G I G  U G / G  U G / G  U G / C  U G / C

BIOICP
CO
UG/G

BIOICP
CR
UG/G

BIOICP
CU
UG/G

BIOICP
FE
UG/C

111011G B I O I C P
NG K
UG/G U G / G

B M W )
NG
UG/G

210ICP
MN
UG/G

Rainbow 2  3  •  4  4 9  1 0  0 . 4  < 0 . 2  1 4 0 0  ( 0 . 9  1 . 9 3 2 . 5 ( 0 . 9 5 . 6 552 0 . 4 9  7 0 0 0 420 2 . 3
t r o u t  3  5  •  6  < 4  4 4  0 . 1  4 0 . 0 *  4 4 0  1 . 1  1 . 5 2 4 . 0 ( 0 . 4 8 . 0 946 0.53  1 6 1 0 0 830 2 . 9

5  9  •  1 0  ( 1 0  4 1 0  0 . *  < 0 . 2  6 3 6 0  1 . 0  3 . 1 1 3 . 9 <1 8 . 4 820 0 . 4 0  1 4 0 0 0 1000 4 . 7
6 1 1 ,  1 2 .  1 3  ( 5  7  0 . 2  4 0 . 1  3 0 0  0 . 8  1 . 9 * 4 . 0 1 8 . 4 933 0 . 3 9  1 5 7 0 0 i l io 3.1
7 1 4 . 1 5 . 1 6 . 1 7  < 9  < 9  ( 0 . 2  < 0 . 2  8 7 0  2 . 0  3 . 0 7 4 .1 <0.9 8 . 2 781 0 . 4 0  1 6 0 0 0 1000 3 .2

Semple• 1  ( 1  •  2 )  e n d  4  ( 7  •  41) f e l l e d  t o  produce •  • a s p l e  > 0 . 1  q  d r y  we igh t

Pe•aouth *  1 8  •  1 9  ( 1 0  4 1 0  9 . 4  < 0 . 2  B O O  1 8 3 . 7 <1 8 . 1 673 2 . 3  1 0 0 0 0 820 4 . 2
chub 9  2 0 ,  2 1 ,  2 2  4 1 0  1 0  7 . 5  ( 0 . 2  3 5 0  1 3 3 .1 (1 9 . 6 554 1 .3  1 1 0 0 0 710 4 . 1

10 2 3 . 2 4 . 2 5 . 2 6  4 1 0  ( 1 0  6 . 7  < 0 . 2  1 1 0 0  6 . 1 3 . 6 (1 6 . 9 537 1 . 5  1 5 0 0 0 960 11
11 2 7  •  2 8  ( 1 0  ( 1 0  7  ( 0 . 3  7 8 0  1 7 4 .1 41 9 . 4 703 1.6  1 5 0 0 0 760 4 . *

Compoo- I n c l u d e s  B I O I C P  B I O I C P  B I O I C P  11 / 0 I C P  B I O I C P  B I O G F  B I O I C P BIOICP BIOICP BIOICP BIOICP BIOICP B I O I C P BIOICP 1120
I t o  F i s h  N O  M A  N I  P  P 8  P B  S R SS SI SM SR TI  V 28
Number Number  U G / G  V G / C  U G / C  U G / G  U G / G  U G / G  U G / G UG/G UG/G UG/G UG/G VG/0 U G / G 06/G %

Rainbow 2  3  •  4  4 2  1 7 0 0  ( 4  7 2 9 0  < 9  ( 0 . 0 9  4 9 <9 (9 (9 6 . 0 <0.4 ( 2 9 0 . 5 77 .6
t r o u t  3  5  •  6  4 0 . 0 4  3 3 5 0  ( 2  1 4 6 0 0  < 4  0 . 1 2  ( 4 44 15 5 2 . 6 <0.2  < 0 . 4 141 7 8 . 9

5 9  •  1 0  ( 2  3 3 6 0  ( 4  1 4 4 0 0  < 1 0  < 0 . 1  ( 1 0 410 (10 410 2 9 . 3 40.4 ( 2 210 7 5 . 5
6 1 1 ,  1 2 ,  1 3  < 1  3 3 1 0  4 2  1 3 4 0 0  ( 5  ( 0 . 0 5  4 5 ( 5 14 (5 3 . 2 40.2  4 1 147 7 8 . 9
7 1 4 . 1 5 . 1 6 . 1 7  4 2  2 4 8 0  4 4  1 2 9 0 0  ( 9  ( 0 . 0 9  < 9 ( 9 10 49 4 . 8 40.4 4 2 163 75 .7

Samples 1  4 1  •  2 )  e n d  4  ( 7  •  I )  f e l l e d  t o  produce •  s e n d *  > 0 . 1  q  d r y  we igh t

Peemouth 4  1 4  •  1 9  ( 2  2 5 2 0  ( 4  9 4 6 0  4 1 0  4 0 . 1  ( 1 0 (10 <10 410 4 . 2 ( 0 . 4  < 2 329 7 8 . 7
chub 9  2 0 ,  2 1 ,  2 2  ( 2  2 2 2 0  ( 4  9 7 6 0  ( 1 0  0 . 2 2  < 1 0 (10 410 410 3 . 0 40.4 4 2 395 7 7 . 3

10 2 3 . 2 4 . 2 5 . 2 6  ( 2  2 2 0 0  ( 5  1 1 2 0 0  ( 1 0  0 . 2 6  < 1 0 410 (10 410 5 . 2 ( 0 . 0 5  < 2 363 7 6 . 8
11 2 7  ♦ 2 8  ( 3  2 4 0 0  ( 5  1 1 6 0 0  < 1 0  < 0 . 1  < 1 0 (10 (10 <10 3 . 6 ( 0 . 0 5  4 3 404 7 1 . 2

FISH KIDNEY METAL ANALYSIS -  COWL,  LAKE
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TABLE 3 2 :  G O O S LY  L A M  METAL CONTAMINATION FACTOR ( C f )

A) B a s e l i n e  l e v e l  d e t e r m i n e d  b y  l a k e  v a l u e s  f r o m  l i t e r a t u r e

E lemen t  1 9 8 7  1 9 8 8  1 9 8 9  1 9 9 0
(n=8) ( n = 5 )  ( n = 5 )  ( n = 5 )

A r s e n i c  ( 1 5  µ g / g ) 0 .3 3 . 5 3 2 . 8 7 3 . 3 3
Cadmium ( 1 . 0  µ g / g ) 3 . 5 0 . 9 1 . 0 0 . 8
Chromium ( 9 0  µ g / g ) 0 . 4 0 . 3 6 0 .44 0 . 4 1
Copper  ( 5 0  µ g / g ) 2 . 3 1 . 9 2 1 .72 2 . 1 8
Lead ( 7 0  µ g / g ) 1 . 0 0 . 7 1 0 .54 0 . 3 7
M e r c u r y  ( 0 . 2 5  µ g / g ) - 1 . 5 5 2 . 9 5 1 . 0 4
Z i n c  ( 1 7 5  µ g / g ) 1 . 5 8 1 . 7 1 2 . 0 9 1 . 7 1

9 . 3 8 1 0 . 6 7 11 . 6 1 9 . 8 4

Based o n  H a k a n s o n  ( 1 9 6 0 )

B) B a s e l i n e  l e v e l  d e t e r m i n e d  f r o m  s e d i m e n t  c o r e s

E lemen t  1 9 8 7  1 9 8 8  1 9 8 9
(n=8) ( n = 5 )  ( n = 5 )

1990
(n=5)

A r s e n i c  ( 9 . 7  A g l g ) 0 . 8 8 5 . 4 6 4.43 5 . 1 5
Cadmium ( 1 . 0  µ a / g ) 4 . 1 8 1 . 0 5 1 . 1 8 0 . 9 4
Chromium ( 9 0  µ g / g ) 0 .97 0 . 8 1 0 .98 0 .92
Copper  ( 5 0  µ g / g ) 1 . 1 6 0 . 9 6 0.87 1 . 0 9
Lead ( 7 0  µ g / g ) 8 . 6 5 6 . 1 7 4 .69 3 . 2
M e r c u r y  ( 0 . 2 5  µ g / g ) - 0 . 9 4 1 . 4 8 0 .63
Z i n c  ( 1 7 5  µ g / g ) 0 .60 0 . 8 7 1 . 0 6 0 . 8 7

/ C f : 16 .64 1 6 . 2 6 14 .69 1 2 . 8
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Ye a r AMD D i s c h a r g e d  t o  B u c k  C r e e k

1985 634,000 m3

1986 468 ,600 m3

1987 268 ,200 m3

1988 no d i s c h a r g e s  t o  B u c k  C r e e k

1989 7 8 , 4 0 0 m3 --1-̂ .;_-.,'"i_. 1 , -  - -

1990 804 ,900
._

m3

TABLE 3 3 :  E Q U I T Y  MINE AND PUMP RECORDS DRAFT

The R i s k  F a c t o r  d e s c r i b e s  t h e  p o t e n t i a l  e c o l o g i c a l  r i s k  o f  a  g i v e n
c o n t a m i n a n t  i n  t h e  l a k e ,  a c c o r d i n g  t o  t h e  c o n t a m i n a t i o n  f a c t o r  a n d  t h e  t o x i c
r e s p o n s e  o f  t h e  e l e m e n t .  T h e  t o x i c  r e s p o n s e  i s  a  r e l a t i o n s h i p  b e t w e e n  t h e
t o x i c i t y  o f  t h e  e l e m e n t  a n d  t h e  b i o p r o d u c t i o n  i n d e x  o f  t h e  l a k e  ( H a k a n s o n ,
1 9 8 0 ) .  T h e  b i o p r o d u c t i v e  i n d e x  f o r  G o o s l y  L a k e  was  d e f i n e d  a s  1 . 9 7  ( G o d i n ,
1 9 8 8 ) .  T h e  R i s k  I n d e x  ( R I )  i s  t h e  s u m m a t i o n  o f  a l l  r i s k  f a c t o r s .  T a b l e  3 4
shows t h e  r i s k  f a c t o r  a n d  i n d e x  f o r  b o t h  m e t h o d s  o f  a s s e s s i n g  t h e
c o n t a m i n a t i o n  f a c t o r .

The r i s k  i n d e x  w a s  b a s e d  o n  8  c o n t a m i n a n t s ,  h o w e v e r  o n l y  7  w e r e  u s e d
1988 t o  1 9 9 0 .  A c c o r d i n g l y ,  H a k a n s o n ' s  e v a l u a t i o n  s c a l e  was  a d j u s t e d  t o  a l l o w
an a p p r e c i a t i o n  o f  G o o s l y  L a k e  p o t e n t i a l  e c o l o g i c a l  r i s k :

R I  <  1 3 0
130 <  R I  <  2 6 0
260 <  R I  <  5 2 5
RI  >  5 2 5

Low e c o l o g i c a l  r i s k  f o r  t h e  l a k e
M o d e r a t e  e c o l o g i c a l  r i s k  f o r  t h e  l a k e
C o n s i d e r a b l e  e c o l o g i c a l  r i s k  f o r  t h e  l a k e
Ve r y  h i g h  e c o l o g i c a l  r i s k  f o r  t h e  l a k e
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E lemen t 1987 1988 1989 1990
(n=8) (n=5) (n=5) (n=5)

A r s e n i c 8 . 8 5 4 . 6 44 .3 5 1 . 5
Cadmium 1 9 9 . 7 6 5 0 . 1 8 56 .39 44 .92
Chromium 3 . 0 8 2 . 5 8 3 . 1 2 2 . 9 3
Copper 9 . 2 4 7 . 6 5 6 .93 8 . 6 8
Lead 6 8 . 9 4 4 9 . 1 7 3 7 . 4 0 2 5 . 5
M e r c u r y - 95 .43 156 .25 6 3 . 9 5
Z i n c 1 . 2 7 1 . 3 8 1 . 6 8 1 . 3 8

RI 291 .09 2 6 0 . 9 9 300 .07 1 9 8 . 8 6

TABLE 3 4 :  G O O S LY LAKE R I S K  INDEX
DRAF1

A) R i s k  i n d e x  d e t e r m i n e d  b y  c o n t a m i n a t i o n  f a c t o r  b a s e d  o n  l i t e r a t u r e  v a l u e s

E l e m e n t 1987
(n=8)

1988
(n=5)

1989
( n = 5 ) ( n = 5 )

1990

A r s e n i c  3 . 0 0  3 5 . 3  2 8 . 7  3 3 . 3
Cadmium 1 6 7 . 2 8  4 3 . 0 1  4 7 . 7 9  3 8 . 2 3
Chromium 1 . 2 8  1 . 1 4  1 . 3 9  1 . 3 0
Copper  1 8 . 4 8  1 5 . 3  1 3 . 7 1  1 7 . 3 7
Lead 7 . 9 7  5 . 6 6  4 . 3 0  2 . 9 4
M e r c u r y  -  1 5 7 . 3 6  2 9 9 . 4 8  1 0 5 . 5 8
Z i n c  2 . 5 2  2 . 7 2  3 . 3 3  2 . 7 4

RI 2 0 0 . 5  2 6 0 . 4 8 398 .7  2 0 1 . 4 4

B) R i s k  i n d e x  d e t e r m i n e d  b y  c o n t a m i n a t i o n  f a c t o r  b a s e d  o n  s e d i m e n t  c o r e s
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I t  s h o u l d  b e  n o t e d  t h a t  t h e  r e c o r d  f o r  1 9 8 7  i s  n o t  b a s e d  o n  t h e  s a m e

number  o f  c o n t a m i n a n t s  s i n c e  m e r c u r y  was n o t  d e t e r m i n e d  i n  1 9 8 7 .  I n  1987  t h e
l a k e  r i s k  f a c t o r  was  m o d e r a t e  b a s e d  o n  l i t e r a t u r e  c o n t a m i n a t i o n  f a c t o r s ,  b u t
c o n s i d e r a b l e  b a s e d  o n  t h e  s e d i m e n t  c o r e  d a t a .  T h i s  c o u l d  b e  a  r e f l e c t i o n  o f
a s p i l l  o f  AND t o  B e s s e m e r  C r e e k  o f  u p  t o  8 , 1 7 2  t o n n e s  w h i c h  was  r e p o r t e d  i n
A p r i l  1 9 8 6 .

The r i s k  i n d e x  b a s e d  o n  s e d i m e n t  c o r e  d a t a  s h o w s  t h a t  t h e  l a k e
e c o l o g i c a l  r i s k  was  c o n s i d e r a b l e  u p  t o  1 9 9 0  w h e n  i t  d e c r e a s e d  t o  a  m o d e r a t e
l e v e l .  I n  1 9 8 9 ,  E q u i t y  S i l v e r  u p d a t e d  t h e  AMD c o l l e c t i o n  s y s t e m  t o  i n t e r c e p t
g r o u n d w a t e r  s e e p a g e s  f l o w i n g  t o w a r d  B u c k  C r e e k .  T h e  i m p r o v e m e n t s  a s s o c i a t e d
w i t h  t h e  r e d u c t i o n  o f  d i s c h a r g e s  s h o u l d  r e s u l t  i n  t h e  a m e l i o r a t i o n  o f  t h e
c o n d i t i o n s  i n  G o o s l y  L a k e .  T h e s e  c h a n g e s  i n  e c o l o g i c a l  r i s k s  a r e  c o n s i s t e n t
w i t h  t h e  s e d i m e n t  b i o a s s a y s  r e s u l t s .  I t  i s  h y p o t h e s i z e d  t h a t  G o o s l y  L a k e
s e d i m e n t s  i n  1992  s h o u l d  p r o d u c e  a  r i s k  i n d e x  s i m i l a r  o r  b e t t e r  t h a n  i n  1 9 9 0 .
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5 . 0  CONCLUSIONS

t  •
ises; tr i .  f i t ;

E q u i t y  S i l v e r  m i n e ' s  i m p a c t  o n  G o o s l y  L a k e  w a s  e v a l u a t e d  f r o m  v a r i o u s
p e r s p e c t i v e s .  W a t e r  q u a l i t y ,  s e d i m e n t ,  b i o a s s a y ,  p l a n k t o n  p o p u l a t i o n ,  a n d
f i s h  t i s s u e  s a m p l e s  w e r e  c o l l e c t e d  f r o m  f o u r  d i f f e r e n t  s u r v e y s  i n  o r d e r  t o
d e t e r m i n e  t h e  h e a l t h  o f  t h e  l a k e .

Wa t e r  q u a l i t y  showed  t h a t  t h e  c o p p e r  l e v e l s  w e r e  e l e v a t e d  a n d  a b o v e  t h e
CCME g u i d e l i n e s .  H o w e v e r ,  c o m p l e x i n g  c a p a c i t y  o f  B u c k  C r e e k  w a t e r s  w a s
s u f f i c i e n t  t o  c h e l a t e  c o p p e r  a n d  p r e v e n t  t o x i c  e f f e c t .  S e d i m e n t  c o r e s  s h o w e d
t h a t  t h e  c o p p e r  c o n c e n t r a t i o n s  i n  t h e  l a k e  w e r e  n o t  u n d u l y  e l e v a t e d  a n d  t h a t
G o o s l y  L a k e  h a s  h i s t o r i c a l l y  b e e n  e l e v a t e d  f o r  t h i s  e l e m e n t .

Sed iment  c h e m i s t r y  showed changes  i n  c o n c e n t r a t i o n  l e v e l s  f r o m  t h e  e a r l y
s u r v e y s  i n  1 9 8 7  t o  t h e  m o r e  r e c e n t  s u r v e y  i n  1 9 9 0 .  T h e s e  l e v e l s  r e f l e c t e d
t h e  m i n i n g  a c t i v i t y  i n  t e r m s  o f  t r e a t e d  AMD r e l e a s e s  a n d  e f f l u e n t  s p i l l s .
Changes i n  c h e m i c a l  s p e c i a t i o n  f r o m  1 9 8 7  a n d  1 9 8 8 ,  e s p e c i a l l y  f o r  c a d m i u m ,
g i v e  a d d e d  i n f o r m a t i o n  r e g a r d i n g  t h e  e f f e c t  o f  w a t e r  q u a l i t y  o n  s e d i m e n t  a n d
on a q u a t i c  b i o t a .  T h e  h i g h  a l l o c h t h o n o u s  m a t e r i a l  d i s c h a r g e  t o  t h e  l a k e  i s
r e f l e c t e d  b y  t h e  h i g h  s e d i m e n t a t i o n  r a t e  ( 1 0 . 6  m m / y e a r ) .  T h i s  a l s o  p r o v i d e s
a h i g h  c o n t a m i n a t i o n  r e c o v e r y  p o t e n t i a l  f o r  t h e  l a k e  b e c a u s e  o f  t h e  f a s t  r a t e
a t  w h i c h  s e d i m e n t  l a y e r s  a r e  b u r i e d .

B i o a s s a y  s t u d i e s  p e r f o r m e d  i n  1 9 8 8  s h o w e d  s u b l e t h a l  e f f e c t s  s u c h  a s
i n h i b i t i o n  o f  r e p r o d u c t i o n  i n  C e r i o d a p h n i a ,  e n z y m e  i n h i b i t i o n ,  a n d
g e n o t o x i c i t y .  T w o  y e a r s  l a t e r ,  e m e r g e n c e  t e s t s  u s i n g  C h i r o n o m u s  t e n t a n s
f a i l e d  t o  s h o w  e v i d e n c e  o f  s u b l e t h a l  t o x i c i t y .  T h e  r e d u c t i o n  o f  s e d i m e n t
c o n t a m i n a t i o n  i s  r e f l e c t e d  i n  t h e  b i o l o g i c a l  r e s p o n s e  f r o m  t h e  b i o a s s a y s .

No c o n c l u s i v e  r e s u l t s  c o u l d  be  p r o d u c e d  f r o m  t h e  b e n t h i c  a n d  z o o p l a n k t o n
p o p u l a t i o n s  d u e  t o  t h e  h i g h  v a r i a b i l i t y  o f  t h e s e  m e a s u r e m e n t s .  T h e  i n a b i l i t y
t o  t r a c k  t h e s e  p o p u l a t i o n  t h r o u g h  t i m e  a l l o w s  o n l y  a  d e s c r i p t i o n  o f  t h e
p r e s e n c e  a n d  a b s e n c e  o f  c e r t a i n  s p e c i e s  a n d  t h e i r  r e l a t i v e  a b u n d a n c e .  T h i s
i n f o r m a t i o n  c o u l d  b e  a d d e d  t o  b a s e l i n e  i n f o r m a t i o n  t o  e v a l u a t e  t h e  m i n e ' s
p e r f o r m a n c e  a f t e r  a b a n d o n m e n t ,  b u t  c o n t a i n s  t o o  many  u n c e r t a i n t i e s  f o r  t h e
c h a r a c t e r i z a t i o n  o f  p o p u l a t i o n  a l t e r a t i o n  f r o m  t h e  m i n e ' s  i n f l u e n c e .

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

The u t i l i z a t i o n  o f  c o n t a m i n a t i o n  r i s k  i n d e x  s h o w e d  i m p r o v e m e n t  o f
t h e  s e d i m e n t  q u a l i t y  i n  G o o s l y  L a k e .  T h i s  t o o l  m a y  b e  u s e f u l  i n  t r a c k i n g
G o o s l y  L a k e  c o n d i t i o n s ,  s i n c e  s e v e r a l  o t h e r  a p p r o a c h e s  a r e  i n  a g r e e m e n t  w i t h
t h e  t e c h n i q u e .
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