
LIBRARY 
DEPT. OF THE ENVIRONMENT 

ENVIRONMENTAL PROTECTION SERVICE 
PACIFIC REGION 

SEDIMENT BIOASSAYS IN VARIOUS 

B.C. COASTAL AREAS 

Prepared for: 

E n v i r o n m e n t a l P r o t e c t i o n S e r v i c e 
3 r d F l o o r - K a p i l a n o 100 

P a r k R o y a l S o u t h 
West V a n c o u v e r , B . C . 

V 7 T I A 2 

LU 
O 
> 

Prepared by: 2 ^ 
LU ' 

P e t e r M . C h a p m a n and C r a i g T . B a r l o w Z Q 
E . V . S . C o n s u l t a n t s O fZ g 

195 P e m b e r t o n A v e n u e >- > UJ o 
N o r t h V a n c o u v e r , B . C . rr Z [r uj 

V 7 P 2 R 4 < ^ § ^ 
^ t i l ft. O 
• jE _j ^ 

< o 
u- t- < 
0 2 0-LU J u n e 1984 

P r o j e c t 471 I 
a 

> 
IU 



GC Chapman, Peter M. 
380.2 Sediment bioassays 
T4 in various B.C. 
C55 coastal areas. 
1984 

GC Chapman, Peter M. 
380.2 Sediment bioassays 
T4 - in various B.C. 
C55 coastal areas. 
1984 

Date Due 



E V S . C o n s u l t a n t s 
Biological and Chemical Services 
for the Environment 
195 Pember ton Avenue 
North Vancouver , B.C. 
C a n a d a V 7 P 2R4 
Tel : (604) 986-4331 

986-1516 Our F i l e : 471 I 

J u l y 12, 1984 

M r . H . N e l s o n 
E n v i r o n m e n t a l P r o t e c t i o n S e r v i c e 
3 rd F l o o r - K a p i l a n o 100 
P a r k R o y a l South 
W e s t V a n c o u v e r , B . C . 
V 7 T I A 2 

D e a r M r . N e l s o n : 

R e : S e d i m e n t B i o a s s a y s in V a r i o u s B . C . C o a s t a l W a t e r s 

P l e a s e f i n d e n c l o s e d t w e n t y c o p i e s of our f i n a l repor t on t h e a b o v e p r o j e c t p r e p a r e d 
f o l l o w i n g your r e v i e w and c o m m e n t . 

The s tudy has s u c c e s s f u l l y a c c o m p l i s h e d i t s o b j e c t i v e s i n c l u d i n g t e s t i n g 12 s e d i m e n t 
s a m p l e s (9 w e r e s i g n i f i c a n t l y t o x i c ) , c o m p a r i n g t o x i c i t y and s e d i m e n t c h e m i s t r y d a t a 
(b ioassay r e s u l t s r e f l e c t the a c t i o n s of c o m p l e x c h e m i c a l m i x t u r e s ) , a n d c o m p a r i n g 
the resu l ts of d a t a f o r o ther areas (a p o t e n t i a l l y ser ious s e d i m e n t t o x i c i t y p r o b l e m 
e x i s t s in the V a n c o u v e r H a r b o u r a r e a ) . O n the bas is of t h i s and of prev ious s tud ies 
c o n d u c t e d in t h e U n i t e d S t a t e s , we r e c o m m e n d t h a t the E P S c o n s i d e r i n c o r p o r a t i n g 
s e d i m e n t b ioassays in to f u t u r e o c e a n d u m p i n g and m a r i n e p o l l u t i o n a s s e s s m e n t s . 

If you have any quest ions or c o n c e r n s , p lease do not h e s i t a t e to c a l l . 

S i n c e r e l y , 

E . V . S . C O N S U L T A N T S L T D . 

V i c e - P r e s i d e n t 

P M O m k m 

A t t a c h . 

VANCOUVER • SEATTLE • VICTORIA • CALGARY 



i i i 

TABLE OF CONTENTS 

P a g e N o . 

T i t l e P a g e .) 
L e t t e r of T r a n s m i t t a l ] ] 
T a b l e o f C o n t e n t s i } 1 

L i s t of F i g u r e s 1 v 

L i s t of T a b l e s i v 
S u m m a r y v 

A c k n o w l e d g e m e n t s v l 

1.0 I N T R O D U C T I O N 1 

I.I O b j e c t i v e s 1 

2 .0 M E T H O D S 2 

2.1 
2.2 
2 .3 

F i e l d C o l l e c t i o n s 
S e d i m e n t C h e m i s t r y A n a l y s e s 
S e d i m e n t B i o a s s a y s 

2 
2 
2 

3 .0 R E S U L T S 10 

3.1 
3.2 

S e d i m e n t C h e m i s t r y 
S e d i m e n t B i o a s s a y s 

10 
10 

4 .0 D I S C U S S I O N 14 

4.1 
4.2 
4 . 3 

T o x i c A r e a s 
C o m p a r i s o n s B e t w e e n S e d i m e n t C h e m i s t r y and T o x i c i t y 
C o m p a r i s o n s w i t h O t h e r A r e a s 

14 
15 
19 

5.0 C O N C L U S I O N S 19 

6.0 R E C O M M E N D A T I O N S 20 

7.0 R E F E R E N C E S C I T E D 21 

A P P E N D I X A S e d i m e n t C h e m i s t r y D a t a S h e e t s 
A P P E N D I X B S e d i m e n t B i o a s s a y D a t a Sheets 



i v 

LIST CF FIGURES 

P a g e N o . 

F i g u r e 

1 P o r t A l b e r n i S e d i m e n t C o l l e c t i o n S i t e s fo r L e t h a l i t y 3 
B i o a s s a y Tes ts 

2 P o w e l l R i v e r S e d i m e n t C o l l e c t i o n S i t e s f o r L e t h a l i t y 4 
B i o a s s a y Tes ts 

3 V i c t o r i a H a r b o u r S e d i m e n t C o l l e c t i o n S i t e s fo r L e t h a l i t y 5 
B i o a s s a y Tes ts 

4 P o r t M e l l o n S e d i m e n t C o l l e c t i o n S i t e s fo r L e t h a l i t y 6 
B i o a s s a y Tes ts 

5 F a l s e C r e e k S e d i m e n t C o l l e c t i o n S i t e s fo r L e t h a l i t y 7 
B i o a s s a y Tes ts 

6 V a n c o u v e r H a r b o u r S e d i m e n t C o l l e c t i o n S i t e s f o r L e t h a l i t y 8 
B i o a s s a y Tes ts 

T a b l e 

LIST OF TABLES 

P a g e N o . 

1 S e d i m e n t L e v e l s of P r i o r i t y P o l l u t a n t M e t a l s 11 

2 S e d i m e n t L e v e l s of N o n - P r i o r i t y P o l l u t a n t M e t a l s and 12 
Inorgan ic E l e m e n t s 

3 S e d i m e n t B i o a s s a y R e s u l t s 13 



V 

SUMMARY 

C h a p m a n , P . M . and C . T . B a r l o w . 1984. S e d i m e n t b i o a s a y s in v a r i o u s B . C . 
c o a s t a l a r e a s . R e p o r t p r e p a r e d f o r the E n v i r o n m e n t a l P r o t e c t i o n S e r v i c e , 
West V a n c o u v e r , B . C . by E . V . S . C o n s u l t a n t s L t d . , N o r t h V a n c o u v e r , B . C . 
22 pp + a p p e n d i x . 

S e d i m e n t b ioassays us ing t h e s e n s i t i v e a m p h i p o d R h e p o x y n i u s a b r o n i u s w e r e used 

to tes t the t o x i c i t y o f c o m p o s i t 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 f r o m 12 m a r i n e 

s i t e s in B . C . N i n e o f t h e 12 s i t e s w e r e s i g n i f i c a n t l y (P = 0.01) t o x i c c o m p a r e d t o 

c o n t r o l s . T h e t h r e e m o s t t o x i c s i t e s w e r e l o c a t e d in the a r e a o f V a n c o u v e r 

H a r b o u r : V a n c o u v e r W h a r v e s , N e p t u n e T e r m i n a l s a n d t h e E a s t B a s i n o f F a l s e 

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

t h e s e d i m e n t s for m e t a l s ( i n c l u d i n g n ine P r i o r i t y P o l l u t a n t s ) a n d o t h e r i n o r g a n i c 

e l e m e n t s . T h e s ing le c o m p o s i t e s e d i m e n t s a m p l e w i t h the highest l e v e l s o f 

P r i o r i t y P o l l u t a n t m e t a l s ( i n c l u d i n g C d and Hg) had 0 % a m p h i p o d s u r v i v a l , but 

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

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

b i o l o g i c a l response to c o m b i n a t i o n s o f c h e m i c a l s , and t o x i c i t y w a s not r e l a t e d t o 

p resent O D C A c r i t e r i a for H g and C d . T h e s e d a t a i n d i c a t e d a p o t e n t i a l l y s e r i o u s 

s e d i m e n t t o x i c i t y p r o b l e m in t h e V a n c o u v e r H a r b o u r a r e a , w h i c h shou ld be 

a d d r e s s e d . T h e O D C A c r i t e r i a w o u l d r e q u i r e r e v i s i o n t o be c o n s i s t e n t w i t h 

s e d i m e n t t o x i c i t y tes ts s u c h as the b ioassays used h e r e i n . 
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INTRODUCTION 

This repor t d o c u m e n t s the resu l t s of a s tudy c o m m i s s i o n e d by 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 S e r v i c e (EPS) to d e t e r m i n e the a c u t e t o x i c i t y 

of m a r i n e s e d i m e n t s c o l l e c t e d f r o m s ix d i f f e r e n t B . C . c o a s t a l a r e a s . A 

t o t a l of 12 s e d i m e n t s (2 f r o m e a c h of 6 s i tes ) w e r e t e s t e d f o r t o x i c i t y 

us ing t h e i n f a u n a l a m p h i p o d R h e p o x y n i u s a b r o n i u s . S e d i m e n t b i o a s s a y s , 

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

the U n i t e d S t a t e s for r e g u l a t o r y purposes . The p resent p r e l i m i n a r y 

s t u d y r e p r e s e n t s t h e f i r s t b r o a d - s c a l e use o f these t e c h n i q u e s i n 

C a n a d a . 

T e s t i n g i n v o l v e d 10-d e x p o s u r e of the a m p h i p o d R. a b r o n i u s to tes t 

s e d i m e n t s , w i t h d e t e r m i n a t i o n of d a i l y e m e r g e n c e p a t t e r n s and f i n a l 

m o r t a l i t y us ing t e c h n i q u e s d e v e l o p e d by S w a r t z e t a l . (1979, 1981, 

1982, in press) . T e s t s e d i m e n t s w e r e s e l e c t i v e l y a n a l y s e d f o r c h e m i c a l 

c o n t a m i n a n t s by t h e E P S and these resu l t s w e r e c o m p a r e d w i t h the 

t o x i c i t y d a t a . T h e r e l e v a n c e o f s tudy r e s u l t s to s i m i l a r s tud ies in 

c o n t a m i n a t e d areas of the U n i t e d S t a t e s is d i s c u s s e d . 

Objectives 

The o b j e c t i v e s of the p resent s t u d y w e r e : 

1. T o d e t e r m i n e the a c u t e t o x i c i t y o f 12 f i e l d - c o l l e c t e d m a r i n e 

s e d i m e n t s to a s e n s i t i v e i n f a u n a l a m p h i p o d . 

2. To c o m p a r e t o x i c i t y d a t a w i t h s e l e c t e d s e d i m e n t c h e m i s t r y d a t a . 

3 . To c o m p a r e r e s u l t s w i t h s i m i l a r d a t a fo r o t h e r a r e a s . 
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2.0 METHODS 

2.1 Field Collections 

S e d i m e n t c o l l e c t i o n s w e r e c o n d u c t e d by the E P S , u s i n g e i t h e r a P o n a r 

or S m i t h - M c l n t y r e b e n t h i c g rab . F o u r s e p a r a t e g rab s a m p l e s w e r e 

c o l l e c t e d f r o m e a c h of 12 s t a t i o n s (6 s i t e s ; F i g s . I - 6) o n the f o l l o w i n g 

d a t e s : M a r c h 28 - V a n c o u v e r H a r b o u r , M a r c h 29 - F a l s e C r e e k , A p r i l 01 

- A l b e r n i In le t , A p r i l 03 - V i c t o r i a H a r b o u r , A p r i l 04 - P o w e l l R i v e r , 

A p r i l 05 - P o r t M e l l o n . 

Four s e p a r a t e g rab s a m p l e s w e r e c o m p o s i t e d f o r e a c h s i t e , s u b s a m p l e s 

w e r e r e m o v e d by t h e E P S f o r c h e m i c a l a n a l y s i s , and the r e m a i n i n g 

s e d i m e n t was s e a l e d in c l e a n l a b e l l e d p o l y e t h y l e n e bags . S a m p l e s w e r e 

s to red at 4 ° C in the dark p r i o r to t e s t i n g . 

C h e m i c a l ana lyses w e r e c o n d u c t e d by t h e E P S . S e d i m e n t s w e r e 

e x t r a c t e d us ing a c o m b i n a t i o n o f n i t r i c and p e r c h l o r i c a c i d s , and t h e 

e x t r a c t s a n a l y s e d f o r m e t a l s us ing 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 ) . S t a n d a r d r e f e r e n c e s e d i m e n t s w e r e a n a l y s e d to d e t e r m i n e 

a n a l y t i c a l e f f i c i e n c y and p r e c i s i o n . 

The i n f a u n a l a m p h i p o d R h e p o x y n i u s abron ius was c o l l e c t e d s u b t i d a l l y 

f r o m West B a y on W h i d b e y Island (Wash ington S t a t e ) us ing a b o t t o m 

t r a w l . A m p h i p o d s w e r e m a i n t a i n e d and t r a n s p o r t e d i n c l e a n c o o l e r s 

w i t h i c e , and w e r e r e t u r n e d to t h e E . V . S . C o n s u l t a n t s L a b o r a t o r y w i t h i n 

6 h of co l l e c t i o n . 

2.2 Sediment Chemistry Analyses 

2.3 Sediment Bioassays 
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FIGURE I P O R T A L B E R N I S E D I M E N T C O L L E C T I O N S I T E S FOR L E T j d ^ ^ Y 

B I O A S S A Y T E S T S - A p r i l , 1 9 8 4 



FIGURE 2 P O W E L L R I V E R S E D I M E N T C O L L E C T I O N S I T E S j j d f y ^ 
L E T H A L I T Y B I O A S S A Y T E S T S - A p r i l , 1 9 8 4 
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F I G U R E 4 P O R T M E L L O N S E D I M E N T C O L L E C T I O N S I T E S F O R 
L E T H A L I T Y B I O A S S A Y T E S T S - A p r i l , 1 9 8 4 
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F o l l o w i n g t h e i r a r r i v a l in the l a b o r a t o r y , a m p h i p o d s w e r e hand s o r t e d 

f r o m s e d i m e n t s and i d e n t i f i c a t i o n s w e r e c o n f i r m e d w i t h a W i l d M 5 

d i s s e c t i n g m i c r o s c o p e . D a m a g e d and d e a d i n d i v i d u a l s w e r e d i s c a r d e d , 

t h e r e m a i n i n g amph ipods be ing p l a c e d i n c l e a n p o l y e t h y l e n e c o n t a i n e r s 

p r o v i d e d w i t h c l e a n n a t u r a l s u b s t r a t e and s e a w a t e r (28 ppt s a l i n i t y ) . 

C u l t u r e s w e r e a c c l i m a t e d fo r 4 8 h in a c o n s t a n t e n v i r o n m e n t a l r o o m 

a d j u s t e d t o 15 + l ° C under c o n t i n u o u s l i g h t . C u l t u r e s w e r e a e r a t e d but 

not f e d dur ing a c c l i m a t i o n . 

A c u t e l e t h a l i t y o f w h o l e f r e s h (un f rozen ) s e d i m e n t s was m e a s u r e d b y 

the m e t h o d o l o g y o f S w a r t z et a l . ( 1 9 8 2 , in press ) , w h i c h i n v o l v e d a 10 -d 

exposure t o t e s t s e d i m e n t s . A 2 c m laye r o f tes t s e d i m e n t was p l a c e d 

in I L glass b e a k e r s , and c o v e r e d w i t h 8 0 0 ml_ of c l e a n s e a w a t e r (28 ppt 

s a l i n i t y ) . E a c h b e a k e r was seeded w i t h 20 a m p h i p o d s a n d a e r a t e d . S i x 

r e p l i c a t e s (20 amph ipods each) w e r e run per t e s t s e d i m e n t . F i v e 

b e a k e r s s e r v e d t o d e t e r m i n e t o x i c i t y , w h i l e the s i x t h b e a k e r s e r v e d as a 

r e f e r e n c e f o r d a i l y m e a s u r e m e n t of w a t e r c h e m i s t r y ( p H , D O , s a l i n i t y , 

t e m p e r a t u r e ) . T e s t i n g w a s c o n d u c t e d at 15 + l ° C under c o n s t a n t l i g h t . 

Tes t c o n t a i n e r s w e r e c h e c k e d d a i l y to e s t a b l i s h e a r l y t rends in m o r t a l 

i t y and s e d i m e n t a v o i d a n c e , a n d a l s o t o g e n t l y s i n k any a m p h i p o d s 

w h i c h had l e f t t h e s e d i m e n t s u r f a c e o v e r n i g h t and b e c o m e t r a p p e d by 

s u r f a c e tens ion at the a i r / w a t e r i n t e r f a c e . A c o n t r o l s e d i m e n t ( f r o m 

the a m p h i p o d c o l l e c t i o n s i te ) w a s run c o n c u r r e n t l y w i t h the t e s t 

s e d i m e n t s . 

B i o a s s a y t e s t s w e r e t e r m i n a t e d a f t e r 10 d w h e n s e d i m e n t s w e r e s i e v e d 

(0 .5 m m s c r e e n ) , and l i v e and dead a m p h i p o d s r e m o v e d and c o u n t e d . 

A m p h i p o d s w e r e c o n s i d e r e d dead w h e n t h e r e was no response t o 

p h y s i c a l s t i m u l a t i o n or m i c r o s c o p i c e x a m i n a t i o n r e v e a l e d no e v i d e n c e 

of p leopod or o ther m o v e m e n t . M i s s i n g amph ipods w e r e a s s u m e d to 

have d i e d and d e c o m p o s e d p r i o r to the t e r m i n a t i o n of the b ioassay 
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( S w a r t z e t a l . , 1.982, in press) . A n y s i g n i f i c a n t d i f f e r e n c e s in s u r v i v o r 

s h i p b e t w e e n tes t s e d i m e n t s w a s d e t e r m i n e d by a n a l y s i s of v a r i a n c e . 

D i f f e r e n c e s in m e a n s u r v i v a l b e t w e e n tes t a n d c o n t r o l s e d i m e n t s was 

d e t e r m i n e d by D u n n e t t ' s p r o c e d u r e (S tee l and T o r r i e , I 960). O n e - t a i l e d 

D u n n e t t tab les w e r e used to d e t e r m i n e i f m e a n s u r v i v a l in e a c h t e s t 

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

RESULTS 

Sediment Chemistry 

R e s u l t s of the s e d i m e n t c h e m i s t r y ana lyses for P r i o r i t y P o l l u t a n t 

m e t a l s are p r o v i d e d in T a b l e I. R e s u l t s of ana lyses f o r o t h e r e l e m e n t s 

a r e p r o v i d e d i n T a b l e 2 . C o m p l e t e d a t a s h e e t s a r e p r o v i d e d i n A p p e n d i x 

A . 

A l l of the s e d i m e n t s t e s t e d c o n t a i n e d c a d m i u m c o n c e n t r a t i o n s 

e x c e e d i n g t h e O c e a n D u m p i n g C o n t r o l A c t ( O D C A ) c r i t e r i a of 0 .6 <ug/g. 

T w o of the s e d i m e n t s a l s o c o n t a i n e d m e r c u r y c o n c e n t r a t i o n s e x c e e d i n g 

t h e O D C A c r i t e r i a of 0 . 7 5 Mg/g-

Sediment Bioassays 

S e d i m e n t b ioassay r e s u l t s a r e p r o v i d e d i n T a b l e 3. C o m p l e t e d a t a 

s h e e t s a r e p r o v i d e d in A p p e n d i x B . 

S t a t i s t i c a l d a t a a n a l y s i s i n d i c a t e d t h a t a m p h i p o d s u r v i v a l s in 9 of the 12 

s e d i m e n t s t e s t e d were s i g n i f i c a n t l y (P = 0.01) l o w e r t h a n c o n t r o l s . 

S u r v i v a l s in s e d i m e n t s f r o m the P o w e l l R i v e r d o c k ( P R - D ) , P o r t M e l l o n 

s c o w a r e a ( P M - S ) and F a l s e C r e e k A r e a C ( F C - C ) w e r e not s i g n i f i c a n t l y 

d i f f e r e n t than c o n t r o l s . 
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TABLE 2 

SEDIMENT LEVELS OF NON-PRIORITY 
POLLUTANT METALS AND 

INORGANIC ELEMENTS 

C o n c e n t r a t i o n R a n g e S t a t i o n w i t h 
E l e m e n t Qgq/q d r y wt . ) H i g h e s t C o n c e n t r a t i o n 

B a 1 3 . 4 - 148. F C - E 

C o 4 . 5 - 8 6 . V W 

M n 1 1 4 . 0 - 5 0 4 . P A - 0 

M o 3 . 9 - 2 3 9 . V W 

P 5 1 0 . 0 - 1 2 , 8 0 0 . N T 

S n L 0 . 2 a - 3 1 . F C - E 

Sr 2 7 . 3 - 2 3 8 . F C - C 

T i 3 1 8 . 0 - 1 , 9 5 0 . P A - D 

V 4 1 . 0 - 1 3 1 . P A - D 

A l 5 , 1 2 0 . 0 - 2 7 , 3 0 0 . P A - D 

F e 1 2 , 0 0 0 . 0 - 7 6 , 4 0 0 . V W 

S i 1 3 0 . 0 - 1 , 7 6 0 . F C - E 

C a 1 0 0 . 0 -• 1 0 1 , 0 0 0 . P M - D 

M g 4 , 8 9 0 . 0 -- 1 2 , 4 0 0 . P A - D 

N a 2 , 7 9 0 . 0 -- 1 5 , 4 0 0 . P A - 0 

a . L = less than 
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D a t a f o r a v o i d a n c e (amphipods e m e r g i n g f r o m the s e d i m e n t s , T a b l e 3) 

showed a good c o r r e s p o n d e n c e w i t h the s u r v i v a l d a t a . F o r i n s t a n c e , the 

t w o s t a t i o n s w i t h no a m p h i p o d s u r v i v a l s (NT and VW) s h o w e d the 

h ighest a v o i d a n c e response . T w o of the t h r e e s t a t i o n s w i t h s u r v i v a l s 

s i m i l a r to c o n t r o l s showed low a v o i d a n c e responses , a l s o s i m i l a r t o 

c o n t r o l s . H o w e v e r , two e x c e p t i o n s to th is c o r r e s p o n d e n c e were n o t e d : 

s t a t i o n P R - D showed n o s i g n i f i c a n t l y l o w e r s u r v i v a l t h a n c o n t r o l s but 

t h e r e was a r e l a t i v e l y h igh a v o i d a n c e response to t h e s e d i m e n t s ; a n d , 

s t a t i o n V H - 0 showed s i g n i f i c a n t l y lower s u r v i v a l but a r e l a t i v e l y l o w 

a v o i d a n c e response . 

4.0 DISCUSSION 

4.1 Toxic Areas 

O 

A l t h o u g h b ioassays have b e e n used e x t e n s i v e l y t o d o c u m e n t w a t e r 

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

i n v o l v i n g l a b o r a t o r y exposures of tes t spec ies to f i e l d - c o l l e c t e d s e d i 

m e n t s have o n l y r e c e n t l y been a p p l i e d to t h e m a r i n e e n v i r o n m e n t . 

B e c a u s e s e d i m e n t s a r e a m a j o r r e p o s i t o r y f o r pe rs i s ten t a q u a t i c c o n 

t a m i n a n t s , s e d i m e n t b ioassays p r o v i d e d a t a on t h e t o x i c i t y of c o n t a m i 

nants w h i c h m a y be r e l e a s e d t o the w a t e r c o l u m n through d r e d g i n g o r 

n a t u r a l s c o u r i n g p r o c e s s e s , and w h i c h m a y be a f f e c t i n g m a r i n e f a u n a 

l i v i n g i n , on or near the b o t t o m s e d i m e n t s . 

The m o s t s e n s i t i v e spec ies used i n a c u t e l e t h a l s e d i m e n t b ioassay t e s t s 

c o n d u c t e d to d a t e is the p h o x o c e p h a l i d a m p h i p o d R h e p o x y n i u s a b r o n i u s 

( C h a p m a n et a l . , 1982, in press a ; C h a p m a n and F i n k , 1983, R. S w a r t z 

and J . C u m m i n s , E P A , pe rs . c o m m . ) . Th i s s e n s i t i v i t y is r e a f f i r m e d by 

f i e l d observa t ions that th i s spec ies and phoxocepha l ids as a g roup a r e 

not f o u n d i n c o n t a m i n a t e d a reas of P u g e t Sound , Washington ( S w a r t z et 

a l . , 1982; C o m i s k e y e t a l . , in p ress ; C h a p m a n et a l . , in press b). 
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T h e resu l t s o f the p resent s t u d y , us ing R . a b r o n i u s as a tes t o r g a n i s m , 

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

hence c a n be c l a s s i f i e d as a c u t e l y t o x i c . T h r e e of these a reas w e r e 

c h a r a c t e r i z e d by less than 1 5 % a m p h i p o d s u r v i v a l : V a n c o u v e r W h a r v e s , 

N e p t u n e T e r m i n a l s and the E a s t B a s i n of F a l s e c r e e k . S e d i m e n t s f r o m 

t w o areas w e r e c h a r a c t e r i z e d by 4 2 - 4 5 % s u r v i v a l : the o u t f a l l a r e a a t 

P o r t A l b e r n i and inner V i c t o r i a H a b o u r . T h e r e m a i n i n g four a r e a s w e r e 

c h a r a c t e r i z e d by s u r v i v a l s o f b e t w e e n 60 and 7 0 % . D a t a on a v o i d a n c e 

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

R i v e r dock a r e a , w h i c h w e r e not a c t u a l l y a c u t e l y t o x i c , i n d u c e d a h igh 

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

T h e above resu l t s a r e based on c o m p o s i t e s a m p l e s and do not s e r v e to 

c h a r a c t e r i z e the e x t e n t o f t o x i c i t y in e a c h a r e a t e s t e d . S u c h c h a r a c 

t e r i z a t i o n , i n c l u d i n g d e l i n e a t i o n o f the d e p t h and a e r e a l e x t e n t o f 

t o x i c i t y , is r e q u i r e d t o a c c u r a t e l y d e l i n e a t e a r e a s o f c o n c e r n . 

H o w e v e r , the resu l t s o f the p r e s e n t s tudy do s e r v e to p r i o r i t i z e a r e a s of 

c o n c e r n as f o l l o w s : 

1. V a n c o u v e r W h a r v e s , N e p t u n e T e r m i n a l s ; 

2 . E a s t B a s i n of F a l s e C r e e k , 

3 . O u t f a l l a r e a in P o r t A l b e r n i , inner V i c t o r i a H a r b o u r ; 

4 . P o r t A l b e r n i d o c k a r e a , P o w e l l R i v e r S t i l l w a t e r D i v i s i o n , o u t e r 

V i c t o r i a H a r b o u r , P o r t M e l l o n d o c k a r e a . 

Comparisons Between Sediment Chemistry and Toxicity 

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

c o n t a m i n a n t c o n c e n t r a t i o n s have b e e n l a r g e l y i n c o n c l u s i v e . T s a i e t a l . 

(1979) d e t e r m i n e d 48 h L C 5 0 v a l u e s f o r t h e m u m m i c h o g (Fundu lus 
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h e t e r o c l i t u s ) , spot ( L i o s t o m u s xgnthus) a n d a m o l l u s c ( M y a a r e n a r i a ) 

e x p o s e d to c o n s t a n t l y m i x e d B a l t i m o r e H a r b o r s e d i m e n t c o n c e n t r a t i o n s 

of b e t w e e n 79 a n d 0.63 g/L . t h e r e was no c o r r e l a t i o n b e t w e e n b ioassay 

resu l ts and m e a s u r e d c o n c e n t r a t i o n s of P b , C r , Z n , C d , H g , N i , C u , M n , 

A s and P C B s in the s e d i m e n t . H o w e v e r , b i o a s s a y r e s u l t s d i d show a 

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

s i t e s . Tsa i et a l . (1979) c o n c l u d e d t h a t n o s i n g l e c h e m i c a l c o n t a m i n a n t 

a c c o u n t e d f o r s e d i m e n t t o x i c i t y . 

S i m i l a r r e s u l t s have been o b t a i n e d f o r t h e N e w Y o r k B i g h t . W u r s t e r 

(1982) t e s t e d e i g h t s e d i m e n t s a m p l e s f r o m t h e H u d s o n - R a r i t a n e s t u a r y 

us ing a t w o s p e c i e s p h y t o p l a n k t o n b i o a s s a y . H e f o u n d no c o r r e l a t i o n 

b e t w e e n b ioassay resu l t s and P C B and P A H c o n c e n t r a t i o n s , but d i d n o t e 

s o m e c o r r e s p o n d e n c e w i t h l e v e l s of t o t a l h e a v y m e t a l s In s e d i m e n t s . 

T i e t j e n a n d L e e ( in press) used f r e e - l i v i n g n e m a t o d e s as b i o a s s a y 

o r g a n i s m s t o d e t e r m i n e the r e l a t i v e t o x i c i t y of e ight s e d i m e n t s a m p l e s 

f r o m t h e N e w Y o r k B i g h t r e p r e s e n t i n g a g r a d i e n t o f s t a t i o n s f r o m 

l i g h t l y t o h e a v i l y i m p a c t e d by p o l l u t i o n . S e d i m e n t c o n t a m i n a n t s 

m e a s u r e d w e r e P C B s , P A H s , C d , C r , C u , H g , P b and Z n . T h e n a t u r a l 

d a i l y i n c r e a s e i n number of n e m a t o d e g e n e r a t i o n s was used as a 

m e a s u r e of s e d i m e n t q u a l i t y . P o p u l a t i o n g r o w t h was found t o be less 

t h a n h a l f w h e n P C B c o n c e n t r a t i o n s w e r e g r e a t e r than 2 7 0 p p b , and 

when P A H c o n c e n t r a t i o n s w e r e g r e a t e r t h a n 8 7 0 0 p p b . H i g h e s t l e v e l s 

o f s e d i m e n t c o n t a m i n a t i o n f o r p a r t i c u l a r c o m p o u n d s w e r e ( in ppb) : 

P C B s , 1560; P A H s , 15200; C d , 3 2 ; H g , 2 3 . 

S w a r t z e t a l . (1982) have s e d i m e n t b i o a s s a y d a t a f o r C o m m e n c e m e n t 

B a y and W a t e r w a y s , P u g e t Sound . S e d i m e n t c h e m i s t r y d a t a r e l e v a n t to 

these b ioassays is r e v i e w e d b y S c h u l t z e t a l . ( in p rep . ) . S w a r t z (pers . 

c o m m . ) is p r e s e n t l y p r e p a r i n g a r e p o r t on b e n t h i c c o m m u n i t y d a t a 
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r e l e v a n t to bo th the b ioassays and the c h e m i s t r y and w i l l be a t t e m p t i n g 

to c o r r e l a t e a l l t h r e e d a t a sets us ing m u l t i v a r i a t e a n a l y s e s . H o w e v e r , 

the resu l t s o f these ana lyses a r e not e x p e c t e d t o be a v a i l a b l e u n t i l m i d -

I 984 ( S w a r t z , p e r s . c o m m . ) . 

A t t e m p t s by o t h e r P u g e t Sound i n v e s t i g a t o r s ( i .e . Q u i n l a n et a l . , i n 

p ress ; C h a p m a n et a l . , i n press b) to c o r r e l a t e s e d i m e n t b ioassay r e s u l t s 

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

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

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

h a v e s h o w n c o r r e s p o n d e n c e s ( Q u i n l a n et a l . , in p ress ) , w h i l e - C h a p m a n et 

a l . ( in press b) have s h o w n that areas c h a r a c t e r i z e d as t o x i c i n s e d i m e n t 

b ioassays a re a l s o c h a r a c t e r i z e d by changes in b e n t h i c i n f a u n a l c o m p o 

s i t i o n and high o v e r a l l s e d i m e n t c h e m i s t r y l e v e l s . 

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

p r o v i d e d a t a r e p r e s e n t a t i v e of j n s i t u t o x i c c o n d i t i o n s , but that the 

m e a s u r e d t o x i c i t y cannot be a s c r i b e d to any p a r t i c u l a r c h e m i c a l 

c o m p o u n d or groups of c o m p o u n d s . A s n o t e d by S w a r t z e t a l . (1984) , 

" t h e s e d i m e n t b ioassay is a m e t h o d of p o l l u t i o n assessment whose 

v a l i d i t y i s not dependent on c o r r e l a t i o n w i t h s e d i m e n t c h e m i s t r y . " 

In the p resent s t u d y , o n l y t h e r e s u l t s of t e s t i n g at V a n c o u v e r Wharves 

( 0 % s u r v i v a l ) w e r e i n t u i t i v e l y p r e d i c t a b l e based on t h e f a c t t h a t t h i s 

s e d i m e n t had the h ighest l e v e l s of 6 of 9 P r i o r i t y P o l l u t a n t s m e a s u r e d , 

i n c l u d i n g c a d m i u m (18.7 jug/g) and m e r c u r y (2 .47 Mg/g)« In c o n t r a s t , 

N e p t u n e T e r m i n a l s s e d i m e n t s , w h i c h a l s o had 0 % s u r v i v a l in t h e 

b i o a s s a y s , had t h e s e c o n d l o w e s t l e v e l s of c a d m i u m (I.I nqlq) and t h e 

lowest l e v e l s of m e r c u r y (0.21 jug/g)« E x t r e m e l y h igh l e v e l s of 

phosphorous w e r e , h o w e v e r , n o t e d in t h e N e p t u n e T e r m i n a l s e d i m e n t s , 

w h i c h m a y be s i g n i f i c a n t . 
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The m e t a l s c a d m i u m a n d m e r c u r y a r e r e g u l a t e d under the O D C A . 

W h e n s e d i m e n t l e v e l s e x c e e d 0 . 7 5 wg/g m e r c u r y and/or 0.6 jag/g 

c a d m i u m , m o r e e x t e n s i v e t e s t i n g m a y be r e q u i r e d and/or s i t e s p e c i f i c 

i n f o r m a t i o n m a y be c o n s i d e r e d dur ing t h e e v a l u a t i o n f o r o c e a n d i s p o s a l . 

In the present s t u d y , a l l s e d i m e n t s e x c e e d e d t h e c a d m i u m c r i t e r i a , but 

not a l l s e d i m e n t s e x c e e d i n g t h e c r i t e r i a s h o w e d t o x i c i t y . T h e r a n g e o f 

c a d m i u m c o n c e n t r a t i o n s n o t e d f o r t o x i c responses was I.I - 18.7 ng/g, 

and o v e r l a p p e d w i t h the r a n g e f o r n o n - t o x i c responses , w h i c h was 1 .0 -

3 .0 jug/g . O n l y t w o s e d i m e n t s e x c e e d e d t h e m e r c u r y c r i t e r i a , a n d b o t h 

s h o w e d t o x i c responses . T h e r a n g e o f m e r c u r y c o n c e n t r a t i o n s n o t e d f o r 

t o x i c responses was 0.21 t o 2 .47/ jg/g , a n d o v e r l a p p e d w i t h t h e range f o r 

n o n - t o x i c responses , w h i c h was 0 . 3 7 - 0 . 5 9 wg/g. 

P r e v i o u s s e d i m e n t b ioassays in the E a s t B a s i n o f F a l s e C r e e k s h o w e d 

t o x i c i t y a t t h e f o l l o w i n g s e d i m e n t c o n t a m i n a n t l e v e l s ( in jug/g d r y 

w e i g h t ) : C d , 4 . 3 ; P b , 2 0 6 ; H g , 0 . 4 4 ( R . W a t e r s , B . C . P l a c e , u n p u b . 

data ) . N o t o x i c i t y w a s n o t e d at t h e f o l l o w i n g s e d i m e n t c o n t a m i n a n t 

l e v e l s : C d , 0 . 8 7 ; P b , 3 9 . 2 ; H g , 0 .18 ( R . W a t e r s , unpub . d a t a ) . 

B a s e d on the p resent r e s u l t s and t h o s e of p rev ious s t u d i e s , i t is a p p a r e n t 

t h a t s e d i m e n t b ioassay t o x i c i t y responses a re not r e l a t e d to c o n c e n t r a 

t ions of i n d i v i d u a l compounds s u c h as the m e t a l s C d and H g . R a t h e r , 

t h e response is t o o v e r a l l s e d i m e n t c o n t a m i n a t i o n w h i c h i n c l u d e s 

o r g a n i c compounds in a d d i t i o n to s y n e r g i s t i c / a n t a g n o s t i c r e a c t i o n s 

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

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

do c h e m i c a l ana lyses a l o n e . 
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4.3 C o m p a r i s o n s w i t h O t h e r A r e a s 

C o m p a r i s o n s b e t w e e n the r e s u l t s of s e d i m e n t b ioassay t e s t s fo r d i f 

f e r e n t a reas a r e c o m m o n l y u n d e r t a k e n on t h e basis of n u m b e r of 

s t a t i o n s s h o w i n g t o x i c i t y and the o v e r a l l d e g r e e of t o x i c i t y . H o w e v e r , 

c o m p a r i s o n s here a re m a d e on the bas is of s ing le c o m p o s i t e s a m p l e s , 

and o n l y f o r the m o s t t o x i c a r e a s . 

The f a c t that t w o s t a t i o n s in V a n c o u v e r H a r b o u r had 0 % s u r v i v a l and 

one s t a t i o n i n F a l s e C r e e k had less than 1 5 % s u r v i v a l is of c o n c e r n . It 

is r e l a t i v e l y r a r e to o b t a i n such l o w s u r v i v a l va lues in r e p l i c a t e d 

a m p h i p o d b ioassays . F o r i n s t a n c e , i n r e c e n t s tud ies at C o m m e n c e m e n t 

B a y in P u g e t S o u n d , d e s i g n a t e d by t h e E P A as a m o n g t h e top t e n 

p r i o r i t y t o x i c w a s t e d u m p s i t e s i n t h e U n i t e d S t a t e s r e q u i r i n g r e m e d i a l 

a c t i o n , a t o t a l of 50 s t a t i o n s w e r e t e s t e d f o r t o x i c i t y us ing t h e 

a m p h i p o d b ioassay . O f t h e s e , o n l y one s t a t i o n showed 0 % s u r v i v a l w i t h 

the t w o next m o s t t o x i c s t a t i o n s s h o w i n g s u r v i v a l s of 5 a n d 2 3 % 

( C h a p m a n , unpub. data ) . 

It is t h e r e f o r e r e c o m m e n d e d that the t h r e e m o s t t o x i c s i tes in the 

V a n c o u v e r H a r b o u r a r e a be g i v e n p r i o r i t y f o r a d d i t i o n a l s t u d i e s . 

S p e c i f i c a l l y , t o x i c i t y t e s t s s h o u l d be u n d e r t a k e n at e a c h s i t e to 

d e t e r m i n e t h e a r e a l e x t e n t of t h e t o x i c r e s p o n s e . 

5.0 CONCLUSIONS 

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

s tudy , r e l a t e d to t h e s tudy o b j e c t i v e s . 
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1. S e d i m e n t b ioassay t e s t s s e r v e d t o p r i o r i t i z e the f o l l o w i n g t e s t e d 

a reas on t h e bas is of d e c r e a s i n g a c u t e l e t h a l i t y ( tox i c = s i g n i f i 

c a n t l y lower s u r v i v a l than in c o n t r o l s ) : 

T o x i c 

1. V a n c o u v e r W h a r v e s , N e p t u n e T e r m i n a l s ; 

2 . E a s t B a s i n of F a l s e C r e e k ; 

3. O u t f a l l a r e a in P o r t A l b e r n i , inner V i c t o r i a H a r b o u r ; 

4. P o r t A l b e r n i dock a r e a , P o w e l l R i v e r S t i l l w a t e r D i v i s i o n , o u t e r 

V i c t o r i a H a r b o u r , P o r t M e l l o n d o c k a r e a ; 

N o n - T o x i c 

5. P o w e l l R i v e r d o c k , P o r t M e l l o n s c o w a r e a , F a l s e C r e e k A r e a C . 

2 . S e d i m e n t b ioassays i n d i c a t e d t h a t the h ighest t o x i c i t y o c c u r r e d at 

t h e s i te ( V a n c o u v e r W h a r v e s ) w i t h the h ighest c o n c e n t r a t i o n s o f 

P r i o r i t y P o l l u t a n t m e t a l s . H o w e v e r , t o x i c i t y was not r e l a t e d t o 

c o n c e n t r a t i o n s of p a r t i c u l a r c h e m i c a l s , and t h e r e w a s not r e l a t i o n 

sh ip b e t w e e n the O D C A c r i t e r i a f o r m e r c u r y and c a d m i u m , a n d 

s e d i m e n t t o x i c i t y . 

3 . The t h r e e m o s t t o x i c s i t e s , l o c a t e d i n the V a n c o u v e r H a r b o u r a r e a , 

m a y be i n d i c a t i v e of ser ious c o n t a m i n a t i o n p r o b l e m s ; the t o x i c i t y 

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

s e d i m e n t t o x i c i t y as the U . S . m a r i n e S u p e r f u n d s i t e in 

C o m m e n c e m e n t B a y . 

RECOMMENDATIONS 

The f o l l o w i n g m a j o r r e c o m m e n d a t i o n s r e s u l t f r o m the present s t u d y . 

I. S e d i m e n t b iaossays w i t h the a m p h i p o d R h e p o x y n i u s abron ius p r o 

v i d e i n f o r m a t i o n on s e d i m e n t t o x i c i t y , and s h o u l d be u s e d i n f u t u r e 

a s s e s s m e n t s by the E P S , t o s u p p l e m e n t c h e m i c a l a n a l y s e s . 
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F o l l o w i n g t h e r e c o m m e n d a t i o n s of C h a p m a n and L o n g (1983) a n d 

c o n s i s t e n t w i t h p resent t e c h n i q u e s in t h e U n i t e d S t a t e s , i t is 

f u r t h e r r e c o m m e n d e d that s u b l e t h a l and g e n o t o x i c b ioassay t e s t s 

a lso be u s e d , to p r o v i d e c o m p l e t e i n f o r m a t i o n on s e d i m e n t t o x i c i t y . 

2 . A d d i t i o n a l s e d i m e n t b i o a s s a y t e s t i n g s h o u l d be c o n d u c t e d on a g r i d 

o f s a m p l e s c o l l e c t e d f r o m at leas t t h e t h r e e m o s t t o x i c a r e a s : 

V a n c o u v e r W h a r v e s , N e p t u n e T e r m i n a l s , a n d the E a s t B a s i n of 

F a l s e C r e e k . S a m p l e s f o r t e s t i n g s h o u l d a lso be t a k e n at d i f f e r e n t 

depths in the s e d i m e n t , w h e r e p o s s i b l e , t o d e t e r m i n e the e x t e n t of 

t o x i c s e d i m e n t d e p o s i t i o n . S a m p l i n g des ign shou ld endeavour to 

i d e n t i f y w h e t h e r the cause(s) o f c o n t a m i n a t i o n a r e h i s t o r i c a l , p o i n t 

source ( s t o r m , s e w e r , e f f l u e n t d i s c h a r g e ) or n o n - p o i n t s o u r c e 

d i s c h a r g e s . 

3. The p resent O D C A c r i t e r i a f o r O c e a n D u m p i n g a r e b a s e d on 

c h e m i c a l a n a l y s e s , m o s t n o t a b l y f o r C d and H g . T h e s e c r i t e r i a 

shou ld be r e v i e w e d and a m e n d e d t o r e f l e c t t o x i c i t y c r i t e r i a . 
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APPENDIX A 

SEDIMENT CHEMISTRY DATA SHEETS0 

S t a t i o n 

P M - D 
P M - S 
P A - D 
P A - 0 
F C - E 
F C - C 
N T 
V W 
P R - S 
P R - D 
V H - O 
V H - I 

R e f e r e n c e M a t e r i a l 

M E S S - 1 
B C S S - I 

L a b . I d e n t i f i c a t i o n 
(8404960 - ) 

01 
03 
05 
07 
09 
II 
13 
15 
17 
19 
21 
23 

02 
04 
06 
08 
10 
12 
14 
16 
18 
20 
22 
24 

2 5 , 2 6 , 27 
2 8 , 2 9 , 30 

a . T w o r e p l i c a t e s , p lus r a n d o m s p l i t s a m p l e s a n a l y s e d . 
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APPENDIX B 

SEDIMENT BIOASSAY DATA SHEETS 



E.V .S . CONSULTANTS 

AMPHIPOD BIOASSAYS - COMMENCEMENT BAY 

BIOASSAY DATA ANO DAY 10 WATER CHEMISTRY 

5AMPLE VH-I 

LAB 
NO. 

REP. 
NUMBER OF AMPHIPODS EHERGEO 
FROM SEOIMENTS AT OAYS 0-10 

NUMBER 
ALIVE 
AT 10 
DAYS 

NUMBER 
FAILING 

TO 
REBURROU 

WATER CHEMISTRY AT 10 D 
LAB 
NO. 

REP. 
NUMBER OF AMPHIPODS EHERGEO 
FROM SEOIMENTS AT OAYS 0-10 

NUMBER 
ALIVE 
AT 10 
DAYS 

NUMBER 
FAILING 

TO 
REBURROU 

TEMP 
( ° C ) 

SAL 
(ppt) 

0 . 0 . 
(mg/L) 

PH 
LAB 
NO. 

REP. 

0 *1 2 3 4 5 6 7 8 9 10 

NUMBER 
ALIVE 
AT 10 
DAYS 

NUMBER 
FAILING 

TO 
REBURROU 

TEMP 
( ° C ) 

SAL 
(ppt) 

0 . 0 . 
(mg/L) 

PH 

1 A 6 1 1 1 1 1 15 15.6 27 8.0 8 .5 

2 B - 1 5 3 1 1 1 6 15.2" 27 8.0 8.5 

3 C 7 6 7 5 7 3 6 15.1 27 8.0 8.5 • 

4 0 5 3 3 2 2 1 3 2 4 15.0 28 7.8 8.7 

5 E 5 6 5 2 1 4 1 1 2 1 10 15.3 27 8.2 8.5 

* a l l rep l i ca tes of DAY 1 samples exposed to 14:10 l ight/dark photoperiod- a l l fo l lowing 

days were continuous l i g h t exposure. 

SAMPLE VH-0 

LAB 
NO. 

REP. 
NUMBER OF AHPHIPODS EMERGED 
FROM SEDIMENTS AT DAYS 0-10 

NUMBER 
ALIVE 
AT 10 
OAYS 

NUMBER 
FAILING 

TO 
REBURROU 

WATER CHEMISTRY AT 10 D 
LAB 
NO. 

REP. 
NUMBER OF AHPHIPODS EMERGED 
FROM SEDIMENTS AT DAYS 0-10 

NUMBER 
ALIVE 
AT 10 
OAYS 

NUMBER 
FAILING 

TO 
REBURROU 

TEMP 
( ° C ) 

SAL 
(ppt) 

0 . 0 . 
(mg/L) 

pH 
LAB 
NO. 

REP. 

0 1 2 3 4 5 6 7 8 9 10 

NUMBER 
ALIVE 
AT 10 
OAYS 

NUMBER 
FAILING 

TO 
REBURROU 

TEMP 
( ° C ) 

SAL 
(ppt) 

0 . 0 . 
(mg/L) 

pH 

7 A 8 1 2 2 3 1 1 2 3 5 5 15.3 27 8 .0 8.6 

8 B 6 6 6 2 2 1 1 2 13 15.4 26 * 7 . 3 8.4 

9 C 2 1 . 1 2 14 15.2 27 8 .0 8.7 

10 D 2 1 1 1 2 1 3 2 1 14 15.3 26 8.2 8.7 

11 E 1 2 2 1 1 3 I 15 15.4 26 8.1 8.6 

* aerat ion stopped overnight 

SAMPLE PR-D 

LAB 
NO. 

REP. 
NUMBER OF AHPHIPODS EMERGED 
FROH SEDIMENTS AT OAYS 0-10 

NUMBER 
ALIVE 
AT 10 
OAYS 

NUHBER 
FAILING 

TO 
REBURROU 

WATER CHEHISTRY AT 10 0 

LAB 
NO. 

REP. 
NUMBER OF AHPHIPODS EMERGED 
FROH SEDIMENTS AT OAYS 0-10 

NUMBER 
ALIVE 
AT 10 
OAYS 

NUHBER 
FAILING 

TO 
REBURROU 

TEMP 
( ° C ) 

SAL 
(ppt) 

0 . 0 . 
(mg/L) 

pH 
LAB 
NO. 

REP. 

0 1 2 3 4 S 6 7 8 9 10 

NUMBER 
ALIVE 
AT 10 
OAYS 

NUHBER 
FAILING 

TO 
REBURROU 

TEMP 
( ° C ) 

SAL 
(ppt) 

0 . 0 . 
(mg/L) 

pH 

13 A 9 2 4 3 3 3 5 2 2 4 14 15.4 26 7.9 8.6 

14 B 4 3 3 2 1 1 1 18 15.0 26 8 .0 8.6 

15 C 10 7 5 2 1 2 3 3 1 18 15.2 26 7.9 0.5 

16 D 6 4 2 1 2 2 2 1 1 19 15.3 26 8 .0 8.5 

17 E 9 4 2 1 1 2 17 15.1 26 8.2 8 .5 



SAMPLE P R ' S D 

LAB 
NO. 

•3 REP. 

NUMBER OF AMPHIPODS EMERGED 
FROH SEDIMENTS AT DAYS 0-10 

NUMBER 
ALIVE 
AT 10 
DAYS 

NUMBER 
FAILING 

TO 
REBURROU 

WATER CHEHISTRY AT 10 D 

LAB 
NO. 

•3 REP. 

NUMBER OF AMPHIPODS EMERGED 
FROH SEDIMENTS AT DAYS 0-10 

NUMBER 
ALIVE 
AT 10 
DAYS 

NUMBER 
FAILING 

TO 
REBURROU 

TEMP 
( ° C ) 

SAL 
(ppt) 

0 . 0 . 
(mg/L) 

pH LAB 
NO. 

•3 REP. 

0 1 2 3 4 5 6 7 8 9 10 

NUMBER 
ALIVE 
AT 10 
DAYS 

NUMBER 
FAILING 

TO 
REBURROU 

TEMP 
( ° C ) 

SAL 
(ppt) 

0 . 0 . 
(mg/L) 

pH 

19 A 4 3 2 2 3 2 1 2 1 2 13 15.3 26 8 .1 8.6 

20 B 8 5 2 2 4 5 3 2 3 11 15.3 27 8.0 8.6 

21 C 12 1 2 1 14 15.1 26 8.1 8.6 

22 0 11 5 2 4 5 4 4 4 2 4 12 15.2 26 8.2 8.6 

23 E 5 2 2 1 2 4 4 4 2 2 12 15.3 26 8 .0 8.6 

SAHPLE PM-D 

LAB 
NO. 

REP. 

NUMBER OF AMPHIPOOS EMERGEO 
FROH SEDIMENTS AT DAYS 0-10 

NUMBER 
ALIVE 
AT 10 
DAYS 

NUMBER 
FAILING ' 

TO 
REBURROU 

WATER CHEHISTRY AT 10 D 

LAB 
NO. 

REP. 

NUMBER OF AMPHIPOOS EMERGEO 
FROH SEDIMENTS AT DAYS 0-10 

NUMBER 
ALIVE 
AT 10 
DAYS 

NUMBER 
FAILING ' 

TO 
REBURROU 

TEMP 
( ° C ) 

SAL 
(ppt) 

D.O. 
(mg/L) 

pH 
LAB 
NO. 

REP. 

0 1 2 3 4 5 6 7 8 9 10 

NUMBER 
ALIVE 
AT 10 
DAYS 

NUMBER 
FAILING ' 

TO 
REBURROU 

TEMP 
( ° C ) 

SAL 
(ppt) 

D.O. 
(mg/L) 

pH 

25 A- 8 4 1 2 2 3 1 10 15.2 26 7.8 8.8 

26 B 3 1 1 1 1 1 2 3 5 16 15.3 27 8,0 8-8 

27 C 1 2 2 1 2 3 2 3 2 18 15.? ?fi n.n R R 

28 D 5 2 1 1 2 2 14 15.4 26 7.9 8.8 

29 E 9 3 1 2 1 2 2 3 5 3 12 15.4 26 7.6 8.7 

SAMPLE PM-S 

LAB 
NO. 

REP. 
NUMBER OF AMPHIPODS EMERGED 
FROH SEOIHENTS AT DAYS 0-10 

NUMBER 
ALIVE 
AT 10 
DAYS 

NUMBER 
FAILING 

TO 
REBURROU 

WATER CHEHISTRY AT 10 D 

LAB 
NO. 

REP. 
NUMBER OF AMPHIPODS EMERGED 
FROH SEOIHENTS AT DAYS 0-10 

NUMBER 
ALIVE 
AT 10 
DAYS 

NUMBER 
FAILING 

TO 
REBURROU 

TEMP 
(°C) 

SAL 
(ppt) 

D.O. 
(mg/L) 

pH LAB 
NO. 

REP. 

0 1 2 3 4 5 6 7 8 9 10 

NUMBER 
ALIVE 
AT 10 
DAYS 

NUMBER 
FAILING 

TO 
REBURROU 

TEMP 
(°C) 

SAL 
(ppt) 

D.O. 
(mg/L) 

pH 

31 A 4 2 1 19 15.2 26 8.4 8.7 

32 B 1 2 2 1 1 1 1 1 1 17 15.3 26 8 .1 8.7 

33 C 3 2 1 2 1 1 1 20 15.4 26 8.0 8.6 

34 0 2 1 1 1 1 1 17 15.4 26 8.1 8.7 

35 E 4 2 2 1 4 3 4 1 1 18 15.2 26 0.3 8.7 

S A H P I F FC-EAST 

LAB 
NO. 

REP. 

NUMBER OF AHPHIPODS EHERGED-
FROH SEOIHENTS AT DAYS 0-10 

NUHBER 
ALIVE 
AT 10 
OAYS 

NUHBER 
FAILING 

TO 
REBURROU 

WATER CHEHISTRY AT 10 0 

LAB 
NO. 

REP. 

NUMBER OF AHPHIPODS EHERGED-
FROH SEOIHENTS AT DAYS 0-10 

NUHBER 
ALIVE 
AT 10 
OAYS 

NUHBER 
FAILING 

TO 
REBURROU 

TEMP 
( ° C ) 

SAL 
(ppt) 

D.O. 
(mg/L) 

pH LAB 
NO. 

REP. 

0 1 2 3 4 S 6 7 8 9 10 

NUHBER 
ALIVE 
AT 10 
OAYS 

NUHBER 
FAILING 

TO 
REBURROU 

TEMP 
( ° C ) 

SAL 
(ppt) 

D.O. 
(mg/L) 

pH 

37 A 3 5 3 2 3 4 3 4 1 15.1 27 8 .1 8.7 

38 B 10 4 2 2 3 2 4 4 1 1 6 15.1 27 7.8 8.7 

39 C 5 3 2 3 2 1 4 4 4 7 4 15.2 26 7.8 8.7 

40 0 4 2 4 1 15.0 27 8.1 8.6 

41 E 5 4 2 2 1 1 1 2 3 1 15.3 26 7.2 8.6 



SAMPLE FC-C 

LAB 
NO. 

REP. 
NUMBER OF AMPHIPOOS EMERGED 
FROM SEDIMENTS AT OAYS 0-10 

NUMBER 
ALIVE 
AT 10 
OAYS 

NUHBER 
FAILING 

TO 
REBURROU 

WATER CHEHISTRY AT 10 D 

LAB 
NO. 

REP. 
NUMBER OF AMPHIPOOS EMERGED 
FROM SEDIMENTS AT OAYS 0-10 

NUMBER 
ALIVE 
AT 10 
OAYS 

NUHBER 
FAILING 

TO 
REBURROU 

TEMP 
( ° C ) 

SAL 
(ppt) 

0 . 0 . 
(mg/L) 

pH LAB 
NO. 

REP. 

0 1 2 3 4 5 6 7 8 9 10 

NUMBER 
ALIVE 
AT 10 
OAYS 

NUHBER 
FAILING 

TO 
REBURROU 

TEMP 
( ° C ) 

SAL 
(ppt) 

0 . 0 . 
(mg/L) 

pH 

43 A 1 1 18 15.1 26 8.1 8.4 

44 B 2 1 17 15.0 27 8.2 8.4 

45 C 1 1 15 15.3 26 8.1 8.4 

46 0 1 2 2 1 1 2 1 19 15.3 26 8 .0 8.4 

47 E 4 1 18 15.4 26 8 .0 8.4 

SAMPLE PA-0 

LAB 
NO. 

REP. 
NUHBER OF AHPHIPOOS EHERGEO 
FROM SEOIMENTS AT DAYS 0-10 

NUMBER 
ALIVE 
AT 10 
PAYS 

NUHBER 
FAILING 

TO 
REBURROU 

WATER CHEHISTRY AT 10 0 

LAB 
NO. 

REP. 
NUHBER OF AHPHIPOOS EHERGEO 
FROM SEOIMENTS AT DAYS 0-10 

NUMBER 
ALIVE 
AT 10 
PAYS 

NUHBER 
FAILING 

TO 
REBURROU 

TEHP 
( ° C ) 

SAL 
(ppt) 

0 . 0 . 
(mg/L) 

pH 
LAB 
NO. 

REP. 

0 1 2 3 4 5 6 7 8 9 10 

NUMBER 
ALIVE 
AT 10 
PAYS 

NUHBER 
FAILING 

TO 
REBURROU 

TEHP 
( ° C ) 

SAL 
(ppt) 

0 . 0 . 
(mg/L) 

pH 

49 A_ 9 1 2 1 2 J 14 15.3 26 8.0 9,7 
50 B 5 2 3 3 4 1 3 2 1 5 8 15.4 26 8 .0 8.7 

51 C 14 5 4 2 6 6 9 4 5 3 7 15.5 26 7.5 8.5 

52 0 6 5 4 4 3 4 3 1 1 1 9 15.3 26 8.0 8.7 

53 E 16 13 8 5 7 11 7 7 4 3 7 15.1 26 7.9 8.7 

SAMPLE PA-D 

LAB 
NO. 

REP. 
NUHBER OF AHPHIPODS EHERGEO 
FROH SEDIHENTS AT DAYS 0-10 

NUHBER 
ALIVE 
AT 10 
DAYS 

NUMBER 
FAILING 

TO 
REBURROU 

WATER CHEMISTRY AT 10 0 

LAB 
NO. 

REP. 
NUHBER OF AHPHIPODS EHERGEO 
FROH SEDIHENTS AT DAYS 0-10 

NUHBER 
ALIVE 
AT 10 
DAYS 

NUMBER 
FAILING 

TO 
REBURROU 

TEMP 

(°c) 
SAL 

(ppt) 
D.O. 

(mg/L) 
PH 

LAB 
NO. 

REP. 

0 1 2 3 4 5 6 7 8 9 10 

NUHBER 
ALIVE 
AT 10 
DAYS 

NUMBER 
FAILING 

TO 
REBURROU 

TEMP 

(°c) 
SAL 

(ppt) 
D.O. 

(mg/L) 
PH 

55 A 5 5 4 4 3 4 2 3 5 8 14 15.1 26 8.0 8 .6 

56 B 7 1 1 3 1 1 2 3 13 15.1 26 8.1 s . r 
57 C 3 3 5 1 1 1 5 3 2 11 15.1 27 8.0 8.6 

58 0 8 1 3 1 4 2 2 1 3 13 15.3 27 8.1 8.5 

59 E 7 1 1 1 4 3 3 15 15.5 26 8.0 8.6 

SAMPLE NT. 

LAB 
NO. 

REP. 
NUHBER OF AMPHIPODS EMERGED 
FROH SEDIMENTS AT DAYS 0-10 

NUMBER 
ALIVE 
AT 10 
DAYS 

NUMBER 
FAILING 

TO 
REBURROU 

WATER CHEMISTRY AT 10 D 

LAB 
NO. 

REP. 
NUHBER OF AMPHIPODS EMERGED 
FROH SEDIMENTS AT DAYS 0-10 

NUMBER 
ALIVE 
AT 10 
DAYS 

NUMBER 
FAILING 

TO 
REBURROU 

TEHP 
( ° C ) 

SAL 
(ppt) 

D.O. 
(mg/L) 

PH LAB 
NO. 

REP. 

0 1 2 3 4 5 6 7 8 9 10 

NUMBER 
ALIVE 
AT 10 
DAYS 

NUMBER 
FAILING 

TO 
REBURROU 

TEHP 
( ° C ) 

SAL 
(ppt) 

D.O. 
(mg/L) 

PH 

61 A 11 6 4 11 10 10 12 10 11 0 15.0 26 8.0 8.3 

62 B 15 7 5 9 7 7 7 2 5 0 15.3 26 8.2 8.2 

63 c 12 8 3 3 5 3 1 0 15.3 26 8.2 8.3 

64 D 14 3 7 6 6 5 5 6 6 5 0 15.2 26 8.1 8 .5 

65 E 14 j 9 11 4 7 4 2 5 2 2 0 15.2 26 8.2 8.3 



SAMPLE VW 

LAB 
NO. 

REP. 
NUHBER OF AMPHIPOOS EMERGED 
FROH SEDIMENTS AT DAYS 0-10 

NUHBER 
ALIVE 
AT 10 
DAYS 

HUHBER 
FAILING 

TO 
REBURROU 

WATER CHEHISTRY AT 10 0 

LAB 
NO. 

REP. 
NUHBER OF AMPHIPOOS EMERGED 
FROH SEDIMENTS AT DAYS 0-10 

NUHBER 
ALIVE 
AT 10 
DAYS 

HUHBER 
FAILING 

TO 
REBURROU 

TEHP 
( ° C ) 

SAL 
(ppt.) 

0 . 0 . 
(mg/L) 

pH LAB 
NO. 

REP. 

0 1 2 3 4 S 6 7 8 9 10 

NUHBER 
ALIVE 
AT 10 
DAYS 

HUHBER 
FAILING 

TO 
REBURROU 

TEHP 
( ° C ) 

SAL 
(ppt.) 

0 . 0 . 
(mg/L) 

pH 

67 A 13 15 15 8 13 8 9 5 6 4 0 15.3 26 8.1 7.2 

68 B 12 11 10 10 8 9 5 4 4 5 0 15.3 26 8.2 7.7 

69 C 14 14 12 9 10 7 7 5 7 3 0 15.4 26 *6.9 7.2 

70 0 6 8 1 1 4 3 8 5 2 0 15.2 26 8.0 7.7 

71 E 8 13 8 6 10 2 10 8 5 0 15.3 26 8.2 7.4 

* aerat ion stopped overnight 

SAMPLE CONTROL 

LAB 
.NO. 

REP. 
NUHBER OF AHPHIPODS EHERGED 
FROH SEDIMENTS AT OAYS 0-10 

NUHBER 
ALIVE 
AT 10 
DAYS 

NUHBER 
FAILING 

TO 
REBURROU 

WATER CHEHISTRY AT 10 0 

LAB 
.NO. 

REP. 
NUHBER OF AHPHIPODS EHERGED 
FROH SEDIMENTS AT OAYS 0-10 

NUHBER 
ALIVE 
AT 10 
DAYS 

NUHBER 
FAILING 

TO 
REBURROU 

TEHP 
( ° C ) 

SAL 
(ppt) 

0 . 0 . 
(mg/L) 

pH LAB 
.NO. 

REP. 

0 1 2 3 4 5 6 7 8 9 10 

NUHBER 
ALIVE 
AT 10 
DAYS 

NUHBER 
FAILING 

TO 
REBURROU 

TEHP 
( ° C ) 

SAL 
(ppt) 

0 . 0 . 
(mg/L) 

pH 

73 A_ 1 2 2 1 . 1 1 1 2 18 15.1 26 8.3 8.3 

74 B 2 1 2 2 2 2 18 15.0 26 8.3 8.3 

75 C 2 3 3 3 3 3 3 3 3 3 17 15.0 26 8.4 8.2 

76 D 1 2 1 2 2 1 1 17 15.0 26 8.4 8.2 

77 E 20 14.4 26 8.4 8.3 

SAMPLE 

LAB 
NO. 

REP. 
NUHBER OF AHPHIPODS EHERGEO 
FROM SEDIHENTS AT DAYS 0-10 

NUHBER 
ALIVE 
AT 10 
DAYS 

NUHBER 
FAILING 

TO 
REBURROU 

WATER CHEHISTRY AT 10 D 

LAB 
NO. 

REP. 
NUHBER OF AHPHIPODS EHERGEO 
FROM SEDIHENTS AT DAYS 0-10 

NUHBER 
ALIVE 
AT 10 
DAYS 

NUHBER 
FAILING 

TO 
REBURROU 

TEMP 
( ° C ) 

SAL 
(ppt) 

D.O. 
(mg/L) 

pH LAB 
NO. 

REP. 

0 1 2 3 4 S 6 7 8 9 10 

NUHBER 
ALIVE 
AT 10 
DAYS 

NUHBER 
FAILING 

TO 
REBURROU 

TEMP 
( ° C ) 

SAL 
(ppt) 

D.O. 
(mg/L) 

pH 

A 

B 

C 

0 

E 

SAMPLE 

LAB 
NO. 

REP. 

NUHBER OF AHPHIPODS EHERGED 
FROH SEOIHENTS AT DAYS 0-10 

NUHBER 
ALIVE 
AT 10 
OAYS 

NUHBER 
FAILING 

TO 
REBURROU 

WATER CHEHISTRY AT 10 0 

LAB 
NO. 

REP. 

NUHBER OF AHPHIPODS EHERGED 
FROH SEOIHENTS AT DAYS 0-10 

NUHBER 
ALIVE 
AT 10 
OAYS 

NUHBER 
FAILING 

TO 
REBURROU 

TEHP 
( ° C ) 

SAL 
(Ppt) 

D.O. 
(mg/L) 

PH LAB 
NO. 

REP. 

0 1 2 3 4 5 6 7 8 9 10 

NUHBER 
ALIVE 
AT 10 
OAYS 

NUHBER 
FAILING 

TO 
REBURROU 

TEHP 
( ° C ) 

SAL 
(Ppt) 

D.O. 
(mg/L) 

PH 

A 

B 

C 

D 

E 
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