
BVAEP Vancouver. Env. Can. Lib7Bib. 

D E V E L O P M E N T A N D E V A L U A T I O N 
O F A B I O A S S A Y P R O T O C O L F O R 

P R E D I C T I N G T H E B I O A C C U M U L A T I O N 
P O T E N T I A L O F S E D I M E N T - A S S O C I A T E D 

C O N T A M I N A N T S 

P r e p a r e d F o r 

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 Sou th 
Wes t V a n c o u v e r , B . C . 

V 7 T I A 2 

P r e p a r e d B y 

E . V . S . C o n s u l t a n t s L t d . 
195 P e m b e r t o n A v e n u e 
N o r t h V a n c o u v e r , B . C . 

V 7 P 2 R 4 

M a r c h 1984 

P r o j e c t 6516 



E V S . C o n s u l t a n t s 
Biological and Chemical Services 
for the Environment 

195 Pemberton Avenue 
North Vancouver, B.C. 
Canada V7P 2R4 
Tel: (604) 986-4331 

986-1516 

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 
3rd F l o o r - K a p i l a n o 100 
P a r k R o y a l Sou th 
West 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 : D e v e l o p m e n t a n d E v a l u a t i o n o f a B i o a s s a y P r o t o c o l f o r P r e d i c t i n g t he 
B i o a c c u m u l a t i o n P o t e n t i a l o f S e d i m e n t - A s s o c i a t e d C o n t a m i n a n t s 

P l e a s e f i nd enc losed ten cop ies o f our f i na l repor t on the above p ro jec t 
f o l l o w i n g your r e v i e w and c o m m e n t . We t rus t tha t the repor t c o m p l e t e s our 
presen t ass ignmen t to you r s a t i s f a c t i o n . 

The b ioassay p ro toco l appea rs to have a reasonab ly good p r e d i c t i v e a c c u r a c y fo r 
c o m p a r i s o n s b e t w e e n l a b o r a t o r y b i o a c c u m u l a t i o n o f s e l e c t e d m e t a l s and P C B s , 
and a c t u a l l eve ls in res iden t b i o t a . A s s u c h , i t appea rs to be a usefu l too l fo r 
d e c i s i o n - m a k i n g r e l a t e d to o c e a n dump ing o f c o n t a m i n a t e d s e d i m e n t s . 

E . V . S . C o n s u l t a n t s wou ld l i ke to t a k e th is o p p o r t u n i t y to thank you and the 
o the r m e m b e r s o f R O D A C fo r your c o o p e r a t i o n and a s s i s t a n c e th roughout the 
s tudy . It has been m u c h a p p r e c i a t e d . 

M a r c h O I , 1984 O u r F i l e : 6516 

S i n c e r e l y , 

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

P e t e r M . C h a p m a n , P h . D . 
V i c e - P r e s i d e n t 

P M C / s i 
A t t a c h . 

VANCOUVER • SEATTLE • VICTORIA • CALGARY 



i 

T A B L E O F C O N T E N T S 

T i t l e P a g e 
C o v e r i n g L e t t e r 
T a b l e o f C o n t e n t s 
L i s t o f F i g u r e s 
L i s t o f T a b l e s 
S u m m a r y 
A c k n o w l e d g e m e n t s 

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

I.I S tudy R a t i o n a l e 
I.I.I C h o i c e o f Tes t S p e c i e s 
1.1.2 E x p e r i m e n t a l D e s i g n 
1.1.3 E x t r a p o l a t i o n o f L a b o r a t o r y Tes t R e s u l t s 

to R e s i d e n t B i o t a 

2.0 M E T H O D S 

2.1 F i e l d C o l l e c t i o n s 
2.1.1 Sed imen ts 
2.1.2 S e a w a t e r 
2.1.3 M a c o m a b a l t h i c a 
2.1.4 R e s i d e n t B i o t a 
2.1.4.1 B e n t h i c Infauna 
2.1.4.2 F l a t f i s h 
2 .1 .4 .3 C r a b s 
2.2 L a b o r a t o r y M e t h o d s 
2.2.1 B i o a c c u m u l a t i o n S tud ies 
2.2.2 E x p e r i m e n t a l S a m p l i n g 
2.2.3 D i s s e c t i o n s , o f R e s i d e n t B i o t a and C l a m s 
2.3 A n a l y t i c a l M e t h o d o l o g y 
2.3.1 S e a w a t e r 
2.3.1.1 L e a d and C a d m i u m 
2.3.1.2 P o l y c h l o r i n a t e d B i p h e n y l s ( P C B s ) 
2 .3 .1 .3 P r e c i s i o n and A c c u r a c y 
2.3.2 T issue 
2.3.2.1 L e a d and C a d m i u m 
2.3.2.2 P o l y c h l o r i n a t e d B i p h e n y l s ( P C B s ) 
2 .3 .2 .3 P r e c i s i o n and A c c u r a c y 
2.3.3 S e d i m e n t s 
2.3.3.1 L e a d , C a d m i u m and O t h e r M e t a l s 
2.3.3.2 P o l y c h l o r i n a t e d B i p h e n y l s ( P C B s ) 
2 .3 .3 .3 T o t a l O r g a n i c C a r b o n 
2.3.3.4 P r e c i s i o n and A c c u r a c y 
2.4 Q u a l i t y A s s u r a n c e / Q u a l i t y C o n t r o l ( Q A / Q C ) 
2.4.1 A p p a r a t u s P r e p a r a t i o n 
2.4.2 S a m p l e H a n d l i n g 
2.4.3 R e a g e n t s 
2.4.4 S a m p l e D i g e s t i o n 



11 

2.4.5 S e a w a t e r E x t r a c t i o n s 20 
2.5 S t a t i s t i c a l A n a l y s i s 20 

3.0 R E S U L T S 20 

3.1 Q u a l i t y A s s u r a n c e / Q u a l i t y C o n t r o l 21 
3.1.1 R e a g e n t B l a n k s 21 
3.1.2 C e r t i f i e d R e f e r e n c e S tanda rds 21 
3.1.3 D u p l i c a t e A n a l y s i s 26 
3.2 C h a r a c t e r i s t i c s o f Tes t S e d i m e n t s 26 
3.3 R e l e a s e o f C o n t a m i n a n t s f r o m T e s t S e d i m e n t s 28 
3.3.1 C a d m i u m 28 
3.3.2 L e a d 31 
3.3.3 P C B s 31 
3.4 B i o a c c u m u l a t i o n in L a b o r a t o r y B i o a s s a y s - • 31 
3.4.1 E f f e c t i v e n e s s o f T i ssue D e p u r a t i o n 31 
3.4.2 C a d m i u m 37 
3.4.3 L e a d 37 
3.4.4 P C B s 37 
3.5 M o r t a l i t i e s in Tes t S e d i m e n t s 38 
3.6 B i o a c c u m u l a t i o n in R e s i d e n t B i o t a 38 
3.6.1 C a d m i u m 38 
3.6.2 L e a d 43 
3.6.3 P C B s 43 

4.0 D I S C U S S I O N 44 

4.1 B i o a c c u m u l a t i o n P o t e n t i a l in L a b o r a t o r y B i o a s s a y s 
ve rsus R e s i d e n t B i o t a 44 

4.2 A s p e c t s o f the L a b o r a t o r y B i o a s s a y P r o t o c o l 
R e q u i r i n g S t a n d a r d i z a t i o n 46 

4.2.1 F l o w R a t e 47 
4.2.2 E x p o s u r e T i m e s 47 
4 .2 .3 S e d i m e n t T o x i c i t y 49 
4.2 .4 O t h e r P o t e n t i a l I nd ica to r S p e c i e s 50 
4 .2 .5 S i g n i f i c a n c e o f B i o a c c u m u l a t i o n to 

R e s i d e n t S p e c i e s 51 

4 .3 F u t u r e R e s e a r c h D i r e c t i o n s 51 

5.0 C O N C L U S I O N S 53 

6.0 R E C O M M E N D A T I O N S 54 

7.0 R E F E R E N C E S C I T E D 55 

A P P E N D I X 



n i 

L I S T O F F I G U R E S 

F i g u r e P a g e N o . 

1 C o n c e n t r a t i o n s o f D i s s o l v e d M e t a l s and P C B s in 
s e a w a t e r O v e r l y i n g Tes t S e d i m e n t s 30 

2 B i o a c c u m u l a t i o n o f C a d m i u m , L e a d and P C B s in 
M . b a l t h i c a E x p o s e d to Tes t S e d i m e n t s in 
L a b o r a t o r y B i o a s s a y s 34 

L I S T O F T A B L E S 

T a b l e P a g e N o . 

1 Q u a l i t y C o n t r o l R e s u l t s - F i l t e r B l a n k s 22 

2 Q u a l i t y C o n t r o l R e s u l t s - S e a w a t e r 22 

3 Q u a l i t y C o n t r o l R e s u l t s - T i ssue D i g e s t i o n B l a n k s 23 

4 Q u a l i t y C o n t r o l R e s u l t s - O y s t e r T i ssue 23 

5 Q u a l i t y C o n t r o l R e s u l t s - S e d i m e n t D i g e s t i o n B l a n k s 24 

6 Q u a l i t y C o n t r o l R e s u l t s - P C B R e c o v e r y 24 

7 Q u a l i t y C o n t r o l R e s u l t s - S e d i m e n t ( M E S S - 1 ) 25 

8 Q u a l i t y C o n t r o l R e s u l t s - S e d i m e n t ( B C S S - I ) 25 

9 P h y s i c a l C h a r g c t e r i z a t i o n o f Tes t S e d i m e n t s 27 

10 C h e m i c a l C h a r a c t e r i z a t i o n o f Tes t S e d i m e n t s 27 

11 R e s u l t s o f T e s t i n g - A d d i t i o n a l S e d i m e n t A n a l y s i s 29 

12 R e s u l t s o f C o m p a r a t i v e T i ssue A n a l y s i s B e t w e e n 
M . b a l t h i c a Ind iv idua ls D e p u r a t e d in C l e a n S e a w a t e r 
and Ind iv idua ls w i t h D i g e s t i v e T r a c k R e m o v e d 32 

13 M e a n +SE and R a n g e o f V a l u e s fo r 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 in M . b a l t h i c a 33 

14 S u m m a r y of O n e Way A N O V A by S i t e f o r M . b a l t h i c a 
T i ssue 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 f o r E a c h 
M o n t h S a m p l e d 35 

15 S u m m a r y of One W a y A N O V A by M o n t h fo r M . b a l t h i c a 36 
T i ssue 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 fo r E a c h T e s t S i t e 



R e l a t i v e M o r t a l i t i e s fo r M . b a l t h i c a in D i f f e r e n t 
Tes t S e d i m e n t s D u r i n g L a b o r a t o r y B i o a s s a y s 

R e s u l t s o f C o n t a m i n a n t T i ssue A n a l y s i s fo r 
R e s i d e n t B i o t a 

S u m m a r y o f One W a y A N O V A by S i t e f o r M e a n T issue 
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 f o r R e s i d e n t B i o t a 

C o m p a r i s o n o f B i o a c c u m u l a t i o n D a t a f r o m L a b o r a t o r y 
B i o a s s a y and R e s i d e n t B i o t a 



V 

S U M M A R Y 

M c G r e e r , E . R . I , R . D e v e r a l l 2 , D . R . M u n d a y l and E . G e r e n c h e r L 1984. 
D e v e l o p m e n t and e v a l u a t i o n o f a b ioassay p r o t o c o l f o r p r e d i c t i n g the 
b i o a c c u m u l a t i o n p o t e n t i a l o f s e d i m e n t - a s s o c i a t e d c o n t a m i n a n t s . R e p o r t 
p r e p a r e d fo 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 . 57 pp + 
append i x . 

Th i s s tudy rep resen ts an i n i t i a l s t e p t o w a r d s the d e v e l o p m e n t o f a b ioassay 

p r o t o c o l f o r p r e d i c t i n g b i o a c c u m u l a t i o n f r o m c o n t a m i n a t e d d redge s p o i l s . ' T h e 

s tudy c o n s i s t e d o f two d i s t i n c t phases : I) a 6 m o n t h l abo ra to r y exposure o f a 

d e p o s i t - f e e d i n g e l a m ( M a c o m a b a l t h i c a ) to c o n t a m i n a t e d tes t s e d i m e n t s , and 2) a 

f i e l d s a m p l i n g p r o g r a m to assess b i o a c c u m u l a t i o n in res iden t b i o t a f r o m the 

s a m e c o n t a m i n a t e d s i t es t e s t e d in the l a b o r a t o r y . M . b a l t h i c a was chosen as 

the tes t spec ies because i t had been p r e v i o u s l y shown to be a good i n d i c a t o r o f 

the b i o a v a i l a b i l i t y o f a numbe r o f s e d i m e n t - a s s o c i a t e d c o n t a m i n a n t s . Th is 

spec ies was c o n s i d e r e d to h a v e t he p o t e n t i a l to p r e d i c t the r e l a t i v e deg ree o f 

b i o a v a i l a b i l i t y o f c o n t a m i n a n t s to o t h e r b o t t o m - a s s o c i a t e d s p e c i e s . R e s i d e n t 

b i o t a s a m p l e d f o r c o m p a r i s o n i n c l u d e d c l a m s , p o l y c h a e t e w o r m s , f l a t f i s h (musc le 

and l i ve r ) and c r a b s . T h r e e c o n t a m i n a t e d tes t s e d i m e n t s r ep resen t i ng a d ry 

d o c k / s h i p repa i r f a c i l i t y ( V a n c o u v e r H a r b o r ) , a h e a v i l y i n d u s t r i a l i z e d e m b a y m e n t 

( F a l s e C r e e k ) , and a pu lp and paper m i l l e f f l u e n t d i s c h a r g e ( P o w e l l R i v e r ) w e r e 

used in e v a l u a t i n g the p r o t o c o l . A f o u r t h s e d i m e n t f r o m a s i t e (T ra i l Islands) 

w i t h no known sou rces o f c o n t a m i n a t i o n s e r v e d as a r e f e r e n c e . C o n t a m i n a n t s 

t es ted i nc l uded c a d m i u m , lead and p o l y c h l o r i n a t e d b ipheny l s ( P C B s ) . 

A s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e in the b i o a c c u m u l a t i o n o f c a d m i u m ^ w a s 

obse rved in the l abo ra to r y b ioassays fo r P o w e l l R i v e r s e d i m e n t . M . b a l t h i c a d id 

not show any s i g n i f i c a n t u p t a k e o f c a d m i u m f r o m any o f the o the r test 

s e d i m e n t s c o m p a r e d to the r e f e r e n c e , d e s p i t e h igh l eve l s o f c a d m i u m present in 

s o m e s e d i m e n t s . R e s u l t s o f the f i e l d s tud ies showed leve l s o f c a d m i u m in 

p o l y c h a e t e w o r m s and f l a t f i s h l i ve r to be s i g n i f i c a n t l y h igher a t the P o w e l l 

R i v e r s i t e c o m p a r e d to the r e f e r e n c e s i t e . T h u s , l a b o r a t o r y p r e d i c t i o n s ( i .e . the 

h igh deg ree o f b i o a v a i l a b i l i t y f o r c a d m i u m at the P o w e l l R i v e r s i te ) w e r e 

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

I E . V . S . C o n s u l t a n t s 

2 A S L A n a l y t i c a l S e r v i c e s L t d . 
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L e a d was b i©accumu la ted s i g n i f i c a n t l y by M . b a l t h i c a f r o m a l l tes t sed imen ts 

c o m p a r e d to the r e f e r e n c e s e d i m e n t . In t he f i e l d , p o l y c h a e t e w o r m s f r o m a l l 

tes t s i t e s , and c r a b m u s c l e f r o m the V a n c o u v e r H a r b o r s i t e showed s i g n i f i c a n t l y 

h igher c o n c e n t r a t i o n s o f l ead c o m p a r e d to the r e f e r e n c e s i t e . Thus , t he re was 

gene ra l a g r e e m e n t b e t w e e n the l a b o r a t o r y and f i e l d resu l t s w i t h respec t to l e a d . 

P C B s w e r e m e a s u r e d in the r e f e r e n c e and V a n c o u v e r H a r b o r sed imen ts o n l y . 

B o t h A r o c l o r 1254 and 1260 w e r e b i o a c c u m u l a t e d s i g n i f i c a n t l y in V a n c o u v e r 

H a r b o r c o m p a r e d to the r e f e r e n c e s e d i m e n t s in l abo ra to r y b ioassays . A n a l y s i s o f 

res iden t b i o t a showed s i g n i f i c a n t l y h igher l eve l s o f P C B s in p o l y c h a e t e w o r m s 

and in f l a t f i s h l i ve rs f r o m the V a n c o u v e r H a r b o r s i t e . Thus , l abo ra to r y 

p r e d i c t i o n s w e r e aga in c o r r o b o r a t e d by f i e l d s a m p l i n g . 

T h e l o n g - t e r m l abo ra to r y b ioassays a l so p r o v i d e d d a t a on t he c h r o n i c t o x i c i t y o f 

s o m e o f the tes t s e d i m e n t s . F o r i n s t a n c e , m o r t a l i t i e s in sed imen ts f r o m F a l s e 

C r e e k r e a c h e d 4 0 % a f t e r an exposu re p e r i o d o f 4 m o n t h s . 

O u r resu l t s showed tha t l a b o r a t o r y s e d i m e n t b ioassays us ing M . b a l t h i c a c o u l d be 

g e n e r a l l y used to p r e d i c t b i o a c c u m u l a t i o n in res iden t b i o t a f r o m the s a m e 

c o n t a m i n a t e d tes t s i t e s . Such l a b o r a t o r y s tud ies c a n be used to d e t e r m i n e the 

s u i t a b i l i t y o f so l i d was tes f o r o c e a n d isposa l w i t h r e s p e c t to b i o a c c u m u l a t i o n . 

F u r t h e r t e s t i n g to r e f i n e the p r o t o c o l is r e q u i r e d . A s p e c t s i d e n t i f i e d du r ing the 

p resen t s tudy w h i c h requ i r e a d d i t i o n a l d e v e l o p m e n t w o r k i n c l u d e : s t a n d a r d i z a t i o n 

o f f l o w ra tes and exposure t i m e s in l a b o r a t o r y b i oassays , and d e t e r m i n a t i o n o f 

the s i g n i f i c a n c e o f va r i ous l eve l s o f b i o a c c u m u l a t i o n to res iden t s p e c i e s . 
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A numbe r o f peop le c o n t r i b u t e d to the s u c c e s s f u l c o m p l e t i o n o f th is p r o j e c t . 

E . V . S . C o n s u l t a n t s w i sh to thank the S c i e n t i f i c A u t h o r i t y , H . N e l s o n and the 

m e m b e r s o f the R e g i o n a l O c e a n D u m p i n g A d v i s o r y C o m m i t t e e fo r t h e i r 

c o o p e r a t i o n and suppor t du r i ng the c o u r s e o f th is p r o j e c t . We a lso w i sh to 

a c k n o w l e d g e the a s s i s t a n c e o f the s t a f f o f the V a n c o u v e r P u b l i c A q u a r i u m and 

in p a r t i c u l a r D r . J e f f M a r l i a v e , R e s i d e n t S c i e n t i s t . 

E . V . S . C o n s u l t a n t s g r a t e f u l l y a c k n o w l e d g e the t e c h n i c a l a s s i s t a n c e o f va r i ous 

s t a f f m e m b e r s , in p a r t i c u l a r B . R e i d and D . M i t c h e l l . S p e c i a l thanks go to S. 

I rwin f o r her p a t i e n c e in w o r d p r o c e s s i n g the m a n u s c r i p t , and to M . M e e s f o r 
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INTRODUCTION 

In C a n a d a , the o c e a n d i sposa l o f d redged spo i l s i nc l ud ing c o n t a m i n a t e d 

sed imen ts and o the r s o l i d w a s t e s is r e g u l a t e d by p e r m i t under the 

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 ) , p r o m u l g a t e d on D e c e m b e r 13, 

1975 as a resu l t o f an i n t e r n a t i o n a l a g r e e m e n t under the 1972 London 

D u m p i n g C o n v e n t i o n . U n d e r the. O D C A m a x i m u m quan t i t i e s and 

c o n c e n t r a t i o n s f o r a n u m b e r o f p o t e n t i a l l y haza rdous compounds (e .g . 

c a d m i u m and m e r c u r y ) w e r e e s t a b l i s h e d . A s par t o f the p e r m i t 

g r a n t i n g p r o c e s s , the O D C A a l so s t i p u l a t e d a d d i t i o n a l f a c t o r s w h i c h 

shou ld be t aken in to a c c o u n t , i n c l u d i n g (Schedu le I I I , S e c t i o n l.f 

Subsec t i on (6)) " A c c u m u l a t i o n s and b i o t r a n s f o r m a t i o n in b i o l o g i c a l 

m a t e r i a l s o r s e d i m e n t s . " H o w e v e r , no gu ide l i nes or tes t p r o t o c o l s 

w e r e es tab l i shed f o r assess ing t he b i o l o g i c a l a c c u m u l a t i o n o f 

s e d i m e n t - a s s o c i a t e d c o n t a m i n a n t s . 

A number o f pub l i shed s tud ies r e p o r t i n g the b i o a c c u m u l a t i o n o f 

c o n t a m i n a n t s in t i ssues o f m a r i n e o rgan i sms f r o m po l l u t ed e n v i r o n 

men ts have sugges ted t ha t r e l a t i v e l y long pe r iods o f t i m e a re requ i red 

to r e a c h e q u i l i b r a t i o n b e t w e e n e n v i r o n m e n t a l and t i ssue leve ls o f 

c o n t a m i n a n t s (e .g . B r y a n , 1980; L u o m a and B r y a n , 1979; M c G r e e r e t 

a l . , 1981). H o w e v e r , we know v e r y l i t t l e abou t the l o n g - t e r m 

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

d isposed in c o n t a m i n a t e d d redge spo i l ( L e v i n g s , 1982). B ioaccumula t io r iT 

o f c o n t a m i n a n t s is o f p a r t i c u l a r c o n c e r n f r o m the s tandpo in t o f 

bu i ldup o f c o n t a m i n a n t s in a q u a t i c food c h a i n s c o n s u m e d by man 

(Wa ld ichuk and B u c h a n a n , 1980; Swiss e t a l . , 1980). 

In 1977, the U . S . E n v i r o n m e n t a l P r o t e c t i o n A g e n c y ( E P A ) / C o r p s o f 

E n g i n e e r s ( C O E ) T e c h n i c a l C o m m i t t e e on C r i t e r i a fo r D r e d g e d and 

F i l l M a t e r i a l d e v e l o p e d the f i r s t s e d i m e n t b ioassay i m p l e m e n t a t i o n 

m a n u a l ( E P A / C O E , 1977). P o t e n t i a l b i o a v a i l a b i l i t y , or lack t he reo f , 

was assessed by a n a l y z i n g b ioassay o r g a n i s m s a f t e r a 10 day exposure 

p e r i o d . N o c l a i m s w e r e m a d e w i t h rega rd to r e l a t i n g the 

c o n c e n t r a t i o n s o f c o n t a m i n a n t s in t i ssues w i t h poss ib le leve ls r e s u l t i n g 
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a f t e r l o n g - t e r m e x p o s u r e s . Subsequen t l y , s c i e n t i f i c r esea rch and 

e n v i r o n m e n t a l l e g i s l a t i o n h a v e i n d i c a t e d tha t no adequa te c h e m i c a l 

a n a l y t i c a l t e c h n i q u e is p r e s e n t l y a v a i l a b l e w h i c h c a n r e l i a b l y p r e d i c t 

the a v a i l a b i l i t y o f c o n t a m i n a n t s to b i o t a ( B r y a n , 1980; F e d e r a l 

R e g i s t e r , 1980). T h e r e f o r e , the mos t d i r e c t a p p r o a c h to assess ing 

b i o a c c u m u l a t i o n p o t e n t i a l a t p resen t is t h rough the use o f su i t ab l y 

des igned b ioassay t e s t s . 

T h e p resen t s tudy was des igned to d e v e l o p and e v a l u a t e a l abo ra to r y 

b ioassay w h i c h c o u l d be used to assess the b i o a c c u m u l a t i o n p o t e n t i a l 

o f s e d i m e n t - a s s o c i a t e d c o n t a m i n a n t s fo r the purposes o f r egu la t i ng 

b i o a c c u m u l a t i o n under the O D C A . E m p h a s i s was p l a c e d on the 

d e v e l o p m e n t o f a l a b o r a t o r y b ioassay i n v o l v i n g l o n g - t e r m exposure (up 

to 6 months) to assess b i o a c c u m u l a t i o n o f c a d m i u m , lead and P C B s . 

E v a l u a t i o n o f t he p r o t o c o l was c a r r i e d ou t by c o m p a r i n g l abo ra to r y 

resu l t s w i t h b i o a c c u m u l a t i o n in t i ssues o f res iden t b i o t a f r o m the 

s a m e c o n t a m i n a t e d s i t e s t e s t e d under l a b o r a t o r y c o n d i t i o n s . A 

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

c o n t a m i n a n t f r o m a tes t s i t e c o m p a r e d to the r e f e r e n c e s e d i m e n t in 

the l a b o r a t o r y w a s i n t e r p r e t e d as an i n d i c a t i o n o f p o t e n t i a l 

b i o a c c u m u l a t i o n . R e s i d e n t b i o t a f r o m the s a m e s i t es t e s t e d in the 

l abo ra to r y w e r e then a n a l y z e d to assess w h e t h e r t hey had a c c u m u l a t e d 

s i g n i f i c a n t l eve l s o f c o n t a m i n a n t s c o m p a r e d to the r e f e r e n c e l o c a t i o n . 

C o r r o b o r a t i o n o f the l a b o r a t o r y b ioassay p r e d i c t i o n s in the f i e l d 

s a m p l i n g was t aken as v e r i f i c a t i o n o f the a b i l i t y o f the l a b o r a t o r y 

tes t to s u c c e s s f u l l y p r e d i c t l o n g - t e r m b i o a c c u m u l a t i o n in the 

e n v i r o n m e n t . 

S tudy R a t i o n a l e 

C h o i c e of Tes t S p e c i e s 

It is w i d e l y r e c o g n i z e d tha t c e r t a i n m a r i n e s p e c i e s regu la te l eve l s o f 

p a r t i c u l a r e n v i r o n m e n t a l c o n t a m i n a n t s in t he i r t i ssues b e t t e r than 

o t h e r s ( i .e . n o n - r e g u l a t o r s ) . Those s p e c i e s w h i c h do not r e g u l a t e a 

p a r t i c u l a r c o n t a m i n a n t a r e ones in w h i c h h igher c o n c e n t r a t i o n s a re 
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m a n i f e s t , and w h i c h a r e c o n s i d e r e d to be good " ind ica tors ' o f 

b i o a c c u m u l a t i o n p o t e n t i a l ( B r y a n , 1980; P h i l l i p s , 1977). S p e c i e s used 

as b i o a c c u m u l a t i o n i n d i c a t o r s shou ld be n o n - r e g u l a t o r s o f the 

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

r e c o g n i z e d , r e l a t i v e l y s t a t i o n a r y , and a v a i l a b l e a t a l l t i m e s o f the 

y e a r . The b i v a l v e M a c o m a b a l t h i c a is one s p e c i e s w h i c h f i t s these 

r e q u i r e m e n t s and was chosen as the tes t spec ies fo r th is s tudy . M . 

b a l t h i c a is a d e p o s i t - f e e d e r w h i c h feeds p r i m a r i l y on s e d i m e n t 

p a r t i c l e s ( c o m p a r e d to p a r t i c u l a t e s suspended in t he w a t e r c o l u m n ) , 

and has been used e x t e n s i v e l y in l a b o r a t o r y and f i e l d b i o a c c u m u l a t i o n 

s tud ies w i t h c o n t a m i n a t e d s e d i m e n t s (e .g . L u o m a and J e n n e , 1977; 

B r y a n and H u m m e r s t o n e , 1977; M c G r e e r e t a l . , 1981; R d y et a l . , 

1981). M . b a l t h i c a is a lso c i r c u m - p o | a r in i ts d i s t r i bu t i on and is found 

on a l l t h r e e C a n a d i a n c o a s t s i n c l u d i n g t he A r c t i c . Thus , d e v e l o p m e n t 

o f a s u c c e s s f u l b ioassay p r o t o c o l f o r assess ing b i o a c c u m u l a t i o n 

p o t e n t i a l us ing th i s s p e c i e s c o u l d b e a p p l i e d C a n a d a w i d e . 

F i e l d s p e c i e s f o r ana l ys i s w e r e chosen based on s e v e r a l c o n s i d e r a t i o n s . 

B e n t h i c i n f auna (po l ychae tes and c l a m s ) w e r e s e l e c t e d because o f 

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

b i o a c c u m u l a t e c o n t a m i n a n t s f r o m th is s o u r c e . Idea l ly , i t wou ld have 

been d e s i r a b l e to c o l l e c t M . b a l t h i c a f r o m e a c h l o c a t i o n fo r 

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

and the d e p t h d i s t r i b u t i o n o f th is s p e c i e s m a d e th is i m p r a c t i c a b l e . 

E n g l i s h so le (Pa roph rys ve tu lus ) w e r e c o l l e c t e d for ana l ys i s w h e r e 

poss ib l e , because o f i t s b r o a d d i s t r i b u t i o n in l oca l w a t e r s and because 

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

s e d i m e n t s . H o w e v e r , no E n g l i s h so le w e r e c a p t u r e d in r epea ted t r a w l s 

f r o m one tes t s i t e nea r a pu lp and paper m i l l e f f l u e n t d i s c h a r g e . The 

B u t t e r so le ( Isopset ta i so lep i s ) , w h i c h w a s abundant a t th i s s i t e , w a s 

used ins tead fo r assess ing b i o a c c u m u l a t i o n a t th i s one s i t e . 
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1.1.2 E x p e r i m e n t a l D e s i g n 

The s tudy c o n s i s t e d o f two s e p a r a t e phases : 

1. a 6 m o n t h l a b o r a t o r y exposu re o f M . b a l t h i c a to two types o f 

c o n t a m i n a t e d s e d i m e n t and a r e f e r e n c e (uncon tamina ted ) sed imen t 

2 . a f i e l d s a m p l i n g p r o g r a m to assess b i o a c c u m u l a t i o n in res iden t 

b i o t a f r o m the s a m e s i t e s used in the l abo ra to r y t e s t i n g . 

In d e v e l o p i n g the b ioassay p r o t o c o l , i t was d e s i r a b l e to use 

c o n t a m i n a t e d s e d i m e n t s r ep resen t i ng s e v e r a l d i f f e r e n t t y p e s {of 

p o l l u t i o n sou rces n o r m a l l y e n c o u n t e r e d in p r o c e s s i n g o c e a n dump ing 

p e r m i t s in the P a c i f i c R e g i o n . T w o c o n t a m i n a t e d s i t es w e r e chosen 

rep resen t i ng spo i l s f r o m a d ry d o c k / s h i p r e p a i r f a c i l i t y (Vancouve r 

H a r b o r ) and an i n d u s t r i a l i z e d e m b a y m e n t ( F a l s e C r e e k ) . Sed imen ts 

f r o m a s i t e near a pu lp and paper m i l l d i s c h a r g e w e r e a l so i nc luded 

as f r equen t d redg ing and o c e a n dump ing o f these s e d i m e n t s o c c u r s in 

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

w i t h no known p o l l u t i o n s o u r c e s , l o c a t e d on the S e c h e l t C o a s t (T ra i l 

Is lands). 

I n i t i a l l y , two a d d i t i o n a l c o n t a m i n a t e d s i t e s r ep resen t i ng a pu lp m i l l 

d i s c h a r g e (Wood-fibre) and an abandoned m i n e ta i l i ngs d isposa l s i t e 

(Wat ts P o i n t ) w e r e to have been t e s t e d . H o w e v e r , a n o x i c cond i t i ons 

w e r e e n c o u n t e r e d in the f jo rd ( H o w e Sound) in w h i c h these s i tes w e r e 

l o c a t e d , and no l i ve o rgan i sms w e r e c a p t u r e d in t r a w l s , ben th i c g rabs 

or b a i t e d t r a p s . In a d d i t i o n , s e d i m e n t s c o l l e c t e d f r o m these l oca t i ons 

sme l ted s t r ong l y o f hyd rogen s u l f i d e and w e r e unsu i t ab le fo r use in 

the l abo ra to r y p o r t i o n o f t he e x p e r i m e n t . 

The R e g i o n a l O c e a n D u m p i n g A d v i s o r y C o m m i t t e e ( R O D A C ) exp ressed 

a s t r ong des i r e to i n c l u d e s e d i m e n t s f r o m a t leas t one pu lp and paper 

m i l l s i t e in the p resen t s tudy due to c o n c e r n s ove r h igh c a d m i u m 

leve l s w h i c h have been found in s e d i m e n t s a t s e v e r a l m i l l s i t es (e .g . 

S u l l i v a n , 1982). To a c c o m m o d a t e th is r e q u i r e m e n t , res iden t b i o t a 



w e r e s a m p l e d a t P o w e l l R i v e r , B . C . a d j a c e n t to a pu lp and paper m i l l 

e f f l u e n t d i s c h a r g e and r e l e v a n t t i ssue c o n t a m i n a n t l eve ls d e t e r m i n e d . 

These d a t a w e r e then c o m p a r e d w i t h resu l t s f r o m a r e c e n t l y 

c o m p l e t e d 6 m o n t h l a b o r a t o r y b i o a c c u m u l a t i o n e x p e r i m e n t w i t h M . 

b a l t h i c a us ing P o w e l l R i v e r s e d i m e n t s ( M c G r e e r and R e i d , 1984) fo r 

e v a l u a t i o n purposes w i t h r e s p e c t to d e v e l o p m e n t o f the p r o t o c o l . 

F o r the l abo ra to r y phase , the l eve l o f b i o a c c u m u l a t i o n in M . b a l t h i c a 

fo r e a c h c o n t a m i n a n t in e a c h c o n t a m i n a t e d tes t sed imen t was 

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

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

c o n t a m i n a n t and tes t s e d i m e n t w e r e " r e d f l a g g e d " as havirtg a h igh 

b i o a c c u m u l a t i o n p o t e n t i a l . T h e m o n t h a t w h i c h a s t a t i s t i c a l l y 

s i g n i f i c a n t d i f f e r e n c e f i r s t b e c a m e appa ren t i n d i c a t e d the m i n i m u m 

exposu re t i m e fo r t he l a b o r a t o r y b i o a s s a y . A h y p o t h e t i c a l e x a m p l e 

o f l abo ra to r y resu l t s and t h e i r i n t e r p r e t a t i o n a r e i l l u s t r a t e d b e l o w . 

k months = significant difference 

2 months = significant difference 

I month = no difference 

Reference Test Sediment ff\ Test Sediment til 

1 month = no difference 

2 months = no difference 

k months = no difference 

Example of Laboratory Test Results with Contaminant X 

T h e resu l ts i l l u s t r a t e d a b o v e fo r h y p o t h e t i c a l c o n t a m i n a n t X wou ld be 

i n t e r p r e t e d as i n d i c a t i n g a h igh po ten t i a l f o r b i o a c c u m u l a t i o n o f th is 

c o m p o u n d f r o m s e d i m e n t #1. S e d i m e n t f r o m th is s i t e wou ld thus be 

" r e d f l a g g e d " as a c o n c e r n w i t h r e s p e c t to poss ib le b i o a c c u m u l a t i o n o f 



c o n t a m i n a n t X i f o c e a n d u m p e d . B y c o m p a r i s o n , s e d i m e n t f r o m s i t e 

#2 does not show a h igh b i o a c c u m u l a t i o n p o t e n t i a l f o r c o n t a m i n a n t X . 

The resu l t s a l so i n d i c a t e tha t a l a b o r a t o r y exposu re t i m e o f a t least 

t w o mon ths is r e q u i r e d to assess t he b i o a c c u m u l a t i o n p o t e n t i a l o f th is 

c h e m i c a l . 

T o v e r i f y t he l a b o r a t o r y b i oassays , resu l t s f r o m f i e l d s a m p l i n g o f 

res iden t b i o t a w e r e c o m p a r e d in a s i m i l a r m a n n e r . Tha t i s , t i ssue 

l eve l s a t c o n t a m i n a t e d tes t s i t e s w e r e c o m p a r e d s t a t i s t i c a l l y w i t h 

t i ssue va lues in b i o t a f r o m the r e f e r e n c e s i t e . S e v e r a l d i f f e r e n t t ypes 

o f b i o t a and t i ssue w e r e c o m p a r e d . A n i l l u s t r a t i o n o f how d a t a f r o m 

the f i e l d p o r t i o n o f the s tudy was t r e a t e d is shown b e l o w . * 

Crab, muscle = no difference 

Flatfish liver = significant difference 

Flatfish muscle = no difference 

Reference Site Test Site tfl Test Site #2 

Flatfish muscle = no difference 

Flatfish liver = no difference 

Infauna = no difference 

Crab muscle = rib difference 

Example of Results from Analysis of 

Resident Biota for Contaminant X^ 

In the above h y p o t h e t i c a l e x a m p l e , i n fauna and f l a t f i s h l i ve r w e r e 

found to have b i o a c c u m u l a t e d s i g n i f i c a n t l y h igher l eve ls o f 

c o n t a m i n a n t X a t S i t e / / I . T h e f i e l d resu l t s a lso suggest tha t f l a t f i s h 

and c r a b m u s c l e a r e not a c c u m u l a t i o n s i tes fo r c o n t a m i n a n t X . 
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A c o m p a r i s o n of l a b o r a t o r y w i t h the f i e l d resu l t s shows that the 

p o t e n t i a l f o r b i o a c c u m u l a t i o n o f X i d e n t i f i e d in the l abo ra to ry 

b ioassays fo r s e d i m e n t s #1 was c o n f i r m e d by the h igher l eve ls in 

res iden t b i o t a c o l l e c t e d f r o m th is s i t e . 

In our e x a m p l e , the f i e l d resu l t s c o r r o b o r a t e d the p red i c t i ons of the 

l abo ra to r y b ioassay w i t h r e s p e c t to c o n t a m i n a n t X , and the l abo ra to ry 

b ioassay wou ld be c o n s i d e r e d to be v e r i f i e d . A p ro toco l us ing a 

t w o - m o n t h l abo ra to r y exposu re w o u l d be r e c o m m e n d e d fo r t es t i ng o f 

f u t u re s e d i m e n t s f o r th is c o n t a m i n a n t . 

1.1.3 E x t r a p o l a t i o n o f L a b o r a t o r y T e s t R e s u l t s 

to R e s i d e n t B i o t a 

A ma jo r a s s u m p t i o n in the adop t i on o f the s tudy des ign w i t h M . 

b a l t h i c a was tha t b i o a c c u m u l a t i o n resu l t s w i t h th is spec ies c o u l d be 

used to p r e d i c t b i o a c c u m u l a t i o n in o t h e r n o n - r e g u l a t o r spec ies in the 

f i e l d . Th is a s s u m p t i o n was t e s t e d in the p resen t s tudy w i t h t h ree 

groups o f o r g a n i s m s ( p o l y c h a e t e w o r m s , c r a b s , so le ) . H o w e v e r , 

add i t i ona l t e s t i n g w o u l d be r e q u i r e d to c o m p l e t e l y v e r i f y t h i s 

hypo thes i s . D i f f e r e n t a n i m a l g roups (e .g . p o l y c h a e t e w o r m s , c l a m s , 

f l a t f i s h , c rabs ) h a v e , in g e n e r a l , been shown to be good 

b i o a c c u m u l a t i o n i n d i c a t o r s o f s e d i m e n t - a s s o c i a t e d c o n t a m i n a n t s (Duke 

et a l . , 1970; K o n a s e w i c h et a l . , 1982). 

2.0 M E T H O D S 

2.1 F i e l d C o l l e c t i o n s 

2.1.1 S e d i m e n t s 

Sed imen ts f r o m the F a l s e C r e e k ( F C ) , V a n c o u v e r H a r b o r (VH) and 

T r a i l Islands ( R E F ) s i t e w e r e c o l l e c t e d us ing a V a n V e e n g r a b . 

C o l l e c t i o n s in F a l s e C r e e k w e r e made a p p r o x i m a t e l y 300 m o f f s h o r e 

o f Ond ine 's M a r i n a , on the no r th sho re o f F a l s e C r e e k . Th is s i t e is 

just wes t o f the C a m b i e S t r e e t B r i d g e w h i c h d i v i d e s F a l s e C r e e k in to 
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eas t and wes t bas ins . S a m p l e s in V a n c o u v e r H a r b o r w e r e c o l l e c t e d a t 

a d redge spo i l d i sposa l s i t e on the sou th sho re o f B u r r a r d Inlet , near 

the foo t o f G r a n v i l l e S t r e e t . T h e s a m p l e s w e r e t a k e n in a s m a l l bay 

i m m e d i a t e l y eas t o f the Seabus t e r m i n a l . Th is s i t e had r e c e n t l y 

r e c e i v e d d redged m a t e r i a l f r o m C a t e s T o w i n g l o c a t e d in N o r t h 

V a n c o u v e r . W a t e r dep th a t b o t h the V a n c o u v e r H a r b o r and F a l s e 

C r e e k s i t es w a s a p p r o x i m a t e l y 9 m , and 30 m a t T r a i l Islands a t h igh 

t i d e . S e d i m e n t s w e r e p l a c e d in 5 -ga l l on p o l y e t h y l e n e b u c k e t s w h i c h 

had been p r e - c l e a n e d w i t h d i l u t e H C I and r i nsed w i t h d i s t i l l e d w a t e r . 

O n l y s e d i m e n t s w h i c h had not c o m e in to c o n t a c t w i t h the o u t e r s tee l 

w a l l s o f the s a m p l e r w e r e r e t a i n e d . 

Subsamp les o f e a c h s e d i m e n t w e r e p l a c e d in c l e a n p l a s t i c W h i r l p a k 

bags and f r o z e n fo r l a t e r a n a l y s i s o f p h y s i c a l c h a r a c t e r i s t i c s and 

m e t a l c o n t e n t . S u b s a m p l e s f o r a n a l y s i s o f p o l y c h l o r i n a t e d b ipheny ls 

w e r e w r a p p e d in p r e - t r e a t e d ( h e x a n e / a c e t o n e ) a l u m i n u m fo i l p r i o r to 

be ing f r o z e n . 

S e a w a t e r 

Samp les o f s e a w a t e r f r o m n e a r - b o t t o m w e r e c o l l e c t e d w i t h a V a n 

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

d i l u t e H C I and d i s t i l l e d w a t e r p r i o r to c o l l e c t i o n o f e a c h s a m p l e fo r 

m e t a l s a n a l y s i s . C o n t e n t s o f t he s a m p l e r w e r e s iphoned d i r e c t l y i n to 

p r e v i o u s l y c l e a n e d p o l y e t h y l e n e s a m p l e s t o r a g e b o t t l e s supp l i ed by t he ; 

a n a l y t i c a l s u b - c o n s u l t a n t . S e p a r a t e s a m p l e s f o r P C B ana l ys i s w e r e 

c o l l e c t e d w i t h a s e c o n d V a n D o r n s a m p l e r w h i c h had been r insed w i t h 

h e x a n e / a c e t o n e . S a m p l e s w e r e s t o r e d in p r e v i o u s l y c l e a n e d g lass 

s a m p l e s t o r a g e b o t t l e s . 

M g c o m a b a l t h i c a 

C l a m s ( M a c o m a b a l t h i c a ) w e r e c o l l e c t e d f r o m R o b e r t s Bank in the 

F r a s e r R i v e r e s t u a r y . C o l l e c t i o n s w e r e m a d e du r ing pe r iods o f low 

t i de in J a n u a r y and F e b r u a r y , 1982. S e d i m e n t s c o n t a i n i n g M . b a l t h i c a 

w e r e s i e v e d th rough a 4 m m s c r e e n and c l a m s g r e a t e r t han 5 m m in 
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l eng th w e r e r e t a i n e d fo r use in the l a b o r a t o r y t e s t s . A p p r o x i m a t e l y 

4000 c l a m s w e r e c o l l e c t e d fo r t he l abo ra to r y b i oassays . C l a m s w e r e 

t r a n s p o r t e d to the l a b o r a t o r y in p o l y p r o p y l e n e c o n t a i n e r s w h i c h had 

been p r e - t r e a t e d w i t h d i l u t e n i t r i c a c i d and r i nsed w i t h d i s t i l l e d 

w a t e r . C l a m s w e r e m a i n t a i n e d in the l a b o r a t o r y in c o n t a i n e r s w i t h 

s e d i m e n t f r o m the c o l l e c t i o n s i t e and c o v e r e d by s e a w a t e r (27 ppt 

s a l i n i t y ) f r o m B u r r a r d In le t . A e r a t i o n w a s supp l i ed to e a c h c o n t a i n e r 

t h rough a s i ng le a i r s t o n e . C l a m s w e r e he ld f r o m 2-4 w e e k s b e f o r e 

t he s t a r t o f the s i x - m o n t h b i o a c c u m u l a t i o n e x p e r i m e n t s . S e a w a t e r 

was r e p l a c e d e v e r y 48 h du r i ng t he ho ld ing p e r i o d . 

2.1.4 R e s i d e n t B i o t a 

2.1.4.1 „ B e n t h i c In fauna 

S e d i m e n t s a t e a c h tes t s i t e w e r e c o l l e c t e d by V a n V e e n (T ra i l Is lands, 

V a n c o u v e r H a r b o r , F a l s e C r e e k ) o r S m i t h - M c l n t y r e ( P o w e l l R i v e r ) g rab 

and s i e v e d onboa rd to c o l l e c t res iden t i n fauna l s p e c i e s . A p p r o x i m a t e l y 

f i v e g rabs w e r e r e q u i r e d a t the T r a i l Is lands and P o w e l l R i v e r s i t es to 

o b t a i n s u f f i c i e n t q u a n t i t i e s o f t i ssues fo r a n a l y s i s . In c o n t r a s t , o v e r 

30 g rabs w e r e r e q u i r e d to c o l l e c t t he m i n i m u m a m o u n t o f i n f auna 

f r o m the V a n c o u v e r H a r b o r and F a l s e C r e e k s i t e s . In a d d i t i o n , 

s e d i m e n t s f r o m the V a n c o u v e r H a r b o r s i t e w e r e s a m p l e d by S C U B A 

d i v e r s us ing a hand h e l d s u c t i o n pump w h i c h passed the 

s e d i m e n t / s e a w a t e r s l u r r y t h rough a 2 m m s c r e e n to c o l l e c t i n f a u n a . 

P o l y c h a e t e w o r m s ( m i x e d spec ies ) w e r e the m a j o r f auna a t a l l s i t es 

and w e r e used f o r t i ssue a n a l y s i s . S u f f i c i e n t n u m b e r s o f c l a m s (of 

any spec ies ) f o r ana l ys i s w e r e found o n l y a t the R e f e r e n c e s i t e . 

A l l s p e c i m e n s w e r e d e p u r a t e d in a m b i e n t s e a w a t e r f r o m the c o l l e c t i o n 

s i t e f o r 24 h to c l e a r gu t c o n t e n t s o f s e d i m e n t s p r io r to be ing f r o z e n 

and he ld f o r c h e m i c a l a n a l y s i s . T i s s u e s a m p l e s fo r m e t a l s w e r e 

p l a c e d in c l e a n p l a s t i c W h i r l p a k bags . S a m p l e s fo r P C B ana l ys i s w e r e 

w r a p p e d in p r e - t r e a t e d a l u m i n u m f o i l . 
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2.1 .4 .2 F l a t f i s h 

B o t t o m (o t ter ) t r a w l s a m p l i n g w a s unde r t aken to c o l l e c t d e m e r s a l 

f l a t f i s h a t e a c h tes t s i t e f o r t i ssue a n a l y s i s . T h e o t t e r t r a w l used in 

th is s tudy was a s c a l e d - d o w n v e r s i o n o f o t t e r t r a w l s used fo r 

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

a p p r o x i m a t e l y 25 c m x 50 c m . When d e p l o y e d , the boards ensure a 

gape open ing o f 3 m x 0.5 m . T h e m e s h in t he body o f the t r a w l 

ne t is a p p r o x i m a t e l y 2.0 c m on t he s t r e t c h . T h e c o d end m e s h is 

a p p r o x i m a t e l y 1.0 c m o n t h e s t r e t c h . T h e ne t w a s dep loyed f r o m the 

s te rn o f the t o w i n g v e s s e l . When the- t r a w l was obse rved to be 

p rope r l y f i l l e d o u t , i t w a s l o w e r e d to t he b o t t o m un t i l a ra t fo o f 3 to 

I t ow l ine to d e p t h w a s a c h i e v e d . T h e n e t , o n c e a t d e p t h , was t o w e d 

f o r 10 m i n u t e s a t a hu l l speed o f a p p r o x i m a t e l y 2.0 k n o t s . U p o n 

c o m p l e t i o n o f one t r a w l , the ne t was r e t r i e v e d , and the c a t c h e m p t i e d 

in to a la rge c o n t a i n e r ha l f f i l l e d w i t h s e a w a t e r . F i s h c o l l e c t e d w e r e 

then i d e n t i f i e d to s p e c i e s l e v e l . P o l y c h a e t e s w e r e s o r t e d but not 

i d e n t i f i e d . 

A m i n i m u m o f 10 i n d i v i d u a l s o f the p r e f e r r e d s p e c i e s o f so le P . 

ve tu l us f o r t i ssue a n a l y s e s w e r e s e p a r a t e d ou t and p l a c e d in 

a p p r o p r i a t e c o n t a i n e r s . A s th i s spec ies w a s no t found a t t he P o w e l l 

R i v e r tes t s i t e , a second s p e c i e s , J . i s o l e p i s , was r e t a i n e d fo r t i ssue 

a n a l y s i s . A l l s a m p l e s " w e r e f r o z e n w h o l e onboa rd f o r subsequent 

d i s s e c t i o n under c l e a n r o o m c o n d i t i o n s . P r i o r to f r e e z i n g , s p e c i m e n s 

f o r m e t a l a n a l y s i s w e r e w r a p p e d in c l e a n p o l y e t h y l e n e bags and those 

f o r P C B s in p r e - t r e a t e d a l u m i n u m f o i l . 

2 .1 .4 .3 C r a b s 

C r a b s ( C a n c e r m a g i s t e r ) f o r t i ssue ana l yses w e r e ob ta i ned w i t h the 

o t t e r t r a w l and w i t h b a i t e d c r a b t r aps w h i c h w e r e f i shed fo r 5-24 h. 

A t the R e f e r e n c e s i t e c r a b s w e r e a l so caugh t by S C U B A d i v e r . Those 

i nd i v idua l s s e l e c t e d fo r o r g a n i c c o n t a m i n a n t a n a l y s e s w e r e w r a p p e d in 

p r e p a r e d a l u m i n u m fo i l and those fo r m e t a l ana l yses in c l e a n 

p o l y e t h y l e n e bags . 
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2.2 L a b o r a t o r y M e t h o d s 

T h e s i x m o n t h l a b o r a t o r y p o r t i o n o f the s tudy was c o n d u c t e d in 

f a c i l i t i e s p r o v i d e d by t he V a n c o u v e r P u b l i c A q u a r i u m , S t a n l e y P a r k , 

V a n c o u v e r , B . C . The V a n c o u v e r P u b l i c A q u a r i u m d raws s e a w a t e r a t a 

dep th o f a p p r o x i m a t e l y 8 m f r o m B u r r a r d In let . T h e s e a w a t e r is 

passed th rough a s a n d - f i l t r a t i o n un i t b e f o r e be i ng d i s t r i b u t e d w i t h i n 

the f a c i l i t y . 

2.2.1 B i o a c c u m u l a t i o n S t u d i e s 

S i x m o n t h c o n t i n u o u s - f l o w b ioassays w e r e c o n d u c t e d in s i x ( i .e . t w o 

t r ays pe r tes t s e d i m e n t ) 65 L p o l y p r o p y l e n e t r a y s (d imens ions 90 x 60 

x 12 c m ) . T e s t s w e r e c o n d u c t e d at I0+2oC under 10 h l i g h t / 1 4 h 

da rk p h o t o p e r i o d c o n d i t i o n s . T h e l a b o r a t o r y a r e a was s e a l e d w i t h 

p l a s t i c and equ ipped w i t h a w a l l m o u n t e d a i r f i l t r a t i o n un i t . E n t r y to 

the f a c i l i t y w a s r e s t r i c t e d to one d o o r w a y w h i c h was s e a l e d w i t h 

v e l c r o t a p e a l o n g a l l s i d e s . P r i o r to s t a r t - u p o f t he t e s t , a l l t r a y s , 

l ids and p l a s t i c w a r e w e r e p r e - s o a k e d in 5 % n i t r i c a c i d f o r 48 h, t hen 

r i nsed t w i c e w i t h d i s t i l l e d w a t e r , and c l e a n s e a w a t e r . 

T h e b i o a c c u m u l a t i o n e x p e r i m e n t was i n i t i a t e d by p l a c i n g 20 L o f one 

t y p e o f w e l l - m i x e d tes t s e d i m e n t in e a c h t r a y to a dep th o f 5 c m . 

S e d i m e n t s w e r e m i x e d by s t i r r i n g s m a l l e r a m o u n t s t ho rough l y in 

s e p a r a t e b u c k e t s b e f o r e p l a c i n g in the e x p e r i m a n t a l t r a y s . S e a w a t e r 

was then i n t r o d u c e d i n to , e a c h t r a y a t a r a t e o f a p p r o x i m a t e l y 60 

m L / m i n . The t o t a l v o l u m e o f s e d i m e n t and s e a w a t e r was 60 L ( i .e . a 

r a t i o o f s e d i m e n t : w a t e r o f 1:2). S e a w a t e r w a s d i s t r i b u t e d a t a n equa l 

r a t e to e a c h t r a y f r o m a p o l y e t h y l e n e header t ank . T h e l eve l o f 

d i sso l ved o x y g e n was m a i n t a i n e d at a i r s a t u r a t i o n by a e r a t i o n th rough 

t w o a i r s t ones in e a c h t r a y . E a c h t r a y was c o v e r e d w i t h a p l ex i g l ass 

p l a t e du r i ng t h e e x p e r i m e n t to m i n i m i z e poss ib le a i r b o r n e 

c o n t a m i n a t i o n . C l a m s ( a p p r o x i m a t e l y 300 per t r a y ) w e r e a p p o r t i o n e d 

to e a c h t r a y a t the s t a r t o f the e x p e r i m e n t . Ind iv idua ls w e r e sp re ad 

u n i f o r m l y on the s u r f a c e o f the s e d i m e n t w i t h i n e a c h t r a y . 
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2.2.2 E x p e r i m e n t a l S a m p l i n g 

C a r e w a s t a k e n d u r i n g a l l s tages o f the e x p e r i m e n t a l s a m p l i n g to 

ensure tha t s a m p l e s w e r e not c o n t a m i n a t e d . Th i s was e s p e c i a l l y 

i m p o r t a n t f o r l ead in s e a w a t e r f o r w h i c h o rde r o f magn i t ude e r r o r s 

c a n be i n t r o d u c e d d u r i n g s a m p l i n g and hand l ing p rocedu res ( P a t t e r s o n 

et a l . , 1976). 

S e a w a t e r was w i t h d r a w n a f t e r 24 h, I, 2 , 4 and 6 mon ths f r o m e a c h 

t r a y f o r a n a l y s i s o f d i s s o l v e d c a d m i u m , lead and P C B s . Inlet 

s e a w a t e r to the heade r t ank was a l so s a m p l e d p r io r to s t a r t - u p and 

a f t e r I, 2 , 4 a n d 6 m o n t h s . S e a w a t e r s a m p l e s w e r e w i t h d r a w n 

a p p r o x i m a t e l y I c m a b o v e t he s e d i m e n t i n t e r f a c e us ing p r e - c l e a n e d 

p o l y e t h y l e n e t u b i n g f i x e d to a " T " ba r w h i c h res ted on t he s ides o f 

the t r a y . T h i s t e c h n i q u e m i n i m i z e d s e d i m e n t d i s t u rbance w h i l e 

s a m p l i n g , and ensu red t ha t s a m p l e s w e r e c o l l e c t e d a t the s a m e 

d i s t a n c e a b o v e t he s e d i m e n t on e a c h o c c a s i o n . S e p a r a t e lengths o f 

t ub ing p r e - r i n s e d w i t h d i l u t e n i t r i c a c i d and d i s t i l l e d w a t e r w e r e used 

fo r e a c h t r a y to p r e v e n t c r o s s - c o n t a m i n a t i o n . A n i n i t i a l 200 ml_ 

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

c l e a n s e the t u b i n g . T w o I L s a m p l e s w e r e w i t h d r a w n for e a c h o f the 

m e t a l s and P C B a n a l y s i s . S a m p l e s fo r m e t a l s ana l ys i s w e r e s t o r e d in 

a c i d - c l e a n e d p o l y e t h y l e n e b o t t l e s . S a m p l e s fo r P C B ana lys i s w e r e 

s to red in g lass b o t t l e s p r e - c l e a n e d w i t h h e x a n e / a c e t o n e . T h e 

u n f i l t e r e d s a m p l e s w e r e d e l i v e r e d to the a n a l y t i c a l l abo ra to r y w i t h i n 

t h r e e hours o f c o l l e c t i o n and i m m e d i a t e l y f i l t e r e d and e x t r a c t e d under 

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

A f t e r w a t e r s a m p l e s w e r e c o l l e c t e d , d i sso l ved o x y g e n (YSI M o d e l 57) , 

p H ( C O R N I N G M o d e l 61 O A ) , s a l i n i t y and t e m p e r a t u r e (YSI M o d e l 33) 

w e r e r e c o r d e d . T h e s e p a r a m e t e r s w e r e m o n i t o r e d w e e k l y in e a c h tes t 

t r a y . 
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R e d u c t i o n / o x i d a t i o n p o t e n t i a l (Eh) o f the s e d i m e n t s was a lso m e a s u r e d 

m o n t h l y to p r o v i d e an i n d i c a t i o n o f poss ib le changes in tes t 

s e d i m e n t s . M e a s u r e m e n t s w e r e m a d e w i t h an O r i o n p o r t a b l e m e t e r 

equ ipped w i t h a c o m b i n e d r e f e r e n c e / p l a t i n u m e l e c t r o d e . The c o m b i n e d 

e l e c t r o d e is f a c t o r y - s e a l e d a n d c a l i b r a t i o n is c a r r i e d ou t by a t h r e e 

w a y tes t sequence ( z e r o , s l o p e , m a x i m u m ou tpu t ) . 

O n e a c h s a m p l i n g o c c a s i o n , a p p r o x i m a t e l y 50 c l a m s w e r e r e m o v e d f o r 

e a c h r e p l i c a t e t i ssue a n a l y s i s . A s u f f i c i e n t a m o u n t of s e d i m e n t was 

scooped ou t o f e a c h t r a y w i t h a p l a s t i c t r o w e l to y i e l d the requ i red 

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

o c c a s i o n fo r e a c h c o n t a m i n a n t . C l a m s w e r e d e p u r a t e d « i n c l e a n 

s e a w a t e r f o r 48 h in p r e - c l e a n e d p o l y p r o p y l e n e tubs then f r o z e n in 

doub le sea led p l a s t i c bags p r i o r to a n a l y s i s . T h e e f f e c t i v e n e s s o f the 

48 h d e p u r a t i o n p e r i o d w a s assessed by c o m p a r i n g a g roup o f 

d e p u r a t e d c l a m s w i t h a g roup f r o m w h i c h the d i g e s t i v e t r a c t had been 

r e m o v e d . 

2.2.3 D i s s e c t i o n s o f R e s i d e n t B i o t a and C l a m s 

S a m p l e s o f b i o t a w e r e p a r t i a l l y t h a w e d p r i o r to be i ng d i s s e c t e d . A l l 

d i s sec t i ons w e r e c a r r i e d ou t under c l e a n r o o m c o n d i t i o n s . T i ssue 

d i ssec t i ons w e r e p e r f o r m e d us ing p r e - c l e a n e d p l a s t i c f o r c e p s and new 

s ta in less s t ee l s c a l p e l b l a d e s . 

A s e c t i o n o f do rsa l m u s c l e a p p r o x i m a t e l y 3 c m in leng th was 

d i s s e c t e d f r o m e a c h f l a t f i s h s p e c i m e n and poo led to m a k e one s a m p l e . 

T h e s a m p l e w a s sp l i t in t w o w i t h one p o r t i o n f o r ana l ys i s o f m e t a l s 

and a second p o r t i o n fo r P C B s . L i v e r s w e r e d i s s e c t e d ou t and sp l i t in 

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

a n a l y z e d . 

C l a w m e a t f r o m a m i n i m u m o f 10 c r a b s was d i s s e c t e d ou t fo r 

a n a l y s i s . D i s s e c t i o n s w e r e poo led and subsequen t l y d i v i d e d fo r 

a n a l y s i s as d e s c r i b e d fo r f l a t f i s h t i s s u e . 
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C l a m s o b t a i n e d a t the R e f e r e n c e s i t e w e r e shucked w h o l e fo r ana l ys i s 

as w e r e M . b a l t h i c a f r o m the l a b o r a t o r y e x p e r i m e n t . P o l y c h a e t e 

w o r m s w e r e a n a l y z e d w h o l e . 

2.3 A n a l y t i c a l M e t h o d o l o g y 

2.3.1 S e a w a t e r 

2.3.1.1 L e a d and C a d m i u m 

S e a w a t e r s a m p l e f i l t r a t i o n w a s p e r f o r m e d in the l abo ra to r y us ing an 

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

tub ing to an a l l - g l a s s r e c e i v i n g f l a s k . C e l l u l o s e a c e t a t e f i l t e r papers 

(0.45 AVn) w e r e p r e - c l e a n e d us ing d i l u t e n i t r i c a c i d and s to red in 

M i l l i - Q d e i o n i z e d w a t e r . 

T h e f i l t e r e d s a m p l e s w e r e p r e - c o n c e n t r a t e d us ing t he so l ven t 

e x t r a c t i o n p r o c e d u r e d e s c r i b e d by D a n i e l s s o n et a l . (1978). 

S p e c i f i c a l l y , 250 m L o f s e a w a t e r was t r a n s f e r r e d to a one l i t e r g lass 

s e p a r a t d r y funne l equ ipped w i t h a t e f l o n s t o p c o c k and p o l y p r o p y l e n e 

s toppe r . T h e p H o f t he s o l u t i o n was ad jus ted to 5.0 _+ 0.2 w i t h the 

a d d i t i o n o f a c i t r a t e b u f f e r . C h e l a t i o n o f the P b and C d was 

a c c o m p l i s h e d by add ing 5.0 m L s o f a 1% (w/v ) m i x t u r e o f bo th A P D C 

( a m m o n i u m p y r r o l i d i n e d i t h i o e a r b a m a t e ) and D D T C ( d i e t h y l a m m o n i u m 

d i e t h y l d i t h i o c a r b a m a t e ) . T h e so lu t i ons w e r e a l l o w e d to s i t f o r J i v e 

m i n u t e s to a l l o w f o r c o m p l e t e c h e l a t i o n o f the m e t a l s . E a c h so lu t i on 

was e x t r a c t e d t w i c e w i t h 20 and 10 m L a l i quo t s o f F r e o n T F ( I , I, 

2 - t r i c h l o r o - 1 ,2 ,2 - t r i f l uo roe thane) . T h e F r e o n c o n t a i n i n g t he 

m e t a l - c a r b a n a t e c o m p l e x e s w a s t r a n s f e r r e d to 50 m L p o l y p r o p y l e n e 

tes t tubes and d e c o m p o s e d by s h a k i n g w i t h 200 u L o f c o n c e n t r a t e d 

n i t r i c a c i d (Bake r U l t r a p u r e ) . F i v e m i l l i l i t e r s o f M i l l i - Q w a t e r w a s 

p i p e t t e d in to e a c h t u b e , shaken f o r 30 seconds and a l l o w e d to 

s e p a r a t e . The aqueous l aye r was a n a l y z e d fo r C d and P b by g r a p h i t e 

f u r n a c e a t o m i c a b s o r p t i o n s p e c t r o p h o t o m e t r y ( A A S ) ( P e r k i n E l m e r 

M o d e l 2380 A A equ ipped w i t h a M o d e l H G A - 400 g r a p h i t e f u r n a c e in 

t he b a c k g r o u n d c o r r e c t i o n mode ) . C a l i b r a t i o n c u r v e s w e r e p r e p a r e d by 
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c a r r y i n g s y n t h e t i c s e a w a t e r s tandards th rough t he s a m e e x t r a c t i o n 

p r o c e d u r e . A n a l y t i c a l d e t e c t i o n l i m i t s f o r s e a w a t e r ana lyses w e r e 

d e f i n e d as 3 X t he s t a n d a r d d e v i a t i o n o b t a i n e d f r o m m e a s u r e m e n t o f 

f i v e r eagen t b l a n k s . 

2 .3.1.2 P o l y c h l o r i n a t e d B i p h e n y l s ( P C B s ) 

T h e u n f i l t e r e d and u n p r e s e r v e d s e a w a t e r s a m p l e s (800 m L ) w e r e 

e x t r a c t e d o n c e w i t h 70 m L h e x a n e , f o l l o w e d by 2 x 50 m L h e x a n e . 

T h e c o m b i n e d hexane e x t r a c t s w e r e f i l t e r e d th rough sod ium s u l f a t e , 

c h r o m a t o g r a p h e d on F l o r i s i l (50 m L hexane) , then e v a p o r a t e d to abou t 

10 m L us ing a B u c h i R o t a v a p o r . T h e f i n a l e v a p o r a t i o n to -0 m L was 

c a r r i e d ou t under n i t r o g e n in a c e n t r i f u g e tube a t 4 0 o C . The e x t r a c t 

w a s a n a l y z e d on a H e w l e t t P a c k a r d 5710 gas c h r o m a t o g r a p h equ ipped 

w i t h an e l e c t r o n c a p t u r e d e t e c t o r . P C B c o n c e n t r a t i o n as A r o c l o r s 

1242, 1254 a n d 1260 w a s d e t e r m i n e d by f o l l o w i n g the m e t h o d o f Webb 

and M c C a l l (1973) w h i c h u t i l i z e s a t leas t t w o peaks per A r o c l o r 

c o m p o u n d . T h e m e a n c o n c e n t r a t i o n f o r t hese peaks g i ves the resu l t 

fo r a p a r t i c u l a r A r o c l o r . 

2 .3 .1 .3 P r e c i s i o n and A c c u r a c y 

R e a g e n t b l a n k s , d u p l i c a t e s , sp i kes and c e r t i f i e d r e f e r e n c e m a t e r i a l s 

w e r e a n a l y z e d c o n c u r r e n t l y w i t h t he s a m p l e s . In the c a s e o f t he 

m e t a l d e t e r m i n a t i o n s , f i l t r a t i o n b lanks and a c e r t i f i e d r e f e r e n c e 

s e a w a t e r ( N A S S - I ) w e r e a n a l y z e d p e r i o d i c a l l y w i t h t he s a m p l e s . T h e s e 

p r e c a u t i o n s s e r v e d to c h e e k bo th p r o c e d u r a l c o n t a m i n a t i o n and 

d e t e r m i n e a c c u r a c y . P r e c i s i o n o f the ana l ys i s was m o n i t o r e d by 

e x t r a c t i n g e v e r y s a m p l e in d u p l i c a t e . 
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2.3.2 T i ssue 

2.3.2.1 L e a d and C a d m i u m 

A f t e r depu ra t i on and d i s s e c t i o n , t i ssues w e r e oven d r i ed a t I 0 3 O C to 

d e t e r m i n e m o i s t u r e c o n t e n t . T h e d r i e d t i ssue was g round to a powder 

in an a g a t e m o r t a r and p r e s e r v e d fo r a n a l y s i s . 

W h e r e s u f f i c i e n t q u a n t i t y o f t i ssue p e r m i t t e d , 0.5 g o f d r i ed g round 

t i ssue w a s t r a n s f e r r e d to d i g e s t i o n vesse ls equ ipped w i t h s p e c i a l r e f l u x 

c a p s . D i g e s t i o n was p e r f o r m e d in a s ta i n l ess s t ee l f u m e hood 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 . Whe re s a m p l e "-size w a s , 

r e s t r i c t e d , m i c r o d i ges t i ons w e r e c a r r i e d ou t us ing p r o p o r t i o n a t e l y less 

v o l u m e o f r e a g e n t s . 

A n a l y s i s o f the e x t r a c t s w a s p e r f o r m e d in the s a m e manner as fo r the 

s e a w a t e r e x t r a c t s , e x c e p t t h a t a c h e m i c a l p r e - t r e a t m e n t was i n v o l v e d . 

T o a v o i d i nhe ren t m a t r i x i n t e r f e r e n c e s , a m o d i f i e r , c o n s i s t i n g o f 5 % 

(w/v ) a m m o n i u m phospha te w a s added to a l l s tandards and s a m p l e s . 

O n e m i l l i l i t e r o f s a m p l e w a s t r a n s f e r r e d to a p r e - c l e a n e d s a m p l e v i a l 

f o l l o w e d by 100 / 4 L o f m a t r i x m o d i f i e r . T h e so lu t i on was m i x e d by 

s w i r l i n g , and a l i q u o t s w e r e d r a w n o f f f o r subsequent ana l ys i s by 

g r a p h i t e f u r n a c e A A S . 

2 .3 .2 .2 P o l y c h l o r i n a t e d B i p h e n y l s ( P C B s ) 

S e p a r a t e a l i quo t s o f t i s sue w e r e t h a w e d , and t he w e t t i ssue was 

e x t r a c t e d w i t h 2 x 40 m L a c e t o n i t r i l e , us ing a p o l y t r o n h o m o g e n i z e r 

to m a i n t a i n a - s l u r r y . T h e c o m b i n e d a c e t o n i t r i l e e x t r a c t s w e r e 

d e c a n t e d in to 500 m L o f w a t e r ad jus ted to p H 14. A n y P C B p resen t 

w a s then e x t r a c t e d in to h e x a n e , c l e a n e d up , c o n c e n t r a t e d and a n a l y z e d 

in the s a m e m a n n e r as fo r the s e a w a t e r s a m p l e s . 
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2.3 .2 .3 P r e c i s i o n and A c c u r a c y 

F o r the d e t e r m i n a t i o n o f C d and P b , the Q A / Q C p r o g r a m c o n s i s t e d o f 

t he ana l ys i s o f r eagen t b lanks and a c e r t i f i e d r e f e r e n c e m a t e r i a l 

( N B S - o y s t e r t i ssue) . T h e Q A / Q C p r o g r a m fo r P C B ana lys i s c o n s i s t e d 

o f the c o n c u r r e n t ana l ys i s o f reagen t b lanks and a n a l y t e sp i kes . 

2.3.3 Sed imen ts 

2.3.3.1 L e a d , C a d m i u m and O t h e r M e t a l s 

E a c h s a m p l e w a s hand b lended w e t to ensure h o m o g e n e i t y . Subsamp les 

o f the b lended s e d i m e n t w e r e t aken fo r s e p a r a t e m o i s t u r e d e t e r m i n 

a t i o n , P C B ana l ys i s and m e t a l a n a l y s i s . 

D i g e s t i o n o f t he s e d i m e n t f o r m e t a l ana l ys i s w a s c a r r i e d ou t in 125 

m L E r l e n m e y e r f l a s k s equ ipped w i t h r e f l u x c a p s . T h e d i ges t i on 

c o n s i s t e d o f 10 g o f w e t s e d i m e n t f o l l o w e d by 10 m L s o f 

c o n c e n t r a t e d n i t r i c a c i d ( H N O 3 ) . The m i x t u r e was s l o w l y hea ted un t i l 

t he so lu t i on b e c a m e c l e a r a t w h i c h t i m e a f u r t h e r 5 m L o f 

H N O 3 was added f o l l o w e d by 10 m L o f H C I O 4 . H e a t i n g was then 

c o n t i n u e d un t i l dense w h i t e f u m e s e v o l v e d and d iges t i on was 

c o m p l e t e . A f t e r b u l k i n g to v o l u m e w i t h d e i o n i z e d w a t e r , the e x t r a c t s 

w e r e a n a l y z e d fo r C d and P b by d i r e c t f l a m e A A S . 

A d d i t i o n a l ana l ys i s o f the e x t r a c t s f o r m e t a l s was p e r f o r m e d us ing 

Induc t i ve l y C o u p l e d A r g o n P l a s m a ( I C A P ) . T h e I C A P is c o m p l i m e n t a r y 

to a t o m i c a b s o r p t i o n and is c a p a b l e o f a n a l y z i n g a so lu t i on fo r up to 

t h i r t y - f i v e e l e m e n t s , s i m u l t a n e o u s l y . 

2 .3 .3 .2 P o l y c h l o r i n a t e d B i p h e n y l s ( P C B s ) 

Subsamp les o f p r e v i o u s l y t h a w e d we t s e d i m e n t w e r e e x t r a c t e d o n c e 

w i t h a c e t o n e and o n c e w i t h a m i x t u r e o f a c e t o n e : h e x a n e . D u r i n g the 

e x t r a c t i o n , the s a m p l e f l asks w e r e a g i t a t e d fo r t w o hours on a r o t a r y 

s h a k e r . B o t h so l ven t f r a c t i o n s w e r e c o m b i n e d , washed w i t h 
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o r g a n i c - f r e e w a t e r and f i l t e r e d th rough anhydrous sod ium s u l f a t e . The 

d r i e d hexane f r a c t i o n was c l e a n e d up w i t h f l u o r i s i l , e v a p o r a t e d on a 

B u c h i R o t a v a p o r , t r e a t e d to r e m o v e d su lphur and a n a l y z e d fo r P C B s in 

the s a m e m a n n e r as f o r the s e a w a t e r s a m p l e s . 

2 .3 .3 .3 T o t a l O r g a n i c C a r b o n 

T h e s e d i m e n t s -were o v e n d r i e d a t I 0 3 ° C and ground to a f i ne 

p o w d e r . Subsamp les w e r e l e a c h e d w i t h d i l u t e (10% v / v ) H C I , d r i e d by 

v a c u u m f i l t r a t i o n and a n a l y z e d fo r o r g a n i c c a r b o n us ing a L e c o 

Induct ion F u r n a c e . 

2 .3 .3 .4 P r e c i s i o n and A c c u r a c y 

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

reagen t b l a n k s , d u p l i c a t e s and c e r t i f i e d r e f e r e n c e s tanda rds . S a m p l e s 

fo r P C B s w e r e a n a l y z e d w i t h reagen t b lanks and a n a l y t e s p i k e s . 

2.4 Q u a l i t y A s s u r a n c e / Q u a l i t y C o n t r o l ( Q A / Q C ) 

Q u a l i f y c o n t r o l , in t he f o r m o f a n a l y z i n g reagen t b l a n k s , f i l t e r b l a n k s , 

r e f e r e n c e s tandards and d u p l i c a t e s a m p l e s , was e x t e n s i v e fo r th is 

p r o j e c t . T h e f o l l o w i n g s e c t i o n s d iscuss the Q A / Q C p r o g r a m in d e t a i l . 

2.4.1 A p p a r a t u s P r e p a r a t i o n 

A l l g l a s s w a r e , p l a s t i c w a r e , s a m p l e c o n t a i n e r s , and o the r u tens i l s w e r e 

preT-cleaned us ing a 2 0 % n i t r i c a c i d b a t h f o l l o w e d by r epea ted r inses 

w i t h M i l l i - Q reagen t g rade w a t e r . M e m b r a n e f i l t e r s , used in the 

f i l t r a t i o n o f the s e a w a t e r s a m p l e s , w e r e c l e a n e d in a s i m i l a r m a n n e r 

e x c e p t t ha t 5 % n i t r i c a c i d was used . C o n t a i n e r s used in the s t o r a g e 

and p r e p a r a t i o n o f P C B s a m p l e s w e r e r i nsed w i t h a c e t o n e and hexane 

p r io r to use . 
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2.4.2 S a m p l e H a n d l i n g 

P r i o r to ana l ys i s o f the s a m p l e s , p r e p a r a t i o n s tages ( i .e . f i l t r a t i o n , 

t i ssue d i ssec t i on ) w e r e c a r r i e d ou t under c l e a n r o o m c o n d i t i o n s . T i ssue 

d i s s e c t i o n s w e r e p e r f o r m e d us ing p l a s t i c f o r c e p s and s ta in less s t ee l 

s c a l p e l s . T h e d i s s e c t e d t i ssues f o r m e t a l s ana l ys i s w e r e p l a c e d in 

p repa red p l a s t i c c o n t a i n e r s and s t o r e d f r o z e n in p l a s t i c bags un t i l 

a n a l y s i s . T h e t i ssues f o r P C B ana l ys i s w e r e s t o r e d f r o z e n in p repa red 

a l u m i n u m fo i l un t i l a n a l y s i s . 

S e a w a t e r samp les w e r e f i l t e r e d w i t h i n 3 h o f c o l l e c t i o n us ing an a l l 

p l a s t i c i n - l i n e f i l t e r ho lde r ( M i l l i p o r e ) . F i l t e r b lanks w e r e p repa red by 

f i l t e r i n g M i l l i - Q w a t e r in t he s a m e m a n n e r as the s a m p l e s . B l a n k s 

w e r e a n a l y z e d c o n c u r r e n t l y w i t h the s a m p l e s . -< 

T h e reagen ts used in th is s tudy w e r e e i t h e r pu rchased as " u l t r a p u r e " 

g r a d e o r p u r i f i e d p r i o r to u s e . R e a g e n t g rade M i l l i - Q w a t e r was used 

e x c l u s i v e l y in the c l e a n i n g o f a l l a p p a r a t u s as w e l l as the p repa ra t i on 

o f a l l aqueous r e a g e n t s . U l t r e x reagen t g rade n i t r i c a c i d was used 

w h e r e a p p r o p r i a t e in the t i ssue d iges t i ons and s e a w a t e r e x t r a c t i o n s . 

R e a g e n t b lanks w e r e p r e p a r e d and a n a l y z e d c o n c u r r e n t l y w i t h a l l 

s a m p l e b a t c h e s . 

B o t h t i ssue and s e d i m e n t s a m p l e s w e r e d i ges ted as ou t l i ned in S e c t i o n 

2 .3 . D e d i c a t e d g l a s s w a r e was used fo r bo th s a m p l e t ypes a f t e r 

r i go rous p r e p a r a t i o n as o u t l i n e d in S e c t i o n 2 .4 .1 . 

A c c u r a c y of the t echn iques was m o n i t o r e d us ing c e r t i f i e d r e f e r e n c e 

m a t e r i a l s c l o s e l y m a t c h i n g the s a m p l e m a t r i x . O y s t e r t i ssue (NBS) 

w a s used as the t i ssue r e f e r e n c e w h i l e m a r i n e s e d i m e n t s ( N R C - M E S S 

& B C S S ) w e r e used as the s e d i m e n t r e f e r e n c e . 

2 .4 .3 R e a g e n t s 

2.4.4 S a m p l e D i g e s t i o n 
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2.4.5 S e a w a t e r E x t r a c t i o n s 

P r e - c o n c e n t r a t i o n o f s e a w a t e r was p e r f o r m e d as ou t l i ned in S e c t i o n 

2 .3 . T h e s a m p l e s w e r e e x t r a c t e d in d u p l i c a t e as soon as poss ib le 

a f t e r c o l l e c t i o n and f i l t e r i n g . A l l s teps of the e x t r a c t i o n p r o c e d u r e 

w e r e c a r r i e d ou t in an i s o l a t e d c l e a n r o o m rese rved e x c l u s i v e l y f o r 

th is t y p e o f w o r k . 

F i l t e r b lanks and a c e r t i f i e d r e f e r e n c e s e a w a t e r ( N R C - N A S S - I ) w e r e 

e x t r a c t e d and a n a l y z e d w i t h t he s a m p l e s . 

S t a t i s t i c a l a n a l y s i s o f the d a t a was c a r r i e d ou t by Q u a n t u m R e s e a r c h 

L t d . O n e - w a y a n a l y s i s o f v a r i a n c e ( A N O V A ) was used to tes t 

s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e s in t i ssue a c c u m u l a t i o n d a t a fo r M . 

b a l t h i c a by s i t e and by m o n t h fo r e a c h m o n t h s a m p l e d . Whe re 

s i g n i f i c a n t (p less t han 0.05) d i f f e r e n c e s w e r e f o u n d , d i s t i n c t subsets 

w e r e i d e n t i f i e d by a p p l y i n g the S t u d e n t i z e d N e w m a n - K e u l s t e s t . B o t h 

p r o g r a m s w e r e run on t h e " B M D 10 V - G e n e r a l L i n e a r H y p o t h e s i s 

( N o . 2) R e v i s e d N o v e m b e r 3, 1975" c o m p u t e r p r o g r a m o f the H e a l t h 

S c i e n c e s C o m p u t i n g F a c i l i t y , U C L A . A N O V A was a lso used to tes t 

d i f f e r e n c e s in l eve l s o f t i ssue c o n t a m i n a n t s in res iden t b i o t a f r o m 

d i f f e r e n t s i t e s . 

A s t anda rd p a i r e d t - t e s t was used to tes t d i f f e r e n c e s b e t w e e n s a m p l e s 

o f M . b a l t h i c a w h i c h had been d e p u r a t e d and those w h i c h had 

d i g e s t i v e t r a c t s r e m o v e d . P r o c e d u r e s f o r th is tes t f o l l o w e d those 

d e s c r i b e d by Soka l and R o h l f (1969). 

A s u m m a r y o f tes t resu l t s is p resen ted in T a b l e s I to 19 and F i g u r e s 

I and 2. R a w d a t a f o r a l l c h e m i c a l ana l ys i s a re p resen ted in the 

A p p e n d i x . 

2 .5 S t a t i s t i c a l A n a l y s i s 

3.0 R E S U L T S 
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3.1 Q u a l i t y A s s u r a n c e / Q u a l i t y C o n t r o l 

R e s u l t s o f the q u a l i t y c o n t r o l ana l yses i n c l u d i n g f i l t e r b lanks and 

r e f e r e n c e s tanda rds f o r s e a w a t e r , s e d i m e n t s and t issues a r e g iven in 

T a b l e s I to 8. A s u m m a r y o f the resu l t s f o r c a d m i u m and lead a re 

g i ven b e l o w . 

S U M M A R Y O F RESULTS OBTAINED F O R M E T A L ANALYSIS IN CERTIFIED R E F E R E N C E S T A N D A R D S 

Element Reference Standard 
No. of 

Replicates 
Certif ied 

Result 
Analytical 

Result 
** 

C . V. 
k 

Cadmium NASS-I Seawater 5 0.029+0.004 0.03+0.01 33.3 
N8S Oyster Tissue 7 3.5+0.4 3.51+0.24 6.8 
MESS-I Marine Sediment 3 0.59+0.10 0.6+0.1 16.7 
BCSS-I Marine Sediment 3 0.25+0.04 <0~5 

Lead NASS-I Seawater 5 0.039+0.006 0.05+0.01 20.0 
NBS Oyster Tissue 7 0.48+0.04 0.49+0.05 10.2 
MESS-I Marine Sediment 3 34.0+6.1 30.0+1.0 3.3 
BCSS-I Marine Sediment 3 22.7+3.4 21.0+2.0 9.5 9.5 

C.V.=coefficient of variation = Standard Deviation x 100 
Mean Result 

- results are expressed as micrograms of element per gram of standard 

3.1.1 R e a g e n t B l a n k s 

B o t h the f i l t r a t i o n b lanks (seawate r ) and the d iges t i on b lanks ( t issues 

and sed imen ts ) w e r e near o r b e l o w s t a t e d d e t e c t i o n l i m i t s f o r a l l 

a n a l y s e s . In a l l cases the e x t r a c t i o n b lanks fo r the P C B ana lys i s w e r e 

b e l o w d e t e c t i o n l e v e l s . These resu l t s i l l u s t r a t e tha t p rocedu ra l 

c o n t a m i n a t i o n was not a p r o b l e m fo r any o f the ana lyses w i t h i n the 

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

3.1.2 C e r t i f i e d R e f e r e n c e S tanda rds 

R e s u l t s f o r the r e f e r e n c e s tandards p resen ted in the s u m m a r y t a b l e 

a b o v e show a h igh l eve l o f a g r e e m e n t b e t w e e n the c e r t i f i e d resu l t and 

the resu l t s o b t a i n e d du r i ng th is p r o j e c t . A l t h o u g h the s tandards a re 
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T A B L E I 

Q U A L I T Y C O N T R O L R E S U L T S - F I L T E R B L A N K S 

R E F E R E N C E S T A N D A R D : A S L F i l t e r B a n k s 

D A T E A N A L Y Z E D C A D M I U M L E A D 

M a r c h 3 , 1983 < 0.01 < 0.05 
M a r c h 24 , 1983 < 0.01 < 0.05 
A p r i l 2 9 , 1983 0.01 < 0.05 
June 28 , 1983 < 0.01 < 0.05 
S e p t e m b e r 12, 1983 < 0.01 < 0.05 

R e s u l t s a r e e x p r e s s e d as m i c r o g r a m s o f e l e m e n t per 
l i t e r o f s a m p l e (ppb). 

T A B L E 2 

Q U A L I T Y C O N T R O L R E S U L T S - S E A W A T E R 

R E F E R E N C E S T A N D A R D : N R C S e a w a t e r ( N A S S - I ) 

D A T E A N A L Y Z E D C A D M I U M L E A D 

M a r c h 3 , 1983 0.03 0.05 
M a r c h 24 , 1983 0.04 0 . 0 4 * 
A p r i l 29 , 1983 0.03 0 . 0 4 * 
June 28 , 1983 0.03 0.05 
S e p t e m b e r 12, 1983 0.04 0.06 

C E R T I F I E D V A L U E S 0.29+0.004 0.039+0.006 

* b e l o w usua l q u o t e d d e t e c t i o n l im i t 

R e s u l t s a r e e x p r e s s e d as m i c r o g r a m s o f e l e m e n t pe r 
l i t e r o f s a m p l e (ppb). 
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T A B L E 3 

Q U A L I T Y C O N T R O L R E S U L T S - T I S S U E D I G E S T I O N B L A N K S 

R E F E R E N C E S T A N D A R D : T i ssue D i g e s t i o n B l a n k s 

D A T E A N A L Y Z E D C A D M I U M L E A D 

June 15, 1983 
N o v e m b e r 2 5 , 1983 
D e c e m b e r 7 , 1983 
D e c e m b e r 14, 1983 

< 0.0005/<-0.0005 
< 0.0005/<0.0005 
< 0.0005/<0.0005 
< 0.0005/<0.0005 

0.001/< 0.001 
0.001/0.001 

< 0.001/< 0.001 
< 0.001/< 0.001 

R e s u l t s a r e e x p r e s s e d as m i c r o g r a m s o f e l e m e n t per 
m i l l i l i t e r o f so l u t i on (ppm). 

T A B L E 4 

Q U A L I T Y C O N T R O L R E S U L T S - O Y S T E R T I S S U E 

R E F E R E N C E S T A N D A R D : N B S O y s t e r T i ssue 

D A T E A N A L Y Z E D C A D M I U M L E A D 

June 15, 1983 
N o v e m b e r 2 5 , 1983 
D e c e m b e r 7, 1983 
D e c e m b e r 14, 1983 

3.26 
3 .50 /3 .70 
3 .85 /3 .65 
3 .20 /3 .40 

0.42 
0 .56 /0 .53 
0 .43 /0 .46 
0 .50 /0 .52 

C E R T I F I E D V A L U E S 3.5+0.4 0.48+0.04 

R e s u l t s a r e exp ressed as m i c r o g r a m s o f e l e m e n t per 
m i l l i l i t e r o f so l u t i on (ppm). 
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T A B L E 5 

Q U A L I T Y C O N T R O L R E S U L T S - S E D I M E N T D I G E S T I O N B L A N K S 

R E F E R E N C E S T A N D A R D : S e d i m e n t D i g e s t i o n B l a n k s 

D A T E A N A L Y Z E D C A D M I U M L E A D 

June 14, 1983 
S e p t e m b e r 13, 1983 
N o v e m b e r 2 2 , 1983 

< 0 . 0 0 5 / < 0 .005 
< 0.005/<0.005 
<0.005/< 0.005 

< 0.05/<0.05 
< 0.05/<0.05 
< 0.05/<0.05 

R e s u l t s a r e exp ressed as m i c r o g r a m s o f e l e m e n t per 
m i l l i l i t e r o f so lu t i on (ppm). 

T A B L E 6 

Q U A L I T Y C O N T R O L R E S U L T S - P C B R E C O V E R Y 

T h e f o l l o w i n g t ab le s u m m a r i z e s the b lank and sp ike r e c o v e r y 
d a t a f o r the ana l ys i s o f P C B . 

S A M P L E E X T R A C T I O N S P I K E D R E C O V E R Y O F 
T Y P E B L A N K S T A N D A R D S P I K E (%) 

S e a w a t e r <0.0I 1 1254 99.6 
S e a w a t e r <0.0I 1 1254 103.4 
S e a w a t e r <0.0I 1 1254 92.6 
S e a w a t e r <0.0I 1 1254 96.6 

T i ssue <0.0I 1 1242 93.8 
T issue <0.0I 0.33 1254 94.7 
T issue <0.0I 0.33 1260 90.6 

Sed imen t <0.0I 0.10 1254 86.3 

B l a n k and s tanda rd leve ls a re exp ressed as m i c r o g r a m s per l i t e r 
f o r t he s e a w a t e r s and m i c r o g r a m s per g r a m fo r bo th the t i ssues 
and the s e d i m e n t s . 
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T A B L E 7 

Q U A L I T Y C O N T R O L R E S U L T S - S E D I M E N T ( M E S S - I ) 

R E F E R E N C E S T A N D A R D : N R C M a r i n e S e d i m e n t ( M E S S - I ) 

D A T E A N A L Y Z E D C A D M I U M L E A D 

J u n e 14, 1983 0.6 29 .0 
S e p t e m b e r 13, 1983 0.5 31.0 
N o v e m b e r 2 2 , 1983 0.6 31.0 

C E R T I F I E D V A L U E S 0.59+0.10 34.0+6.1 

R e s u l t s a r e e x p r e s s e d as m i c r o g r a m s o f e l e m e n t per 
m i l l i l i t e r o f so l u t i on (ppm). 

T A B L E 8 

Q U A L I T Y C O N T R O L R E S U L T S - S E D I M E N T ( B C S S - I ) 

R E F E R E N C E S T A N D A R D : N R C M a r i n e S e d i m e n t ( B C S S - I ) 

D A T E A N A L Y Z E D C A D M I U M L E A D 

June 14, 1983 <0.5 21.0 
S e p t e m b e r 13, 1983 < 0 . 5 19.0 
N o v e m b e r 2 2 , 1983 <0.5 23.0 

C E R T I F I E D V A L U E S 0.25+0.4 22.7+3.4 

R e s u l t s a r e e x p r e s s e d as m i c r o g r a m s o f e l e m e n t per 
m i l l i l i t e r o f so l u t i on (ppm). 
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m o r e s u i t a b l e ( i . e . d r i e d homogeneous p o w d e r , e l e v a t e d l eve l s and 

k n o w n t a r g e t va lues ) t han the tes t s a m p l e s , t h e y p rov ide a good 

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

3.1.3 D u p l i c a t e A n a l y s i s 

Whe re s a m p l e s i z e p e r m i t t e d , d u p l i c a t e ana l ys i s was p e r f o r m e d as a 

m e a s u r e o f i n t r a l a b p r e c i s i o n . D u p l i c a t e d a t a a r e t a b u l a t e d in t he 

A p p e n d i x . A g r e e m e n t b e t w e e n t e s t e d d u p l i c a t e s was g e n e r a l l y w i t h i n 

a c c e p t a b l e m a r g i n s o f _+10% i r r e s p e c t i v e o f w h e t h e r the v a l u e s w e r e 

nea r d e t e c t i o n l i m i t s or s o m e w h a t e l e v a t e d . 

3.2 C h a r a c t e r i s t i c s o f T e s t S e d i m e n t s 

P a r t i c l e s i z e d a t a f o r tes t s e d i m e n t s a r e p r o v i d e d in T a b l e 9 , and 

c h e m i c a l d a t a in T a b l e s 10 and I I . S e d i m e n t f r o m the r e f e r e n c e s i t e 

w a s a s a n d y - m u d , s o m e w h a t c o a r s e r than the t w o c o n t a m i n a t e d tes t 

s e d i m e n t s (Tab le 9). T h e f i nes t s e d i m e n t w a s f r o m F a l s e C r e e k . 

C a d m i u m w a s p resen t a t t h e h ighes t c o n c e n t r a t i o n in s e d i m e n t s f r o m 

F a l s e C r e e k (2.78 jag /d ry g) , and was be low the l i m i t s o f d e t e c t i o n 

(0.25 /xg/dry g) in t he r e f e r e n c e s e d i m e n t (Tab le 10). T h e r e was l i t t l e 

c h a n g e in c o n c e n t r a t i o n s o v e r the s tudy p e r i o d . L e a d va lues w e r e 

a l so h ighest in t h e F a l s e C r e e k s e d i m e n t (223 / j g / d r y g) . L e a d 

a p p e a r e d to show an i n c r e a s e in c o n c e n t r a t i o n in a l l t h r e e s e d i m e n t s 

a t the end o f s i x mon ths c o m p a r e d to i n i t i a l v a l u e s . 

T o t a l P C B s w e r e p resen t a t c o n c e n t r a t i o n s be low the d e t e c t i o n l i m i t 

(0.01 / j .g/dry g) in t he r e f e r e n c e s e d i m e n t and w e r e h ighest in 

s e d i m e n t f r o m V a n c o u v e r H a r b o r (4.26 / l g / d r y g) . T h e r e a p p e a r e d to 

be a d e c r e a s e in A r o c l o r 1254 (1.29 to less than 0.01 ppm) , and a 

c o r r e s p o n d i n g i n c r e a s e in A r o c l o r 1260 (0.58 to 2.29 ppm) o v e r the 

s tudy p e r i o d in t he V a n c o u v e r H a r b o r s e d i m e n t s . 
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TABLE 9 

PHYSICAL CHARACTERIZATION OF TEST SEDIMENTS 

% G r a v e l % Sand % S i l t / C l a y 

Sed imen t In i t ia l F i n a l In i t ia l F i n a l In i t ia l F i n a l 

R e f e r e n c e 3.8 - 58.1 40 .5 38.1 59.5 

V a n c o u v e r H a r b o r 0.6 - 33.4 24.6 66 .0 75.4 

F a l s e C r e e k 0.1 - 17.2 3.9 82.7 96.1 

P e r c e n t a g e s a re by d r y w e i g h t : g r a v e l >2.0 m m ; sand 2 .0 -0 .063 m m ; s i l t / c l a y < 0 .063 

Sediment 

T A B L E 10 

C H E M I C A L C H A R A C T E R I Z A T I O N O F TEST SEDIMENTS 

Cadmium 

Initial Final 

Reference 

Vancouver Harbor 

False Creek 

<0.25 

0.56 

2.78 

< 0.25 

0.49 

2.92 

Lead Aroclor 1254 Aroclor 1260 

(pg/dry g) 

Initial 

8.9 

185 

223 

Total Organic 
Carbon 

(%) 

Final Initial Final Initial Final Initial Final 

10.6 <0.0I <0.0I <0.0I <0.0I 1.75 1.80 

236 1.29 < 0.01 0.58 2.39 2.23 2.13 

258 . . . . 3.51 3.68 
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T h e h ighest l eve l o f t o t a l o r g a n i c c a r b o n ( T O O was reco rded in the 

F a l s e C r e e k s e d i m e n t s (3 .51%), and the l owes t in the R e f e r e n c e 

s e d i m e n t (1.75%). T h e r e was r e l a t i v e l y l i t t l e change in T O C ove r the 

s tudy p e r i o d . 

A d d i t i o n a l c h e m i c a l d a t a on s e d i m e n t s s a m p l e d a t the s t a r t o f the 

e x p e r i m e n t a r e p r o v i d e d in T a b l e I I . T h e l eve l o f f r e o n e x t r a c t a b l e s 

(a measu re o f o i l and g rease) showed h igher va lues in bo th F a l s e 

C r e e k (1700 Aig /dry g) and V a n c o u v e r H a r b o r (1070 yug/dry g) t han t h e 

R e f e r e n c e s e d i m e n t (176 /ag /dry g). P o t e n t i a l l y t o x i c m e t a l s i d e n t i f i e d 

by I C A P w h i c h s h o w e d e l e v a t e d l eve l s in t h e tes t s e d i m e n t s c o m p a r e d 

to the r e f e r e n c e s i t e i n c l uded a l u m i n u m , c a d m i u m , chromium*, c o p p e r , 

i r o n , l e a d , n i c k e l , v a n a d i u m and z i n c . 

3.3 R e l e a s e o f C o n t a m i n a n t s f r o m T e s t S e d i m e n t s 

R e s u l t s of the c h e m i c a l ana l ys i s o f s e a w a t e r o v e r l y i n g tes t s e d i m e n t s 

a r e s u m m a r i z e d in F i g u r e I. 

3.3.1 C a d m i u m 

L e v e l s o f d i s s o l v e d c a d m i u m w e r e s i m i l a r (0 .15-0 .20 /ug /Kg) in 

s e a w a t e r o v e r l y i n g a l l t es t s e d i m e n t s 24 h a f t e r s t a r t - u p o f the 

e x p e r i m e n t . T h e c o n c e n t r a t i o n o f c a d m i u m d e c r e a s e d in the 

R e f e r e n c e s e d i m e n t t r a y a f t e r I m o n t h , then i n c r e a s e d to i t s h ighes t 

l eve l (0.4 yug/Kg) a f t e r 2 m o n t h s . V a n c o u v e r H a r b o r s e d i m e n t s showed 

a peak re l ease o f c a d m i u m a t I m o n t h ( 1 . 0 / x g / K g ) a f t e r w h i c h l eve l s 

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

r e a c h a m a x i m u m (0.3 /Ag /Kg) a f t e r 2 m o n t h s . T h e c o n c e n t r a t i o n o f 

c a d m i u m in s e a w a t e r above a l l t es t s e d i m e n t s was at or be low 

b a c k g r o u n d s e a w a t e r i n t a k e l eve l s a t mon ths 4 and 6. B a c k g r o u n d 

l eve l s o f c a d m i u m w e r e g e n e r a l l y less than 0.1 j u g /Kg . 
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T A B L E II 

R E S U L T S O F T E S T I N G 

A d d i t i o n a l S e d i m e n t A n a l y s i s 

P A R A M E T E R R E F I, S e p t . 6 V . H . , S e p t . 6 F . C . , S e p t . 6 

M o i s t u r e (%) 40.5 48 .7 60 .8 

F r e o n E x t r a c t a b l e s 176. 1,060. 1,700. 

A l u m i n u m A l 19,600. 33 ,600 . 43 ,400 . 

A r s e n i c A s < I0 . < I0 . < I0 . 

C a d m i u m C d <0. I5 0.53 3.10 

C a l c i u m C a 9 ,390. 16,400. 26 ,500 . 

C h r o m i u m C r 19.9 75.3 64.1 

C o b a l t C o 7.1 11.8 11.5 

C o p p e r C u 16.8 393 . 153. 

Iron F e 27 ,000 . 42 ,700 . 51 ,200 . 

L e a d P b 6.6 165. 235 . 

M a g n e s i u m M g 11,200. 17,200. 21 ,800 . 

M a n g a n e s e M n 309 . 4 4 5 . 560 . 

M e r c u r y H g 0.11 0.09 0.10 

M o l y b d e n u m M o < l . < l . < > -

N i c k e l N i 14. 53 . 38 . 

P o t a s s i u m K 2 ,770 . 3 ,570. 5 ,200. 

S o d i u m N a 10,800. 15,400. 23 ,700 . 

V a n a d i u m V 24 .8 38.2 47.9 

Z i n c Z n 50.3 455 . 4 4 1 . 

R e s u l t s a r e exp ressed as m i c r o g r a m s per d ry g r a m e x c e p t m o i s t u r e 
w h i c h is as p e r c e n t . 

R E F = R e f e r e n c e ; V H = V a n c o u v e r H a r b o r ; F C = F a l s e C r e e k 
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0.00 
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Limit of Detection • 0.01 ug/kg 
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Limit of Detection « 0.05 ug/kg 
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Limit of Detection -0.01 ug/kg 
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1 —i 1 
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Time (months ) 

F i g u r e I. C o n c e n t r a t i o n s of d i s s o l v e d m e t a l s and P C B ' s in s e a w a t e r o v e r l y i n g 
tes t s e d i m e n t s . 
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3.3.2 L e a d 

C o n c e n t r a t i o n s o f d i sso l ved lead r e m a i n e d a t o r near the a n a l y t i c a l 

d e t e c t i o n l i m i t o f 0 .05 yUg/Kg a f t e r an i n i t i a l r e lease by the 

V a n c o u v e r H a r b o r and F a l s e C r e e k s e d i m e n t s ( F i g . I). L e v e l s in 

s e a w a t e r o v e r t h e R e f e r e n c e sed imen t w e r e b e l o w d e t e c t i o n l i m i t s on 

a l l s a m p l i n g o c c a s i o n s w i t h the e x c e p t i o n o f m o n t h 6. B a c k g r o u n d 

s e a w a t e r l eve l s w e r e c o n s i s t e n t l y b e l o w the d e t e c t i o n l i m i t o f 0 .05 

A i g / K g . 

3.3.3 P C B s 

B a c k g r o u n d and tes t c o n t a i n e r s e a w a t e r P C B c o n c e n t r a t i o n s w e r e 

c o n s i s t e n t l y b e l o w the a n a l y t i c a l d e t e c t i o n l i m i t o f 0.01 w g / K g . 

3.4 B i o a c c u m u l a t i o n in L a b o r a t o r y B i o a s s a y s 

R e s u l t s o f a c o m p a r i s o n to t es t the e f f e c t i v e n e s s o f d e p u r a t i n g M . 

b a l t h i c a a r e g i ven in T a b l e 12. A s u m m a r y o f the b i o a c c u m u l a t i o n 

resu l t s f o r M . b a l t h i c a f r o m the l a b o r a t o r y b ioassays is g i ven in T a b l e 

13 and in F i g u r e 2 . S t a t i s t i c a l t r e a t m e n t o f the d a t a is p resen ted in 

T a b l e s 14 and 15. 

3.4.1 E f f e c t i v e n e s s o f T i s s u e D e p u r a t i o n 

C o m p a r a t i v e t i ssue l eve l s o f c o n t a m i n a n t s in d e p u r a t e d M . b a l t h i c a 

a r e c o m p a r e d w i t h c l a m s f r o m w h i c h d i g e s t i v e t r a c t s had been 

r e m o v e d in T a b l e 12. S t a t i s t i c a l c o m p a r i s o n b e t w e e n ' p a i r e d ' s a m p l e s 

s h o w e d no s i g n i f i c a n t d i f f e r e n c e s (p less t h a n 0.05) f o r any o f t h e 

c o n t a m i n a n t s . T h e s e resu l t s c o n f i r m e d tha t a 48 h depu ra t i on p e r i o d 

was e f f e c t i v e in r e m o v i n g c o n t a m i n a t e d s e d i m e n t w h i c h m igh t a f f e c t 

t i ssue a n a l y s i s . 
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T A B L E 12 

R E S U L T S O F C O M P A R A T I V E T I S S U E A N A L Y S I S B E T W E E N 
M . balthica I N D I V I D U A L S D E P U R A T E D IN C L E A N S E A W A T E R 
~ A N D I N D I V I D U A L S W I T H D I G E S T I V E T R A C T R E M O V E D 

M . b a l t h i c a M . b a l t h i c a 
C o n t a m i n a n t D e p u r a t e d fo r w i t h D i g e s t i v e t - t e s t S i g n i f i c a n c e 

T e s t e d 48 h in C l e a n T r a c t R e m o v e d V a l u e a t p<0.05 
S e a w a t e r 

C a d m i u m 0.19 0.21 
0.22 0 .18 
0.45 0.35 

x = 0.29 x = 0.25 
SD= 0.14 SD= 0.09 0.411 hs 

L e a d 3.01 2.48 
2.93 1.95 
2.91 3.15 

x = 2.95 x = 2.53 
SD= 0.05 SD= 0.60 1.214 ns 

A r o c l o r 1254 0.86 1.23 
1.14 0.92 
1.16 0.92 

x = 1.05 x = 1.02 
SD= 0.17 SD= 0.18 0.212 ns 

A r o c l o r 1260 0.39 0.62 
0.48 0.31 
0.38 0.46 -0.491 ns 

x = 0.42 x = 0.46 
SD= 0.06 SD= 0.16 

x = m e a n ; S D = s tanda rd d e v i a t i o n ; ns = not s i g n i f i c a n t 
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T A B L E 13 

M E A N • SE A N D (RANGE) O F V A L U E S (yg/dry g) F O R TISSUE M E T A L 
C O N C E N T R A T I O N S IN Mocoma bolthica 

Sediment Time 
(months) 

Cadmium Lead PCBs Cadmium Lead 

1242 
Aroclor 

1254 1260 

0.80+0.63* 
(0.11-1.50) 

0.24+0.07 
(0.103.35) 

<0.1+0.0 
(<07l) 

0.3+0.1 
(0.23.4) 

0.2+0.0 
(0.13.2) 

0.19+0.04 
(0.143.26) 

1.18+0.26 
(0.85-1.69) 

<0.1+0.0 
(<0.l) 

0.21+0.08 
(0.09+0.36) 

<0.1+0.0 
(<07l) 

0.25+0.04 
(0.173.30) 

1.88+0.15 
(1.593.07) 

<0.1+0.0 
(<0.l) 

0.22+0.03 
(0.193.29) 

3). 1+0.0 
(<0.l) 

0.40+0.06 
(0.283.50) 

5.27+0.66 
(3.94^5.95) 

<0.1+0.0 
(<071) 

0.20+0.04 
(0.I55&.27) 

0.29+0.12 
(0.153.54) 

0.13+0.01 
(0.113.16) 

I.I 1+0.25 
(0.83^1.61) 

<0.1+0.0 
(<07l) 

0.20+0.10 
(<0.13.39) 

0.25+0.15 
(<0.13.55) 

0.46+0.28 
(0,6- [702) 

2.98+0.11 
(2.753.09) 

< 0.1+0.0 
(<07l) 

0.89+0.13 
(0.76:1.14) 

0.35+0.03 
(0.293.38) 

0.29+0.08 
(0.193.45) 

2.95+0.03 
(2.9IJ3.0I) 

<0.1+0.0 
(<07l) 

1.05+0.10 
(0.86^.16) 

0.42+0.03 
(0.383.48) 

0.39+0.08 
(0.253.53) 

11.6+1.88 
(8.51^5.0) 

<0.1+0.0 
(<0.l) 

0.79+0.10 
(0.603.92) 

0.75+0.12 
(0.543.95) 

0.14+0.02* 
(0.113.16) 

0.73+0.01* 
(0.723.74) 

•» ** •» 

0.19+0.02 
(0.163.23) 

2.25+0.16 
(2.023.55) 

- - -

0.19+0.05 
(0.09-0.26) 

4.30+0.44 
(3.82-5.17) 

- - -

0.34+0.08* 
(0.263.41) 

14.6+2.2* 
(12.5-16.8) 

- - -

Background 

Reference 

Vancouver 
Harbor 

False 
Creek 

2 

4 

6 

I 

2 

4 

6 

I 

2 

4 

6 

n=3 with approximately 50 individuals per sample 
* indicates n=2 
••insufficient tissue for analysis 
- not included in analysis 
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C A D M I U M 

16.0-

14.0-

12.0-j 

10.0-

•5 8.0-

3 

x) 6.0-
o 
01 
_l 

4.0-

2 .0 

0.0-

Time (months) 

L E A D 

• Reference Sediment 
* Vancouver Harbor 
© False Creek 

1 <— 
3 

Time (months) 

P C B ' s 

Time (months) 

F i g u r e 2. B i o a c c u m u l a t i o n of c a d m i u m , l e a d and P C B ' s in M . b a l t h i c a e x p o s e d 
to tes t s e d i m e n t s i n l a b o r a t o r y b i oassays . V a l u e s shown a r e m e a n + 
S.E. o f t h ree r e p l i c a t e s . 
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T A B L E 14 

S U M M A R Y O F O N E W A Y A N O V A * B Y S I T E F O R M . b a l t h i c a T I S S U E 
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 F O R E A C H M O N T H S A M P L E D 

R E F = R e f e r e n c e s e d i m e n t ; V H = V a n c o u v e r H a r b o r ; F C = F a l s e C r e e k 

C o n t a m i n a n t M o n t h 

D i s t i n c t H o m o g e n e o u s Subsets ( i .e . S i tes ) 
I den t i f i ed by S t u d e n t i z e d N e w m a n - K e u l s 

R a n g e T e s t (p<0.05) 

C a d m i u m 
2 
4 
6 

ns 
ns 
ns 
ns 

L e a d 
2 
4 
6 

( R E F ) ( F C , V H ) 
( R E F ) (VH) ( F C ) 
( R E F ) ( V H , F C ) 

ns 

A r o c l o r 1254 
2 
4 
6 

( R E F ) (VH) 
( R E F ) (VH) 
( R E F ) (VH) 

A r o c l o r 1260 
2 
4 
6 

( R E F ) (VH) 
( R E F ) (VH) 

ns 

* a l l resu l t s w e r e s i g n i f i c a n t a t p<0.05 e x c e p t w h e r e i n d i c a t e d 
ns=not s i g n i f i c a n t 
- i n d i c a t e s i n s u f f i c i e n t t i ssue d a t a for a n a l y s i s 
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T A B L E 15 

S U M M A R Y O F O N E W A Y A N O V A * B Y M O N T H F O R M . b a l t h i c a 
T I S S U E 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 F O R E A C H S I T E T E S T E D 

C o n t a m i n a n t S i t e 

D i s t i n c t H o m o g e n e o u s Subsets ( i .e . Mon ths ) 
I den t i f i ed by S t u d e h t i z e d N e w m a n - K e u l s 

R a n g e Tes t (p<0.05) 

C a d m i u m 

L e a d 

A r o c l o r 1254 

A r o c l o r 1260 

R e f e r e n c e 
V a n c o u v e r H a r b o r 
F a l s e C r e e k 

R e f e r e n c e 
V a n c o u v e r H a r b o r 
F a l s e C r e e k 

R e f e r e n c e 
V a n c o u v e r H a r b o r 

R e f e r e n c e 
V a n c o u v e r H a r b o r 

ns 
ns 
ns 

(0, I, 6) (I, 2 , 6) (4) ' 
(0, I, 2 , 6) (4) 
(0, I) (I, 2) (4) 

ns 

(0) (I, 2 , 4) 

ns 
(0) (I, 2) (4) 

* a l l r e s u l t s w e r e s i g n i f i c a n t a t p<0.05 e x c e p t w h e r e i n d i c a t e d 
ns=not s i g n i f i c a n t 
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3.4.2 C a d m i u m 

C a d m i u m was not a c c u m u l a t e d by M . b a l t h i c a o v e r backg round l e v e l s / ^ 

( F i g . 2) . In f a c t , l e ve l s d e c r e a s e d in a l l e x p e r i m e n t a l tes t t r a y s . \ 

C o n c e n t r a t i o n s o f c a d m i u m in M . b a l t h i c a f r o m the R e f e r e n c e and 

F a l s e C r e e k s e d i m e n t s f l u c t u a t e d in a r e l a t i v e l y na r row range b e t w e e n 

0.2 and 0.4 /ag /d ry g . S t a t i s t i c a l ana l ys i s o f the d a t a i n d i c a t e d no 

s i g n i f i c a n t d i f f e r e n c e s (p less than 0.05) in t he b i o a c c u m u l a t i o n o f 

c a d m i u m amongs t s i t es (Tab le 14) or o v e r t i m e a t any one s i t e (Tab le 

15). 

3.4.3 L e a d 

In c o n t r a s t to c a d m i u m , b i o a c c u m u l a t i o n o f l ead w a s obse rved in a l l 

s e d i m e n t s , i n c l u d i n g t h e R e f e r e n c e s e d i m e n t ( F i g . 2). H i g h e s t m e a n 

va lues w e r e r e c o r d e d in the F a l s e C r e e k (14.6 / i g / d r y g) and 

V a n c o u v e r H a r b o r (11.6 / i g / d r y g) s e d i m e n t s a f t e r 4 m o n t h s . T i ssue 

c o n c e n t r a t i o n s then d e c l i n e d sha rp l y to nea r backg round l eve l s in the 

V a n c o u v e r H a r b o r s e d i m e n t a t m o n t h 6. A s i m i l a r d e c r e a s e was 

obse rved a f t e r 6 m o n t h s fo r the R e f e r e n c e s e d i m e n t . N o d a t a w e r e 

a v a i l a b l e f o r t h e F a l s e C r e e k s e d i m e n t s a f t e r 6 mon ths as no l i ve 

c l a m s r e m a i n e d . T h e s e resu l t s a r e c o n f i r m e d s t a t i s t i c a l l y in T a b l e s 14 

and 15. A s i g n i f i c a n t d i f f e r e n c e in b i o a c c u m u l a t i o n f r o m t i m e z e r o 

was c o n s i s t e n t l y o b s e r v e d a f t e r 4 mon ths in e a c h tes t s e d i m e n t (Tab le 

15). 

3.4.4 P C B s 

P C B l eve l s in M . b a l t h i c a f r o m the R e f e r e n c e s e d i m e n t w e r e 

r e l a t i v e l y s t a b l e ( F i g . 2). In c o n t r a s t , c l a m s f r o m the V a n c o u v e r 

H a r b o r tes t s e d i m e n t showed i n c r e a s e d l eve l s o f A r o c l o r 1254 and 

1260 o v e r fou r m o n t h s . N o d a t a w e r e a v a i l a b l e f o r t h e s i x m o n t h 

s a m p l i n g pe r i od f r o m the V a n c o u v e r H a r b o r s e d i m e n t s due to the 

numbe r o f m o r t a l i t i e s in th i s s e d i m e n t . U p t a k e o f A r o c l o r 1254 was 

m o r e r a p i d than fo r A r o c l o r 1260 but a lso m o r e i r r e g u l a r . A r o c l o r 

1260 s h o w e d a s t e a d y u p t a k e o v e r t h e e n t i r e s tudy p e r i o d . H i g h e s t 
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t i ssue c o n c e n t r a t i o n s m e a s u r e d w e r e 1.05 and 0.75 /xg/dry g f o r 

A r o c l o r s 1254 and 1260 r e s p e c t i v e l y (Tab le 13). T h e t rends in u p t a k e 

in the V a n c o u v e r H a r b o r s e d i m e n t s i d e n t i f i e d a b o v e w e r e shown to be 

s t a t i s t i c a l l y s i g n i f i c a n t (p less than 0.05) (Tab les 14 and 15). 

A n a l y s i s o f P C B s w a s no t i nc l uded f o r F a l s e C r e e k s e d i m e n t s in th i s 

s tudy as resu l t s o f p rev i ous t es t i ng by t he 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 had shown low leve l s o f these c o m p o u n d s , and b i o a c c u m u l a t i o n 

o f P C B s f r o m F a l s e C r e e k s e d i m e n t s was not a c o n c e r n . 

3 .5 M o r t a l i t i e s in T e s t S e d i m e n t s 

R e l a t i v e m o r t a l i t i e s o f M . b a l t h i c a in the R e f e r e n c e and c o n t a m i n a t e d 

tes t sed imen ts a r e shown in T a b l e 16. M o r t a l i t i e s r e a c h e d 12% in the 

R e f e r e n c e s e d i m e n t a f t e r 6 m o n t h s c o m p a r e d to 2 0 % in the 

V a n c o u v e r H a r b o r s e d i m e n t s . F a l s e C r e e k s e d i m e n t s e x h i b i t e d 4 0 % 

m o r t a l i t i e s a f t e r o n l y 4 m o n t h s o f e x p o s u r e . The r a t e o f m o r t a l i t y in 

t he F a l s e C r e e k s e d i m e n t s r esu l t ed in no l i v e c l a m s r e m a i n i n g a f t e r 

the fou r m o n t h s a m p l i n g p e r i o d . 

S e v e r a l d o z e n " s p a t " (new ly s e t t l e d j u v e n i l e c l a m s ) w e r e f ound in t he 

R e f e r e n c e s e d i m e n t a t the end o f s i x m o n t h s . Th is o b s e r v a t i o n 

i n d i c a t e d t ha t c l a m s had m a t u r e d and spawned s u c c e s s f u l l y in t h i s 

c o n t a i n e r . Spat w e r e not o b s e r v e d in the c o n t a m i n a t e d s e d i m e n t s . 

3.6 B i o a c c u m u l a t i o n in R e s i d e n t B i o t a 

A s u m m a r y o f t i ssue c o n t a m i n a n t d a t a f o r res iden t b i o t a is g i v e n in 

T a b l e 17. S t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e s in t i ssue c o n c e n t r a t i o n s 

a m o n g s i tes a r e s u m m a r i z e d in T a b l e 18. 

3.6.1 C a d m i u m 

T h e h ighest l eve l s o f c a d m i u m w e r e d e t e c t e d in i n fauna ( 4 . 8 j j g / d r y g) 

and so le l i ve r (2.7 jxqldcy g) a t t he P o w e l l R i v e r s i t e . These resu l t s 

w e r e s i g n i f i c a n t l y d i f f e r e n t c o m p a r e d to the R e f e r e n c e s i t e (Tab le 
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TABLE 16 

RELATIVE MORTALITIES FOR M. balthica IN DIFFERENT TEST SEDIMENTS 
DURING LABORATORY BIOASSAYS 

MONTHS 

I 2 3 4 5 6 

REFERENCE 

VANCOUVER HARBOR 

FALSE CREEK 

12% 

-20% 

•40% 
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T A B L E 18 

S U M M A R Y O F O N E W A Y A N O V A B Y S I T E F O R M E A N T I S S U E 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 (>xg/dry g) F O R R E S I D E N T B I O T A 

C o n t a m i n a n t B i o t a R e f e r e n c e F a l s e V a n c o u v e r P o w e l l 
S i t e C r e e k H a r b o r R i v e r 

C a d m i u m P o l y c h a e t e w o r m s 3.46 0.70 0.73 4.80** 
C r a b m e a t 0.09 <0.05 <0.05 <0.05 
So le m u s c l e <0.05 <0.05 < 0.05 <0.05 
So le l i ve r 1.16 0.38 0.74 2.7** 

L e a d P o l y c h a e t e w o r m s 1.98 4 .90 1 1 . 7 * * 8.0** 
C r a b m e a t <0. I0 <0. I0 0.45** <0. I0 
So le m u s c l e 0.22 0.23 0.35 < 0.10 
So le l i ve r 1.77 0.85 3.41 1.35 

A r o c l o r 1254 P o l y c h a e t e w o r m s 0.32 _ 1.66** _ 

C r a b m e a t <0 . I0 - <0. I0 -
So le m u s c l e 0.16 - 0.70* -
So le l i ve r 0.83 - 11.0* * -

A r o c l o r 1260 P o l y c h a e t e w o r m s < 0.10 0.74* -
C r a b m e a t <0. I0 - <0.I0 -
So le m u s c l e 0.12 - 0.52* -
So le l i ve r 0.44 - 7.45** -

• s i g n i f i c a n t l y h igher v a l u e f r o m R e f e r e n c e S i t e a t p<0.05 
• • s i g n i f i c a n t a t p<0.01 
- not a n a l y z e d fo r P C B s 
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18). C r a b m e a t and so le m u s c l e d id not appear to be good 

b i o a c c u m u l a t i o n s i t es f o r c a d m i u m . P o l / c h a e t e w o r m s s a m p l e d a t t he 

R e f e r e n c e s i t e had h ighe r l e v e l s o f c a d m i u m (3.46 / j g / d r y g) than 

b i v a l v e m o l l u s c s (0.82 M g / d r y g ; T a b l e 17) s a m p l e d at the s a m e s i t e . 

O f p a r t i c u l a r i n t e res t w e r e the r e l a t i v e l y low leve l s o f c a d m i u m in 

i n fauna ( 0 . 4 8 / ^ g / d r y g) and so le l i ve r (0.38/xg /dry g) f r o m F a l s e C r e e k 

desp i t e the e x t r e m e l y h igh c o n c e n t r a t i o n o f c a d m i u m (3.51 MO/dry g) 

p resen t in t hese s e d i m e n t s . A l s o n o t e w o r t h y w a s t h e r e l a t i v e l y h igh 

c o n c e n t r a t i o n o f c a d m i u m appa ren t in the p o l y c h a e t e s f r o m the 

R e f e r e n c e s i t e c o m p a r e d to the o the r s i tes s a m p l e d . 

3.6.2 L e a d 

C o m p a r e d to l eve l s a t the R e f e r e n c e s i t e , the b i o a c c u m u l a t i o n o f lead 

was g r e a t e r f o r a l l t he b i o t a s a m p l e d a t V a n c o u v e r H a r b o r . T h e 

h ighest c o n c e n t r a t i o n o f lead was m e a s u r e d in i n fauna (11.7 / j g / d r y g) 

f r o m V a n c o u v e r H a r b o r ; th i s v a l u e was s t a t i s t i c a l l y h igher than l eve l s 

in i n fauna f r o m the R e f e r e n c e s i t e . L e a d w a s the o n l y c o n t a m i n a n t 

f o r w h i c h t h e r e was a s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e in 

c o n c e n t r a t i o n s in c r a b m e a t b e t w e e n s i t e s (Vancouve r H a r b o r ve rsus 

t he R e f e r e n c e s i t e ) . L e a d was a l so d e t e c t e d in s i g n i f i c a n t l y h igher 

than backg round c o n c e n t r a t i o n s in i n fauna f r o m P o w e l l R i v e r (8.0 

/ug/dry g) . L e a d v a l u e s in b i v a l v e s a t t he R e f e r e n c e s i t e (3.86 /ag/dry 

g) w e r e h igher t han fo r p o l y c h a e t e w o r m s (1.98/ug /dry g) a t th is s i t e 

(Tab le 17). 

3.6.3 P C B s 

P C B A r o c l o r s 1254 and 1260 w e r e d e t e c t e d in s i g n i f i c a n t l y h igher 

c o n c e n t r a t i o n s in i n f a u n a , so le m u s c l e and so le l i v e r f r o m V a n c o u v e r 

H a r b o r c o m p a r e d to the R e f e r e n c e s i t e (Tab le 18). H i g h e s t m e a n 

va lues w e r e r e c o r d e d in so le l i ve r (I 1.0 M g / d r y g) f r o m V a n c o u v e r 

H a r b o r . A s i m i l a r p a t t e r n was o b s e r v e d fo r A r o c l o r 1260 (Tab le 17). 

In e a c h i n s t a n c e , c o n c e n t r a t i o n s o f A r o c l o r 1260 w e r e l ower than f o r 

A r o c l o r 1254 in the s a m e t i s sue . 
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DISCUSSION 

B i o a c c u m u l a t i o n P o t e n t i a l in L a b o r a t o r y B i o a s s a y s 

ve rsus R e s i d e n t B i o t a 

A s u m m a r y o f t he r e l a t i o n s h i p b e t w e e n the l a b o r a t o r y b ioassays and 

res iden t b i o t a w i t h r e s p e c t to b i o a c c u m u l a t i o n is shown in T a b l e 19. 

A s no ted p r e v i o u s l y , to e v a l u a t e b i o a c c u m u l a t i o n p o t e n t i a l f r o m a pu lp 

m i l l s i t e ( P o w e l l R i v e r ) , d a t a f r o m a p rev ious 6 m o n t h l a b o r a t o r y 

b i o a c c u m u l a t i o n s tudy w i t h M . b a l t h i c a ( M c G r e e r and R e i d , 1984) a r e 

c o m p a r e d w i t h res iden t b i o t a o b t a i n e d as pa r t o f the p resen t s t u d y . 

L a b o r a t o r y b i o a s s a y s ^ w i t h M . b a l t h i c a i n d i c a t e d a s i g n i f i c a n t d e g r e e o f 

b i o a c c u m u l a t i o n p o t e n t i a l f o r c a d m i u m in P o w e l l R i v e r s e d i m e n t s . 

Th i s p r e d i c t e d resu l t was c o n f i r m e d by l eve l s o f c a d m i u m d e t e c t e d in 

res iden t b i o t a ( p o l y c h a e t e w o r m s , so le l i ve r ) w h i c h w e r e s i g n i f i c a n t l y 

h igher than l eve l s a t the P o w e l l R i v e r r e f e r e n c e s i t e . R e s i d e n t b i o t a 

f r o m the o the r t w o c o n t a m i n a t e d s i t es d id not show e l e v a t e d l eve l s o f 

c a d m i u m . Thus , the c a p a c i t y o f the l a b o r a t o r y b ioassay fo r p r e d i c t i n g 

t he b i o a c c u m u l a t i o n p o t e n t i a l o f c a d m i u m f r o m c o n t a m i n a t e d 

s e d i m e n t s was c o n f i r m e d . 

L e a d was s i g n i f i c a n t l y b i o a c c u m u l a t e d by M . b a l t h i c a in a l l t h ree 

c o n t a m i n a t e d s e d i m e n t s c o m p a r e d to the R e f e r e n c e (Tab le 19). T i ssue 

l eve l s in res iden t b i o t a f r o m V a n c o u v e r H a r b o r ( po l ychae tes , c r a b 

m e a t ) and P o w e l l R i v e r (po lychae tes ) a l so showed s i g n i f i c a n t l y h igher 

l eve l s of l e a d . H o w e v e r , res iden t b i o t a d i d not show e l e v a t e d 

c o n c e n t r a t i o n s o f lead in F a l s e C r e e k . In th is c a s e , the l abo ra to r y 

b ioassay resu l t s w e r e not c o m p l e t e l y p r e d i c t i v e . H o w e v e r , i t is 

n o t e w o r t h y tha t t i ssue lead va lues f o r p o l y c h a e t e s s a m p l e d in F a l s e 

C r e e k w e r e m o r e h igh ly v a r i a b l e than a t the o the r s i t e s , w h i c h m a y 

be i n d i c a t i v e of s e l e c t i v e lead b i o a c c u m u l a t i o n by p a r t i c u l a r s p e c i e s 

o r i nd i v i dua l s . 
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T A B L E 19 

COMPARISON O F B I O A C C U M U L A T I O N D A T A F R O M 
L A B O R A T O R Y BIOASSAY A N D RESIDENT BIOTA 

x = significant!/ higher bioaccumulation compared to 
reference sediment (bioasssay)/site (resident biota) 

ns = no significant difference 

Test Laboratory Resident Biota 
Contaminant Sediment/Site Bioassay 

Polychaete Crab Sole 
worms meat muscle liver 

Cadmium Vancouver Harbor ns ns ns ns ns 
False Creek ns ns ns ns ns 
Powell River x> X ns ns X 

Lead Vancouver Harbor X X X ns ns2 
False Creek X n S2 ns ns ns 
Powell River x< X ns ns ns 

Aroclor 1254 Vancouver Harbor X X ns X X 

Aroclor 1260 Vancouver Harbor X X ns X X 

'significantly higher bioaccumulation compared to tissue levels at 
start of experiment; data from McGreer and Reid (1984) 

^means considerably higher than reference but not statistically significant 
at p<0.05 due to high variability and relatively low number of replicates (n=2) 
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B o t h P C B A r o c l o r s (1254 and 1260) w e r e shown to have a s i g n i f i c a n t 

b i o a c c u m u l a t i o n p o t e n t i a l f o r V a n c o u v e r H a r b o r s e d i m e n t s . Th i s 

p r e d i c t i o n was c o r r o b o r a t e d by ana l yses of res iden t b i o t a ( po l ychae te 

w o r m s , and so le m u s c l e and l i ve r ) w h i c h a l l showed s i g n i f i c a n t l eve l s 

o f b i o a c c u m u l a t i o n f o r A r o c l o r s 1254 and 1260 (Tab le 19). Thus , the 

p r e d i c t i v e c a p a c i t y o f the l abo ra to r y b ioassay was c o n f i r m e d f o r 

P C B s . 

In s u m m a r y , t h e r e was a h igh deg ree o f success in p r e d i c t i n g the 

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

us ing l abo ra to r y b ioassays w i t h M . b a l t h i c a . W i t h r e s p e c t to the 

numbers o f c o n t a m i n a n t s and tes t s e d i m e n t s t e s t e d , t he l a b o r a t o r y 

b ioassays c o r r e c t l y p r e d i c t e d the b i o a c c u m u l a t i o n po ten t i a l in 6 ou t o f 

7 cases ( i .e . C d in a l l s e d i m e n t s , P b in t w o o f t h r e e s e d i m e n t s , and 

P C B in V H s e d i m e n t s ) . F o r the c o n t a m i n a n t s assessed in the p resen t 

s tudy ( c a d m i u m , l ead and P C B s ) , p o l y c h a e t e w o r m s and so le l i ve r 

a p p e a r e d to be the m o s t s u i t a b l e t i ssues f o r assess ing b i o a c c u m u l a t i o n 

f r o m c o n t a m i n a t e d s e d i m e n t s in t he f i e l d . R e s u l t s o f th i s i n i t i a l 

s tudy i n d i c a t e t ha t l a b o r a t o r y b ioassays w i t h M . b a l t h i c a c a n be used 

to p r e d i c t the b i o a c c u m u l a t i o n p o t e n t i a l o f s e d i m e n t - a s s o c i a t e d 

c o n t a m i n a n t s . H o w e v e r , f u r t h e r d e v e l o p m e n t wo rk is r equ i r ed to 

r e f i n e t he p r o t o c o l and s p e c i f i c a s p e c t s i d e n t i f i e d du r i ng ou r s tudy a r e 

addressed b e l o w . 

A s p e c t s o f the L a b o r a t o r y B i o a s s a y P r o t o c o l R e q u i r i n g S t a n d a r d i z a t i o n 

T h e e x t e n t to w h i c h some o f the tes t v a r i a b l e s a f f e c t the o u t c o m e o f 

the l abo ra to r y b ioassays w e r e not assessed as pa r t o f the p resen t 

s t udy and requ i r e e v a l u a t i o n . In t he p resen t s t u d y , c e r t a i n v a r i a b l e s 

(e .g . f l o w ra te ) w e r e f i x e d based upon our p rev ious b ioassay 

e x p e r i e n c e to ensure the h e a l t h on the tes t o r g a n i s m s . These and 

o the r tes t v a r i a b l e s r equ i r e s t a n d a r d i z a t i o n as pa r t o f a v e r i f i e d 

b i o a c c u m u l a t i o n p r o t o c o l . 
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4.2.1 F l o w R a t e 

F l o w ra tes used in the p resen t s tudy resu l t ed in a t u rnove r t i m e fo r 

s e a w a t e r o v e r l y i n g tes t s e d i m e n t s o f a p p r o x i m a t e l y 6 h. A n a l y s i s o f 

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 i n d i c a t e d tha t e x c e p t fo r c a d m i u m , l eve l s 

in the o v e r l y i n g s e a w a t e r w e r e a t o r b e l o w d e t e c t i o n l i m i t s . 

A s s t a t i s t i c a l d i f f e r e n c e s in l eve l s o f b i o a c c u m u l a t i o n b e t w e e n tes t 

s e d i m e n t s w e r e o b s e r v e d in our b i oassays , th is w o u l d suggest tha t 

up take was p r i m a r i l y f r o m the s e d i m e n t and hot the w a t e r c o l u m n . 

H o w e v e r , b ioassay tes ts c o n d u c t e d w i t h the s a m e c o n t a m i n a t e d 

s e d i m e n t s but us ing s l o w e r f l o w ra tes r esu l t ed in h igher f i n a l m e t a l 

t i ssue l eve l s w i t h h igher s e a w a t e r c o n c e n t r a t i o n s ( M c G r e e r and R e i d , 

1984). A r e c e n t s tudy on the b i o a c c u m u l a t i o n o f m e t a l s f r o m 

s e d i m e n t s by p o l y c h a e t e w o r m s and f l a t f i s h ( H a y w o o d et a l . , 1983) 

found no s i g n i f i c a n t i n c r e a s e in t i ssue l eve l s a f t e r 75 days and the 

au tho rs c o n c l u d e d t ha t the l ack o f b i o a c c u m u l a t i o n m a y have r e s u l t e d 

f r o m a c o m b i n a t i o n o f h igh f l o w ra tes and low s e a w a t e r m e t a l 

c o n c e n t r a t i o n s . In c o n t r a s t , t he c o n c e n t r a t i o n o f P C B s and o r g a n i c 

compounds in s e a w a t e r o v e r l y i n g t es t s e d i m e n t s was not c o n s i d e r e d to 

a f f e c t t he l eve l o f b i o a c c u m u l a t i o n a t a r e c e n t w o r k s h o p on 

b i o a c c u m u l a t i o n ( M c F a r l a n d , 1983). 

F l o w ra tes m a y have to be ad jus ted f o r the assessmen t o f d i f f e r e n t 

groups o f c o n t a m i n a n t s in l a b o r a t o r y b i oassays . D a t a on the r e l a 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 s o f d i f f e r e n t c o n t a m i n a n t s to the d e g r e e o f 

b i o a c c u m u l a t i o n in tes t spec ies a re requ i r ed b e f o r e s t a n d a r d i z e d f l o w 

ra tes c a n be r e c o m m e n d e d as par t o f the b ioassay p r o t o c o l . 

4 .2 .2 E x p o s u r e T i m e s 

A m a x i m u m exposu re t i m e o f 6 mon ths was t e s t e d in the p resen t 

s tudy to assess t he o p t i m u m leng th o f t i m e r e q u i r e d to show a 

" s i g n i f i c a n t " d i f f e r e n c e in b i o a c c u m u l a t i o n fo r e a c h c o n t a m i n a n t and 

tes t s e d i m e n t . N o s i g n i f i c a n t d i f f e r e n c e s in t he b i o a c c u m u l a t i o n o f 

c a d m i u m w e r e obse rved a t any t i m e in the p resen t s tudy . T h e s e 
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resu l t s suggest tha t longer exposure t i m e s fo r c a d m i u m do not 

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

th is m e t a l is not in a b i o l o g i c a l l y a v a i l a b l e f o r m . In a s tudy by 

M c G r e e r a n d R e i d (1984), h ighes t t i ssue l e v e l s o f c a d m i u m w e r e 

obse rved a f t e r I m o n t h in ha l f the tes t s e d i m e n t s and at 4 mon ths in 

the o the r ha l f . D i f f e r e n c e s in the r a t e o f r e l e a s e o f c a d m i u m in to 

s e a w a t e r a m o n g the d i f f e r e n t sed imen ts w e r e a l so o b s e r v e d . A s i ng le 

exposu re p e r i o d fo r c a d m i u m canno t be r e c o m m e n d e d a t th is t i m e . 

A d d i t i o n a l t e s t i n g w i t h a w i d e r range of tes t s e d i m e n t s is n e c e s s a r y 

to f u r t he r d e f i n e th is v a r i a b l e . 

S t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e s in the b i o a c c u m u l a t i o n 1 - o f l ead 

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

r e c o r d e d a t m o n t h 4 . Th is obse rva t i on is c o n s i s t e n t w i t h a p rev ious 

s tudy by M c G r e e r and R e i d (1984) in w h i c h m a x i m u m leve l s o f l ead in 

M . b a l t h i c a w e r e o b s e r v e d mos t f r e q u e n t l y in s e d i m e n t s a f t e r 4 

m o n t h s . It shou ld b e p o i n t e d ou t t ha t in b o t h t hese s tud ies s a m p l i n g 

o c c u r r e d a t 2 and 4 m o n t h s , and an i n t e r m e d i a t e exposu re t i m e (e .g . 

3 months) m a y be s u f f i c i e n t . 

B o t h M c G r e e r and R e i d (1984) and the p resen t s tudy r e c o r d e d an 

appa ren t d e c r e a s e in l ead t i ssue leve ls b e t w e e n 4 and 6 m o n t h s . In 

e a c h c a s e , the d e c r e a s e in lead resu l t ed in a n o n - s i g n i f i c a n t d i f f e r e n c e 

in b i o a c c u m u l a t i o n b e t w e e n t he tes t and r e f e r e n c e s e d i m e n t s . In the 

p resen t s t u d y , t i ssues f r o m the 4 m o n t h s a m p l i n g p e r i o d w e r e 

p r e s e r v e d and a n a l y z e d a t t he s a m e t i m e as the 6 m o n t h s a m p l e s , 

such tha t v a r i a b i l i t y due to c h e m i c a l ana l ys i s was m i n i m a l . The 

reason(s) f o r t he d e c r e a s e s in lead t i ssue l eve l s a re unknown but c o u l d 

be due to a d a p t a t i o n and e x c r e t i o n o f lead on the par t of M . b a l t h i c a 

in response to lead t i ssue l eve l s A l s o , the a m o u n t of b i o l o g i c a l l y 

a v a i l a b l e lead m a y have been e x h a u s t e d . These resu l t s suggest t ha t 

fo r M . b a l t h i c a a 6 m o n t h exposu re pe r i od is not a p p r o p r i a t e . 

P C B s w e r e t aken up r e l a t i v e l y r ap i d l y by M . b a l t h i c a , and s i g n i f i c a n t 

d i f f e r e n c e s b e t w e e n tes t and r e f e r e n c e s e d i m e n t s w e r e o b s e r v e d a f t e r 

a I m o n t h e x p o s u r e . M a x i m u m d i f f e r e n c e s in t i ssue c o n c e n t r a t i o n s 
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b e t w e e n the V a n c o u v e r H a r b o r and R e f e r e n c e s e d i m e n t was a c h i e v e d 

a f t e r 2 m o n t h s . F o r P C B s , a I m o n t h exposu re t i m e in l abo ra to r y 

b ioassays appears to b e a d e q u a t e to p r e d i c t s i g n i f i c a n t d i f f e r e n c e s in 

b i o a c c u m u l a t i o n in res iden t b i o t a . 

4 .2 .3 S e d i m e n t T o x i c i t y 

E l e v a t e d m o r t a l i t i e s c o m p a r e d t o the R e f e r e n c e s e d i m e n t w e r e 

o b s e r v e d in c o n t a m i n a t e d tes t s e d i m e n t s in t he p resen t s tudy . 

S e d i m e n t t o x i c i t y has a l so been r e p o r t e d in o the r l o n g - t e r m b ioassay 

s tud ies w i t h c o n t a m i n a t e d tes t s e d i m e n t s , and p o l y c h a e t e spec ies have 

been shown to be p a r t i c u l a r l y s e n s i t i v e ( H a y w o o d et a l . , 1983; 

M c G r e e r and R e i d , 1984). S e d i m e n t t o x i c i t y c a n pose a p r o b l e m in 

l o n g - t e r m b i o a c c u m u l a t i o n s tud ies w h e r e the numbe r o f m o r t a l i t i e s 

reduces t he a m o u n t o f t i s sue f o r a n a l y s i s , o r p r e v e n t s t he s tudy f r o m 

go ing fu l l t e r m . 

S e v e r a l app roaches have been t r i e d to o v e r c o m e the p r o b l e m o f 

s e d i m e n t t o x i c i t y . H a y w o o d et a l . (1983) m i x e d t o x i c s e d i m e n t s w i t h 

c l e a n m a r i n e sand t o r e d u c e t o x i c i t y . Th i s a p p r o a c h has a l so been 

f o l l o w e d in b i o a c c u m u l a t i o n s tud ies w i t h m i n e t a i l i ngs ( R e i d and 

M c G r e e r , 1983). H o w e v e r , th is m e t h o d c a n r a i s e ques t ions about the 

i n t e r p r e t a t i o n o f s tudy f i nd ings , e s p e c i a l l y w h e r e no b i o a c c u m u l a t i o n is 

e v i d e n t . A n o t h e r d r a w b a c k to th is m e t h o d is tha t a d d i t i o n o f 

s o - c a l l e d " c l e a n " s e d i m e n t s c a n c h a n g e the o v e r a l l s e d i m e n t c h e m i s t r y 

w i t h i n the e x p e r i m e n t . 

A second a p p r o a c h to s o l v i n g the p r o b l e m of s e d i m e n t t o x i c i t y is one 

in w h i c h o rgan i sms a re exposed to a v e r y th in l a y e r o f s e d i m e n t . Th i s 

m e t h o d was used by R u b e n s t e i n e t a l . (1983) in a 3 m o n t h exposu re 

of p o l y c h a e t e s (Ne re i s v i r ens ) , c l a m s ( M e r c e n a r i a m e r c e n a r i a ) and 

s h r i m p ( P a l a e m o n e t e s pug io ) . T h e s e au tho rs r e p o r t e d no s i g n i f i c a n t 

m o r t a l i t i e s in t he i r e x p e r i m e n t s w i t h c o n t a m i n a t e d harbor s e d i m e n t s , 

but t h e y a l so d id not f i nd s i g n i f i c a n t b i o a c c u m u l a t i o n o f m e t a l s . 
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U s i n g such a s m a l l q u a n t i t y o f s e d i m e n t in l o n g - t e r m e x p e r i m e n t s 

c a s t s s o m e doubt on w h e t h e r s u f f i c i e n t q u a n t i t i e s o f c o n t a m i n a n t s 

w e r e a v a i l a b l e fo r u p t a k e . 

The mos t p r a c t i c a l a p p r o a c h to s o l v i n g the p r o b l e m of s e d i m e n t 

t o x i c i t y w o u l d a p p e a r to be to use a r e l a t i v e l y t o l e r a n t i n d i c a t o r 

s p e c i e s , and to p r o v i d e fo r a s u f f i c i e n t l y l a rge number o f i nd i v i dua l s 

in the t e s t s . D e p o s i t - f e e d i n g b i v a l v e s (such as M . b a l t h i c a ) appear to 

be m o r e t o l e r a n t than p o l y c h a e t e w o r m s in s tud ies c o n d u c t e d to d a t e . 

F u t u r e b ioassay t e s t i n g o f th i s t y p e shou ld i nc lude t w i c e the m i n i m u m 

number o f i nd i v i dua l s t ha t a r e r e q u i r e d to p r o v i d e s u f f i c i e n t q u a n t i t i e s 

o f t i ssue fo r c h e m i c a l a n a l y s i s . T h a t i s , a " s a f e t y f a c t o r " o f 100% is 

r e c o m m e n d e d to p reven t p r o b l e m s due to s e d i m e n t t o x i c i t y . 

4 .2 .4 O t h e r P o t e n t i a l Ind ica to r S p e c i e s 

T h e b ioassay o r g a n i s m used in the p resen t s tudy ( M . b a l t h i c a ) is a 

b i v a l v e c o m m o n to es tua r i es and s h a l l o w c o a s t a l a r e a s . R e s u l t s f r o m 

l abo ra to r y tes ts w i t h th is s p e c i e s showed good a g r e e m e n t w i t h 

b i o a c c u m u l a t i o n in i n f auna and so le f r o m the c o a s t a l s i t es s a m p l e d . 

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

and spec ies in these a reas m a y d i f f e r in t h e i r a b i l i t y to b i o a c c u m u l a t e 

c o n t a m i n a n t s . It w o u l d t h e r e f o r e be d e s i r a b l e to have an i n d i c a t o r 

spec ies n o r m a l l y res iden t in deepe r o c e a n s e d i m e n t s . T h e m a r i n e 

b i v a l v e Y o l d i a s p . has been used as an i n d i c a t o r o f b i o a c c u m u l a t i o n in 

a deep w a t e r f jo rd ( A l i c e A r m ) r e c e i v i n g m i n e t a i l i n g s . T e s t s 

c o m p a r i n g Y o l d i a w i t h M . b a l t h i c a as b i o a c c u m u l a t i o n i n d i c a t o r s w o u l d 

p rov ide v a l u a b l e i n f o r m a t i o n on d i f f e r e n c e s in b i o a c c u m u l a t i o n b e t w e e n 

these t w o s p e c i e s , and i n d i c a t e w h e t h e r m o r e than one i n d i c a t o r 

s p e c i e s is r equ i r ed f o r i nc l us i on in t he b ioassay p r o t o c o l . 

A d d i t i o n a l t e s t i n g is a lso r e q u i r e d to assess the s u i t a b i l i t y o f a w i d e r 

range o f res iden t b i o t a as d e s i g n a t e d i n d i c a t o r s p e c i e s fo r e v a l u a t i n g 

the e f f e c t i v e n e s s o f the b ioassay p r o t o c o l . A l t h o u g h E n g l i s h so le ( P . 

ve tu lus ) w e r e the p r e f e r r e d s p e c i e s o f res iden t b i o t a in the p resen t 

s t u d y , th is spec ies was not p resen t a t a l l s i t es due to d i f f e r e n c e s in 
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h a b i t a t . A second s p e c i e s o f s o l e , j . i so l ep i s , a n a l y z e d in the p resen t 

s tudy a l s o a p p e a r e d to b e a good b i o a c c u m u l a t i o n i n d i c a t o r . 

B i o a c c u m u l a t i o n p r e d i c t e d f r o m the l a b o r a t o r y b ioassays w i t h M . 

b a l t h i c a w a s r e f l e c t e d in e l e v a t e d l i ve r c o n c e n t r a t i o n s in th is s p e c i e s . 

A s d i f f e r e n t s p e c i e s m a y be p resen t a t i nd i v i dua l dumps i t es due to 

v a r i a t i o n s in h a b i t a t , w a t e r dep th or t i m e o f y e a r , a numbe r o f 

p o t e n t i a l res iden t i n d i c a t o r spec ies shou ld be s c r e e n e d . A l i s t o f 

a c c e p t a b l e i n d i c a t o r s p e c i e s r ep resen t i ng a v a r i e t y o f hab i t a t s shou ld 

then be i n c l u d e d in the p r o t o c o l f o r purposes o f e v a l u a t i n g t he 

l a b o r a t o r y b i oassays . 

S i g n i f i c a n c e o f B i o a c c u m u l a t i o n to R e s i d e n t S p e c i e s 

T h e b ioassay p r o t o c o l d e v e l o p e d in th is s tudy was e v a l u a t e d on the 

bas is o f s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e s in b i o a c c u m u l a t i o n 

o b s e r v e d b e t w e e n res iden t b i o t a a t a tes t s i t e and the R e f e r e n c e 

l o c a t i o n . U n d e r the p r o t o c o l , w h e r e a s i g n i f i c a n t d i f f e r e n c e was 

r e c o r d e d , t h e s e d i m e n t s w e r e " r e d f l a g g e d " as be i ng a c o n c e r n w i t h 

r e s p e c t to b i o a c c u m u l a t i o n . Th is m a y be c o n s i d e r e d an i m p o r t a n t 

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

s e d i m e n t s . H o w e v e r , the e c o l o g i c a l s i g n i f i c a n c e o f these " s t a t i s t i c a l " 

d i f f e r e n c e s r e m a i n s to be d e t e r m i n e d . Idea l l y , t he l a b o r a t o r y b ioassay 

p r o t o c o l shou ld be a b l e to d e t e c t s e d i m e n t s w h i c h have a 

b i o a c c u m u l a t i o n p o t e n t i a l o f e c o l o g i c a l s i g n i f i c a n c e i f i t is to be used 

to p r o t e c t a q u a t i c r e s o u r c e s . 

F u t u r e R e s e a r c h D i r e c t i o n s 

A t the p resen t t i m e , b ioassays w i t h c o n t a m i n a t e d s e d i m e n t s and 

a p p r o p r i a t e i n d i c a t o r tes t spec ies appea r to p r o v i d e one o f the best 

means fo r assess ing b i o a c c u m u l a t i o n p o t e n t i a l . P r e v i o u s s tud ies 

a i m e d a t d e v i s i n g r e l i a b l e c h e m i c a l ( ra ther t han b i o l o g i c a l ) me thods 

to p r e d i c t b i o a c c u m u l a t i o n have had l i m i t e d s u c c e s s due to the 

c o m p l e x i t y o f p r e d i c t i v e re l a t i onsh ips i n v o l v e d ( B u r t o n , 1979). 

H o w e v e r , e f f o r t s a r e c o n t i n u i n g in th is d i r e c t i o n and p rogress has been 

m a d e , p a r t i c u l a r l y in p r e d i c t i n g t he b i o a c c u m u l a t i o n p o t e n t i a l o f 
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o r g a n i c c o m p o u n d s . G o s s e t t e t a l . (1983) h a v e r e c e n t l y shown tha t 

t he sed imen t and t i ssue c o n c e n t r a t i o n s o f 27 s e l e c t e d o r g a n i c 

compounds in sewage e f f l u e n t w e r e p o s i t i v e l y c o r r e l a t e d w i t h e a c h 

o the r and w i t h the n - o c t a n o l / w a t e r p a r t i t i o n c o e f f i c i e n t . T h e s e 

au tho rs c o n c l u d e d tha t the h - o c t a n o l / w a t e r p a r t i t i o n c o e f f i c i e n t s c o u l d 

be used to p r e d i c t w h i c h o r g a n i c s had t h e g rea tes t p o t e n t i a l to 

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

a p p r o a c h is be ing d e v e l o p e d by the U . S . A r m y C o r p s o f E n g i n e e r s as 

pa r t o f t he i r L o n g - T e r m E f f e c t s o f D r e d g i n g O p e r a t i o n s ( L E D O ) 

P r o g r a m ( M c F a r l a n d , 1983). E f f o r t s a r e b e i n g d i r e c t e d a t e v a l u a t i n g 

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

and o rgan i sm t i ssue ( i .e . b i o l o g i c a l ca rbon ) f o r b i o a c c u m u l a t i n g 

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

a c c u m u l a t i o n is be i ng m a d e f r o m the c h e m i c a l ana l ys i s o f s e d i m e n t s . 

R e s e a r c h on the f a c t o r s c o n t r o l l i n g b i o a v a i l a b i l i t y o f m e t a l s f r o m 

na tu ra l es tua r i ne s e d i m e n t s has a l so been a t t e m p t e d ( L u o m a and 

B r y a n , 1978; 1982). T i ssue c o n c e n t r a t i o n s o f s i l v e r , c a d m i u m , c o b a l t , 

c o p p e r , lead and z i n c have been p r e d i c t e d f r o m I N H C I e x t r a c t s o f 

e s t u a r i n e s e d i m e n t s ( L u o m a and B r y a n , 1982), h o w e v e r th is t echn ique 

has not been a p p l i e d to h e a v i l y c o n t a m i n a t e d s e d i m e n t s . 

T h e p resen t , p r e l i m i n a r y b i o a s s a y / b i o a e c u m u l a t i o n tes t p r o t o c o l 

appea rs to p r o v i d e a use fu l a p p r o a c h f o r assess ing t he b i o a c c u m u l a t i o n 

p o t e n t i a l o f c o n t a m i n a t e d s e d i m e n t s . S t a n d a r d i z a t i o n of th i s p r o t o c o l , 

t oge the r w i t h the p r e v i o u s l y no ted r e s e a r c h e f f o r t s , w i l l p r o v i d e a 

m o r e r e a l i s t i c m e a s u r e by w h i c h to judge w h e t h e r s e d i m e n t s shou ld be 

o c e a n d u m p e d . 



CONCLUSIONS 

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

o b t a i n e d in th is s tudy : 

1. L a b o r a t o r y b ioassays w i t h a p p r o p r i a t e i n d i c a t o r spec ies c a n be 

used to p r e d i c t the b i o a c c u m u l a t i o n p o t e n t i a l o f c o n t a m i n a n t s in 

po l l u t ed m a r i n e s e d i m e n t s . 

2. The exposu re t i m e s r e q u i r e d to assess b i o a c c u m u l a t i o n p o t e n t i a l in 

sed imen ts v a r y f o r d i f f e r e n t c o n t a m i n a n t s . In the p resen t s tudy , 

P B C s requ i r ed the sho r tes t exposu re t i m e (I mon th ) and* l ead the 

longest t i m e (4 mon ths ) . 

3. O f the c o n t a m i n a n t s t e s t e d , c a d m i u m a p p e a r e d to be the on l y one 

fo r w h i c h t he c o n c e n t r a t i o n in s e a w a t e r a f f e c t e d the b i o a c c u m 

u la t i on in t i ssues o f the t es t s p e c i e s . 

4. O f the res iden t spec ies t e s t e d , p o l y c h a e t e w o r m s (who le a n i m a l s ) 

and f l a t f i s h ( l i vers) a p p e a r e d to be t he bes t i n d i c a t o r s o f 

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

5. S e d i m e n t s ad jacen t to a pu lp and paper m i l l e f f l u e n t d i s c h a r g e 

showed the g rea tes t b i o a c c u m u l a t i o n p o t e n t i a l f o r c a d m i u m o f the 

d i f f e r e n t t ypes of p o l l u t e d s e d i m e n t s t e s t e d . 

6. D r e d g e d spo i l f r o m a sh ip r e p a i r / d r y dock f a c i l i t y showed the 

h ighest b i o a c c u m u l a t i o n p o t e n t i a l f o r lead in bo th l a b o r a t o r y 

b ioassays and in t i ssues of res iden t b i o t a . Th is s i t e a l so showed a 

h igh b i o a c c u m u l a t i o n p o t e n t i a l f o r P C B s . 

7. Sed imen t t o x i c i t y w i t h c o n t a m i n a t e d s e d i m e n t s c a n pose a p r o b l e m 

in l o n g - t e r m l abo ra to r y b ioassays . U s e o f t o l e r a n t b i o a c c u m u l a t i o n 

i n d i c a t o r spec ies in l abo ra to r y tes ts is r e q u i r e d . 
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RECOMMENDATIONS 

The f o l l o w i n g r e s e a r c h needs a r e i d e n t i f i e d as the resu l t o f th is 

s tudy : 

1. The re is a n e e d to r e f i n e the b ioassay p r o t o c o l d e v e l o p e d he re i n 

so tha t s p e c i f i c f l o w ra tes and exposu re t i m e s c a n be 

r e c o m m e n d e d fo r d i f f e r e n t groups o f c h e m i c a l c o n t a m i n a n t s . The 

s a m e o v e r a l l e x p e r i m e n t a l des ign shou ld be s u i t a b l e f o r t es t i ng o f 

a v a r i e t y o f c o n t a m i n a n t s . 

2. C o m p a r a t i v e t e s t i n g b e t w e e n the e s t u a r i n e b i v a l v e (M.* b a l t h i c a ) 

used in th is s tudy and a d e e p o c e a n i n d i c a t o r s p e c i e s (e .g . Y o l d i a ) 

shou ld be u n d e r t a k e n to assess the need fo r a deep w a t e r 

l abo ra to r y b ioassay i n d i c a t o r s p e c i e s . 

3. T h e r e is a need to d e v e l o p c o m p a r a t i v e d a t a on the r e l a t i v e 

b i o a c c u m u l a t i o n c a p a b i l i t i e s o f a w i d e range o f res iden t s p e c i e s 

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

fo r e v a l u a t i n g b i o a c c u m u l a t i o n a t o c e a n d u m p s i t e s shou ld be 

c o m p i l e d f r o m these s t u d i e s . 

4 . T h e r e is a need to d e t e r m i n e the b i o l o g i c a l and e c o l o g i c a l 

s i g n i f i c a n c e o f b i o a c c u m u l a t i o n o f c h e m i c a l c o n t a m i n a n t s by 

res iden t b i o t a . D u e to the w i d e s p r e a d p e r s i s t e n c e of m a n y 

e n v i r o n m e n t a l c h e m i c a l s and the p r o t e c t i o n m e c h a n i s m possessed 

by many s p e c i e s , not a l l e l e v a t e d t i ssue l eve l s m a y be o f 

c o n c e r n . 

5. The ro le of b i o a c c u m u l a t i o n in s e d i m e n t t o x i c i t y shou ld be 

i n v e s t i g a t e d to d e t e r m i n e if any cause and e f f e c t r e l a t i onsh ip 

e x i s t s . Such s tud ies shou ld i nc l ude a f i e l d c o m p o n e n t to assess 

the b i o l o g i c a l and e c o l o g i c a l e f f e c t s o f s e d i m e n t t o x i c i t y . 
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APPENDIX 

DETAILED ANALYT ICAL RESULTS 



TABLE A l 

R E S U L T S O F T E S T I N G SEAWATER SAMPLES 

Sample Identif ication 

24/02/83, Seawater 

R E F (1) 

R E F (2) 

V H (1) 

V H (2) 

FC (1) 

" F C (2) 

23/03/83 Seawater Inlet 

R E F 

" V . H . 

F . C . 

15/04/83 F .C . (field sample) 

Cadmium 

0.08/0.07 

0.20/0.22 

0.10/0.10 

0.07/0.07 

0.20/0.24 

0.20/0.20 

0.15/0.16 

0.05/0.05 

0.09/0.09 

1.0/1.1 

0.20/0.20 

0.13/0.14 

Lead 

L0.05/LO.05 

L0.05/L0.05 

L0.05/L0.05 

0.18/0.18 

L0.05/L0.05 

. 0.18/0.18 

L 0.0 5/0.08 

L0.05/L0.05 

L0.05/L0.05 

L0.05/L0.05 

L0.05/L0.05 

0.07/0.08 

PCB 

L0.01 

L0.01 

L0.01 

L0.01 

L0.01 

L0.01 

L0.01 

L0.01 

27/04/83, Seawater Inlet 0.05/0.05 

R E F ' 0.38/0.43 

" V . H : . . - 0.28/0.28 

F . C . 0.32/0.29 
10/05/83, V . H . (field sample) 0.09/0.08 

L0.05/L0.05 

0.05/0.09 

L0.05/L0.05 

L0.05/L0.05 
0.13/0.11 

L0.01 

L0.01 

L0.01 

L0.01 

R E F , 23/06/83 0.09/0.12 

V . H . , 23/06/83 0.08/0.07 

F . C , 23/06/83 0.13/0.13 

R E F , 26/06/S3 (field sample) 

V . H . , 23/06/83 (field sample) 

Seawater Inlet, 27/06/83 0.16/0.15 

S.W.. Supply, Sept. 6/83 0.12/0.13 

R E F , " 0.13/0.14 

V . H . , " 0.11/0.10 
F . C , " 0.16/0.14 

Oct. 11 /83 , Powell River (field) 0.06/0.05 
24/11/83 , REF (field sample) 0.08/0.06 

L0.05/L0.05 

L0.05/L0.05 

L0.05/L0.05 

L0.05/L0.05 

L0.05/L0.05 

0.10/0.10 

L0.05/LO-05 
0.05/0.05 

0.07/0.06 
L0.05/L0.05 

PCB = Polychlorinated Biphenyls {includes aroclor 1242, 1254, and 1260) 

L = Less than Results are expressed as micrograms per l i te r 

L0.01 

L0.01 

L0.01 

L0.01 

L0.0I 

L0.01 
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T A B L E A4 

S U M M A R Y O F SEDIMENT OXIDATION-REDUCTION POTENTIAL MEASUREMENTS 
F O R L A B O R A T O R Y BIOASSAYS 

Date 
1983 

Depth 
(cm) R E F 

Test Sediment 0 

VH F C 
Date 
1983 

Depth 
(cm) R E F 

Test Sediment 0 

VH FC 

Feb. 25 sfcb -50 -100 -150 May 25 sfc + 10 -70 -50 
1 -100 -200 -200 1 +20 -120 -160 
2 -100 -200 -250 2 + 15 -120 -145 

March 2 sfc -20 -100 -100 June 1 sfc + 10 -50 -50 March 2 
1 -20 -140 -150 1 +20 -150 -120 
2 -60 -210 -200 2 +20 -150 -170 

March 9 

March 16 

March 23 

March 30 

April 6 

April 13 

April 20 

April 26 

May 4 

sfc 
I 
2 

sfc 
I 
2 

sfc 
I 
2 

sfc 
I 
2 

sfc 
I 
2 

sfc 

sfc 

sfc 
I 
2 

sfc 
I 
2 

-60 
-50 
-80 

-50 
-50 
-65 

0 
-15 
-30 

-200 
-180 
-200 

-190 
-190 
-180 

-60 
-80 

-130 

not measured 

-45 
-40 
-45 

+20 
-15 
-30 

+35 
+40 
+40 

-20 
-130 
-130 

-30 
-110 
-175 

-10 
-100 
-100 

-10 -70 
-100 -100 
-100 -150 

+20 
+40 
+40 

-50 
-140 
-140 

-150 
-180 
-210 

-180 
-180 
-220 

-60 
-120 
-120 

-40 
-185 
-200 

-10 
-160 
-170 

T +5 
-110 
-115 

-60 
-130 
-140 

-60 
-80 

-120 

June 8 

June 17 

June 27 

July 6 

July 14 

July : 20 

July 27-

Aug. 

Aug. 16 

sfc +30 -50 -40 
1 +85 -70 -70 
2 +95- -110 - - 1 0 0 

sfc +20 -75 -60 
1 +30 -100 -100 
2 +40 -160 -130 

sfc + 10 -50 -10 
1 +40 -80 -60 
2 +60 -120 -80 

sfc +20 -10 +5 
1 +30 -120 -100 
2 +30 -180 -150 

sfc +20 -20 -40 
1 -10 -40 -60 
2 -10 -75 -110 

sfc +20 -50 -60 
1 + 10 -110 -100 
2 -10... -180 -110 

sfc 0 -50 -80 
1 +30 - -50 -100 
2 +30 . -60 -100 

sfc +30 -60 -100 
1 +30 -70 -80 
2 +20 -100 -90 

sfc -20 -50 -80 
1 -110 -110 -100 
2 -155 -160 -100 

May 13 

May 18 

sfc + 10 -10 -50 Aug. 26 sfc +20 -20 -60 
1 +30 -110 -90 

Aug. 26 
1 -60 -70 -80 

2 +35 -no -110 2 -100 -100 -110 

sfc + 10 -70 -30 Sept. 1 sfc -15 -30 +25 
1 + 15 -145 -165 1 -50 -80 -70 
2 +20 -145 -170 2 -110 -100 -100 

a R E F = reference 
VH = Vancouver Harbor 
F C = False Creek 

b s f c = surface 


