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Thi s r e p o r t  summarizes and r e v i e w s   B r i t i s h   C o l u m b i a   d a t a   f o r  

s p e c i f i c   c o n t a m i n a n t s   i n   b i  Val  ves  (Phyl urn Mol 1 usca, C1 ass  Pelecypoda o r  

B iva lv ia ) .   Th is   repor t   concent ra tes   on   those  contaminants   assoc ia ted  with 

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

d iscuss ion   o f   heavy   meta ls ,  PCBs and PAH. 

S t u d i e s   c o n d u c t e d   i n  B.C. and  elsewhere i n   t h e   w o r l d   r e l a t e d   t o  

t h e  use o f   b i v a l v e s  as i n d i c a t o r   o r g a n i s m s  and t h e   e f f e c t s   o f   t o x i c  

chemical s on b iva lves  are  rev iewed.  

The r e v i e w   o f   B r i t i s h  Col  umbia  data shows h i g h   l e v e l s   o f  some 

contaminants  have  been  reported i n  some s h e l l f i s h .  These h i g h   l e v e l s   w e r e  

a s s o c i a t e d   w i t h  known p o l l u t i o n   s o u r c e s  or s p i l l s  and d i d   n o t   o c c u r   i n  

major  commerci a1 l y  o r   r e c r e a t i o n a l  l y  harvested she1 1 f i  sh areas. 



Ce r a p p o r t  r6sume e t   6 t u d i e   l e s  donnees r e c u e i l   l i e s  en 

Co lombia-Br i tann ique  sur   cer ta ins   con taminants  que l ' o n   r e t r o u v e  dans l e s  

b i  Val  ves  (mol 1 usques  de l a  1 ign6e des phyl  urns e t  de l a   c l a s s e  des 

Pe l6cypodes ) .   Le   rappor t   t r a i t e   su r tou t  des  contaminants  associ6s aux 

a c t i v i t i e s   a n t h r o p o g g n e s .   E t a n t  donn6 l a   n a t u r e  des  donn6es e t u d i g e s ,   l e  

r a p p o r t  ne p o r t e  que sur   les   m6taux   lourds ,  1  e PCB 

Le r a p p o r t   f a i t   6 t a t  des  6tudes men6es en 

e t   a i l l e u r s  dans l e  monde, sur  1 ' u t i l i s a t i o n  des b 

i n d i c a t e u r s   a i n s i  que s u r   l e s   e f f e t s   d ' a g e n t s   c h i m  

b i v a l  ves. 
L 'e tude  des  donn6es recue i  lli es  en  Colomb 

presence  de  grandes  quanti tes de contaminants dans 

Cet te   con taminat ion ,   qu i   es t   causee  par  des  agents 

i 

e t   l e  PAH. 

Col  ombi e -B r i   t ann i  que, 

va lves  comme organi  smes 

ques t o x i q u e s   s u r   l e s  

e - B r i   t a n n i q u e   r 6 v 6 l  e 1 e 

c e r t a i  ns doqui  11  ages. 

de p o l l u t i o n  de source 

connue  ou par  des produ i ts   tox iques   dEvers6s  dans l e s  eaux, n ' a t t e i n t  pas 

1 es p r i   n c i   p a l e s  zones  de r6co l   t e   commerc ia le  ou s p o r t i v e  de c o q u i l  1 ages. 
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LEVELS OF CONTAMINANTS I N  BIVALVE MOLLUSCS OF B R I T I S H  COLUMBIA 

INTRODUCTION 

The oceans  have  a lways  been  the  reposi tory   for  much o f   t h e  

wastes  generated on ea r th .  Among these  wastes i s  an ever - i   nc reas ing  

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

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

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

standing.  Over f i  f t y  years  ago, b a c t e r i  01 o g i c a l   m o n i t o r i n g   o f  

she1 I f i s h - g r o w i n g   w a t e r s  was adopted i n   t h e   U n i t e d   S t a t e s  as t h e  U.S. 

Na t iona l  She1 1 f i s h   S a n i t a t i o n  Program (1) , i n  response t o  a t y p h o i d  

ep idemic  f rom  contaminated  oysters .  A s i m i l a r   s h e l l f i s h   s a n i t a t i o n   p r o g r a m  

was subsequent ly  adopted  by  the  Canadian  Department  of   Heal th and We1 f a r e ,  

and i s   c a r r i e d   o u t  by the   Env i ronmen ta l   P ro tec t i on   Se rv i ce   o f   Env i ronmen t  

Canada,  and F i s h e r i e s  and  Oceans  Canada. 

Unl i ke  bacter ia ,   chemical  and  organo-chemical   contaminants  (of  

b i v a l v e s  mol 1 uscs,  ey.  oysters,  clams,  mussel s )  have  no t   rece ived  ser ious  

a t t e n t i o n   u n t i l   t h e   l a s t  decade.  Such contaminants   inc lude  heavy   meta ls  

and a growing number of   organochemical   products  and by-products  (2 ,  3 ) .  
The l a t t e r   i n c l u d e  a v a r i e t y   o f   p e s t i c i d e s ,   p o l y c h l o r i n a t e d   b i p h e n y l s  
(PCBs), benzenes, c h l o r i n a t e d  phenols and p t h a l a t e   e s t e r s .  Polycycl ic  

aromatic  hydrocarbons ( P A H ) ,  some o f   wh ich   a re  known carc inogens,   a re  

a l so   be ing   mon i to red   i n   t he   mar ine   env i ronmen t .   Tab le  1 l i s t s  compounds 

wh ich   have   been   i den t i f i ed   by   t he  U.S. Env i ronmen ta l   P ro tec t i on  Agency  as 

unambiguous p r i o r i  t y  po l  1 u tan ts .  

The c o n t r i b u t i o n   o f  heavy  metals t o   t h e   e n v i r o n m e n t   i s  

i n c r e a s e d   s u b s t a n t i a l l y   t h r o u g h   m a n ' s   m i n i n g   a c t i v i t i e s  as  shown i n  Table 

2 ( 2 ) .  The mobi 1 i s a t i o n   r a t e   f o r  most meta ls  i s  s e v e r a l   f o l d   h i g h e r   t h a n  

tha t   ach ieved  by   geo log ica l   weather ing .  Some o f  these  was tes   a re   s to red  

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

chemical  and b i   o l   o g i   c a l   p r o c e s s e s  ( 5 )  . 
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TABLE 1: U.S ENVIRONMENTAL  PROTECTION AGENCY PRIORITY POLLUTANTS 

Meta l s   Base /Neu t ra l   Ex t rac t i b les  

A n t i  mony 
Arsen ic  
B e r y l l i u m  
Cadmi um 
Chromium 
Copper 
Lead 
Mercury 
N icke l  
Sel   en i  um 
S i  1 ver  
Thal 1 i um 
Z inc  

Mi scel  1 aneous 

Cyanide (mg/l ) 
Phenol i cs (AAP) 
Asbestos 

P e s t i c i d e s  

A1 d r i  n 
Chlordane 
D i e l   d r i  n 
4, 4'DDT 
4,  4'DDE 
4,  4'DDD 
A1 pha Endosulfan 
Beta  Endosul  fan 
Endosul  fan Sul f a t e  
Endr in  
Endr in  A1 dehyde 
Heptach lo r  
Heptachlor  Epoxide 
Alpha BHC 
Beta BHC 
Gamma BHC (Lindane) 
D e l t a  BHC 
Toxaphene 
PCB 1016 
PCB 1221 
PCB 1232 
PCB 1242 
PCB 1248 
PCB 1254 
PCB 1260 

Acenaphthene 
Benzid ine 
1, 2, 4-Tr i   chl   orobenzene 
Hexachl  orobenzene 
Hexachl  oroethane 
B i  s (2-Chl  oroethyl  ) E t h e r  
2-Chl oronaphthal  ene 
1, 2-Dichl  orobenzene 
1, 3-Dichl  orobenzene 
1, 4-Dichl  orobenzene 
3, 3-Dich lo robenz id ine  
2, 4 -D in i   t r o t01  uene 
2, 6 - D i n i t r o t o l u e n e  
1, 2-Di phenyl   hydraz ine 
F1 uoranthene 
4-Chl  orophenyl  Phenyl  Ether 
4-Bromophenyl  Phenyl E the r  
B is   (2 -Ch l   o ro i   sopropy l   )E ther  
B i  s (2-Ch1oroethoxy)Methane 
Hexachl   orobutadiene 
Hexachl   orocycl   opentadiene 
Isophorone 
Naphtha1  ene 
Nitrobenzene 
N-Ni t rosodimethy lamine 
N-Ni trosodi  -N-Propyl  amine 
N-Ni t r osod ipheny l  amine 
B is   (2 -E thy l   hexy l  ) Ph tha l   a te  
N-Butyl   Benzyl   Phthalate 
D i  -N-Butyl   Phthalate 
D i  -N-Octyl   Phthalate 
D i e t h y l   P h t h a l a t e  
Dimethy l   Phthalate 
Benzo(A)Anthracene 
Benzo (A)Pyrene 
Benzo(B)Fluoranthene 
Benzo  (K)F1 uoranthene 
Chrysene 
Acenaphthylene 
Anthracene 
Benzo (GH I ) Pe ry l  ene 
F1 uorene 
Phenanthrene 
1, 2, 5, 6-Dibenzanthracene 
Indeno  (1, 2, 3-CD)Pyrene 
Pyrene 
TCDD 
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TABLE 1: U.S. ENVIRONMENTAL  PROTECTION AGENCY PRIORITY  POLLUTANTS 

( Continued) 

Acid Extracti  b l  es 

2, 4,  6-Tri  chl  orophenol 
P-Chl oro-"Cresol 
2-Chl orophenol 
2 ,  4-Di chlorophenol 
2 ,  4-Dimethyl phenol 
2-Ni trophenol 
4-Ni trophenol 
2 ,  4-Di n i  trophenol 
4 ,  6-Di n i  tro-0-Cresol 
Pentachl  orophenol 
Phenol 

Volatile  Organics 
Ac rol  ei n 
Acryl oni t r i  1  e 
Benzene 
Carbon Tetrachloride 
Chlorobenzene 
1, 2-Di chl  oroethane 
1, 1, 1-Trichloroethane 
1, 1-Di chl  oroethane 
1, 1, 2-Trichloroethane 

Vol a t i  1 e Organics  (cont. 1 

1,  1, 2,  2-Tetrachloroethane 
C h l  oroethane 
Chl orofonn 
1, 1-Di chl  oroethyl ene 
1, 2-Trans-Di chl  oroethyl ene 
1, 2-Di chl  oropropane 
CIS-1, 3-Dichloropropene 
Trans-1 , 3-Di chl  oropropene 
Ethyl  benzene 
Methyl ene Chl o r i  de 
Me thy1 Chl o r i  de 
Methyl  Bromide 
Bromoform 
Bromodi chl  oromethane 
Trichl  orofl uoromethane 
D i  chl orodi f l  uoromethane 
D i  bromochl oromethane 
Tetrachl  oroethl ene 
To1 uene 
Tri chl oroethyl ene 
Vi nyl Chl or i  de 
B i  s( Chl oromethyl Ether 
2-Chl oroethyl Vinyl Ether 
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TABLE 2: THE EFFECTS OF MAN ON THE MOBILISATION RATES OF TRACE METALS 

[GEOLOGICAL RATES OF METAL MOBILISATION ARE COMPUTED FROM  ANNUAL 

RIVER DISCHARGES TO OCEANS (2 11 

ELEMENT  GEOLOGICAL  RATE MAN-INDUCED TOTAL I N  OCEANS 
(103 m e t r i c  RATE (min ing)  (106 m e t r i c   t o n s )  

tons /year )  (103 m e t r i c   t o n s / y e a r )  

I r o n  25 000 

Manganese 440 

Copper 37 5 

Z inc  

N i c k e l  

Lead 

Molybdenum 

S i  1 v e r  

Mercury 

T i  n 

Antimony 

Cadmi um 

370 

300 

180 

13 

5 

3 

1.5 

1.3 

No data  

395 000 

8 150 

6 000 

5 320 

48 1 

3 200 

74 

9 

10.5 

227 

65 

17 

4 110 

2 740 

4 110 

6  850 

2 740 

41 

13 700 

137 

68 

14 

274 

68 



- 5 -  

W h i l e   t h e r e  i s  s t i l l   l i t t l e  ev idence  o f   anthropogenic   contam- 

i n a n t s   i n   t h e  open  ocean (3,  6 ) ,  coas ta l   waters  and e s t u a r i e s   a r e   f e e l i n g  

t h e   b r u n t  o f  human a c t i v i t y  ( 7 ) .  It i s   o n l y   i n   r e c e n t   y e a r s  we have come 

t o   r e a l i z e   t h a t   t o x i c  compounds cannot be f l u s h e d   i n t o   t h e  sea w i t h  

impun i ty .  The sober ing  ev idence of the   Min imata   t ragedy   c rea ted  a wor ld -  

w ide   awareness   and  concern   about   the   d isposa l   o f   tox ic   heavy   meta ls   in to  

the  mar ine  env i   ronment   (8) .  The r e s u l t a n t   f l u r r y   o f   r e s e a r c h   i n t o   t h e   f a t e  

of mercury and o t h e r   m e t a l s   i n   t h e   c o a s t a l   w a t e r s   h a s   p r o d u c e d  much 

e v i d e n c e   a t t e s t i n g   t o   t h e   b i o a c c u m u l a t i o n   o f   t o x i c  compounds by  marine 

o r g a n i s m s ,   p a r t i c u l a r l y   b i  Val  ves (2 ,  9) .  As many stud ies  have shown, t h e  

g r o w i n g   w a t e r s   f o r   o y s t e r s  , clams and mussels  are a1 so t h e   r e c e i v i n g   w a t e r s  

f o r  a b road  spec t rum  o f   an thropogen ic   po l lu tan ts .   She l l f i sh   have been 

d i scove red   t o   b ioaccumu l   a te   no t   on l y   me ta l s   bu t  a1 so oryanochemical s (10, 

11, 12)   as  wel l  as r a d i o n u c l i d e s  (4, 13).  

I n   B r i t i s h  Columbia,   federal  and prov inc ia l   government   agencies,  

i n d u s t r i  es  and i n d i  v i  dual s c i  e n t i   s t s  have  undertaken numerous s t u d i e s   s i n c e  

t h e   e a r l y  1 9 7 0 ' s  r e 1   a t e d   t o   p o l  1 u t i o n   i n   G e o r g i a   S t r a i t ,   r e v i e w e d   b y  

Parsons i n  1972 (14)  and  Waldichuk i n  1983 (15 ) .  I n v e r t e b r a t e s ,   i n c l u d i n g  

many species of mol luscan  b iva lves ,   have been a p a r t   o f   t h e s e   s t u d i e s .  

However,  no s p e c i f i c   i n v e s t i g a t i o n  has c o r r e l a t e d   t o x i c   p o l l u t a n t s   w i t h  

c o m m e r c i a l l y   i m p o r t a n t   s h e l l f i s h .  
The harvest   areas f o r  commercial mol 1 uscan she1 If i s h  i n  B.C. 

a r e  shown i n   F i g u r e  1. The Env i ronmenta l   Pro tec t ion   Serv ice  and 

Department o f  F i s h e r i e s  and  Oceans r e g u l a r l y   m o n i t o r   t h e   a r e a s  f o r  
contaminat ion   by   feca l   co l i fo rms and p a r a l y t i c   s h e l l f i s h   p o i s o n  (PSP). 
Some t e s t s  f o r  heavy  metals  are made by t h e   F i s h   I n s p e c t i o n   L a b o r a t o r y ,  

Dept. o f  F i s h e r i e s  and  Oceans,  on s h e l l f i s h   f o r   e x p o r t  and o c c a s i o n a l l y  

by   the   Env i   ronmenta l   Pro tec t ion   Serv ice  on environmental  samples. 

However, t h e s e   t e s t s   a r e   n o t   c o n d u c t e d   s p e c i f i c a l l y  on B.C. p roduc ts  and 

t h e   b a c t e r i   o l   o g i   c a l   m o n i t o r i n g  programme  has  no equ iva len t   fo r   chemica l  

p o l l u t a n t s   i n  B.C. waters. 



Y 
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I 

Bes ides   concern   about   acu te   tox ic   e f fec ts   f rom  chemica l  

contaminants i n   s h e l l f i s h ,   t h e r e  i s  a growing  concern  about   sub- le tha l ,  

c h r o n i c   e f f e c t s  on  humans, s h e l l f i s h  and other  marine  organisms. I n   t h i s  

r e p o r t   b i  Val  ves  are  considered (1) as an impor tan t   na tura l   resource ;  ( 2 )  as 

v e c t o r s   o f   p o t e n t i a l l y   d a n g e r o u s  compounds;  and ( 3 )  as i n d i c a t o r s   o f  

chemical po l  1 u t i o n   i n   t h e   m a r i n e   e n v i  ronment. Heavy metal s o f   p a r t i c u l a r  

concern i n  B.C. and e l  sewhere  are  mercury, 1 ead,  cadmi urn, z inc ,  and t o  a 

lesse r   deg ree   copper ,   s i l ve r  and arsen ic .  PCBs have  been i d e n t i f i e d   i n  

v e r t e b r a t e s  and i n v e r t e b r a t e s   i n   t h e   F r a s e r   R i v e r   E s t u a r y .   B e n z o ( a ) p y r e n e ,  

a ca rc inogen ic  PAH, has  been t h e   s u b j e c t   o f   s t u d i e s   i n   r e l a t i o n   t o  B.C. 

b i   v a l  ves .   Pes t i   c ides ,   ch l   o r i   na ted   pheno l  s and other  organo-chemi  cal  s have 

been i d e n t i f i e d   i n   l o w   c o n c e n t r a t i o n s   i n   t h e   F r a s e r   R i v e r   E s t u a r y  ( 1 6 )  

however t h e   d a t a   i s   e x t r e m e l y   l i m i t e d   f o r   s h e l l f i s h  and i s   n o t   r e p o r t e d  

here in .   Rad ionuc l ides ,   cons idered a Contaminant i n   c o a s t a l   w a t e r s   i n  many 

p a r t s   o f   t h e   w o r l d  ( 1 7 ) ,  h a v e   n o t   b e e n   i d e n t i f i e d   i n  B.C., and a r e  a1 so n o t  

i n c l  uded. 

T h i s   r e p o r t   p r e s e n t s   ( i n   S e c t i o n  3 )  t h e   r e s u l t s   o f   s t u d i e s  on 

c o n t a m i n a t i o n   o f  B.C. b iva lves  by  heavy  meta ls ,  PCBs and PAH. Sec t i on  2 
p rov ides   background  in fo rmat ion   about   these  con taminants   in   genera l ,  

w i t h   s p e c i a l   r e f e r e n c e   t o   b i v a l v e s  as ind ica tor   o rgan isms.   Greater  

a t t e n t i o n  i s  g i v e n   t o  heavy   ( t race)   meta ls ,   no t   on ly   because more 
i n f o r m a t i o n  i s  a v a i l a b l e ,  bu t  a l s o  because many meta ls  a r e  e s p e c i a l l y  

dangerous t o  humans and other  organisms i n   e x c e s s i v e  amounts. Three  such 

metals,   mercury (18),  cadmium (19) and l e a d  (20) , a r e   t h e   s u b j e c t s   o f  

spec ia l   repor ts   by   Env i ronment  Canada. Appendix   VI1  inc ludes  methods  o f  

f i e 1  d sampl i ng, t i s s u e   p r e p a r a t i o n  and a n a l y t i c a l   m e t h o d s   f o r   t h e   v a r i o u s  

t o x i c  compounds. The c o n c l u s i o n s   a t t e m p t   t o   i n t e g r a t e   r e s u l t s   o f   r e s e a r c h  

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

p o t e n t i a l  , o f   m a r i n e   w a t e r s   i n   B r i t i s h   C o l u m b i a .  
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2 A REVIEW OF SELECTED TOXIC CONTAMINANTS 

2.1 Heavy Meta ls  

Heavy m e t a l s   r e q u i r e  a s i m p l e   d e f i n i t i o n .  They can  be  def ined  by 

t h e i r   p o s i t i o n   i n   t h e   P e r i o d i c   T a b l e ,  as o u t l i n e d   i n   t h e   b l o c k   i n   T a b l e  3 

(21) , o r  as hav ing  a d e n s i t y   g r e a t e r   t h a n  5 (22).   Trace  metals,   another 

t e r m   f o r  h e a v y   m e t a l s ,   r e f e r s   t o   t h e i r   p r e s e n c e   i n   c o n c e n t r a t i o n s  1 ess  than 

400 p a r t s   p e r  mill ion  (ppm)(22) .  As i n s o l u b l e  compounds i n   m i n e r a l  s ,  

m e t a l s   a r e ,   f o r   t h e  most p a r t ,   h a r m l e s s ;   b u t   t h e i r   s o l u b l e   d e r i v a t i v e s  may 

b e   t o x i c .  They en te r   t he   env i ronmen t   by   na tu ra l   wea the r ing   o f   rocks  and 

l e a c h i n g   o f   s o i   1 s  and v e g e t a t i o n ,   b y   v o l c a n i c   a c t i v i t y  and f o r e s t   f i r e s .  

Man c o n t r i b u t e s   m e t a l s   t o   t h e   e n v i r o n m e n t   b y   m i n i n g  and sme l t i ng  

a c t i v i t i e s ,   b y   c o m b u s t i o n   o f   f o s s i l   f u e l s  and by  process ing,   manufactur ing 

and i ndust  r i  a1 waste  d isposal  . 
Most  of t he   me ta l   l oad  i s  t r a n s p o r t e d  by water  i n   d i s s o l v e d   o r  

p a r t i c u l a t e   s t a t e ,  and much of i t  reaches  the  ocean i n   r i v e r s  and streams 

o r  genera l   l and   run -o f f .   Me ta l   i n   sed imen ts  may be   reduced  o r   ox id ized  

by  microbes  and  re-released t o   t h e   o v e r l y i n g   w a t e r   ( 2 3 ) .  

2.1.1 Heavy M e t a l s   i n   M a r i n e  and Estuar ine  Environments.   Metal  s 

i n  an aquat ic  envi   ronment may e x i s t   i n   d i s s o l v e d  o r  p a r t i c u l a t e   f o r m s .  

They may be   d i sso l ved   as   (a )   f ree   hyd ra ted   i ons   o r   (b )  as  compl  ex i o n s ,  

c h e l a t e d   w i t h   i n o r g a n i c   l i g a n d s  (e.g. OH-, CO$-, C1-) , o r  w i t h  o rgan ic  

l i gands   such  as  amines,  humic  and f u l v i c   a c i d s  and p r o t e i n s .   P a r t i c u l a t e  

metal  forms may be   found  as ;   (a )   co l lo ids  o r  aggregates (e.g. hydra ted  

ox ides )  ; ( b )  a d s o r b e d   o n   d i f f e r e n t   t y p e s   o f   p a r t i c l e s ;   ( c )   p r e c i p i t a t e d  as 

m e t a l   c o a t i n g s   o r   p a r t i c l e s ;   ( d )   i n c o r p o r a t e d   i n t o   o r g a n i c   p a r t i c l e s   s u c h  

as p lank ton ;  ( e )  h e l d   i n   t h e   s t r u c t u r a l   l a t t i c e   i n   c r y s t a l l i n e   d e t r i t a l  

p a r t i c l e s   ( 2 3 )  . The phys i ca l  and  chemical  forms o f   m e t a l s   i n   w a t e r   a r e  

c o n t r o l   l e d   b y   e n v i   r o n m e n t a l   v a r i  ab1 es  such  as pH, r e d o x   p o t e n t i a l  , i o n i c  

s t reng th ,   sa l  i n i  t y  , a1 k a l  i n i  t y  , presence  o f   organi  c and p a r t i   c u l   a t e   m a t t e r ,  

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



TABLE 3: HEAVY METALS ( 2 1 )  
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He 

B C N O F N e  

A1 S i  P S C1 A r  
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F r  Ra  Ac 

H f  Ta W Re Os I r  P t  Au Hg T1 Pb B i  Po A t  Rn Cs Ba La 

I Xe Z r  Nb  Mo Tc Ru Rh Pd Ag  Cd In Sn Sb Te Rb S r  Y 

B r  K r  T i  V C r  Mn Fe Co N i  Cu Zn Ga  Ge As  Se 

Ce P r  Nd Pm Sm Eu Gd Tb Dy Ho E r  Tm Yb Lu 

Th Pa U Np Pu Am Cm Bk C f  Es Fm Md No Lw 
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metal.  Changes i n   t h e s e   v a r i a b l e s   r e s u l t   i n   t r a n s f o r m a t i o n   o f   t h e  

chemical  form and c o n t r i b u t e   t o   t h e   a v a i   l a b i  1 i t y ,  accumulat ion and 

t o x i c i t y   t o   a q u a t i c   o r g a n i s m s   ( 2 3 ) .  

I n   coas ta l   wa te rs ,   t he   concen t ra t i ons   o f   heavy   me ta l s   dec rease  

w i t h   d i s t a n c e   f r o m   r i v e r   m o u t h s .  The d i m i n u t i o n   i s   n o t   c a u s e d  by d i -  

l u t i o n   a l o n e ,   b u t   b y   l o s s   t o   t h e   s e d i m e n t s  and t o   b i o t a .   I n   t h e   m a r i n e  

e n v i r o n m e n t   t h e   i n c r e a s e   i n   s a l i n i t y ,  away f r o m   r i v e r  mouths,  can r e s u l t  

i n  a sa.1 ti ng o u t   o f  1 arge mol e c u l   a r   w e i g h t   f r a c t i o n s  and f l  occul  a t i  on  of 

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

i nco rpo ra ted   me ta l s  end  up i n   t h e  sediments. On t h e   o t h e r  hand, me ta l s  

a t t a c h e d   t o   p a r t i c l e s  may b e   m o b i l i z e d   f r o m   t h e   c a r r i e r   p a r t i c l e s   b y  

c h l o r i n e   i o n s  and  become avai  1 ab1  e t o   t h e   b i o t a   ( 2 3 ) .  

The w a t e r   q u a l i t y   s t u d y   i n   t h e   F r a s e r   R i v e r   E s t u a r y  ( 2 4 )  has 

inves t iga ted   the   meta l   load ,   i t s   sources ,   components  and f a t e   i n   t h e  

F r a s e r   R i v e r  System (25 ) .  I n f o r m a t i o n   f r o m   t h e   s t u d y   r e 1   a t e d   t o   b i v a l v e s  

i s   i n c l u d e d   i n   S e c t i o n  3.5. Heavy meta ls  and r e l a t e d   t r a c e   e l e m e n t s   i n  

natura l   waters   have  been  rev iewed  by  Le land,   e t  a1 . (26) .  A number of 

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

s p e c i f i c a l l y   ( 2 6 - 3 0 )   w h i l e   o t h e r s   h a v e   d e a l t   w i t h   t h e   g e n e r a l   f l o w  and 

mechanism o f   t r a n s p o r t  o f  metals  (31,   32).  

2.1.2 Heavy M e t a l s   i n   L i v i n g  Systems. A l though   the   f ocus  o f  t h i s  

r e p o r t   i s  on meta ls  as  compounds which may b e   t o x i c   t o  humans, th rough 

she l l f i sh   consumpt ion ,  it i s   i m p o r t a n t   t o  keep i n  m i n d   t h e   e s s e n t i a l  

f u n c t i o n s   o f  many m e t a l s   i n   l i v i n g  systems. A t  l e a s t  f i f t y  metalloenzymes 

have  been , i d e n t i f i e d   ( 3 3 ) .  These a re  enzymes wh ich   incorpora te  one o r  more 

metal atoms i n   t h e i r  normal   s t ruc tu re .  About t w e n t y   i n c o r p o r a t e   z i n c ,   t h e  

b e s t  known being  carbonic   anhydrase and carboxypept idase.  About f i f t e e n  

copper   conta in ing  meta l loenzymes  are known, a l t h o u g h   t h e i r   s t r u c t u r e   i s   n o t  

we l l   unders tood;   ascorb ic   ac id   ox idase and v a r i o u s   t y r o s i n a s e s   a r e  

examples. Some inve r teb ra tes   have  an oxygen  carry ing  prote in ,   hemocyanin,  

wh ich   con ta ins   copper ,   bu t   no t  any heme groups  (33).  

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

and  animal  systems. It i s  even  poss ib le   tha t   meta l  s such as  cadmium, 

considered  non-essent i  a1 , may prove, i n   t i m e  , t o  have a b i   o l   o g i c a l  

f u n c t i o n .  It i s   a l s o   w e l l   e s t a b l i s h e d   t h a t   a c t i v i t y   o f   b o t h   " e s s e n t i a l  'I 

and "on-essent ia l  'I metals,  such as mercury  and cadmium,  depends  on t h e i r  

f o r m   o r   s t a t e ,  and  whether o r  no t   t hey   a re  bound t o  a m e t a l l o p r o t e i n ,  as 

descr ibed i n   S e c t i o n  2.1.3. 

2.1.3 Heavy Metal  Toxi c i t y  . Meta ls   can   ac t  as a1 le rgens ,  

mutagens, t e ra togens   o r   ca rc inogens   a t   t he   mo lecu la r ,   t i ssue   o r   o rgan  

l e v e l   ( 4 2 ) .  They can a1 so be  accumulated i n  humans , and i n   o t h e r  

o ryan i  sms , without   apparent   harm  unt i  1 they   a re   re1  eased. For  example, 

l e a d  may be s t o r e d   i n  an i n e r t   f o r m   i n  bone  where i t  i s  harm1 ess ;   bu t  

when re1  eased, it can be po i  sonous.  Because t h e y   a r e   i n d e s t r u c t i b l e ,  

metals  cannot  be  metabol i c a l  l y  degraded. They can  on ly  be e l i m i n a t e d   f r o m  

t h e  body  by e x c r e t i o n   ( 4 2 ) .  

I n   S e c t i o n  2.1.2 c e r t a i n   m e t a l s   a r e   i d e n t i f i e d  as b e i n g   n o t   o n l y  

u s e f u l   b u t   e s s e n t i a l   i n  1 i ving  systems. Even these  meta ls  can  be harmfu l  

when present  i n  excess, o r  when absent, e.g. i r o n .   M e t a l s   b e l i e v e d   t o  be 

non-essent i  a1 may b l o c k   a c t i v i t y   o f   e s s e n t i , a l   m e t a l s ;   f o r   e x a m p l e   l e a d   c a n  

b l o c k   t h e   u t i l i z a t i o n   o f   i r o n   i n  heme syn thes is .  The behav iour   and  e f fec ts  
o f   h a r m f u l  me ta l s  will v a r y  w i t h  the  organ o r  t i s s u e  i n  which they a r e  

l o c a t e d  (42) .  I f  a t t a c h e d   t o  a  membrane s t r u c t u r e   t h e y   c a n   l e a d   t o  

i n h i b i t i o n   o f   a c t i v e   t r a n s p o r t  o r  t o  permeabi 1 i t y  o f  membranes.  They can 

adsorb  onto  organic  molecules  such as amino a c i d s  and p r o t e i n s  , and form 

c o l  1 o i  ds   wh ich   can   en ter   ce l l  s and i n h i b i t  enzyme a c t i v i t y .  An example i s 

t h e   f o r m a t i o n   o f   l e a d   c o l l o i d s   w h i c h   c a n   i n h i b i t  ami no l e v u l   i n i c   a c i d  

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

i n h i b i t i o n   o f  DNA repa i  r enzymes;  and attachment t o   n u c l e i c   a c i d s   c a n  

d i s r u p t   t r a n s c r i p t i o n a l  o r  t rans1   a t i ona l   p rocesses   (43 ) .  

The  damage done  by  metal s i s  determined  by a number of   factors ,  

beg inn ing   w i th   t he   f o rm,  o r  s t a t e  o f  the  meta l .  For example, o f   t h e  
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t h r e e   o x i d a t i o n   s t a t e s   o f   m e r c u r y ,  each  has a q u i t e   d i s t i n c t i v e   e f f e c t .  

M e t a l l i c   m e r c u r y  (Hg') a f f e c t s   t h e   c e n t r a l   n e r v o u s  system;  mercurous 

mercury  (Hg22+) i s   s l   i g h t l y   i r r i t a t i n g ,   w h i l e   m e r c u r i c   m e r c u r y  ( Hg2+) 

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

t r a c t ,  and damage the   k idney .   Cer ta in   meta ls ,   such as mercury and lead ,  

can   fo rm  o rganometa l l i c  compounds b y   c o v a l e n t l y   b o n d i n g   w i t h  a carbon atom. 

Of ten   these compounds, such  as   methy lmercury   o r   te t rae thy l lead,   a re   the  

most t o x i c   o f  a1 1 forms  (43,  44). 

O t h e r   f a c t o r s   w h i c h   c o n t r i b u t e   t o   t h e   d e g r e e   o f   t o x i c i t y   o f  a 

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

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

w e l l  as  age  and genera l   hea l th .  A h igh  dose,   for  a shor t   term  exposure 

will have a q u i t e   d i f f e r e n t   e f f e c t   f r o m  a l ong   t e rm  o r   ch ron ic   l ow   dose  

exposure.  Every  organ  and  organ  system  can  be  involved i n  'meta l  

p o i s o n i n g ' ,   t h e   d e g r e e   o f   t o x i c i t y   b e i n g   d e p e n d e n t  upon t h e  dose. 

Treatment i s   p o s s i b l e  i f  t h e   t o x i c  compound has  been i d e n t i f i e d   i n   t i m e .  

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

Another  problem i s   t h e   i n t e r a c t i o n   o f  more  than one metal i n   t h e  

l i v i n g  system. The combined e f f e c t  of i n t e r a c t i o n  may be ( a )   s y n e r g i s t i c ,  

e x e m p l i f i e d   b y   t h e   i n c r e a s e d   t e r a t o g e n i c   e f f e c t   f r o m  a combined i n j e c t i o n  

o f  cadmium  and 1 ead i n t o  1 aboratory   an imal  s as  compared t o   t h e   e f f e c t   f r o m  

i n d i v i d u a l   i n j e c t i o n s ;   o r   ( b )   a n t a g o n i s t i c ,  when one fac to r   reduces   the  

e f f e c t  o f  another.   For  example,   selenium  (as  seleni te)   has been shown t o  

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

I n t e r a c t i o n s  between  metals and macromolecu 

r e s p o n s i b l e   f o r   t h e   t o x i c   e f f e c t s  of  most  metals  (43, 

t h e   r e c e p t o r   f o r   t h e   t o x i c   a c t i o n  i s  c o n s i d e r e d   t o  be 

(43 1 
1 es   a re   p robab ly  

4 4 ) .   I n  most  cases 

a macromol  ecul e 

f u n c t i o n i n g   c a t a l y t i c a l l y ,   o r  as a s t r u c t u r a l   o r   t r a n s p o r t  component o f  a 

membrane. L i p i d   s o l u b l e   m o l e c u l e s ,  such  as  methylmercury (CH3Hg) have  the 

a b i l i t y   t o   d i f f u s e   i n t o   t h e  membrane where t h e y   c a n   b l o c k   a c t i v i t y   b e t t e r  

t h a n  Hg", because, i t  i s  thought ,   the   fo rmer  i s  more l i p i d   s o l u b l e .  
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It a p p e a r s   t h a t   v i r t u a l  l y  a1 1 me ta l s   assoc ia ted   w i th  1 i v i n g  

systems  can be harmfu l   under   cer ta in   c i rcumstances.  The Handbook  on 

Toxic01  ogy o f   M e t a l s  1 i s t s   t h i  r t y  metal s (45) .  O f  these,  mercury, 

cadmi um and l e a d   a r e   o f   p a r t i c u l a r   s i g n i f i c a n c e  because o f   t h e i r  known 

t o x i c i t y  and t h e i r  measured inc rease   i n   t he   env i   ronmen t  as  a r e s u l t   o f  

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

b r i e f   d e t a i  1 . 
Mercury 

Mercury ,   the   on ly  1 i q u i d   m e t a l  a t  25"C, was a sou rce   o f  mys- 
t e r y ,   f e a r  and reverence i n  man 's   ea r l y   h i s to ry .   A rcheo log ica l   ev idence  

i n d i c a t e s  i t  was mined i n  n e o l   i t h i c   t i m e s .  It was e v i d e n t   i n  a pigment 

d e r i v e d   f r o m   c i n n a b a r   i n  a tomb d a t i n g   f r o m  2000 BC, on  a Medi ter ranean 

i s 1  and. I t s  r o l e  as  an env i ronmenta l   po l  1 u t a n t  was recorded i n   t h e  second 

cen tu ry ,  BC, when a mercury  mine was c losed  by Roman senate  decree. The 

mine was c a u s i n g   d e f o r e s t a t i o n  and i n j u r y   t o   f i e l d s  and  vineyards, as w e l l  

as p o l l u t i n g   s t r e a m s  and k i l l i n g   f i s h  (46 ) .  

Mercury i s   s t i  11 be ing  mined. P r i o r   t o   t h e   1 6 t h   c e n t u r y   i t s  

c h i e f   u s e  was i n  medici   ne and p a i n t .  By t h e   t u r n   o f   t h i s   c e n t u r y   t h e   c h i e f  

uses  were the   manu fac tu re   o f   f u lm ina te  and v e r m i l l   i o n ,   t h e   r e c o v e r y   o f   g o l d  

and si  1 ve r  and t h e   m a k i n g   o f   f e l t .  Now t h e   t w o   p r i n c i p a l   u s e s   a r e   i n  
e l e c t r i c a l  apparatuses  and i n  the produc t ion  o f  c a u s t i c  soda  and c h l o r i n e .  

I t s  use i n  1 a b o r a t o r i e s  i s  e x t e n s i v e  (47) .  

Natura l   mercury  can  enter   the  b iosphere  as a gas, i n  1 ava, i n  

s o l u t i o n   o r   i n   p a r t i c u l a t e   f o r m .  It has  been shown t o  h a v e   n e c r o t i c   e f -  

f e c t s  on p l a n t s   i n   t h e  gaseous s t a t e  (48). In   aquat ic   sys tems i t  has  been 

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

p r i m a r y   f a c t o r   i n   c o n t r o l l i n g   t h e i r   b e h a v i o u r  and f a t e  (49) .  

Mercury  can  form a w i d e   v a r i e t y   o f   s p e c i e s   i n   w a t e r ,   w h i c h  makes i t  com- 

p l i c a t e d   t o   s t u d y .   T h i s   i s  due t o   t h e  comparable s t a b i l i t y   o f   i t s   t h r e e  

va lence  s ta tes  and t o   t h e   a b i  1 i t y  o f  b iva len t   mercu ry   t o   f o rm  comp lexes  

w i t h  many chemical   species i n   s o l u t i o n ,   i n c l u d i n g   o r g a n i c   l i g a n d s  
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(42,  49).  Mercury i s  more f r e q u e n t l y   f o u n d   a s s o c i a t e d   w i t h   o r g a n i c  

molecules i n   c o a s t a l   w a t e r s   t h a n   i n   t h e  open  ocean (49 ) .  

Organomercuri a1 s rep resen t   t he  most t o x i c   f o r m s   o f   m e r c u r y ,  

Thei r presence i n  water   bodies may be t h e   r e s u l t   o f   n a t u r a l   p r o c e s s e s   o r  

o f  human a c t i v i t i e s .   M e t h y l m e r c u r y ,  one o f   t h e  most t o x i c   o f   t h e   o r g a n o -  

mercu r ia l  compounds i s  known t o  be fo rmed   enzymat i ca l l y   by   bac te r ia  and 

poss ib ly   by  o ther   systems  (50,   51) .   Non-enzymat ic   methy lat ion may a l s o  

be p o s s i b l e  (50) .  

Once i n   t h e   w a t e r   o r   s e d i m e n t s ,   t h e   m e r c u r i c  compounds may then 

be   taken  up   by   f i sh  and  she1 l f i s h ,  and s to red   by  many o f  them. Through 

t h i s   p r o c e s s   t h e y   r e a c h e d   t h e  human p o p u l a t i o n  a t  M i  nimata,  Japan.  Thi s i s  

one o f   t h e   f e w   o c c a s i o n s  when a de ta i led   account   has  been kept  of  a 

widespread  epidemic  of   metal   poisoning (8 )  and t h e   o n l y  known s i t u a t i o n   o f  

mercury  po isoning i n  e p i d e m i c   p r o p o r t i o n   r e l a t e d   t o   s h e l l f i s h  and f i s h .  

Cadmi um 

Cadmi um occurs i n   t h e   e n v i r o n m e n t  w i t h  z inc ,  and  has s imi  1 ar 

chemical   proper t ies.  The cadmium/zinc r a t i o   i n   m i n e r a l s   i s  1 : l O O  and i n  

s o i  1 s 1: 1000. It i s   o b t a i  ned  as a b y - p r o d u c t   f r o m   r e f i n i n g   o f   z i n c  and 

other   meta ls .   A l though cadmium  has  been recognized  as a p o l l u t a n t   f o r   o n l y  

a sho r t   t ime ,  it has  been p a r t   o f   e n v i r o n m e n t a l   p o l l u t i o n   e v e r   s i n c e  man 

s t a r t e d   t o   p r o d u c e   m e t a l s   f r o m   o r e s   w h i c h  happened t o   c o n t a i n  it. I t  i s  

used i n  a  number o f   i n d u s t r i  a1 p r o c e s s e s   i n c l u d i n g   e l e c t r o p l a t i n g  and  as 

co lour   p igments i n   p l a s t i c s  and pa in ts .  It i s   a l s o   o f t e n  used i n   a l l o y s  

w i t h   c o p p e r   i n   s u c h   t h i n g s  as automobi 1 e rad ia to rs .   Ana lyses   o f  cadmi um i n  

food shows tha t   i n   "uncon tamina ted"   a reas   t he   range  i s  f rom .001 i n  

p o t a t o e s   t o  1.6 i n  beef   k idney  (mg.kg-1  wet w t  .) . In  contaminated  areas,  

such  as  Japan,  concentrat ions o f  1 mg Cd.kg'l are  found i n   u n p o l i s h e d   r i c e .  

The average i n  uncontaminated  areas i s  .035 mg. kg-1  (wet wt.) ( 5 2 ) .  

Once i n g e s t e d   ( o r   i n h a l e d )  cadmium i s  t r a n s p o r t e d   v i a   t h e   b l o o d  

t o   o t h e r   p a r t s   o f   t h e  body  and s t o r e d   m a i n l y   i n   l i v e r  and kidneys. The 

symptoms o f   a c u t e  cadmium p o i s o n i n g   f r o m   i n g e s t i o n   a r e  nausea, vomi t i ng ,  
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abdominal  cramps and headache. In   seve re   cases   d ia r rhea  and  shock may 

develop. The onse t   o f  symptoms i s   u s u a l l y  a m a t t e r   o f   m i n u t e s  upon 

i n g e s t i o n   o f   c o n t a m i n a t e d   f o o d   o r   d r i n k   ( 5 3 ) .   C h r o n i c   p o i s o n i n g   f r o m  

i n g e s t i o n  on a 1 arge  scale  has  been known t o   t a k e   p l a c e   o n l y   i n  Japan,  from 

r i c e   c o n t a m i n a t e d   w i t h  cadmium. 

It has  been c a l c u l a t e d   t h a t  a d a i l y  cadmium in take   v ia   f ood ,   by  

an average  adult,   would  have t o  be  350  ug.day-l t o  r e a c h   t h e   c r i t i c a l  

c o n c e n t r a t i o n   a t  age 50. The c r i t i c a l   c o n c e n t r a t i o n   i s   c a l c u l a t e d   t o  be 

200  mg.kg-1 wet wt. ,  i n   t h e   r e n a l   c o r t e x .   C h r o n i c  cadmium po ison ing  

p roduces   p ro te inu r ia  and a f f e c t s   t h e   p r o x i m a l   t u b u l e s   o f   t h e   k i d n e y ,  

caus ing   k idney   s tone   f o rma t ion   (53 ) .  

Cadmium, l i k e   o t h e r  heavy  metals i s  c o n c e n t r a t e d   b y   s h e l l f i s h .  

I n  a p o l l u t e d   a r e a   i n  Japan,  values  were  reported  from  10-110, and  92-420 

ug.91 wet  weight i n   s h e l l f i s h .   I n   t h e  U.S., cadmium concentrat ions  were 

r e p o r t e d   i n   e a s t e r n   o y s t e r s   a t  0.1-7.8 ug.g-l,  and  from 0.2-2.1 ug.y-l  (wet 

wt.) i n  west   coast   oysters   (54) .  

Lead 

Lead i s   p r o b a b l y   t h e  most   ub iqu i tous  meta l  i n   t h e   e n v i r o n m e n t .  

T h r o u g h   w e a t h e r i n g   o f   m i n e r a l   d e p o s i t s   o f   t h e   e a r t h ' s   e x p l o i t a b l e   l e a d  

reserves and through  emiss ion  f rom  act ive  vo lcanoes,   about  210,000 tonnes 
o f  l ead   a re   es t ima ted  t o  be re leased   annua l l y   i n to   t he   env i ronmen t  (22 ) .  

Lead i s  mined and produced  from  scrap  (secondary 1 ead)  which  accounts  for  

about 35% o f   t h e   t o t a l   w o r l d   l e a d   s u p p l y .  It i s  used t o   t h e   g r e a t e s t  

e x t e n t   i n   t h e   s t o r a g e   b a t t e r y   i n d u s t r y  (40%),  f o l  1 owed by a1 k y l l  ead 

produc t ion   (12%) ;   a l loys ,   p igments  and o the r   uses   accoun t   f o r   t he   res t .  

The automobi 1 e i ndus t ry   uses   over  50% ( 5 5 ) .  

Lead poisoning  (plumbism)  has  been known f o r  some 2000 years.  

It i s   i n s i d i o u s  and d i f f i c u l t   t o  d iagnose .   Chron ic   l ead   po i son ing   i n  

c h i l d r e n  has  been claimed  as a ma jo r   sou rce   o f   b ra in  damage, mental 

d e f i c i e n c y  and ser ious  behavi   oura l   problems (22 ) .  L e a d   c o n c e n t r a t i o n s   i n  
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food  p roduc ts   range  f rom  undetec tab le  I eve1 s t o  a few mg.kg-1 wet  weight , 
depending  on  the  food  (16).   Fish and seafood  were  reported as hav ing  an 

average  o f  0.2-2.5 mg.kg-l  wet w t .  ( 5 5 ) .  Much o f   t h e   a n t h r o p o g e n i c   l e a d  

reaches   t he   mar ine   env i ronmen t   t h rough   s to rm  d ra ins ,   pa r t i cu la r l y   l ead  

compounds assoc ia ted   w i th   gaso l i ne   p roduc ts .  To da te  no case  has  been 

repo r ted   o f   l ead   po i   son i  ng i n  humans a r i   s i  ng f rom  contaminated she1 1 f i s h .  

2.1.4 Mar ine B i  Val  ves  as I n d i c a t o r s  of Heavy Metal  Pol 1 u t i o n .  The 

dramat ic   d i f fe rence  be tween  meta l   concent ra t ions   in   mar ine   o rgan isms,   the  

sediments and t h e   o v e r l y i n g   w a t e r ,  was p o i n t e d   o u t   b y   K l e i n  and Goldberg 

i n  1970  (56). They found  mercury  concentrat ions i n  animals t o  be 500 

t i m e s   g r e a t e r   t h a n   i n   w a t e r  and  100  t imes  greater   than  concentrat ions i n  

t h e   s e d i m e n t s .   ( T h e   r a t i o s   i n  ppm d r y  wt. were  2.1/0.02/0.004, an imal /  

sediment /water)  . I n  1973,  Schul  z-Baldes  reported on the  mussel  Myti l u s  

edul i s as an i n d i c a t o r   o f   t r a c e   m e t a l s   i n   t h e  German B i g h t  ( 5 7 ) .  Two 

years   la te r   Go ldberg   p roposed  tha t   the   ub iqu i tous   musse l  be  used  as t h e  

i n t e r n a t i o n a l   i n d i c a t o r   o f  heavy  metal  pol 1 u t i o n  (58).  I n  1978 mar i  ne 

s c i e n t i s t s   f r o m  20 c o u n t r i e s  met i n  a workshop t o  assess   t he   s t reng th  and 

weaknesses o f   u s i n g   ' s e n t i n e l '   o r g a n i s m s   t o   m o n i t o r   p o l l u t i o n   i n   t h e  seas 

( 4 ) .  As b i o l o g i c a l   i n d i c a t o r s ,   m u s s e l s  and o the r   mar ine   b i va l ves   have  

the   advan tages   o f   be ing   sess i l e  and a b l e   t o   c o n c e n t r a t e   t r a c e   m e t a l s ,  as 

we1 1 as some o t h e r   p o l  1 utants .   Phi  11 i p s  ( 2 )  has  pub1 i shed a 

comprehensi   ve  survey,   "Quant i ta t ive  Aquat ic  B i  01 o g i   c a l   I n d i c a t o r s "   w h i c h  

e x p l o r e s   t h e   v a r i o u s   a s p e c t s   o f   b i o l o g i c a l   m o n i t o r i n g  and g i ves  a 1 i s t   o f  

b a s i c   p r e - r e q u i s i t e s ,  as f o l l o w s :  

( a )  The organism  should  accumulate  the  po l  1 u t a n t   w i t h o u t   b e i n g   k i  1 l e d   b y  

1 eve.1 s encountered i n the  envi   ronment . 
( b )  The organism  should  be  sedentary i n   o r d e r   t o  b e   r e p r e s e n t a t i v e   o f   t h e  

study  area. 

( c )  The organism  should  be  abundant  throughout  the  study  area. 
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ry 

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

o f  more than  one year -c lass ,  i f  des i red.  

( e )  The organ ism  shou ld   be   o f   reasonab le   s ize ,   g iv ing   adequate   t i ssue  fo r  

ana lys i s .  

( f )  The organ i  sm should be easy t o  sample  and hardy enough t o   s u r v i v e   i n  

t h e  1 abo ra to ry  , a1 1 o w i n g   d e f e c a t i o n   b e f o r e   a n a l y s i s   ( i f   d e s i   r e d )  and 

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

( y )  The o rgan ism  shou ld   t o le ra te   b rack i sh   wa te r  (59 ) .  

( h )  A1 1 o ryan i  sms o f  a given  species  used i n  a s u r v e y   s h o u l d   e x h i   b i t   t h e  

same c o r r e l a t i o n  between t h e i r   p o l l u t a n t   c o n t e n t  and the  average 

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

s tud ied  under  a1 1 cond i t i ons   (60 -62 ) .  

P h i l l i p s  ( 2 )  a l s o   p o i n t s   o u t   t h e  need t o   c o n s i d e r   t h e   r o u t e   o f   m e t a l   ( a n d  

o ryanoch l   o r i   ne )  compounds when s e l   e c t i   n g  a " s e n t i  ne1 I' organ i  sm. Whi 1 e 

f i l t e r   f e e d e r s   a r e  most s u i t a b l e   f o r   u p t a k e   o f   p a r t i c u l a t e   m a t t e r   f r o m  

the   wa te r   co lumn,   ce r ta in  a1 gal   species may b e   p r e f e r a b l e   f o r  some metal s 

and o t h e r   c o n t a m i n a n t s   i n   s o l u t i o n  and burrowing  organisms may be  more 

su i   tab1 e to   mon i to r   sed imen ta ry   po l  1 u tan ts .  

B i va l ves   a re   be ing   used  as p o l l u t i o n   i n d i c a t o r   o r g a n i s m s   i n  

many p a r t s   o f   t h e   w o r l d   t o   d i f f e r e n t   d e g r e e s .  The most extensive  "mussel  

watch" program i s  i n  t h e  U.S.,  as shown i n  Figure 2 ( 2 ) .  I n   t h e  

C a l i f o r n i a  ''mussel  watch", a number o f   d i f f e r e n t   s t u d i e s  have  been r e -  

p o r t e d  as p a r t   o f   t h e   S t a t e   W a t e r   R e s o u r c e s   C o n t r o l   B o a r d ,   w a t e r   q u a l i t y  

m o n i t o r i n g   r e p o r t s   ( 6 3 - 6 5 ) .   I n  one example o f   t h i s  program, t r a c e   m e t a l  

concen t ra t i ons  were  measured i n   t h e  m u s s e l ,   M y t i l u s   c a l i f o r n i a n u s ,   a t  32 

s t a t i o n s .  Lead, z i n c  and s i  1 ver  were h i g h e s t   i n   u r b a n   a r e a s .  U.S. Food 

and  Oruy A d m i n i s t r a t i o n  (FDA) " a l e r t   l e v e l  si' were  found a t  1 0   s t a t i o n s ,  

i.e., Cadmium - 1.5, l ead  - 2.0 and z i n c  - 30  ug.g-l  wet  weight. The 

" a l e r t  1 eve1 s"  r e f e r   t o  commerci a1 yrowi  ng  area  values, and a r e   n o t  

r e p r e s e n t a t i v e   o f   t o x i c   o r   l e t h a l   l e v e l s   f o r  humans or   an ima l  s (63)  . 
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I n   o r d e r   t o   c i t e  e x a m p l e s   f r o m   t h e   m u l t i p l i c i t y   o f   s t u d i e s  on 

heavy  metals i n  m a r i n e   b i  Va l   ves ,   they   a re   separa ted   in to   two  b road and 

a r b i t r a r y   c a t e g o r i e s ,   w i t h  some i n e v i t a b l e   o v e r l a p .  The f i r s t   c a t e g o r y  

i ncorpora tes  i n v e s t i   g a t i   o n s   o f   b i  Val  ves  as " s e n t i  ne1 'I organ i  sms t o  

monitor  heavy  metal  and o t h e r   m a r i n e   p o l l u t a n t s .   T h i s   c a t e g o r y   i n c l u d e s  

t h o s e   s t u d i e s   o f   t h e   v a r i o u s   f a c t o r s   w h i c h   a f f e c t   t h e   b i o a c c u m u l   a t i o n  of 
heavy  meta ls   by  b iva lves.  The second  category  cons is ts  of examples of 
r e s e a r c h   i n t o   t h e   e f f e c t s  o f  heavy  metals on t h e   b i o l o g y ,   p h y s i o l o g y  and 

b i  ochemi s t r y   o f   m a r i  ne b i  Va l  ves. 

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

been m o n i t o r e d   i n   b i v a l v e s   i n  a p a r t i c u l a r   g e o g r a p h i c a l   l o c a t i o n ,  e.g. a 
bay i n   A u s t r a l i a  ( 6 1 ,   6 6 ) ,   e s t u a r i e s   i n   e a s t e r n  and western Canada (67, 

68);   England (69); Hong Kong (70 ) ;   t he   Med i te r ranean   (71 )  and  Scandinavia 

(72-74) .  Some o f   t hese ,  and o the r   s tud ies ,   l ook  a t  p a r t i c u l a r   s o u r c e s   o r  

causes o f   p o l   l u t i o n   i n c l u d i n g   i n d u s t r i a l   w a s t e s   ( 6 1 ,   7 5 ) ,   v e s s e l s   ( 7 6 ) ,  

d redg ing  ( 7 7 ) ,  sewage  and was tewa te r   ou t fa l l  s (78,  79). 

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

b i v a l v e s   a r e :   b i o a v a i  1 ab i  1 i t y  o f   t h e   m e t a l  ( s )  ; p h y s i o l o g i c a l   s t a t e   o f  

the  organism and phys ica l   o r   env i ronmenta l   fac to rs   such as temperature 

and sa l  i n i  t y ,  as p o i n t e d   o u t   b y   F r a z i e r   i n  a s tudy   o f   t he   Amer i can   oys te r  

Crassos t rea  v i  r g i   n i c a   ( 8 0 ) .  Many s t u d i e s   h a v e   i n v e s t i g a t e d   t h e   r o l e   o f  
s e a s o n a l i t y   i n   b i o a c c u m u l a t i o n  o f  heavy   me ta l s   by   b i va l ves .   Sa l i n i t y  and 

temperature,   which  can  af fect   presence and a v a i l a b i l i t y   o f   m e t a l s   ( 7 1 ,  

8 1 )   a l s o   i n t e r a c t   i n   t h e   p r e f e r e n t i a l   u p t a k e   o f   c e r t a i n   m e t a l s   ( 8 2 ,   8 3 ) .  

For  example  zinc  uptake  by Myti 1 us  edul  i s  was not   a f fected  by  changes i n  

temperature and sa l  i n i  ty ,  whereas  cadmi um uptake was a lways   g rea ter   a t  

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

T e m p e r a t u r e   c h a n g e s   d i d   n o t   s i g n i f i c a n t l y   a l t e r   z i n c  o r  lead  up take ,   bu t  

h igher   tempera tures   inc reased cadmium u p t a k e ,   a t   l o w e r   s a l i n i t i e s .  The 

behaviour   o f   copper  was e r r a t i c   u n d e r   a l l   c o n d i t i o n s   ( 8 2 ) .  

Seasona l   d i f f e rences   i n   me ta l   concen t ra t i ons   can  be a t t r i b u t e d  

i n  some cases t o   t h e   p h y s i o l o g i c a l   a c t i v i t y   o f   t h e  organism. I n  a two 

a 
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year   s tudy   w i th   ha tche ry - rea red   oys te rs   F raz ie r   f ound   tha t   seasona l  

changes i n   c o n c e n t r a t i o n s   o f   c o p p e r ,   z i n c  and  cadmium i n   s o f t   t i s s u e s  

were r e l a t e d   t o  gametogenesis  and  spawning,  while manganese  and i r o n  were 

c o r r e l a t e d   w i t h  she1 1 d e p o s i t i o n  (84, 85). 

I n   r e c e n t   s t u d i e s   i n  Vancouver  Harbour o f   t r a c e   m e t a l  

c o n c e n t r a t i o n s   i n  Myti 1 us   edu l   i s ,  Popham and D '  Aur ia  found  seasonal  

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

i r o n  and z i n c   i n   t h e   s u r r o u n d i n g   s e a w a t e r  (86, 87). They a1 so f o u n d   t h a t  

copper   concentrat ions i n   t h e  musse ls   cou ld   no t   be   co r re la ted   w i th   t hose  

i n   t h e  water. 

As b r i e f l y   d i s c u s s e d   i n   S e c t i o n  2.1.1, t h e   s t a t e   o f   t h e   m e t a l s  

i n  an aquat ic   env i ronment   de termines   the i  r avai  1 ab i  1 i t y  t o   t h e   b i o t a .  

For example, Gr ieve  and F l e t c h e r   s t u d i e d   t h e   i n t e r a c t i o n s   b e t w e e n   z i n c  

and  suspended  sediments i n   t h e   F r a s e r   R i v e r   E s t u a r y .  They f o u n d   t h a t  

adso rp t i on ,   deso rp t i on  and c i   r c u l   a t i o n  keep t h e  heavy  metals i n   c o a s t a l  

zone  sediments  and  waters (88). Lu  and Chen r e p o r t   t h a t   d i f f e r e n t   m e t a l s  

migrate  between  surface  sediments and the  seawater,  depending on redox 

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

re1  eased  more i ron; oxi  d i   z i  ny  condi t ions  re1  eased  more cadmi um, copper, 

n i c k e l  , l e a d  and z inc;   mercury and  chromium showed no  s ign i   f i can t   change 

( 8 9 )  
S e v e r a l   f i e l d  and l a b o r a t o r y   s t u d i e s   h a v e   i n v e s t i g a t e d   t h e  

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

organisms. I n  a s t u d y   o f  a d e p o s i t - f e e d i n g   b i  V a l  ve, S c r o b i c u l a r i a   p l a n a ,  

i n   t w e n t y   e s t u a r i e s   i n   E n g l  and  and  France, i t  was f o u n d   t h a t   b i o l o g i c a l  l y  

ava i  1 a b l e   l e a d   t o   t h i s   o r g a n i s m  was c o n t r o l   l e d   b y   t h e   c o n c e n t r a t i o n   o f  

i r o n .  The r a t i  0, Pb/Fe i n  1 N HC1 ex t rac t   o f   su r face   sed imen ts  a1 lowed 

t h e   a u t h o r s   t o   p r e d i c t   t h e  amount o f   lead   ava i  1 a b l e   t o  - S. p lana .  It was 

not   determined i f  hydrous   ox ides   o f  i r o n   c o u l d   b i n d  1 ead i n   t h e  sediment, 

making it unavai 1 a b l e ,   o r  i f  the   two   me ta l s   compe ted   f o r   up take   by   t he  

b i v a l v e  (90).  I n   e i t h e r  case,  Phi 11 i p s  ( 2 )  po in ts   ou t   tha t   measurements  
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o f   l e a d   c o n c e n t r a t i o n s   i n  - S .  y l  ana wou ld   g ive   e r roneous  in fo rmat ion  as t o  

lead  con taminat ion   in   the   sur round ing   sed iments .  

Genest  and  Hatch  (91)  measured  cadmi urn, copper, i ron and l e a d  

i n  sediments and the   t i ssues   o f   Mercenar ia   mercenar ia  and found  the  

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

sediments cadmium d i d   n o t  vary w i t h  season o r   s i t e ,  whereas  copper, i r o n  

and l e a d  were s i t e  dependent  (91). The a v a i l a b i l i t y   o f   c o p p e r   t o   m a r i n e  

b i va l ves   (and  a shrimp) was found i n  a 1 a b o r a t o r y   s t u d y   t o  be  re1  ated t o  

c u p r i c   i o n   a c t i v i t y   ( 9 2 ) .  More than 50% o f   t h e   c u p r i c   i o n  (Cu+2) was 

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

suspension  feeders.  However  a depos i t   feeder ,  Macoma i n q u i n a t a   d o u b l e d   i t s  

copper   content  i n  two  months. The au thors   suggest   tha t  i t  i s   b e t t e r   t o  

measure i o n i c  and  weakly cornpl exed  copper  by  anodic  str ipping  vol   tammetry 

t h a n   t r y i n g   t o  measure t o t a l   c o p p e r ,   t o   l e a r n   t h e  amount t h a t   i s  

b i  oavai 1 ab1  e (92 ) .  

Two l a b o r a t o r y   s t u d i e s   e n d e a v o u r e d   t o   l e a r n  how concen t ra t i ons  

o f   m e t a l s   i n   t h e   s e d i m e n t s  and t h e   t y p e   o f   s e d i m e n t   a f f e c t e d  

b i o a v a i l a b i l i t y   o f   c e r t a i n   m e t a l s .   I n   t h e   f i r s t   e x p e r i m e n t  it was found 

tha t   t he   t es t   an ima ls   accumu la ted  more me ta l s   f rom  the   sed imen t   w i th   t he  

l esse r   concen t ra t i ons   o f   copper ,   z i nc ,  cadmium  and l e a d ,   i n d i c a t i n g   m e t a l  

i n t e r a c t i o n   w i t h i n   t h e   s e d i m e n t   ( 9 3 ) .   I n   t h e   s e c o n d   s t u d y ,   t h e   e d i b l e  
cockle (Cerastoderma  edule) was t e s t e d   w i t h   f o u r   s e d i m e n t s   c o n t a i n i n g  

cadmium.  From one o f   these,   b iogen ic   ca lc ium  carbonate ,   the  cadmium was 

read i  l y  a v a i  1 a b l e  and l e s s  so f r o m   p r e c i p i t a t e d  CaC03. It was unavai 1 ab le  

f rom  sed imen ts   o f   i r on  and  manganese ox ide.  The au tho rs   conc lude   t ha t  

a v a i l a b i l i t y   i n   t h i s  case  depends on t h e   a b i l i t y   o f   t h e  cadmium t o   d e s o r b  

(94) 9 

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

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

programs.  Gordon e t  a l .  measured  concentrat ions o f  e i g h t   m e t a l s   i n   t w o  

p o p u l a t i o n s   o f   M y t i l u s   c a l i f o r n i a n u s   f r o m   t w o   a r e a s .  They f o u n d   t h a t  

' w i t h i n '   p o p u l a t i o n s   v a r i a b i l i t y  was such t h a t   t h e y  needed  10 t o  20 
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i n d i v i d u a l   o r g a n i  sms t o   g i v e  maximum r e s o l   u t i o n  and m a i n t a i n   c o s t  

e f f e c t i v e n e s s  ( 9 5 ) .  S i m i l a r   r e s u l t s  w e r e   f o u n d   w i t h   t h r e e   d i f f e r e n t  

p o p u l a t i o n s   o f   o y s t e r s .  It was found   tha t  a d i f f e r e n t  minimum  sample s i z e  

was r e q u i r e d  f o r  each  popu la t ion  (96 ) .  A recommended  sample s i z e  i s  
t w e n t y -   f i v e   i n d i v i d u a l s   f o r   b i o c h e m i c a l  measurement ( 4 ) .  Popham and 

D 'Aur ia  have  proposed s t a t i s t i c a l  models f o r   t h e   e s t i m a t i o n   o f   m e t a l  

c o n c e n t r a t i o n s   i n   s e a w a t e r   f r o m   t h o s e  measured i n  mussels ( 9 7 ) .  
S t a t i   s t i   c a l   c o n s i d e r a t i o n s   a r e   d i s c u s s e d   f u r t h e r  i n Methods ( Appendi x 

V I I ) .  

Ear ly   work ,  on the  second  category  o f   s tud ies,  i .e. e f f e c t s   o f  

heavy  meta l   populat ion on t h e   b i o l o g y  and phys io logy   o f   mar ine   o rgan isms , 
i n c l u d i n g   b i v a l v e s ,  was reviewed  by  Waldichuk ( 9 8 ) .  The t o x i c i t y   o f  

va r ious   me ta l s  has  been  determined as LC50 v a l u e s   t o   a d u l t  (99-101) and 

1 a r v a l   b i v a l v e s  (102-104). (LC50 = 1 e t h a l   c o n c e n t r a t i o n ,   f a t a l   t o  50% 

o f   t he   samp le ) .   Represen ta t i ve  LC50 v a l u e s   f o r   s e l e c t e d   m e t a l s  on some 

b i va l ve   eggs  and l a r v a e   a r e   g i v e n   i n   T a b l e  4 (101) .  I n  one s tudy (102)  
mercury and s i l v e r  were shown t o  be t h e  most t o x i c   o f   s e v e r a l   m e t a l s   t o  

o y s t e r  1 arvae, f o l l  owed by  copper  and  zinc. Cadmi urn, l ead  and n icke l   were  

a p p r e c i a b l y   l e s s   t o x i c  and a rsen ic ,  manganese  and a1  umi num were  re1 a t i v e l y  

non- tox ic .  A l a t e r   s t u d y  showed t h a t   e v e n   l o w e r   c o n c e n t r a t i o n s   o f  some 

meta ls  were t o x i c   t o  mussel  and  oyster  embryos (103) .  Heavy meta l  

(cadmium) taken up  by a d u l t   f e m a l e   o y s t e r s   d i d   n o t   a p p e a r   t o   a f f e c t   t h e i r  

f e c u n d i t y ,   b u t   d i d   h a v e  a d e l e t e r i o u s   e f f e c t  on l a r v a l  v i  ab i  1 i t y  (104) .  
The e f f e c t s   o f   h e a v y   m e t a l   s t r e s s ,   o t h e r   t h a n   t o x i c i t y ,  were t h e   s u b j e c t  of 
s e v e r a l   i n v e s t i g a t i o n s ,   w h i c h   l o o k e d   a t   t h e   r e s p o n s e   o f  embryos  and 

s u r v i v a l  and g rowth   o f   l a rvae   under   me ta l   s t ress  (105,   106)  and s y n e r g i s t i c  

e f f e c t s   o f   t e m p e r a t u r e  and s a l i n i t y   w i t h   i n d i v i d u a l   m e t a l s  (107,   108) .  
M e t a l   e f f e c t s  were  found t o  be  minimal when s a l i n i t y  and temperature  were 

op t ima l .  

A number o f   s tud ies   have   concen t ra ted  on t h e   a b i l i t y   o f   a d u l t  

b i v a l v e s   t o   d e p u r a t e   h e a v y   m e t a l s  (109-116). I n  one s tudy  (109) o y s t e r s  

accumu la ted   mercu ry   (as   ace ta te )   a t   concen t ra t i ons   o f  10 and 100 ppb f o r  

Y 

I 
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TABLE 4: ACUTE TOXICITY OF HEAVY METALS TO MARINE BIVALVES (101) 

ORGANISM ME TAL EXPOSURE LC50 ( Ppb) 

PERIOD 

Mer 

Crassost rea v i  r g i   n i   c a  Cadmi urn 48 h r s  3,800 

11 eggs S i  1 ver  48 h r s  5.8 

1 arvae 12  days 25 .O II I1 

I I  
eggs Me r c u  ry 48 h r s  5.6 

I I  

c e n a r i a  m - 
II 

I I  

I I  

I 1  

e r c e n a r i  a 

1 arvae I 1  12  days 12.0 

I 1  
eggs S i  1 ver  48 h r s   2 1  .o 

10 days 34.4 

eggs Mercury  48  hrs 4.8 

1 arvae 10  days 14.7 

I I  1 arvae I I  

I I  

I I  I t  
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s i x t y  days.   Whi le   there was  some d e c l i n e   a f t e r   1 8   d a y s ,  e.g. from  18,000 

t o  15,000  ppb i n   t h e  10  ppb  group,  and  115,000 t o  65,000 ppb i n   t h e  100  ppb 

group,   the  an imals   were  not   c leaned  out  i n   s i x  months.  Factors  found t o  

a f fec t   accumu la t i on  were size,  spawning  and  temperature.  Smaller  animals 

( l e s s   t h a n  7 gm) accumulated  more  metal  per  body  weight  (109-111). I n  

these  and o t h e r   s t u d i e s  (e.g. 117)   h ighest   meta l   concentrat ions  were  found 

i n   t h e   g i l l s .   A f t e r   t h e   f i r s t   t h r e e  days t h e   o r d e r   o f   c o n c e n t r a t i o n  was 

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

showed h i g h e r   c o n c e n t r a t i o n s   t h a n   g i l l s .   D e p u r a t i o n  was found t o   o c c u r  

f i r s t   f r o m   t h e   g i l l s  and d i g e s t i v e   t r a c t ,   t h e n   f r o m   t h e   m a n t l e ,  gonads  and 

muscle. The i m p o r t a n c e   o f   s i z e  and r e p r o d u c t i v e   c o n d i t i o n   t o   a c c u m u l a t i o n  

and  depura t ion  were  noted i n  two  repor ts   (113,   116) .   Latouche and Mix 
(113) n o t e d   t h a t   l a r g e r   m u s s e l s  had  more n i cke l ,   copper  and  cadmium i n  

s o m a t i c   t i s s u e   t h a n   i n   g o n a d a l   t i s s u e  whereas  smaller  (assumed  younger) 

animals  had  more manganese. They a l so   no ted  an i n c r e a s e   i n   c o p p e r  and 

n i c k e l   i n   s o m a t i c   t i s s u e   w h i c h  may be a s t r e s s   r e s p o n s e   " m a n i f e s t e d   i n  

appearance o f  new byssal   threads".   Females  of  Myti 1 us c a l  i forn ianus  were 

r e p o r t e d   t o   c o n t a i n  more  copper  and  z inc  than  the  males i n  gonadal t i s s u e  

whereas l e a d  was the   oppos i te   (118,   119) .  

I n f o r m a t i  on p e r t a i   n i  ng t o   d i   r e c t   p h y s i  ol o g i   c a l  and b i  ochemi c a l  

responses   by   adu l t   b iva lves   to   heavy   meta l   s t ress  does n o t  abound. E a r l y  

s tud ies   repo r ted   by   Ca lab rese   e t  a1 . (101) showed i n c r e a s e d   r e s p i r a t o r y  

r a t e s   t o   e l e v a t e d   c o n c e n t r a t i o n s  o f  s i  1 v e r   i n   o y s t e r s ,   m u s s e l s  and clams, 

i n  1 aboratory   exper iments.  Whi 1 e changes i n   c o n c e n t r a t i o n s   o r   s y n t h e s i s  

ra tes   o f   ca rbohydra tes ,  1 i p i d s  and p ro te ins   can .   i nd i ca te   genera l   s t ress ,  

i t  i s   d i f f i c u l t   t o   r e 1   a t e  such  changes t o   p o l  1 u t a n t   s t r e s s .  The 

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

t o  me ta l   s t ress  i s   c o n t r o v e r s i a l .   S e v e r a l   s t u d i e s   h a v e  shown t h e   i n d u c t i o n  

o f  s u c h   m e t a l - b i n d i n g   p r o t e i n s   i n   c l a m s  and mussels  (37,  38-41). Brown  and 

Cha te l   (120 )   f ound   tha t   syn thes i s   o f   me ta l   -b ind i   ng   p ro te ins  was l e s s  

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

former  case  metals  were  bound 1.6 t imes   ove r   con t ro l   va lues .  

m 

Iy 
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Changes i n   c o n c e n t r a t i o n   o r   a c t i v i t y   o f   m e t a l l o - e n z y m e s  and 

lysosomal enzymes have a l s o  been  proposed as  a  means o f  e l u c i d a t i n g   m e t a l  

s t r e s s  ( 4 ) .  Changes i n   f r e e  ami no acids  accompanied  by  byssal   thread 

p roduc t i on   have   a l so  been  used  as a b iochemica l   i nd i ca to r   o f   heavy   me ta l  

s t ress   (121 ) .  George e t  a1 i n v e s t i g a t e d   t h e   m e t a b o l i s m   o f   z i n c  and o t h e r  

m e t a l s   i n  a combined u l t r a s t r u c t u r e  and b iochemical   s tudy  o f   mussels  (122, 

123). Vi arengo  e t  a1 (124)  compared  several  biochemical  parameters i n  

musse ls   ga thered  f rom  po l lu ted  and unpo l lu ted   a reas .  They f o u n d   t h a t  

po l l u ted   musse ls  had s i g n i f i c a n t l y   d e c r e a s e d   r a t e s   o f   p r o t e i n  and RNA 

syn thes i s ,  and ami no ac id  uptake.  They a1 so had i n c r e a s e d   l e v e l s   o f  a low 

mo lecu la r   we igh t ,   t h ione in   copper -b ind ing   p ro te in .  

Behaviour i s  a n o t h e r   f a c t o r  used i n   t h e   m o n i t o r i n g   o f   m e t a l  

s t r e s s   i n   b i v a l v e s .   A l t h o u g h   t h e r e   a r e   n o t  as many o v e r t   m a n i f e s t a t i o n s  

i n   s e s s i l e  as i n   m o b i l e   a n i m a l s ,  some have  proven  usefu l .   Byssal   thread 

fo rma t ion  has  been considered  (121)  and t h e   b u r r o w i n g   a c t i v i t y   o f   c l a m s .  

McGreer  (125,  126)  has shown e f f e c t s   o f   m e t a l   c o n t a m i n a t i o n   i n   s e d i m e n t  

by va r ious   pa ramete rs   i nc l   ud ing   behav iou r   o f  Macoma. E i  s l e r  (127)  

s t r o n g l y  recommends the  use o f  behaviour  responses as  a means o f  

i d e n t i f y i n g  and  measur ing  mar ine  po l lu tants .  

A t r ied-and- t rue  method o f  d e t e r m i n i n g   t h e   g e n e r a l   h e a l t h   o f  

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

o f  dry f.1 esh w e i g h t   t o   t o t a l  volume ( w i t h  she1 1 ) o r  t o   t o t a l   w e i g h t  

( f l e s h  t she l l ) .   A l though  such a me thod   dosen ' t   i nd i ca te  a s p e c i f i c  

cause o f   s t r e s s  o r  d e t e r i o r a t i o n ,  it i s  a compara t i ve l y   s imp le  way t o  

keep a weather   eye  on  the  genera l   s ta te  o f  a b i v a l v e  community.  This  and 

a  number o f  more  complex  methods o f   d e t e r m i n i n g   b i o l o g i c a l   f i t n e s s  o f  

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

Mussel  Watch ( 4 ) .  

2.2 Polycyc l ic   Aromat ic   Hydrocarbons (PAH) 

Po lycyc l i c   a romat ic   hydrocarbons  (PAH) [a1 so c a l l e d   p o l y n u c l e a r  

aromat ic  hydrocarbons ( P N A ) ] ,  represent  a ma jo r   c lass  o f  carc inogens,  
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PYROLYSIS PRODUCT 

Naphthalene 

Anthracene 

Chrysene 

Bent(a)onthrocene 

Oibenr (a,h)onthrocene 

CARCINOGENICITY 

- 

++ 

+++ 

Bento(a)pyrene  SYNTHETIC  POLYCYCLIC HYDROCARBONS 

" 

3-Methylcholanthrene 

CH) 
7"ethylbenz(a)anthrocene 

+++ 

+ +  

++ ++ 

CH3 
Dimethylbenr(o)onfhrocene 

F I G U R E  3 N A T U R A L L Y   O C C U R I N G   A N D   . S Y N T H E T I C  
P O L Y C Y C L I C   A R O M A T I C   H Y D R O C A R B O N S  



- 27 - 

I 

1. 

m 

I 

1 

c o n s i s t i n g   o f   m u l t i p l e   f u s e d   b e n z e n e   r i n g s   ( F i g u r e   3 ) .  They are  found 

i n   a i  r, s o i  I , water  and bot tom  sediments  throughout   the  wor ld  , especi a1 l y  

i n   i n d u s t r i a l i z e d   a r e a s .  They a r e   p r o d u c t s   o f  a1 kene f r e e - r a d i c a l  

con juga t ion   du r ing   i ncomp le te   combus t ion   o f   f oss i  1 f u e l s ,  and a r e   t h e r e f o r e  

major   exhaust   components   f rom  t ranspor ta t ion ,   indus t r ia l   energy   sources ,  

re fuse   burn ing ,  and c i g a r e t t e  smoke (128) .  They a1 so may be  produced  by 

natural   metabol ism  (129).   Benzo(a)pyrene  (B(a)P) i s  a major   carc inogen 

among t h e  PAH, a c c o r d i n g   t o   t h e   c l a s s i f i c a t i o n  o f  Lo and  Sandi  (130). It 

i s   t h e  mos t   impor tan t   and   o f ten   t he   on l y  PAH measured i n  food  (130)  (See 

Sect ion  2.2.2). 

2.2.1 PAH i n   t h e   M a r i n e  and Estuar ine  Environments.  PAH i n   t h e  

marine  environment  have been a s s o c i a t e d   f r e q u e n t l y   w i t h   o i l   s p i l l s ,   w h i c h  

a r e   n o t   t h e   s u b j e c t   o f   t h i s   r e p o r t .  However, PAH may en te r   coas ta l  

waters   f rom  o ther   d iverse   sources ,   inc lud ing   mun ic ipa l   was tewaters ,  as 

motor  exhaust  (128,  131) o r  as  decaying  animal o r  vege tab le   ma t te r  (129).  

PAH a1 so f i n d   t h e i  r way i n t o   t h e  oceans  by  seepage f rom  geo log ica l  

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

s h i p p i n g   p r a c t i c e s   o f   b i  1 ge  and tank  washings  (132). P1 a n t   b i o s y n t h e s i s  

o f  PAH has a1 so been reported  (133,  134)  but  i t  i s  more l i k e l y   t h a t  PAH 

resu  I t e d   f r o m   c o n t a m i n a t i o n   i n   t h e  1 aboratory  (135,  136).  
Two genera l   processes  are  cons idered t o  d e t e r m i n e   t h e   f a t e   o f  

PAH i n   n a t u r a l   w a t e r ,  namely t r a n s p o r t  and t rans fo rma t ion .   T ranspor t  

a1 t e r s   o n l y   t h e   p h y s i c o - c h e m i c a l   f o r m   a b i o t i c a l l y  , and r e s u l t s   i n   d i  s- 
p e r s i o n ,   s o r p t i o n  o r  v o l a t i l i z a t i o n ;  o r  PAH a r e   b i o t i c a l l y  accumulated. 

Trans format ion  may b e   b r o u g h t   a b o u t   a b i o t i c a l l y   b y   o x i d a t i o n  o r  
p h o t o l y s i s ,  o r  b i o t i c a l  l y  by   m ic rob i  a1 degradat ion  o r  metabol ism  (137).  

I n   o r d e r   t o   g e t  a wor ld -w ide   pe rspec t i ve  on PAH l e v e l s   i n  ma- 

r ine   sed iments ,  as d i s t i n c t   f r o m   t o t a l   h y d r o c a r b o n s ,  B (  a)P was analyzed 

i n  sediment  samples  from many w ide -sp read   l oca t i ons ,   i nc lud ing   ha rbour  

and  non-harbour  s i tes on t h e   P a c i f i c   c o a s t   o f   N o r t h   A m e r i c a ,   t h e  
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MacKenz ie   R iver   De l ta  and Beau fo r t  Sea, t h e   n o r t h w e s t   c o a s t   o f  A1 aska  and a 

German o i  1 p o r t   ( 1 3 5 ) .  The median l e v e l   i n   t h e   P a c i f i c   c o a s t   h a r b o u r s  was 

105  ug.kg-1. I n  non -ha rbour   s i t es   t he   va lue  was  0.4 ug.kg-1,  and i n  most 

un inhab i   t a ted   a reas  it was be low  de tec t ion .  The h ighes t  B(  a)P  value was 

1500  ug.kg-1 i n  sediments  from  Wilhelmshaven o i l   p o r t   ( 1 3 5 ) .  

2.2.2 PAH i n  Food. Besides  reaching man t h r o u g h   t h e   r o u t e s  

mentioned  above, PAH can  reach man t h r o u g h   d r i n k i n g   w a t e r  and food  (138) .  

Raw meat  and f i  sh  do  not  usual l y  c o n t a i n  PAH, b u t   t h e y   a r e  

commonly found i n  meat o r   f i s h   t h a t   i s  smoked  and cooked i n   v a r i o u s  ways 

(138,  139). The  amount o f  PAH i s   r e l a t e d   t o   t h e   k i n d  and  degree o f  

smoking or   cook ing .  B (  a)P  values  found i n  some o f   t h e  above  foods  are 
shown i n  Table 5. 

A survey  o f   commerc ia l   shel  lfi sh  (139) showed t h a t  PAH 

contaminat ion   occurs  i n  organisms  f rom  l 'unpol l   u ted"   waters ,  as we1 1 as 

p o l  1 uted  waters .  A s u b s t a n t i  a1 number o f   s h e l  1 f i s h  samples  contai  ned 

more than  5 ug.kg-1  B(  a)P, w i th   two   samp les   con ta i   n i  ng  more than  25 

ug.kg-1 (wet  w t  .) (139).   This same survey showed t h a t  most  commercial 

sea food  samples   con ta in   a t   leas t  a t race   o f   B (a )P .   Da ta   f rom  the   su rvey  

a r e   g i v e n   i n   T a b l e  6. 

2.2.3 PAH T o x i c i t y  and c a r c i   n o g e n i   c i  ty. There i s  1 i ttl e i nfo rmat ion  on 

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

systemic  acute  dose LD50 i s   u s u a l l y   h i g h  compared t o   t h e  dose  necessary 

t o  p roduce   ca rc inogen ic   e f fec ts .  However, PAH induced  cancers i n  

1 aboratory   an imal  s a r e  we1 1 documented  (138) .   B(a)P  spec i f i ca l l y  has 

produced  tumors i n   r a t s ,   h a m s t e r s ,   g u i n e a   p i g s ,  monkeys  and o t h e r  mammals 

when a d m i n i s t e r e d   b y   o r a l ,   s k i n  and i n t r a t r a c h e a l   r o u t e s   ( 1 3 8 ) .  

2.2.4 Mar ine   B i va l ves  as I n d i c a t o r s  o f  PAH P o l l u t i o n .  C1  ams , 
oys te rs  and mussels   readi ly   accumulate PAH from  contaminated  waters and 

I- 
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TABLE 5:  BENZO(a)PYRENE CONCENTKATIONS I N  SELECTED FOODS (138) 

FOOD TYPE B( a)  P CONCENTRATION ( p p b )  
~~~~~ 

Cha rcoa l   b ro i l ed   s teaks  

Smoked ham 

Barbecued r i b s  

Heavi l y  smoked bacon 

APPl e 
Banana 

Pear 

P1 um 
Wheat sp rou ts  

Rye  seed1 i ng 
P a r s l e y   l e a f  and  stem 

Mushroom 

L e t t u c e  

Rad ish   roo ts  

Torna t oe s 
Cabbage 

Potatoes 

5.8 
3.2 

10.5 

3.6 

0.02 - 8.3 

0.02 

1.9 

0.04 - 29.7 

60.0 

10.0 - 20.0 

24.3 

7 .O 

8.6 

1.2 

0.2 
12.3 - 20.9 

0.2 

I 
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TABLE 6 :  BENZO(a)PYRENE I N  COMMERCIAL SEAFOODS (139)  

SPEC I ES O R I G I N  TYPEa B(a)P  ng/g  wet wei gh tb  

Mo I1   uscs  
Abalone 
C1  ams 

Coc k e l  s 
C u t t l e f i s h  
Mussels 

Oysters  

Scal 1 ops 
Squid 

Crustaceans 
Crab 

Lobs ter  #1 

Lobster   #2 

Lobster   #3 

Prawns 

Shrimp 

Canada 
Canada 
I t a l y  
Japan 
Korea 
Mal ays i  a 
Engl  andC 
Spain 
Canada 
Denmark 
Engl  andc 
Germany 
Spain 
Canada 
Japan 
Canada 
USA 
Spain 

Canada 
USA 
Canada 

Canada 

Canada 

Canada 
USA 
Canada 
USA 
Green1 and 

0.6 
ND, 0.6, 0.6 
8.1 
ND, 5.6,  5.8,  6.3 
0.8 
1.8 
18,  19, 36 
0.2 
ND 
3.3, 5.1 
5.2,  5.3,  5.7, 25 
1.6 
2 .o 
0.4, 1.6,  2.0,  3.2,  6.2 
0.7 
0.3 
ND, ND 
1 .o 

ND, ND, ND, 0.2, 0.2, 0.3 
2.1 
c law:  3.8d 
t a i l :  7 . d  
l e g s :  5.1 
c law:  0.8d 
t a i l  : 2.5d 
c law:  Z . O ~  
t a i l :  2.6d 
ND 
ND 
NO 
ND 
0.3 
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TABLE 6: BENZO(a)PYRENE I N  COMMERCIAL SEAFOODS 
(Cont i nued) 

I SPECIES O R I G I N  TY PEa B(  a)P  ng/g  wet  wei  ghtb 

I 

I 

m 

rn 

a 

Ver teb ra te  f i sh 
A r c t i c   c h a r  
Cod 
Cod l i v e r  
Dover   so le  
Mackerel 

Salmon 

Sard ines 

Trout  
Tuna 

Canada 
Spain 
Germany 
Canada 
Spain 
Yugosl a v i  a 
Canada 
Canada 
Morocco 
Norway 
Spain 
Por tuga l  
Japan 

ND 
1.5 
ND, ND 
ND 
0.7 
2.6 
ND 
ND 
0.2 
ND 
ND 
1.4 
NU 

a f  = f r e s h   o r   f r e s h - f r o z e n ,  t = t i n n e d   o r   b o t t l e d ,   w i t h   s o y a  ( s ) ,  o l i v e  ( o ) ,  

b M u l t i p l e   v a l u e s   f o r  a species and c o u n t r y   a r e   f o r   s a m p l e s   f r o m   d i f f e r e n t  

C I n d i v i d u a l   t i n s  f rom t h e  same s u p p l i e r .  
dAverage o f  two  determi   nat ions.  

o r   u n s p e c i f i e d   v e g e t a b l e   ( v )  o i  1. 

supp l ie rs ,   un less   o therw ise   no ted .  NU = l e s s   t h a n  0.1 ng/g. 
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sediments.   Uptake  mechanisms  are  not   wel l   understood,  but   two  dist inct  

processes  are  suggested:  (1)  PAH, a t t a c h e d   t o   o r g a n i c   o r   i n o r g a n i c  

p a r t i c l e s   a r e   t r a n s f e r r e d  who1 e t o   t h e   b i v a l v e ;   ( 2 )  PAH i s   p a r t i t i o n e d  

be tween  sed imentary   par t i c les  and the   water ,   be fore   reach ing   the   o rgan ism.  

I n   t h e   l a t t e r  case  the   o rgan ism  rece ives   the  more  water  soluble  complexes 

and c o n c e n t r a t i o n s   w o u l d   n o t   d i r e c t l y   r e f l e c t   s e d i m e n t a r y   l e v e l s  (10) .  

A1 though PAH c o n t a m i n a t i o n   i n   s h e l  1 f i s h   ( o y s t e r s )  was f i r s t   r e -  

p o r t e d   i n  1957  (140)  and  even e a r l i e r   i n   b a r n a c l e s   ( 1 4 1 ) ,   f e w  

i n v e s t i g a t i o n s  were p u b l i s h e d   u n t i l   t h e   e a r l y   1 9 7 0 s .  Many o f   t h e   l a t e r  

s t u d i e s   w e r e   r e 1   a t e d   t o   o i  1 s p j  11 s and con tamina t ion   o f   she l  1 f i s h  and o t h e r  

organisms  by  petroleum  hydrocarbons i n  genera l .   Ear ly   European  repor ts   o f  

s u b s t a n t i a l  PAH contaminat ion  in   organisms  f rom  presumably   uncontaminated 

areas was rev iewed  by   Zobe l l   (134) .   D iSa lvo ,   e t  a l  (10) p roposed  tha t  

t issue  hydrocarbon  burden i n  mussels  be  used t o   m o n i t o r   e n v i r o n m e n t a l  

hyd roca rbon   i nsu l t .  Dunn and S t i c h   ( 1 3 1 )   s u g g e s t e d   t h a t   B ( a ) P   i n   m u s s e l s  

be  measured f o r   t h i s  purpose,  and  subsequently  publ ished a p r o c e d u r e   t o  

moni tor   chemical   carc inogens i n   c o a s t a l   w a t e r s   ( 1 4 2 ) .  They suggested   tha t  

B( a)P i n  mussels  could  be a g e n e r a l   i n d i c a t o r  o f  o ther   re1   a ted   carc inogens 

i n  much t h e  same  way t h a t   E s c h e r i c h i a  - c o l i   i s  used t o   i n d i c a t e   c o l i f o r m  

contami  nat  i on. 

A number o f   s tud ies   have   i nves t i ga ted   up take  and re lease  o f  

hydrocarbons ,   inc lud ing  PAH, by  b iva lves  (143-147) .  From seve ra l   s tud ies  

it appears  that   mussels  and o t h e r   b i v a l v e s   c a n n o t   m e t a b o l i z e   B ( a ) P  (148). 

It has a l s o  been  suggested   tha t   b iva lves   sequester  some components i n  

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

p laced i n  a c lean  env i ronment   (10) .   Another   po int  i s   t h a t   u p t a k e  and 

re lease  rat'es a r e   r e l a t e d   t o   t h e   q u a n t i t y   o f   p o l l u t a n t  and t i m e   d u r i n g  

which it i s  presented t o   t h e  organisms.   High  concentrat ions,   g iven  for  

sho r t   pe r iods ,   a re   re leased   by   t he   o rgan i  sms a t  a  more r a p i d   r a t e   t h a n  

1 ower doses  administered  over a 1 ong per iod .  
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An experiment t o   d e t e r m i n e   t h e   d e p u r a t i o n   r a t e   o f   e n v i   r o n m e n t a l l y  

contaminated  mussels  (45  ug.kg-1  wet wt.) r e s u l t e d   i n  a  ha1 f - l i f e  o f  over  

two weeks f o r   B ( a ) P   ( 1 4 3 ) .   T h i s   i s   i n   s h a r p   c o n t r a s t   t o   h a l f - l i f e  o f  1.3 

days i n  mussels,   dosed  wi th 1,400  ug.kg'l naph tha lene   f o r   f ou r   hou rs ;   o r  

3.5 days f o r  mussels  contaminated w i t h  250,000 ug.kg-1 a l i p h a t i c  

hydrocarbons  (wet   weight )   (145) .  The h a l f - l i f e   p e r i o d   o f  2 t o  3 weeks f o r  

B(a)P i n   t h e   e n v i r o n m e n t  does  compare w i t h  a h a l f - l i f e   p e r i o d   o f  4 t o  5 

weeks, f o r   t o ta l   env i ronmen ta l   a romat i c   hyd roca rbon   con ten t   o f   musse ls   i n  

na tu re   (143 ) .  PAH i n  general  have  been  found t o  have a s low   re lease   ra te  

f rom  b i   Va l  ve  mol 1 uscs ( 146). 

Many o f   t h e   e a r l y   s t u d i e s  on e f fec ts   o f   pe t ro leum  hyd roca rbons ,  

wh ich   i nc lude  PAH, were  done s i m p l y   w i t h   d i f f e r e n t   t y p e s   o f   o i l .  

Extended  exposure  of  mussels t o   d i e s e l   f u e l   o f  medium c o n c e n t r a t i o n  

r e s u l t e d   i n  70% m o r t a l i t y  compared t o   c o n t r o l s ,  and i n  g e n e r a l   d e b i l i t y  

o f   t he   musse ls ,  measured  by ' c o n d i t i o n   f a c t o r '   ( 1 4 5 ) .   O t h e r   s t u d i e s  

showed morpho1 og i   ca l  and p h y s i   o l   o g i   c a l   e f f e c t s  on b i  Val  ves  contaminated 

w i t h   o u t b o a r d   m o t o r   e f f l u e n t   ( 1 4 9 )  and  waste  motor  oi 1 (150).  Water 

s o l u b l e   e x t r a c t s   f r o m   c r u d e   o i  1 were h i g h l y   t o x i c   t o   t h e  gametes  and 

embryos o f   o y s t e r s ,  and a f f e c t e d  she1 1 development and  swimming o f   t h e  

l a r v a e   ( 1 5 1 ) .   E f f e c t s   o f   B ( a ) P   s p e c i f i c a l l y  on these  s tages   a re   no t  

known. A s t u d y   o f   c e l l   u l   a r   r e s p o n s e   t o  PAH i n  mussels showed increased 
a c t i v i t y  o f  microsomal enzyme systems, r e l a t e d  t o  mixed f u n c t i o n  

oxygenases i n   b l o o d   c e l l  s.  There was  a1 so lysosomal  destabi  1 i z a t i o n  as 

has  been r e p o r t e d   i n  mammals (152) .  

Whi le  some s tud ies   a re   d i rec ted   t owards  a general  assessment  of 

hydrocarbon  pol  1 u t i o n   o f   c o a s t a l   a r e a  (e.g. 153, 154) ,   o thers  are  con-  

cerned wi th e f f e c t s  on i m p o r t a n t   c o m m e r c i a l   s h e l l f i s h   i n d u s t r i e s   ( 1 4 6 ) .  

Still othe rs   have   concen t ra ted   on   ca rc inogen ic   con tamina t ion   o f   she l l f i sh  

as f o o d   f o r  human consumption  (139). 

Pe t ro leum  hyd roca rbon   po l l u t i on  was measured i n  an A u s t r a l i a n  . 
Bay by   t rans fer r ing   uncontaminated   musse ls   f rom a c l e a n   a r e a   t o  20 

s t a t i o n s   i n   o t h e r   a r e a s   o f   W e s t e r n p o r t  Bay f o r   m o n i t o r i n g   p u r p o s e s  ( 4 ) .  
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Highest   contami   nat ion  va lues (600 t o  1,200 p a r t s   p e r  m i  11 i o n  (ppm) 

d r y   w e i g h t )  were  found i n  mussels  f rom an area  near a r e f i n e r y   o u t f a l l  . 
The amount o f   hydrocarbons   d imin ished  in   samples  a t  i n c r e a s i n g   d i s t a n c e s  

f rom  va r ious   i npu t   a reas .  A s i m i l a r  program was c a r r i e d   o u t   i n   P o r t  

Phi 11 i p s  Bay a t  56 s ta t ions .   Pe t ro leum  hydrocarbon  contami   na t ion  was 

assumed t o  have come from  mixed  sources, e.g. s h i p s ,   i n d u s t r i a l   d i s c h a r g e s  

and s t o r m   d r a i n s .   I n   b o t h   b a y s   t h e r e  was a d i f f e r e n c e   o f   a t   l e a s t   t w o  

o rde rs   o f   magn i tude   i n   hyd roca rbon   con tamina t ion   be tween   musse ls   s i t ed  

c l o s e   t o  known or   suspected  sources and those  some d i s t a n c e  away ( 4 ) .  

M o n i t o r i n g   o f  PAH o r   o the r   pe t ro leum  hyd roca rbons   i n   t he  U.S. 

and Canada a l s o   i n d i c a t e s  more c o n t a m i n a t i o n   i n   h a r b o u r   a r e a s ,   w i t h  

i n d i c a t i o n s   t h a t   i n  some cases   the   source   o f   con taminat ion  was f u e l   o r  

c r u d e   o i l .  In other   cases   pyro ly t i c   sources   were   respons ib le   fo r  

aromat ic  hydrocarbons ( 4 ) .  I n  a s t u d y   a l o n g   t h e   A t l a n t i c   s e a b o a r d   i n  

Canada severa l  PAH were  moni t o r e d   i n   b i  Va l  ves a t  70 s ta t i ons .   H ighe r  

concentrat ions  were  found i n  a n i m a l s   c l o s e   t o   c r e o s o t e d  wood s t r u c t u r e s  

( 4 ) .  Dunn and S t i t c h  (131) a lso   found  c reosoted  wood was a p r i m e   f a c t o r  

i n  PAH p o l l u t i o n ,  as  discussed i n  more d e t a i l   i n   S e c t i o n  3.2. 

2.3 P o l y c h l   o r i   n a t e d   B i p h e n y l  s (PCBs) 
Po lych lo r i na ted   b ipheny ls   have  been manufactured and  used  since 

1930 i n  numerous p r o d u c t s   i n c l u d i n g   p l a s t i c i z e r s ,   l u b r i c a n t s ,   h y d r a u l i c  

and i n s u l a t i n g   f l u i d s ,   h e a t  and t r a n s f e r   a g e n t s  and others.   Most 

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

n o n v o l a t i l e ,   i n s o l u b l e   i n   w a t e r ,   s o l u b l e   i n   o r g a n i c  compounds ( e s p e c i a l l y  

hydrocarbons) ,  and h a v i n g   h i g h   d i e l e c t r i c   c o n s t a n t s .  They a r e   r e l a t i v e l y  

i n e r t   t o w a r d s   a c i d s ,   a l k a l i e s  and o the r   co r ros i ve   chemica ls .  PCBs a re  

s t a b l e   t o w a r d s   o x i d a t i o n  and res i s t   combus t ion  a t  temperatures  above 

t h e i r   b o i  1 i ng points.  Temperatures i n  excess o f  lOOOC a r e   r e q u i   r e d   f o r  

the i r   comple te   combust ion  (155). The  same p r o p e r t i e s   w h i c h  make PCBs 

v a l u a b l e   i n   t h e i r   v a r i o u s  uses   a re   de t r imen ta l   i n   t he   env i ronmen t  , where 

PCBs are  accumulated and r e t a i n e d   i n   l i v i n g  systems. 
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PCBs were f i r s t   r e c o g n i z e d  as  an envi   ronmental   contaminant i n  

1966 when they  were d iscovered by  Jensen  (156)  as an  unknown  compound i n  

a sample o f   p e s t i c i d e   r e s i d u e s .   S h o r t l y   a f t e r   t h e y  were repo r ted   f rom 

many p a r t s   o f   t h e   w o r l d   ( 1 5 7 ,   1 5 8 ) .   S t u d i e s   i n  Canada,  summarized i n  a 

r e p o r t  by the  Canadian Task Force on PCBs (159)   have  demonstrated  that  

PCBs a re   ub iqu i tous   con ta rn i   nan ts   o f   b io ta   assoc ia ted   w i th   i n1  and  and 

marine  aquat ic  ecosystems. "PCBs a c t u a l l y   c o n s t i t u t e  a m a j o r   p o r t i o n   o f  

t h e   c h l o r i n a t e d   h y d r o c a r b o n   r e s i d u e s   f o u n d   i n   f i s h  and b i   r d s   o f   t h e   N o r t h  

A t 1   a n t i c ,   t h e   G u l f   o f  S t .  Lawrence,  and  Great  Lakes  (160)". A r e p o r t  on 

PCBs i n   B r i t i s h  Columbia t o  1976 p o i n t s   o u t   e v i d e n c e   o f  PCBs i n  sediments 

, a n d   b i o t a   a r o u n d   i n d u s t r i a l   a r e a s   o f  Vancouver  (161). 

2.3.1 PCBs i n  Mar ine and Estuar ine  Environments.  PCBs i n   m a r i n e  
wa te rs   nea r   i ndus t r i a l   a reas   va ry   f rom 13  ng.1-l i n   t h e   n o r t h w e s t  

M e d i t e r r a n e a n   t o  320  ng.1-1 i n   t h e   s u r f a c e   w a t e r s   o f  Tokyo Bay. 

Concent ra t ions  were much lower   in   nearby   ocean ic   sur face   waters  (3.0 

ng.1-1)  and  decreased w i t h   d e p t h   ( 1 6 2 ) .  PCB e f f e c t s  on  marine  organisms, 

i n c l   u d i  ny oys te rs ,   a re  1 i s t e d   i n  Tab1 e 7. The d a t a   i n d i c a t e   t h a t   d i   r e c t  

mor ta l  i t y  f o l l  owing  exposure t o  PCBs i s  p r o b a b l y   l e s s   c r i t i c a l   t h a n  

s u b l e t h a l   e f f e c t s   s u c h  as h e p a t i c  enzyme induc t i on ,   impa i rmen t   o f  

rep roduc t i on  and r e d u c t i o n   o f   s p e c i e s   d i v e r s i t i e s   i n   i n v e r t e b r a t e  
communities (160). 

PCBs i n   t h e  aqu.a t ic   env i ronment   a re   f requent ly  measured w i t h  DDT 

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

Jensen  repor ted   con taminat ion   o f  a w i d e   v a r i e t y  o f  marine  organisms 

i n c l u d i n g  many species o f  f i s h  and b i   r d s   ( 1 1 ) .   I n   C a l i f o r n i a   h i g h e s t  

c o n c e n t r a t i o n s   o f  PCB were  found i n  musse ls   near   s i tes   o f   g rea tes t   vesse l  

a c t i v i t y .  It was suggested   tha t   con taminat ion  may have come f rom 

an t i f ou l i ng   pa in ts   manu fac tu red   be fo re   t he   deve lopmen t   o f  any r e s t r i c t i o n s  

on PCB content   (163) .   Another  common source o f  PCBs  was o u t f a l l  systems i n  

major  urban  areas,  as a s t u d y   o f  PCB c o n t a m i n a t i o n   i n   t h e   S o u t h e r n  

Ca l i f o rn ia   B igh t   demons t ra ted   (164 ) .  The f a c t   t h a t  PCBs have  found t h e i r  
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TABLE 7: EFECTS OF PCBs ON /QUATIC cIIGpNISMSa (162) 
w 

CONCENTRATION  EFFECT 
I N  WATER DESCRIPTION SEVERITY” 

10 - loo Oyster 
Shrimp (Penaeus sp.) 
scud (Garmarus sp.) 
Crayfish 
Channel catf i sh 
Bluegil l 
P i  n f  i sh 

1.0 - 10 Shrirrp (4 species) 
Rainbcw trout 
P i  n f  i sh 
Spot ( f ish) 
oyster 
Blue  crab 
Spot ( f ish) 
Fathead m i n m  
Waterfleas (Daphnia  sp.) 
Flag f i sh  

0.1 - 1.0 Ci 1 i ates 

Shrimp 
Mari ne invertebrate m n i  ti es 
Shrirrp (Penaeus  sp. ) 

Midge 1 arvae (Tanytarsus sp.) 
Diatan (Rhizosalenia sp.) 
Mixed marine phytoplankton 

Sheepshead  minnow 
cultures 

(ebryos and f ry )  

Decreased shell growth 
Mortal i ty 

II 

I1 

II 

I 1  

Degeneration of   l iver  t issue 

Mortal i ty 
II 

II 

II 

Decreased shell growth 
Mortal i ty 
Degeneration of 1 iver  t issue 
Mortality and reduced  growth 
Mortal i t y  and  decreased fecundity 
Mortality and reduced  growth 

Significant  reduction i n  population 

Mortal i ty 
Reduced species di  versi ty 
Increased  prevalence of   v i ra l  

(Baculovirus) infection 
Mortal i ty  
Reduced population growth rate 

growth rate 

Reduced species di versi ty 
Mortal i ty 

C 
C 
B 
I3 
B 
B 
B-C - 

I: 

.., 

B-C 
B 
B 

Ir 

.r 
A-B 
A 
B-c L 

B 
B 
C I 

C 
AB 
A-B lr 

I- 

B-C 
B 
A 

.L 

AB 
B-C 

Y 

.L 

%sed on the  toxicological data  available  for  Aroclors 1248, 1254, and 1260. 
bSeveri ty i n  t e r n  of estimated deviation f m  control value: A = 043%; B = 3346%; C = 66-1009,. 

UL 

mr 

Y 
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way i n t o  ecosystems  around t h e   g l o b e  was w e l l  documented  by  Risebrough e t  

a1 (157).  Because PCBs a r e   n o t   w a t e r   s o l u b l e   t h e y  become concen t ra ted  i n  

the  sediments and are  found i n   g r e a t e r   q u a n t i t y   i n   b e n t h i c   o r g a n i s m s   c l o s e  

t o   t h e   b o t t o m   t h a n   i n   o r g a n i s m s   h i g h e r   i n   t h e   w a t e r  column. 

2.3.2 Mar ine   B iva lves  as I n d i c a t o r s   o f  PCB P o l l u t i o n .   R e p o r t s   o f  

mar ine  organisms  concentrat ing PCBs a t   va lues   h igh   above  ambien t   leve ls  

have i n c l  uded b i v a l  ves.   Oysters  were  c i ted as c o n c e n t r a t i n g  PCBs t o  a 

f a c t o r   o f  85,000 i n  one study  and 100,000 i n  another  (165).  The l a t t e r  

s tudy   repo r ted   even   h ighe r   f ac to rs   f o r   sh r imp  (230,000) and f i s h  

(670,000). 

A s t u d y   i n   t h e  Medway Estuary  measured PCB c o n c e n t r a t i o n s   i n  

m u s s e l s   ( M y t i l u s   e d u l i s )  and other  organisms. The mussels a t   a l l   l o c a -  

t i o n s   c o n c e n t r a t e d  PCBs t o  a g r e a t e r   d e g r e e   t h a n   d i d   c r a b s   o r   p e r i w i n k l e s  

o r  worms. PCB l e v e l s   i n   t h e  mussels  ranged  from 70.4 t o  162.0  ng.9-1 (wet 

wt.) The concentrat ions  decreased  downstream, away f r o m   i n d u s t r i a l i z e d  

areas (166) .  A number o f   a n i m a l s   i n   t h e   E n g l i s h  Channel  and Nor th  Sea were 

analyzed f o r  PCBs, DDT and DDT breakdown  products, i n   d i f f e r e n t   t i s s u e s  

(12 ) .  C o n c e n t r a t i o n s   w e r e   g r e a t e r   i n   t h e   d i g e s t i v e   g l a n d   o f   t h e  one 

b i v a l v e   ( s c a l l o p )  , w i t h   t h e   v a l u e   o f  0.24 ug.g-1  wet w t .  as  compared t o  

0.048 ug.g-l i n   t h e   a d d u c t o r   m u s c l e .  When a n a l y z e d   p e r   l i p i d   w e i g h t ,   t h e  
va lues are much g r e a t e r  i n  the   adduc tor   musc le ,   the   h ighes t   va lue   be ing  29 

ug.g-1 l i p i d ,  compared w i t h  2.7 ug.g-l i n   l i p i d   o f   t h e   d i g e s t i v e   g l a n d  

( 1 2 )  
A survey  o f   Puget  Sound, W a s h i n g t o n   r e a f f i r m e d   t h a t   t h e   m a j o r  

i n p u t   o f  PCBs  was f rom  mun ic ipa l   and   i ndus t r i a l   ou t fa l l s ,   w i th   accumu la -  

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

compounds. The PCB l e v e l  s i n  mussels  ranged  from  10 t o  210  ng.g-1  wet wt. , 
w i t h  a mean o f  44 ng.g-1  (167). 

2.4 Summary 

The f o r e g o i n g   b r i e f   a c c o u n t   o f   t o x i c   c o n t a m i n a n t s   i n   t h e  sea 

i l l u s t r a t e s   t h e  problems  and  dangers  inherent i n   d i s p o s i n g   o f   t o x i c  
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chemical  wastes i n   t he   nea rsho re   mar ine   env i ronmen t .  The problems o f  

m o n i t o r i n g   m a r i n e   p o l l u t i o n   a r e  as g rea t  as c o n t r o l  1 i n g  it. I n  summary, 

1) To date  heavy  metals make up t h e  1 a r g e s t   b u l k   o f  known t o x i c  

contaminants i n   t he   mar ine   env i ronmen t ,   f o l l owed   by  an e v e r   i n c r e a s i n g  

number o f  i d e n t i  f i e d  organochemi  cal s. 

2 )  O f  t he   me ta l  s ,  mercury, cadmium  and lead  a re   cons idered  the   most  

p e r n i c i o u s  and  dangerous t o  human hea l th .  Lead  and  mercury  from 

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

a1 though   quan t i   t i es   f rom  an th ropogen ic   sou rces   con t inua l l y   i nc rease ,  

p a r t i c u l a r l y   l e a d .  

3 )  W h i l e   t h e  above t h r e e   m e t a l s   a r e   g i v e n   s p e c i a l   a t t e n t i o n ,   o t h e r s ,   s u c h  

as copper ,   z inc ,   s i  1 ver  and n i c k e l   a r e  a1 so found i n   i n c r e a s i n g  

q u a n t i t i e s   i n   c o a s t a l   w a t e r s .  

4 )  The a c u t e   t o x i c i t y  o f  me ta l s  (LC50 o r  LD50) has  been  establ ished 

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

o r g a n i s m   f o r  some t ime.  

5 )  A d u l t   m a r i n e   b i v a l v e s  accumul ate  heavy  metals  and  hence  are  not  

s u i t a b l e   f o r   t o x i c i t y   t e s t s ,   b u t  have  proven  valuable as i n d i c a t o r  

organisms.  Embryonic  and  larval   forms  of   invertebrates,   however,   are 

p a r t i c u l a r l y   s u s c e p t i b l e   t o   m e t a l   t o x i c i t y .  

6 )  A l though  adu l t   inver tebra tes   accumula te   heavy   meta ls ,   apparent ly   w i th  

l i t t l e  damage, a t   c o n c e n t r a t i o n s  much g r e a t e r   t h a n   t h e   s u r r o u n d i n g  

env i ronmenta l   leve ls ,   chron ic   e f fec ts   have  been shown t o  occur. 

7 )  E f f o r t s   a r e   b e i n g  made a t   t h e   i n t e r n a t i o n a l  1 eve1 t o   s e t   u p  

programmes i n  wh ich   musse ls   and   o the r   su i tab le   b i va l ves   a re   used   t o  
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m o n i t o r   m a r i n e   p o l l u t i o n ,   w i t h   c a u t  

- 

i o n a r y  adv i c e  as t o   t h e   o r g a n i s m s   t o  

be  used i n   d i f f e r e n t   w a t e r s ,  and t h e  methods app l ied ,  so t h a t   r e s u l t s  

a re   comparab le   f rom  p lace   t o   p lace  and th rough   t ime .   Cons ide ra t i on   o f  

the  behavi   our  o f  s p e c i f i c   c o n t a m i n a n t s   i n   t h e   m a r i n e   e n v i r o n m e n t   i s  a1 so 

necessary i n d e t e r m i   n i  ng t h e   p r o p e r   " s e n t i  ne1 organ i  sm. 

8) B i v a l v e s  a1 so accumulate  organochemical s .  Inherent  problems 1 i e   i n  

separa t i ng  and i d e n t i f y i n g   c e r t a i n  compounds, e.g. PCB and DDT were   a t  

one t i m e  measured toge the r .  

9)  Carc inogen ic  compounds, such as PAH are  becoming  more  predominant i n  

the   mar ine   env i   ronment   f rom  o i  1 sp i  11 s ,  mar i   ne   vesse l   ac t i v i t y ,  and i n  

the   nearshore   env i ronment   f rom  s to rm  d ra ins   wh ich   car ry   p roduc ts   o f  

a u t o m o b i l e   f u e l   c o m b u s t i o n   i n t o   t h e  sea. It has  been  proposed t h a t  

Benzo(a)pyrene,  one o f  t h e  most   s tud ied   carc inogen ic  PAH, be  used  as 

an i n d i c a t o r  o f  general PAH p o l  1 u t i o n .  

10 Mussels  and  other  b ivalves  have been shown t o  accumulate  B(a)P i n  a 

manner s i m i l a r   t o  PCBs. 
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3 CHEMICAL  POLLUTANTS I N  B.C. BIVALVES 

The q u e s t i o n   o f   p o l l u t i o n   i n   G e o r g i a   S t r a i t  was d iscussed 

recen t l y   by   Wa ld i chuk   a t   t he  Symposium  on F i s h e r i e s  and  Oceanography o f  

t h e   S t r a i t   o f   G e o r g i a   ( 1 5 )  and e a r l i e r  was t h e   s u b j e c t   o f  a s tudy by 

P a r s o n s   ( 1 4 ) .   M e t a l   p o l l u t i o n ,   s p e c i f i c a l l y   m e r c u r y ,  cadmium  and l e a d   i n  

t h e  B.C. environment  has  been  reviewed i n  Department o f   t h e   E n v i r o n m e n t  

r e p o r t s  and i n c l u d e   r e f e r e n c e s   t o   m a r i n e   p o l l u t i o n   ( 1 8 - 2 0 ) .  PCB 

p o l l u t i o n   i n  B.C. was t h e   s u b j e c t   o f  a r e c e n t   r e p o r t   b y   G a r r e t t   ( 1 6 8 ) .  

It summarizes data  f rom  1976-1981 and inc ludes   i n fo rma t ion   abou t  PCBs i n  

a q u a t i c   i n v e r t e b r a t e s .  

L i s t s   o f   t o x i c   c h e m i c a l  s i n   t h e   e n v i  ronment  are  being  developed 

under a v a r i e t y  o f  l e g i s l a t i v e  mandates, i n c l u d i n g  t h e  Environmental 

Contaminants  Act. The l e g i s l a t i o n   r e l a t e s   t o   t h e   m a n u f a c t u r e ,   u s e ,  

d i sposa l  , and l e v e l s   i n   f o o d  and  water. To d a t e   e n v i r o n m e n t a l   a l e r t   o r  

"danger" 1 eve l  s have  no t   been  es tab l   i shed  fo r  any  chemicals i n  marine 

waters  (169).  

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

a r e   r e v i e w e d   i n   t h r e e  ways: (1) as r e s u l t s   f r o m   s p e c i f i c   m o n i t o r i n g  

programs i n   v a r i o u s   i n d u s t r y   s e c t o r s ,  eg. min ing ;  ( 2 )  as r e s u l t s   f r o m  

su rveys   f o r   spec i f i c   con taminan ts ,  eg. PAH and; ( 3 )  as r e s u l t s   f r o m  

general   envi   ronmental   qual  i t y  moni t o r i  ng .programs, e.g. Fraser  Ri ver.  

A l t h o u g h   t h e r e   i s  some over lap  between  sect ions (e.g. t r a c e   m e t a l   l e v e l s  

a r e   d i s c u s s e d   i n   S e c t i o n s  3.1, 3.4 and  3.5) i t  was f e l t   t h a t   t h i s  manner 

o f   d a t a   p r e s e n t a t i o n   w o u l d   e n a b l e   t h e   r e a d e r   t o   r e 1   a t e   s p e c i f i c  

contami  nant 1 eve l  s t o   s p e c i f i c  sources. 

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

i n  Appendices II-VI. 

3.1 Heavy Meta ls  - Sources 

A number o f  i nd i v idua l   s tud ies   by   gove rnmen t ,   un i ve rs i t y  and 

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

p o l l u t a n t s   i n  B.C. coasta l   waters .  None has  been d i r e c t e d   t o   t o x i c  
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chemical   pol  1 u t a n t s   i n   r e 1   a t i o n   t o  commerci a1 b i  Val  ves,  but  most  have 

i n c l u d e d   b i v a l v e s   i n   t h e i r   s a m p l i n g  o r  as t e s t  organisms. These s t u d i e s  

p e r t a i n   t o   p o l l u t i o n   f r o m  sewage o u t f a l l s ,   s t o r m   d r a i n s ,   d r e d g i n g ,   p u l p  

mi11 s ,  mines, a c h l o r - a 1   k a l  i p l a n t  and h a r b o u r   a c t i v i t i e s .   S p e c i f i c  

t r a c e   m e t a l   s t u d i e s   a r e   o u t l i n e d   i n d i v i d u a l l y   i n   s e c t i o n s  3.1.1 t o  3.4.2. 
S t u d i e s   p e r t a i n i n g   t o   m u n i c i p a l   o u t f a l l s  and t h e   F r a s e r   E s t u a r y   a r e  

presented i n   S e c t i o n s  3.4 and 3.5. 
A genera l   survey   o f   t race   meta ls   in   mar ine   o rgan isms was 

i n s t i t u t e d   i n  1971 b y   t h e   H a b i t a t   P r o t e c t i o n   D i v i s i o n  and  Environmental 

P r o t e c t i o n   S e r v i c e   o f   E n v i r o n m e n t  Canada (170) .  A broad  assembly o f  

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

southern B.C. a t  35 s t a t i o n s   c l o s e   t o   u r b a n  and i n d u s t r i a l   a r e a s ,  as shown 

i n   F i g u r e  4. C o l l e c t i o n s  were made between 1971 and 1973 (Appendix 11, 

Table l ) ,  and  again i n  1976-1977. The da ta   were   ob ta ined   t o   p rov ide  a 

b a s e l i n e   f o r   m o n i t o r i n g   o f   c o n t a m i n a n t s   i n  B.C. c o a s t a l   w a t e r s ,   c l o s e   t o  

h igh ly   popu la ted   a reas .  

Mol 1 uscan sampl es i n c l  uded  oysters   (Crassost rea g i  gas) , mussel s 

( M y t i l u s   e d u l i s )  and clams  (Protothaca  staminea,  Saxidomus  giganteus, 

Tresus  capex)  and un iden t i f i ed   agg rega tes .   Oys te rs   were   co l l ec ted   f rom 

e l e v e n   s i t e s ,   m u s s e l s   f r o m   f i v e  and  c lams  f rom  th ree .   Dur ing   the  1976-77 
per iod ,   on l y   oys te rs   were   ana lyzed   f o r   me ta l s .  

The c o n c e n t r a t i o n s  o f  mercury, cadmium, z i n c  and copper  found 

i n   o y s t e r s   i n  1976-77 are   g i ven   i n   Append ix  I I ,  Tab1 e 2. No a r e a s   o f  

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

b i v a l v e s .  A few  h igh   va lues   o f   mercury  were  found i n   d o g f i s n ,   S q u a l u s  

acanthas (2.03 ug.y'l wet w e i g h t )  and the  crab,  Cancer  productus (0.65 
uy.g-1,  wet wt.). 

Subsequent i n v e s t i g a t i o n s   o f   h e a v y   m e t a l   p o l l u t i o n   i n  B.C. 
waters   have  been  d i rec ted   toward   spec i f i c   sources  and i n  some cases 

s p e c i f i c   m e t a l  s .  Fol l   ow ing   a re  resumes o f   t h e s e   s t u d i e s .   I n  a1 I cases 

s h e l l f i s h  have  been inc luded   as   t es t   o rgan isms ,  and i n  some cases  they 

are  the  on ly   samples  analyzed.   Studies on m e t a l   p o l l u t i o n   i n   t h e   m a r i n e  

env i ronment   wh ich   do   no t   invo lve   b iva lves   a re   no t   inc luded.  
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3.1.1 Mercury  Contaminat ion From  a C h l o r a l   k a l  i P1 a n t  

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

process i n  which a f l ow ing   ca thode   o f   me ta l  1 i c  mercury i s  used i n   t h e  

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

b r i n e   s o l u t i o n   ( 4 7 ) .  O f  t h e   t h r e e   c h l o r a l k a l i   p l a n t s   w h i c h   d i s c h a r g e  

wastes i n t o   G e o r g i a  S t r a i t  and env i   rons,   the FMC Chemical P1 an t  a t  t h e  

head o f  Howe Sound i s  t h e   o n l y  one wh ich   uses   the   mercury   ce l l   p rocess  

(15) .  I n v e s t i g a t i o n s   i n  1969-70 o f   p o s s i b l e   m e r c u r y   c o n t a m i n a t i o n   o f   t h e  

Sound r e s u l t e d ,  on Apr i  1 2, 1970, i n  "an  immediate  c losure  o f   upper  Howe 

Sound to   bo th   commerc ia l  and s p o r t   f i s h i n g   p e n d i n g   t h e   d e t e r m i   n a t i o n   o f  

mercury  content  o f  aqua t i c   o rgan isms"   (15 ) .   E f fo r t s   by   t he  FMC p l a n t   t o  

remove m e r c u r y   f r o m   t h e   e f f l u e n t   r e s u l t e d   i n  a decrease  from 9,000 gm t o  

100 gm mercu ry   da i l y   d i scha rges   (15 ) .  The ban  on  salmon was l i f t e d   t h e  

same year,  (June,  1970). The ban  remained on s h e l l f i s h  and g round f i sh  

u n t i l  May, 1978,  because o f   t h e   a b i l i t y  o f  these  organisms t o  accumulate 

the   meta l  and sequester it. 

B i v a l v e s  and other  organisms  were  sampled t o  measure  mercury 

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

F igu res  5 and 6. The  amount o f   m e r c u r y   i n   c r a b s   d e c r e a s e d   s i g n i f i c a n t l y ,  

f rom 13.4 ug.g-l t o  a mean l e v e l   o f  0.15 ug.g-1. Not as many mol luscs  were 

sampl  ed, b u t  a d i f f e r e n c e  was seen i n  mussel s ( M y t i  1 us e d i  1 us)  which  ranged 
f rom 0.02 t o  0.07 ug.g-l,  and i n   t h e   o y s t e r   ( C r a s s o s t r e a   g i g a s )   w i t h  a 

range   o f  0.05 t o  0.16 ug.g-1 (171) .   Data  are  g iven  for   mercury i n  mussels 

from  1972-75, i n  Table 3 of  Appendix I I .  I n   t h e   e a r l y   s t u d i e s ,  Zone 1, 

n e a r e s t   t h e   c h l o r a l   k a l  i p l a n t   ( F i g u r e  5 )  had s t a t i   s t i c a l l  

c o n c e n t r a t i o n s   o f   m e r c u r y ,   t h o u g h   s t i l l   b e l o w  0.5 ug.g-1 

o t h e r  zones  ranged  between 0.03  ug.g-1  and 0.13 ug.g-1. 

The most recent  data  (Appendix I I ,  Tab1 e 4 )   c o l  

y h i g h e r  

(wet   we igh t ) .  The 

l e c t e d   b y  EPS i n  

1981 shows l o w e r   c o n c e n t r a t i o n   a t   t h e  numbered s a m p l i n g   s t a t i o n s   ( F i g u r e  

6) .  No c o l l   e c t i o n s  were made i n  zones 1,2 and 3. B iva lves   samples   a t  

s t a t i o n s  7 and  8, c l o s e s t   t o   t h e  head  of Howe Sound, had s i m i l a r   m e r c u r y  

l e v e l s   t o   t h o s e   c o l l e c t e d   f r o m   t h e  mouth o f   t h e  Sound. I The h i g h   l e v e l s   o f  
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FIGURE 5 TRACE  METAL SAMPLING ZONES I N  HOWE SOUND 
(I972 - 1975) (171) 
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FIGURE 6 SHELLFISH  SAMPLE LOCATIONS FOR TRACE METALS 
Hy I N  H O W €  S O U N D  - J u n e ,  1981 ( E P S )  
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the   o ther   meta ls  may be r e l a t e d   t o   c o p p e r  and z i n c   t a i l i n g s   f r o m   t h e  
copper-z inc  mines  a t   Br i tannia Beach. 

A study  of   mercury i n   t h e  sediments a t   t h e   u p p e r   p a r t   o f   t h e  

Sound compared sedimentary  mercury  levels  for  1972-73 and 1976-77 ( 1 7 2 ) .  

There was a decrease i n  mercu ry   l eve l s   ad jacen t   t o   t he  dock o f   t h e  
c h l o r a l k a l i   p l a n t .   L e v e l s   i n   t h e   s e d i m e n t s   i n  a 15.5 km2 area  near  the 
p l   an t  showed t h e  same mercury 1 eve1 s f o r  the  two  per iods.  The area  tested 

comprises zones 1,2 and 3 .  

3.1.2 Heavy Metal   Contaminat ion  f rom  Pulp  Mi l ls .   Probl  ems o f  

k r a f t  and pu lp  m i  11 e f f l u e n t s   e n t e r i n g  B.C. coastal   waters were  reviewed 
by Waldichuk some t ime  ago (173) and  more r e c e n t l y  a t  t h e  Symposium  on 
F i she r ies  and Oceanography o f   t h e   S t r a i t   o f   G e o r g i a  (15) .  A t  one t ime 

both  mercury and z inc  were assoc ia ted   w i th   pu lp  mill e f f l u e n t s .  The use 
o f  mercury-based  s l imic ides was stopped  around 1960. However a c e r t a i n  
amount o f  residual  mercury  remained i n   t h e  sediments  near  pulp and paper 
mill o u t f a l l s ,  and may pose a problem  where  dredging i s   r e q u i r e d   ( 1 5 ) .  

Z inc,  as z i n c   d i t h i o n i t e   ( z i n c   h y d r o s u l   p h i t e   i n   t h e   t r a d e )  was 

used  as a b r i g h t e n e r   u n t i  1 i t  was discovered  that   marine  organisms , esp- 
e c i  a1 l y  oys ters  , were accumulat ing  h igh  concentrat ions o f  z i n c .   I n  1973 

t h e   i n d u s t r y   s w i t c h e d   t o  sodium hydrosu lph i te  ( 1 5 ) .  A twofo ld   s tudy  was 

i n s t i t u t e d  a t  t h a t   t i m e  by  F isher ies and Marine  Service and EPS. I t s  

purposes  were (1) t o   e s t a b l i s h   - z i n c   l e v e l s   i n  she1 1 f i s h  nea r   t he   f ou r  

m i  11 s; and ( 2 )  t o  1 earn i f  boron, a by-product  re1  eased as  sodium 

metaborate,  by  the new bleaching  process, was harmful t o  marine 

organisms. The f o u r   p u l p  mil Is were MacMi 1 l a n   B l o e d e l   m i l l s  a t  Powel 1 

R iver  and Por t   A lbern i ,  t h e  B.C. Forest  Products mill a t  Crof ton and t h e  
Crown Zel   lerbach m i  11 near  Campbell R i ve r  (174,  175). 

Oysters ,   (Crassost rea  g igas) ,   mussels   (Myt i lus  edul is )  and 
several  clam  species  were  analyzed f o r   z i n c  , copper, cadmium and mercury. 

Sample organisms  were c o l l e c t e d  from s i t e s  a t  var ious   d is tances   f rom  the  
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m i l l s  as shown i n   F i g u r e  7 f o r   t h e   m i l l s  as Powel l   River,   Campbel l   River 

and C r o f t o n .   O t h e r s   w e r e   c o l l e c t e d   a t   c o n t r o l   s t a t i o n s ,   t o t a l l y  

removed f rom mill ef f l uen t   i n f l uence .   Bes ides   t he   me ta l   ana lyses ,   oys te rs  

were  examined f o r   ' c o n d i t i o n   f a c t o r '  (C.F.) i n  one c o l l e c t i o n .  C.F., a 

measure o f   t h e   g e n e r a l   s t a t e   o f   t h e   o y s t e r ,   i s   d e t e r m i n e d  by  body  size. 

Values  usual ly  range  f rom 40 ( v e r y   t h i n   o y s t e r s )   t o  150 ( v e r y   p l  ump) 

( 1 7 5 ) .  
The sma l les t  C.F. va lues   were   f ound   a t   two   o f   t he   con t ro l  

s i t e s .  Those c l o s e s t   t o   t h e  m i  11 s had t h e   n e x t  1 owest  values. It i s  

t h e r e f o r e   n o t   p o s s i b l e   t o   r e 1   a t e   t h e  C.F. v a l u e s   t o  mil 1 e f f l u e n t   f r o m  

these  data.  The r e s u l t s   o f   t h e   m e t a l   a n a l y s e s   a r e   g i v e n   i n   A p p e n d i x  11, 

Table 5. Whereas z i n c   c o n c e n t r a t i o n s   w e r e   i n  some cases  very  high, e.y. 

17,280 ug.g-1 d ry  w t .  i n  oys te rs   nea r   t he  Powel 1 R i v e r  m i  11 , 1 eve1 s o f  

copper, cadmium  and mercu ry   d id   no t  seem t o  be i n f l u e n c e d   b y   p r o x i m i t y   t o  

t h e   m i l l s .   Z i n c   c o n c e n t r a t i o n   d e c r e a s e d   w i t h   d i s t a n c e  away f r o m   t h e  mill. 

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

Powel l   R iver ,   where   the   h ighes t   z inc   va lues   occur   a t   S ta t ion  A-19, almost 

t w o   m i l e s   w e s t   o f   t h e  m i  11,  whereas a t   S t a t i o n  A-20, about one m i  1 e eas t ,  

t h e   c o n c e n t r a t i o n s   a r e   l e s s   t h a n   h a l f .  The a u t h o r s   p o i n t   o u t   t h a t   t h e  

p reva i  1 i ng n o r t h - w e s t   t i d a l   f l o w   a c c o u n t s   f o r   t h e   h i g h e r   v a l u e s   a t   s t a t i o n  

A-19. 

R e s u l t s   o f   t h e  EPS s u r v e i l l a n c e   r e p o r t  (1977) ( 1 7 7 )  o f   t h e  

C r o f t o n  Pu lp  Mil 1 e f f l u e n t   i m p a c t  on o y s t e r s   i s   g i v e n   i n   T a b l e  6, 

Appendix I I .  Mercury,   z inc and  cadmi um were  measured a t   t e n   s t a t i o n s   i n  

t h e  "zone o f  i n f l u e n c e l '   o f   t h e  m i  11  between  January  19  and  February 1. 
Boron was measured ( a t   t h r e e   s t a t i o n s )   i n   o y s t e r s  and mussels. PCBs were 

measured i n   o y s t e r s   a t   e i g h t   s t a t i o n s ,  and  were  bel ow d e t e c t i o n   i n  a1 1 

cases. The l o c a t i o n   o f   t h e  m i  11 and t h e  sampl i n g   s t a t i o n s   a r e  shown i n  

F i g u r e  8. 
A l ong   t e rm  s tudy   has   i nves t i ga ted   t he   recove ry   f rom  z inc  

c o n t a m i n a t i o n   i n  a s t o c k   o f   p a c i f i c   o y s t e r s   a t   C r o f t o n  (178).  The 
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o y s t e r s   r e d u c e d   t h e i r   z i n c   l o a d   f r o m  14.4 mg.g-l ( d r y   t i s s u e )   i n  1973 (when 

t h e   d i s c h a r g e   c e a s e d )   t o  5.7 mg.g-1 i n  1979. The average  concent ra t ion   o f  

z i n c   i n   c o n t r o l   o y s t e r s ,   f o r   t h e  same p e r i o d   o f   t i m e  was 2.76 mg.g-l. The 

c o n d i t i o n   f a c t o r   a v e r a g e d  25 i n   t h e   c o n t a m i n a t e d   o y s t e r s  and 150 i n  

c o n t r o l s .  The 1 eve1 f o r   m a r k e t a b i  1 i t y  i s  70. The au tho rs   f ound   the  

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

t h a t   i n   t h e   y e a r s   s i n c e   t h e   d i s c h a r g e   s t a r t e d   t h e r e  has  been s u b s t a n t i a l l y  

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

i n d i c a t i n g   p e r s i s t e n t   c o n t a m i n a t i o n ,   b u t   d a t a   s i n c e   t h e   z i n c  was stopped 

i n d i c a t e  i t  i s   n o t   t h e  cause o f   p o o r   c o n d i t i o n   f a c t o r .  The  mean z i n c  

va lues i n   t e s t  and cont ro l   o rgan isms,  and t h e   c o n d i t i o n   f a c t o r s   a r e   g i v e n  
i n  Table  7, A p p e n d i x  11. 

3.1.3 Heavy Metal   Contaminat ion  f rom  Mines. A t  p r e s e n t   t h r e e  

m i n e s   d i s p o s e   o f   t a i  1 i ngs i n t o  B.C. coas ta l   wa te rs :   I s1  and  Copper M i  ne , 
o n   t h e   n o r t h   c e n t r a l   s h o r e  o f  Ruper t   In le t ,   Vancouver   Is land;   Wesfrob 

Mines , on  Tasu I n 1   e t  , Queen  Char1 o t t e   I s 1  ands;  and Arnax Mines , a t  

K i t s a u l t ,   A l i c e  Arm, B.C. Wesfrob  and  Island  Copper  mines  began 

o p e r a t i o n s   i n  1970  and  1971  respect ively.  Arnax began o p e r a t i o n  on Apr i  1 

1, 1981. Four   o the r  B.C. m i n e s   w h i c h   a l s o   r e l e a s e d   t a i l i n g s   i n t o   m a r i n e  

waters  have  closed. A1 1 a re  1 i s t e d   i n   T a b l e  8 (181). C o l l   e c t i o n s  o f  

inver tebra tes   fo r   meta l   ana lyses ,   inc lud ing   b iva lves ,   have  been made a t  

a l l   t h r e e   s i t e s ,   t o  a g rea ter   o r   lesser   degree,   depend ing  on t h e   e x t e n t  

o f   t h e   i n v e s t i g a t i o n .  

3.1.3.1 A l i c e  A r m  - Hast ings Arm. The Amax m ine ,   l oca ted   a t  

K i t s a u l t   i n   A l i c e  Arm, began  operat ion i n   A p r i l  1981. P r e v i o u s l y   t h e  

s i t e  had  been  operated  by B.C. Molybdenum  from  1967 t o  1972. I n   p r e p -  

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

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

l e d i t o r ' s   n o t e :  The Wesf rob  and Amax mines  ceased  operat ions i n  October , 
1983  and November 1982, r e s p e c t i v e l y .  
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TABLE 8 :  M I N I N G  OPEKATIONS I N  B.C. INVOLVINti SEA DISPOSAL OF TAILINGS (181) 

MI NE LOCATION 

Anaconda 

Hnyox 

B r i t a n n i a  Beach, 

Howe Sound 

Anyox, 

Hast i   ngs A r m  

B.C. Molybdenum  Ltd. K i  t s a u l  t , 
A1 i c e  Arm 

Jordan  R iver   M ine   Jordan  R iver ,  

Vancouver  Is1  and 

Amax Canada L td .  K i  t s a u l  t , 
( f o r m e r l y  C1 imax A1 i c e  Arm 
Molybdenum o f  BC) 

Wesf r o b  Mi nes Tasu I n l e t ,  Queen 

Char1 o t t e   I s 1  ands 

I s 1  and  Copper M i  ne   Ruper t   I n1   e t  

METALS M I  NED PERIOD OF 
OPERATION 

Copper, z i n c  1900-1975 

Copper 1914-1936 

Molybdenum  1966-1972 

Copper 1960-1974 

Molybdenum  1981-1982 

Copper-zi  nc  1970-1983 

Copper-  1971- 

Molybdenum 
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I 

prev ious  B.C. Molybdenum o p e r a t i o n  and a nearby  abandoned  copper  smelter  at 

Anyox.  These s t u d i e s  were  undertaken  1)  between  1976  and  1980; 2 )  

i m m e d i a t e l y   f o l l o w i n g   s t a r t - u p   i n   A p r i l   1 9 8 1  and 3 )   p e r i o d i c a l l y   t h r o u g h o u t  

t h e   i n i t i a l   p r o d u c t i o n   p e r i o d .  Mussel  samples (M. - e d u l i s )  were c o l l e c t e d  

a t  a v a r i e t y   o f   s i t e s ,  shown i n   F i g u r e  9. T r a c e   m e t a l   t i s s u e   a n a l y s i s  

summarized  by  Goyette and C h r i s t i e   ( 1 7 9 )   i s   p r e s e n t e d   i n  Appendix I I ,  Tabl e 

8. The da ta   accumu la ted   du r ing   t he   seven   mon ths   f o l l ow ing   s ta r t -up   o f   t he  

mine showed t h a t   t i s s u e   t r a c e   m e t a l   c o n c e n t r a t i o n s   i n  most  species  sampled 

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

s ta r t -up   (179) .   Compara t ive   da ta   fo r  - M. edul i s  was avai  1 a b l e   f o r   o n l y  2 

s i t e s   i n   H a s t i n g s  A r m  and  showed some i n c r e a s e   i n  Cu,  Pb, Cd and Fe 

1 eve1 s. 

A study  by a consul ti ng company f rom  1974-77,   inc luded  analys is  

o f   copper ,   z i nc ,   l ead ,  cadmi um and  molybdenum, i n   t w e l v e  organisms, 

inc lud ing   musse ls  and cock les   (180) .  The combined r e s u l t s   o f   a n a l y s e s  

t a k e n   i n   t h r e e   y e a r s   a r e   g i v e n   i n   T a b l e  9, Appendix 11. 

3.1.3.2 Q u a t s i n o  Sound. A mon i to r ing   p rogram has  been  conducted a t  

t h e   I s l a n d  Copper  Mine s i t e  by  Utah  Mines  Ltd., as a c o n d i t i o n   o f   t h e  

p e r m i t   t o   d i s c h a r g e   m i n e   t a i l i n g s   i n t o   R u p e r t   I n l e t   ( 1 8 1 ) .   D u r i n g   t h e  

e a r l y   y e a r s ,  EPS conducted a s u r v e i  11 ance and mon i to r ing   p rogram  to   assess  

the   behav iou r  o f  wastes in r e l a t i o n   t o   t h e  company's p re-  o p e r a t i o n a l  

p r e d i c t i o n s   ( 1 8 2 ) .   P a r t   o f   t h e   p r o g r a m   i n v o l v e d   r e y u l   a r  sampl i n g   o f  

b i v a l v e s   a t  a number o f   s t a t i o n s   i n   R u p e r t   I n l e t ,   H o l b e r g   I n l e t ,   Q u a t s i n o  

Narrows and t h e   e a s t e r n  end o f   Q u a t s i n o  Sound. From  1971-74, t h e  mussel 

(5 e d u l   i s )  and four   c lams (Macoma - i r i s ,  Mya a r e n a r i a ,  Saxidomus y igan teus  

and  Protothaca  s taminea)   were  co l lected  and  analyzed  for   z inc and copper. 

These data  are  presented i n Tabl e 10,  Appendix I I .  The c o l l e c t i n g   s i t e s  

f o r   t h e   f i r s t   f o u r   y e a r s   o f   t h e  programme a re  shown i n   F i g u r e  10. F i g u r e  

11 shows t h e  company m o n i t o r i n g   s i t e s  up t o   t h e   p r e s e n t .   S i n c e  1975  seven 

m e t a l s ,   i n c l u d i n g   z i n c  and copper,  have  been rou t i ne l y   ana lyzed .  
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I n   t h e  1978 Annual  Environmental  Assessment  Report (183), a 

s t a t i s t i c a l  comparison was made o f   se lec ted   me ta l s   ( copper ,   z i nc  and 

a r s e n i c )   i n   t h e   i n t e r t i d a l   c l a m s ,  - M. a r e n a r i a ,  - P. staminea, and the  mussel ,  

- M. e d u l i s .   D a t a   f o r  each  species was p o o l e d   f o r   t h e   p e r i o d s   J u n e  1971 - 
Sept. 1972, and Dec. 1976 - Sept. 1978 (Tab le  11, Appendix I I ) .  

S t a t i s t i c a l   a n a l y s e s  (ANOVA and Newman-Keul m u l t i p l e   r a n g e   t e s t )  showed 

some s i g n i f i c a n c e  be tween   s ta t i ons ,   espec ia l l y   f o r   copper  among b o t h  

c lamspec ies ,   bu t   no t  a c l e a r   t r e n d   o v e r   t h e   t o t a l   t i m e  span. For  example, 

i n  - P. s taminea  va lues   fo r   copper  (ppm) ranged  between 0.94 and 2.32 a t   t h e  

f i v e   s t a t i o n s   i n  1971-72, and  were 0.97 t o  1.87 i n   t h e  1976-78 per iod .  

I n t e r m i t t e n t  changes i n  copper   and   z inc   va lues   a t   s ta t i ons  R4 and R6 a r e  

a t t r i b u t e d   t o   m i n i n g   o p e r a t i o n s ,   s i n c e   t h e y   a r e   c l o s e   t o   t h e   m i n e  (183). 
A t  t h e  musse l   s ta t i ons ,   t he   h ighes t   va lues   f o r   copper  and z i n c  were found 

at   the  Utah  dock.  The h ighes t   copper   va lues  (3.5 and 4.7 ppm wet w t  .) 

o c c u r r e d   i n  March o f  1978 and 1979 r e s p e c t i v e l y .  The h i g h e s t   z i n c   v a l u e s  

were i n  December, 1979  (47 ppm wet  wt.) and June 1977  (43.03). It i s  

assumed t h a t   t h e   " s l i g h t l y   e l e v a t e d   c o p p e r  and z i n c   l e v e l s   i n   t h e   t i s s u e s  

o f   b lue   musse ls   co l lec ted   f rom  the   Utah   dock   were   p robab ly   due  to   the  2 x 

lo4 t o n s   o f   c o p p e r   c o n c e n t r a t e   ( t y p i c a l l y  23% copper  and 0.2% z i n c )  1 oaded 

. . . . on a month ly   bas is "  (183). The copper 1 eve1 s a t   t he   o the r   two   docks  

were  not  above 2.7 ppm, w i t h  an  average o f  about 1.5 ppm. 

Deep water   c lams,   Humi lar ia   kenner ley i  , were  sampled s u f f i c -  

i e n t l y   a t   H a n k i n   P o i n t   t o  a1 l o w   d e t a i l e d   s t a t i s t i c a l   a n a l y s i s .  Between 

A p r i l  1976 and  September 1978, t h e r e  were  no d e t e c t a b l e   i n c r e a s e s   i n  

c o p p e r ,   z i n c   o r   a r s e n i c   l e v e l s   ( T a b l e  12, Appendix  11). The f i r s t   t w o  

me ta l s   were   a t   t he   l owes t   concen t ra t i on   f o r  any  organism  monitored, 

whereas   a rsen ic   leve ls   were  among the  h ighest   (exceeded  on ly   by  Cancer  

m a g i s t e r ) .   T h i s   s t a t i o n   i s   a p p r o x i m a t e l y  5.5 km f r o m   t h e   m i n e   o u t f a l l .  

D a t a   f o r   a l l  seven  metals i n   t h e  mussels a t   t h e   t h r e e   s t a t i o n s  

c l o s e s t   t o   t h e   t h r e e   l o a d i n g   d o c k s   a r e   g i v e n   i n   T a b l e s  13, Appendix 11. 
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I n  a r e v i e w   o f   t h e   m o n i t o r i n g  programme a t   I s l a n d  Copper  Mine, 

recommendation was made f o r   m o n i t o r i n g   " b i  oaccumul a t i o n  by a s tandard 

organism, e.g. b l u e   m u s s e l ,   M y t i l u s   e d u l i s ,   a t  a number o f   r e p r e s e n t a t i v e  

1 o c a t i  ons" (181).  

3.1.3.3 Tasu Sound. EPS conducted a survey i n  1977 t o  assess t h e  

impact   o f   the  Wesfrob  mine on the   mar ine   rece iv ing   env i ronment .  Raw 

t a i  1 i n g s  had  been  discharged by t h i s  m i  ne  since  1967. The survey was 

scheduled t o   " c o i n c i d e   w i t h   t h e   t e r m i   n a t i  on o f   t h e   s i n t e r   c i r c u i t   t a i  1 i n g s  

d i s c h a r g e   t o   t h e   f o r e s h o r e "  and d i v e r s i o n   t o  a submarine o u t f a l l   ( 1 8 4 ) .  

The mussel , - M. edu l   i s ,  was sampled  as p a r t   o f   " i n t e r t i d a l   o b s e r v a t i o n s  and 

c o l l e c t i o n s " ,  and  analyzed f o r  copper ,   z inc ,   i ron ,   lead ,  cadmium  and 

mercury.   Metal   concentrat ions and s i t e   l o c a t i o n s   a r e   d e p i c t e d   i n   F i g u r e  

12.  Copper concent ra t ions   range  f rom  140 ug.g-1 ( d r y  wt.) c l o s e   t o   t h e  

mine, t o  7.8 ug.g-l a t  a c o n t r o l   s t a t i o n   a t   t h e  head o f   F a i r f a x   I n l e t .  

Z inc  and i r o n  were a1 so much h i   y h e r   a t   t h e  m i  ne s i t e ,  290 ppm ( z i n c )  and 

2700 ppm (Fe) , compared w i t h  70 ppm (Zn) and 100 ppm ( F e )   a t   t h e   c o n t r o l  

s i t e s .   L e v e l s   o f   l e a d ,  cadmium  and mercu ry   were   no t   app rec iab l y   g rea te r   a t  

t h e   m i n e   s i t e s   t h a n   a t   t h e   c o n t r o l   s i t e s   ( 1 8 4 ) .  

3.2 PAH i n  B.C. B i v a l v e s  

PAH were f i r s t   r e p o r t e d   i n  B.C. s h e l l f i s h  by Dunn and S t i c h  

(131) i n  an i n v e s t i g a t i o n  o f  mussels   as  b ioassay  organisms  for   B(a)P  (2) .  

They found 0.2 ug.kg-1 i n  musse ls   f rom  the  open  west  coast o f  Vancouver 

I s l a n d ,  5 km f rom human a c t i v i t y ;  42.8 ug.kg-l  B(a)P  were  found i n  mussels 

f rom a p o o r l y   f l u s h e d   i n l e t   w i t h   h e a v y   b o a t  and i n d u s t r i a l  use. There  were 

some seasonal f 1 u c t u a t i o n s   i n  B (  a ) P  up take   by   musse ls   a t   four   ou t  o f  f i v e  

s t a t i o n s   i n  Vancouver  harbour, w i t h  a tendency t o   h i g h e r   c o n t a m i n a t i o n   i n  

w i n t e r .  The t w o   o u t e r   h a r b o u r   s t a t i o n s  showed t h e   g r e a t e s t   d i f f e r e n c e  w i t h  

w i n t e r   v a l u e s   f i v e   t i m e s   t h o s e   o f  summer. The a u t h o r s   s t a t e   t h a t   t h e  
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degree   and   pa t te rn   o f   seasona l   f l uc tua t i ons   va r ied   even   t hough   the   s ta t i ons  

were q u i t e   c l o s e   t o  one another .  They suggest   the   d i f fe rences   a re   caused 

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

such as temperature , o r   p h y s i o l o g i c a l   d i f f e r e n c e s   r e l a t e d   t o   t h e   b r e e d i n g  

cyc le .  A p o s s i b l e   l o c a l   s o u r c e   i s   s t o r m   w a t e r   w h i c h   b r i n g s   o i l   r e s i d u e s  

f r o m   t h e   s t r e e t s   i n t o   t h e   h a r b o u r .   ( A n a l y s i s   o f   u s e d   c r a n k c a s e   o i l  showed 

22,000 ug  B(a)P.kg-l, B.P. Dunn (185 ) ) .  

Sed iment   samples   were   co l   lec ted   f rom  the   v ic in i ty   o f   Iona sewage 

t r e a t m e n t   p l a n t  and analyzed  for   B(a)P.   Concentrat ions  were  found t o  

decrease w i t h  d i s tance   f rom  the  sewage o u t f a l l   ( 1 8 6 ) .  Sewage t rea tmen t  

p l a n t s   h a v e   a c t u a l l y  been shown t o  reduce   concen t ra t i ons   o f  PAH. However, 

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

Harbour   w i thout   t rea tment   (186) .  

B(a)P was measured i n  commerc ia l   she l l f i sh   f rom  seven B.C. l oca -  

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

t h e   s i x t h ,  and geoducks  from  the  seventh. The t i s s u e  was ana lyzed   f o r  

B(a)P and s i x   o t h e r   r e l a t e d  PAH compounds,  as  shown i n  Appendix 111. The 

va lues   a re   be l  ow those  repor ted   by  Dunn & Fee f o r  Canadian  oysters  (186).  

The h ighes t   va lue  was  0.9 ng.g-1 wet w t .  i n  geoducks at   Courtenay  area, 

w i t h   o y s t e r s   a t  Denman I s l a n d   a t  0.8 ng.9-1. 

3.3 C h l o r i n a t e d   O r g a n i c s   i n  B.C. B i v a l v e s  

The r e p o r t  on tox i c   o rgan ic   con taminan ts ,  a p a r t   o f   t h e   F r a s e r  

R iver   Es tuary   S tudy   (16) ,   inc luded a b road   range   o f   i ndus t r i a l l y   impor tan t  

o rgan ic  compounds, i d e n t i f i e d   b y   H e a l t h  and We1 f a r e  Canada  and Environment 

Canada  as p r i o r i t y   c o n t a m i n a n t s   r e q u i r i n g   f u r t h e r   s t u d y .  The r e p o r t   s t a t e s  

t h a t   e x i s t i n g   d a t a  on organic   contaminants  i n   t h e   F r a s e r   R i v e r  System  are 

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

PCBs i n   r e l a t i o n   t o   b i v a l v e s .  

Two s t u d i e s   i n  1972 analyzed PCBs and o t h e r   c h l o r i n a t e d   h y d r o -  

carbons i n   b i v a l v e s  and other   organisms i n  the   F rase r   R ive r   Es tua ry   (187 ) .  
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The h ighes t  PCB values  were  found i n   t h e   o y s t e r   C r a s s o s t r e a   g i g a s   w i t h  a 

v a l u e   o f  2.72 ppm d r y  wt. i n   t h e   R o b e r t s  Bank reg ion .  The l o w e s t   v a l u e   f o r  

o y s t e r  was 0.32 ppm d r y  w t .  a t  Sturgeon Bank. Values f o r   o t h e r   m u s s e l s  

were i n   t r a c e  amounts o r  were  non-detectable. 

Data f o r  PCBs found i n   b i v a l v e s   f r o m  1977 t o   t h e   p r e s e n t   a r e  

shown i n  Appendix IV (168) .   Levels  i n  clams a t  Sturgeon Bank,  measured i n  

1978  were lower   than  those  a t   Rober ts  Bank. The h ighest   were  those 

measured i n  November a t  76 ug.kg-1  wet wt. Whereas the   h ighes t  1 eve l  a t  

Sturgeon Bank was 0.3 ug.kg-1  wet w t .  

The h i g h e s t   l e v e l s   i n   t h e   p r o v i n c e .  were  found i n  mussels   a t  

Porpoise  Harbour, i n   t h e   P r i n c e   R u p e r t   a r e a .   I n   J u n e  1977 , 1 evel  s reached 

17,000 ug.kg-1  wet wt. measured i n  a composite  mussel  sample i n   t h e   a r e a  of 

a PCB s p i l l .   L e v e l s  o f  1700  ug.kg-1  were  measured a t  Lime  Creek, i n   t h e  

A1 i c e  Arm area i n  February,  1981, a1 so i n   t h e   v i c i n i t y   o f  a sp i  11. 

A d d i t i o n a l   d a t a  on c h l o r i n a t e d   o r g a n i c s   i s   p r e s e n t e d   s e p a r a t e l y  

i n  Sec t i on  3.5, F r a s e r   R i v e r   E s t u a r y   P o l l u t a n t s .  

3.4 Mun ic ipa l  and  Storm O u t f a l l  s 
L i m i t e d   d a t a  has  been c o H e c t e d   f o r   c o n t a m i n a n t s   i n   b i v a l v e  

mol 1 uscs i n   t h e   v i c i n i t y   o f  sewage  and s torm  d ischarges.  Those s t u d i e s  

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

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

3.4.1 McMicking P t .  Out fa ' l l .   Trace  meta ls  and a number o f  

organochemical s were  analyzed i n  mussel t i s s u e  (Myti l u s   c a l i f o r n i a n u s )  a t  

v a r y i n g   d i s t a n c e s   f r o m   t h e   M c M i c k i n g   P o i n t   o u t f a l l ,  and i n  - M. edul i s  a t  t h e  

c o n t r o l   s i t e   ( 1 8 8 ) .   L e v e l s   o f   c o p p e r ,  cadmium, 1 ead  and z inc   a re   p resen ted  

i n  Table 1, Appendix V .  There was n o   s i g n i f i c a n t   d i f f e r e n c e   b e t w e e n   t h e  

exper imenta l  and cont ro l   o rgan isms,  and t h e   c o n t r o l   a n i m a l s  had h i g h e r  

concent ra t ions   o f   copper  and z inc.   Mercury  va lues  are  g iven i n  Table 2, 

Appendix V,  an a l l   v a l u e s   a r e   q u i t e   l o w .  Low l e v e l s   o f   A r o c l o r  1254  and 
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t r a c e s   o f   A r o c l o r  1242  were  found i n  musse ls   nea r   t he   ou t fa l l   (Tab le  3, 

Appendix V )  . A r o c l   o r  1254 was  a1 so found i n  mussels a t   t h e   c o n t r o l   s i t e   a t  

even  lower   leve ls   (84  ppb  vs.  32  ppb a t   t h e   t w o   s i t e s ) .  A summary o f   t h e  

s t u d y   i n d i c a t e s   t h a t   t h e   i m p a c t   o f   t h e   e x i s t i n g  sewage discharge  can  be 

d e t e c t e d   r e a d i l y   a b o u t   1 5   m e t r e s   f r o m   t h e   o u t f a l l ,   b u t   i s   b a r e l y   d e t e c t a b l e  

a t  a d i s t a n c e   o f  50 t o  100 m. 

3.4.2 Cornox (Goose S p i t )   O u t f a l l .   A n a l y s e s   f o r   f i v e   m e t a l s ,  

copper, cadmium, lead,   z inc  and  mercury  were made on   oys te rs   f rom  th ree  

l o c a t i o n s ,   j u s t   n o r t h  o f  t h e  Comox m u n i c i p a l   o u t f a l l .  As i t  t u r n e d   o u t ,  

a1 1 values  were a t  a l e v e l   t o  be  expected i n  such an area,  as shown i n  

Table  4,  Appendix V. However i n   t h e   f i r s t   a n a l y s i s   h i g h   l e v e l s   o f   m e r c u r y  

were  found  a t  Goose S p i t  (2.3 ppm wet w t  .) . Concern  about  the  presence o f  

t h i s  much mercury i n  an oyster   growing  area,  among o ther   uses ,   resu l ted  i n  

t e s t s   b e i n g  made by f o u r  l a b s   i n   t o t o .  It appeared t h a t   h i g h   m e r c u r y  

1 eve1 s were   f rom  contaminat ion   o f   the   samples   dur ing   p repa- ra t ion   by  one 

1 abo ra to ry  o r  p o s s i b l y   c o n t a m i n a t i o n   f r o m   m a t e r i a l s   a t t a c h e d   t o   t h e  sample 

organisms i n   t r a n s i t   ( 1 8 9 ) .  

3.4.3 Other  Studies.  The m u s s e l ,   M y t i l u s   e d u l i s  was demonstrated 

as a "po in t   sou rce ' '   i nd i ca to r  o f  meta l   po l  1 u t i  on i n  Vancouver  Harbour. 

X-ray  energy  spectroscopy was used t o  measure t r a c e   m e t a l   c o n c e n t r a t i o n s  

fo r   l ead ,   copper  and z i n c  (68) .  The s t a t i o n s   i n c l u d e d  a r e g i o n   c l o s e   t o  a 

s t o r m   w a t e r   o u t f a l l .  The mussels  were  sampled a t   i n t e r v a l s   o f  1 km o r  

less.   "Dramat ic ' '   concentrat ion  var ia t ions  were  found,   wi th   mussels   on ly  30 

m f rom a p o i n t   s o u r c e   o f  1 e a d   d i s p l a y i n g   e s s e n t i a l  l y  base-1 i ne 

c o n c e n t r a t i o n s   ( 6 8 ) .   I n  a year- long  study  where  metal   levels  were  measured 

i n  mussels  and i n   t h e  seawater, i t  was found t h a t   f o r   t h e  most p a r t  

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

one v a r i a n t .  Seasonal v a r i a t i o n s   o c c u r r e d   i n   t h e   l e a d ,   z i n c ,   c o p p e r  and 

i ron i n  mussel t i s s u e ,   b u t   o n l y   o c c u r r e d   f o r   s o l u b l e   i r o n  and z i n c   i n   t h e  

seawater. 
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A p r e l i m i n a r y   s t u d y  was  made by  Bourne i n  Ladysmith  Harbour (190) 

an area  which had  been, i n   t h e   p a s t ,  one of f i n e s t   o y s t e r   g r o w i n g   a r e a s   i n  

G e o r g i a   S t r a i t .  The r e s u l t s   o f  h i s  s t u d y   i n d i c a t e  a d e c l i n e   i n   w a t e r  

q u a l i t y   i n   t h e   h a r b o u r   w h i c h  may a f f e c t   o y s t e r   b r e e d i n g .  More ex tens i ve  

i n v e s t i g a t i o n s   t o   d i s t i n g u i s h  between the   sources  and p o l l u t a n t s   i s   o n y o i n y  

by  two  consul t ing  companies,  EPS and t h e  B.C. Min is t r y   o f   Env i ronmen t .  

3.5 F r a s e r   R i v e r   E s t u a r y   P o l l u t a n t s  

The F r a s e r   R i v e r  has a p r o f o u n d   e f f e c t  on the   sou the rn   wa te rs   o f  

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

oceanography o f   t h e  S t r a i t  by LeBlond (191). An ex tens i ve   s tudy  o f  t h e  

F rase r   R ive r   Es tua ry  was undertaken  by  Federal  and Prov inc ia l   government  

agencies t o  develop a  management p l  an o f  the  area.  The s tudy exarni ned 1 and 

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

Kanaka Creek t o   R o b e r t s  and Sturgeon  Banks, as w e l l  as  Boundary Bay  and 

Semiahrnoo Bay  and the   a rea   be tween  Po in t  Grey  and t h e  U.S. Border. 

B u r r a r d   I n l e t   i s   n o t   i n c l u d e d .  

E leven  background  technica l   repor ts   have been p u b l i s h e d ,   r e l a t e d  

t o  w a t e r   q u a l i t y  (24) .  One o f  them, " A q u a t i c   B i o t a  and  Sediments"  covers 

e s t u a r i n e   o r g a n i s m s   s p e c i f i c a l l y  (192). O t h e r   t o p i c s   r e l e v a n t   t o   c h e m i c a l  

p o l l u t a n t s  and b iva lves  are:   Water   Chemist ry  ( 2 5 ) ,  Toxic  Organic 

Contaminants (16 ) .  B i  Val  ves  were  not  used as i nd i ca to r   o rgan isms  

e x c l u s i v e l y  , b u t   r e f e r e n c e   i s  made t o  them i n   s e v e r a l   r e p o r t s .  The nex t  

s e c t i o n   i n c o r p o r a t e s   i n f o r m a t i o n  on t o x i c   p o l l u t a n t s   i n   r e l a t i o n   t o  

b i v a l v e s   i n   t h e   F r a s e r   R i v e r   E s t u a r y   f r o m   t h e   a b o v e - m e n t i o n e d   s t u d i e s  and 

f rom  o thers .  

3.5.1  Sewage Treatment P1 an ts  (STP) . Three 1 arye   mun ic ipa l  sewage 
t rea tment   p lan ts   a t   Iona,   Annac i  s and L u l  u i s l a n d s ,   a r e   c o n s i d e r e d   t o  be 

the  sources o f  g rea tes t   meta l   impact  on t h e   r i v e r ,  as w e l l  as o t h e r  

chemica l   po l lu tan ts   (25) .   S tormwater   d ischarges   account   fo r  a l a r g e  

p r o p o r t i o n   o f   m e t a l s   e n t e r i n g   t h e   r i v e r ,   w i t h   e s t i m a t e s   o f  65% o f   t h e  

L 

I 
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t o t a l   i r o n  and  about  60% o f   t o t a l   l e a d  and n i cke l   (193 ) .  Between  14  and 

15% o f   t h e   t o t a l   c o p p e r  and z i n c   l o a d i n g s   w e r e   e s t i m a t e d   t o  come f rom 

stormwater   d i   scharges.  

I n d u s t r i a l   e f f l u e n t s   a r e   d i s c u s s e d   i n   d e t a i l   b y  Swain  (193)  and 

summarized  by S t a n c i l   ( 1 9 2 )   i n   r e l a t i o n   t o   e s t u a r i n e   b i o t a .   I n d u s t r y  

c o n t r i b u t e s   l e s s   t h a n  10%  o f   the   to ta l   load   o f   i ron ,   lead ,   copper  and 

n i c k e l ,   b u t   a c c o u n t s   f o r   a b o u t  50% o f   t h e   z i n c   l o a d .  Comparisons o f  

i n d i v i d u a l   m e t a l   c o n t r i b u t i o n s  between i n d u s t r i  a1 and o ther   d ischarges   a re  

given  by  Swain  (193) and S t a n c i l   ( 1 9 2 ) .   L a n d f i l l   l e a c h a t e s   a r e   a n o t h e r  

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

c o n t r i b u t i o n s   f r o m  1 a n d f i  11 s were   less   than  f rom  s to rm  d ischarges   o r   o ther  

e f f l u e n t s   ( 1 9 4 ) .  

B i v a l v e s  sampled  from  the  Sturgeon  and  Robert  Banks i n   t h e   F r a s e r  

R i v e r   s t u d y   w e r e   d i v i d e d   i n t o   t w o   g r o u p s :   t h o s e   a t t a c h e d   t o   j e t t i e s  

( o y s t e r s )  and t h o s e   w h i c h   l i v e   i n   o r  on the  sediments  (c lams).   Organisms 

l i v i n g  on t h e   j e t t i e s   f i l t e r   m a t e r i a l  f rom  the  water  column,  whi le  those i n  

sed imen ts   ob ta in   f ood   e i t he r   f rom  ove r l y ing   wa te r   o r   f rom  the   sed imen ts  

( 1 9 2 ) .   M e t a l s   r e a c h   t h e   o r g a n i s m s   a s   d i s s o l v e d   o r   p a r t i c u l a t e   m a t t e r   i n  

t h e   w a t e r  or i n   t h e   s e d i m e n t s ,   i n t e r c h a n g i n g   f r o m  one t o   t h e   o t h e r  ( a s  

discussed i n   S e c t i o n  2.1.1, a n d   b y   S t a n c i l   w i t h   r e f e r e n c e   t o   t h e   F r a s e r  

R i v e r )  . 
Meta l  concen t ra t i ons   i n   o rgan isms   f rom  the   I ona  1s-land j e t t y  

showed l i t t l e   d i f f e r e n c e  between t h e   s o u t h   s i d e   o f   t h e   j e t t y ,   i n f l u e n c e d   b y  

t h e  sewage o u t f a l l ,  and o t h e r   s t a t i o n s ,   a l t h o u g h   c o n c e n t r a t i o n s   o f   i r o n  and 

l e a d   w e r e   h i g h e r   i n   o y s t e r s   f r o m   t h e   s o u t h   s i d e   ( T a b l e  1, Appendix  VI).  

The o y s t e r s  do show much g r e a t e r   l e v e l s   o f  cadmium, copper  and  zinc  than  do 

the  clams,  and t o  a lesser   degree s i  1 ve r  and  manganese. The clams show 

h i g h e r   l e v e l s   o f   n i c k e l .  These d i f f e r e n c e s  may r e f l e c t   v a r i a b i l i t y   r a t e s  

o f   up take   be tween   o rgan isms ,   ra the r   t han   d i f f e rences   o f   concen t ra t i on   o f  

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

I n  1976 the   Env i ronmen ta l   P ro tec t i on   Se rv i ce   mon i to red   me ta l  

l e v e l s   i n   s o f t   t i s s u e s  o f  bu r row ing   b i va l ves   f rom  the   sed imen ts  o f  Sturgeon 
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and  Roberts Bank,  as d e p i c t e d   i n   F i g u r e  13 .   Four   b iva lves   were   co l lec ted  

fo r   me ta l   ana lyses  , Macoma ba l   th ica ,   Cryp tomya  ca l  i fo rna ,  Mya a r e n a r i  a and 

C1 i nocard ium  nu ta l l  i . The c o l   l e c t i  ng s i t e s  were  grouped i n t o   f o u r   a r e a s :  

( A )   n o r t h   o f   t h e   I o n a   j e t t y ;   ( B )   s o u t h   o f   t h e   j e t t y   ( i n f l u e n c e d  by  Iona 

STP) ; (C)  south  Sturgeon Bank; (D) Rober ts  Bank. The meta l   concent ra t ions  

data,   excluding  mercury,   were  pooled  f rom  three  c lams (M.  - b a l t h i c a ,  - M. 

a r e n a r i a  and - C. c a l i f o r n i c a )   i n   t h e   f o u r   r e g i o n s   ( T a b l e  2,  Appendix V I ) .  

Cadmium, copper and t o  a l esse r   ex ten t   l ead ,   appear   t o   be  more concent ra ted  

i n  spec imens  f rom  the   a rea   a f fec ted  by t h e  sewage o u t f a l l .  However t h e  

d i f f e r e n c e s  do not  appear t o  be s i g n i f i c a n t  when t h e   s t a n d a r d   d e v i a t i o n s  

are  considered.  Mercury  data i s   g i v e n   i n   T a b l e  3, Appendix VI f o r  Macoma 

sp. a t  all sta t i ons .   A l though   the re  were s i g n i f i c a n t   d i f f e r e n c e s   i n  
concen t ra t i ons  among t h e   s t a t i o n s ,  as i n d i c a t e d  by t h e  Newman-Keul range 

t e s t ,   s i g n i f i c a n t   d i f f e r e n c e s   d i d   n o t   e x i s t  among specimens  taken  f rom  the 

n o r t h   o r   s o u t h   s i d e   o f   I o n a   j e t t y  and Rober ts  Bank (192) .  
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F I G U R E  13 C O L L E C T I O N   S T A T I O N S   F O R   B I V A L V E S -  
S T U R G E O N   B A N K  AND R O B E R T S   B A N K ,  1976 (192) 
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4 DISCUSSION AND CONCLUSIONS 

Numerous studies  have  been  undertaken i n   B r i t i s h  Columbia t o  

m o n i t o r   t h e   e f f e c t s   o f   p o l l u t a n t   d i s c h a r g e s  on mar ine  env i ronmenta l  

q u a l i t y .  A good p r o p o r t i o n   o f   t h e s e   i n v e s t i g a t i o n s   h a v e   u t l i z e d   b i v a l v e  

mol luscs  as a measurement t o o l ,   p r i m a r i l y   t o   a s s e s s   t h e   d i s t r i b u t i o n  o f  

contaminants i n  a p a r t i c u l a r   r e c e i v i n g   w a t e r .  

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

coas ta l   waters  and t h e i r   r e l a t i o n s h i p   t o   b i v a l v e s  must   be  prefaced  wi th  a 

recommendation f o r  awareness t h a t :  

( a )   t h e   s i g n i f i c a n c e   o f   l e v e l s   o f  most  contaminants and p o l l u t a n t s   i n   t h e  

envi  ronment i s   n o t  known; 

( b )  many p o l l u t a n t s  have   no t   been   i den t i f i ed  (195 ) ;  

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

bes t  known i n  heavy  metal s.  For  example, t o x i c i t y  o f  heavy  metal s 
f a1  1 s i n t o   s e v e r a l   g r o u p s :  

i )  V e r y   t o x i c   t o   a q u a t i c   o r g a n i s m s ,  and l e s s  so t o  man (e.g. z i n c  and 

c o p p e r   a r e   v e r y   t o x i c   t o   f i s h ,   b u t   n o t   t o   p e o p l e . )  Such meta ls  

can  have  h igh  acute and low c h r o n i c   t o x i c i t y ,   o r   v i c e   v e r s a .  

i i ) V e r y   t o x i c   t o  man, and 1 ess t o  aquat ic  organisms, e.g. chromi urn 

and arsen ic .  

i i i )   H i g h l y   t o x i c   t o   b o t h   a q u a t i c   o r g a n i s m s  and man,  e.g. mercury and 

cadmi um. 

i v )  Negl i g i   b l e   t o x i c i t y   t o   b o t h   a q u a t i c   o r g a n i s m s  and man,  e.g. i r o n .  
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I n   t u r n   a q u a t i c   o r g a n i s m s  must  be  separated  into  sub-groups. 

Heavy m e t a l s   w h i c h   a r e   h a r m f u l   t o   f i s h  can  be  accumulated  by  adult 

b i  Val  ves , w i t h o u t  any obv ious   ha rmfu l   e f fec ts .  However, d e l e t e r i o u s  

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

and are  not   understood.  The more f r a g i l e   l i f e  stages, e.g. eggs  and 

embryos, a r e   c l e a r l y   s u s c e p t i b l e   t o   h e a v y   m e t a l   p o l  1 u t i o n ,  as d iscussed i n  

Sec t i on  2.1.4. 

As Wood p o i n t s   o u t  ( 5 )  mercury and o ther   meta ls   have a b i o l o g i c a l  

cyc le ,   (as  shown i n   F i g .  14) .  He suggests   tha t   the   fa te   o f   mercury  and t h e  

s y n t h e s i s   o f   v a r i o u s   m e r c u r i a l   o r g a n i c  compounds by  microorganisms may a l s o  

be   found  w i th   o ther   meta ls .  When ' n a t u r a l '   b i o l o g i c a l   c y c l e s   a r e   p e r t u r b e d  

by a d d i t i o n a l  sudden i n p u t s   o f   t h e   m e t a l   i n   q u e s t i o n   ( f r o m   a n t h r o p o g e n i c  

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

unknown e f f e c t s  on t h e   m e t a l   f o r m s ,   t h e i r   q u a n t i t i e s  and t h e i r   p o s i t i o n   i n  

t h e   c y c l e .  The m e t a l   s t a t e s   a r e   a l s o   a f f e c t e d   b y  pH, temperature,   redox 

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

metals. I t  i s   a l s o   i m p o r t a n t   t o  know t h e i r   s o l u b i l i t y   i n   w a t e r  and i n  

l i p i d s .   T h i s   i s   e s p e c i a l l y   t r u e   o f   n e w l y   f o r m e d  compounds. The i r  maximum 

c o n c e n t r a t i o n   i n   w a t e r  and 1 i p i  ds  determi ne t h e i  r " b i  oaccumul a t i  on 

p o t e n t i a l  'I, which  can he1  p d e c i d e   t h e i  r r o l e  as envi   ronmental   contaminants 

( 5 )  
Much o f   t h e   i n f o r m a t i o n   a b o u t   t o x i c   c h e m i c a l s  and  marine 

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

' s e n t i n e l  I organisms.  Bivalves  are  used t o   m o n i t o r   p o l l u t a n t s  

q u a l i t a t i v e l y  and q u a n t i t a t i v e l y .  They may a l so   be  used, i n   c e r t a i n  

cases, t o   i d e n t i f y   t h e   s o u r c e   o f   p o l l u t a n t s ,  as  has  been shown i n  many 

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

Sec t ion  2.1.4.  The absence o f   c e r t a i n   s e n s i t i v e   o r y a n i  sms can a1 so be an 
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i n d i c a t i o n   o f   p o l l u t i o n ,   a l t h o u g h   c a u s a t i v e   f a c t o r ( s )   c a n n o t  be i d e n t i f i e d .  

The p r a c t i c e   o f   u s i n g   b i v a l v e s  as i nd i ca to r   o rgan isms   fo r   mon i to r i ng   mar ine  

p o l l u t i o n   i s   c o m p a r a t i v e l y  new and  methods  are  not  ref ined  enough t o  make 

Val i d  compar isons   o f   po l  1 u t i o n  1 eve1 s f r o m   p l a c e   t o   p l a c e .  The r e s u l t s  o f  

t h e   I n t e r n a t i o n a l  Mussel  watch  conference ( 4 )  i n d i c a t e   t h a t   w h i l e   m u s s e l s  

and o t h e r   b i  Val  ves  are  becoming common s e n t i n e l  ' organisms, and o f f e r  many 

advantages  over  other  marine  organisms,  they  cannot  be  considered a 

panacea. 

F i l t e r   f e e d i n g   o r g a n i s m s   c a n   o b t a i n  and re ta in   con taminan ts   bo th  

d i s s o l v e d   i n   t h e   w a t e r  column  and  attached t o   p a r t i c u l a t e   m a t t e r .  They can 

t h e r e b y   ' m e a s u r e '   q u a n t i t i e s   o f  a contaminant  over a d e f i n e d   t i m e   p e r i o d ,  

depending  upon t h e   k i n e t i c s   o f   u p t a k e  and re lease.  The k i n e t i c s   a r e  

dependent   upon  spec ies,   phys io log ica l   s ta te,  age, season  physical  

parameters  and  the  form  or  state  of   the  contaminant.   Sediment-bound 

contaminants  are  measured i n   d e p o s i t   f e e d e r s .  I f  r e l e a s e d   b y   m i c r o b i a l   o r  

c h e m i c a l   a c t i v i t y  , i n t o   t h e   w a t e r   c o l  umn, such  contaminants may be  taken  up 

by f i l t e r - f e e d i n g   b i v a l v e s ,   b u t   c a n n o t  be i d e n t i f i e d  as h a v i n g   o r i g i n a t e d  

f rom  the  sediment .  Changes i n   l e v e l s   o f   p o l l u t a n t s   o v e r   t i m e  can  be 

m o n i t o r e d   b y   t r a n s p l a n t i n g   a p p r o p r i a t e   b i v a l v e s   f r o m  a ' c l e a n '   a r e a   t o   t h e  

suspected  area, as d e s c r i b e d   i n   S e c t i o n  2.1.4. 

Less i s known about   the   fa te   o f   o rganochemica l  s i n   t h e   m a r i  ne 

env i ronment   than  o f   heavy  meta ls .   Wi th  new subs tances   en te r ing   t he  

atmosphere  and t h e  oceans i n   i n c r e a s i n g  numbers,   keeping  t rack  o f   those 

w h i c h   a r e   t o x i c  and  dangerous  presents an  added d i f f i c u l t  problem. 

For  example,  toxaphene i s  c o n s i d e r e d   t o   b e  an espec ia l l y   dangerous  

compound. It i s   c h l o r i n a t e d  camphene, used f o r   t h e   c o n t r o l   o f   g r a s s h o p p e r s  

and o ther   pes ts ,  and a known c a r c i n o g e n ,   f r o m   t e s t s   w i t h   r a t s  and mice. 

Yet i t  was a b l e   t o  be i d e n t i f i e d  by   on ly  a f e w   l a b o r a t o r i e s   i n  a t e s t   o f  

p e s t i c i d e   r e s i d u e s  (195) .  



- 70 - 

B r i t i s h  Columbia i s   i n   t h e   e n v i a b l e   p o s i t i o n   o f   h a v i n g  a 

compara t ive ly   unpo l lu ted   mar ine   env i ronment ,  as  i n d i c a t e d   i n   S e c t i o n  3 and 

i n  t h e   r e c e n t   r e v i e w  o f  p o l l u t i o n   i n   G e o r g i a   S t r a i t   b y   W a l d i c h u k  ( 1 5 ) .  

The m a j o r i t y   o f   t h e   s t u d i e s   o u t l i n e d   i n   S e c t i o n  3 were   mon i to r ing  

programs  conducted i n  response t o  known p o l l u t a n t   h a z a r d s   r a t h e r   t h a n  

su rve i  1 l ance   o f   b i va l ve   g row ing   wa te rs .  Because o f   t h e i  r na tu re  and 

purpose  they   were   car r ied   ou t   independent ly   by  a number o f   d i f f e r e n t  

i n v e s t i g a t o r s .  A1 though  they a1 1 i n c l u d e d   b i v a l v e s  as tes t   o rgan isms ,   t he  

da ta   a re   no t   d i rec t l y   comparab le ,   bu t   a re   summar i zed   i n   Tab le  9 f o r  

in fo rmat ion   purposes .  

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

B.C. coastal   waters  can  be  summarized  as  fo l lows: 

1) A number o f   s t u d i e s   i n d i c a t e d   p o l l u t i o n   e f f e c t s  on b i v a l v e s   f r o m  sewage 

t rea tmen t   p lan ts ,   i nc lud ing   heavy   me ta l s   such  as mercury,   lead and 

cadmium.  These meta ls   en ter   the   mar ine   env i ronment   f rom  o ther   sources  

as we1 1. The F rase r   R ive r   Es tua ry   S tudy ,  and o t h e r s ,   p o i n t e d   o u t   t h e  

n e g l i g i b l e   g r o w t h  o f  b i v a l v e s  and o the r   mar ine   o rgan i  srns c l o s e   t o   t h e  

o u t f a l  Is. 

2 )  Organoch lo r ines ,   no tab ly  PCBs, DDT and i t s  breakdown  products,  have 

been  detected i n   l o c a l   w a t e r s ,  and i n   o r g a n i  sms, b u t   n o t  a t  dangerous 

1 eve1 s. 

3)  PAH, represented  by  Benzo(  a)pyrene,  have  been  analyzed i n sediments i n  

the  Fraser   River   Estuary,   areas  o f   Vancouver   Harbour  and i n  commercial- 

l y  ha rves ted   b i va l ves .  It i s  sugges ted   s to rm  d ra ins   a re   t he   sou rce   o f  

much o f  PAH contaminat ion ,   a l though  contaminat ion  i s   a l s o   a s s o c i a t e d  

w i t h   c r e o s o t e d  wood p i l i n g s .  
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4 )  Pu lp  m i  11 s ,  mines  and a c h l o r - a 1   k a l  i p l a n t  have  been r e s p o n s i b l e   f o r  

e l e v a t e d   h e a v y   m e t a l   l e v e l s   n o t e d   i n   s h e l l f i s h .  Changes i n  methods  by 

p u l p   m i l l s   i n  a b leaching  process,  and i n  t h e   u s e   o f   m e r c u r y   i n   t h e  

c h l o r - a 1   k a l  i p l a n t   h a v e   r e d u c e d   t h e   q u a n t i t y   o f   z i n c  and mercury 

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

5 )  Mun ic ipa l  sewage o u t f a l l s  can   be   s ign i f i can t   sou rces   o f   heavy   me ta l  and 

o r g a n o c h l o r i n e   p o l l u t a n t s ,  as w e l l  as b a c t e r i o l o g i c a l   c o n t a m i n a t i o n .  

I n  some cases  analyses  are made o f   r e c e i v i n g   w a t e r ,  and  organisms, f o r  

t o x i c   c h e m i c a l s  as we1 1 as c o l   i f o r m   b a c t e r i a ,  as p a r t   o f   s t u d i e s  on t h e  

impac t   o f  an o u t f a l l ,   b u t  

6 )  There i s  no sys temat i c   mon i to r i ng  programme f o r  t o x i c   c h e m i c a l s   i n   t h e  

mari  ne  envi  ronment , e q u i   v a l e n t   t o   t h e   b a c t e r i   o l   o g i c a l   p r o g r a m .  

7 )  I n   a d d i t i o n ,   a l t h o u g h   t h e r e   i s  a good d e a l   o f   s c a t t e r e d   i n f o r m a t i o n  

r e 1   a t e d   t o   t o x i c   c o n t a m i n a n t s  and b i  Val  ves i n  B.C. mar ine   waters ,   there  

i s  none i n  w h i c h   t h e   g r o w i n g   w a t e r s   i n   p a r t i c u l a r   a r e   c o n s i d e r e d .  A t  

p resen t ,   e leva ted   l eve l s   o f   con taminan ts   have   no t  been noted i n  

b i va l ves   f rom  the   ma jo r   commerc ia l   ha rves t i ng   a reas   i n  B.C. 

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

f rom  major   harvest ing  areas i s  encourag ing   a l t hough   no t   t o ta l l y   unexpec ted .  

The m a j o r i t y  o f  t h e   p r o v i n c e ' s   s h e l l f i s h   g r o w i n g   s e c t o r s   a r e   l o c a t e d   i n  

a reas   o f   exce l   l en t   wa te r   qua l  i t y  and t h e r e   i s  m i  nimum c o n f l i c t  w i t h  o t h e r  

users   o f   the   mar ine   env i ronment .  However, i n d u s t r i a l  and urban  development 

i n   B r i t i s h  Columbia  coastal   areas will con t inued   to   enc roach  on some o f   t h e  

s h e l l f i s h   g r o w i n g   w a t e r s .  It i s   t h e r e f o r e   i m p o r t a n t   t o   e n s u r e  programmes 

f o r   t h e   s u r v e i l l a n c e   o f   w a t e r   ( a n d   s h e l l f i s h )   q u a l i t y  f o r  t o x i c   c h e m i c a l s  

I 

I 
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are   deve l  oped, i n   a d d i t i o n   t o   t h e   b a c t e r i o l o g i c a l  and s a n i t a r y  programmes 

p resen t l y   i n   p lace .   Fu r the rmore ,   cons ide ra t i on   shou ld  be g i v e n   t o   t h e  

development o f   l o n g e r   t e r m   p r o j e c t s   t o   r e l a t e   t h e  movement o f   con taminan ts  

and t h e i r   u p t a k e  by b i v a l v e  mol 1 uscs and other  organisms t o   t h e   p h y s i c a l  

c h a r a c t e r i s t i c s   o f   c o a s t a l   w a t e r s .  There i s  abundant   in fo rmat ion  on t h e  

p h y s i c a l   o c e a n o g r a p h y   o f   t h e   c o a s t ,   p a r t i c u l a r l y   G e o r g i a   S t r a i t   ( r e v i e w e d  

by  Lebl  ond (191) ) . It w o u l d   a p p e a r   t i m e l y   t o   i n t e g r a t e   t h i s  know1 edge w i t h  

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

t o o l  s. 

Y 
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APPENDIX I PHYSICO/CHEMICAL PROPERTIES OF LEAD, MERCURY AND CADMIUM 

LE AD - 
Lead, Pb; per iod ic   sys tem  g roup IVB;  a tomic  weight  207.19; 

atomic number 82; d e n s i t y  11.34; m e l t i n g   p o i n t  327.5"C; b o i l i n g   p o i n t  

1749°C; s i l v e r ,   b l u i s h   w h i t e   s o f t   m e t a l ;   o x i d a t i o n   s t a t e s  0, +2, +4. I n  

most  organic compounds, l e a d   i s   i n   t h e  +2 o x i d a t i o n   s t a t e .  Lead ox ides  

and l e a d   s u l   f i d e   a r e   p o o r l y   s o l u b l e   i n   w a t e r ,  whi l e   l e a d   a c e t a t e ,   l e a d  

c h l o r a t e  and t o  some e x t e n t   l e a d   c h l o r i d e   a r e   s o l u b l e .  

The most i m p o r t a n t   o r g a n i   c / l  ead  compounds a r e   t e t r a m e t h y l  1 ead, 

and te t rae thy l l ead ,   because   o f   t he i r   w idesp read   use   as   an t i - knock   f ue l  

a d d i t i v e s .   B o t h   a r e   c o l o u r l e s s   l i q u i d s   w i t h   b o i l i n g   p o i n t s   o f  110°C and 

200°C r e s p e c t i v e l y .  A t  t h e s e   t e m p e r a t u r e s ,   o r   s l i g h t l y   b e l o w ,   t h e y   b e g i n  

t o  decompose.  About  10% o f   i n g e s t e d   l e a d   i s   a b s o r b e d   i n   t h e  

g a s t r o i n t e s t i n a l   t r a c t ,  and t h e   p o r p o r t i o n  may be h i g h e r   i n   c h i l d r e n .  

Lead  body   burden  cons is ts   essent ia l l y   o f   two  compar tments .  Bone, w i t h  

about 90% o f   t h e   t o t a l   c o n t e n t  has a h a l f - t i m e   o f   a b o u t  20 yea rs ,   w i th  

t h e  amount o f   l e a d   i n c r e a s i n g   t h r o u g h o u t   l i f e .   B l o o d   i s   t h e  second, 

smal l   compar tment ,   w i th   so f t   t i ssue and rap id ly   exchangeable  bone 

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

20 days. 

MERCURY 

Mercury, Hg; occurs  as  e lementa l   mercury,   inorganic  and o r g a n i c  

compounds (mercury  vapor,  mercury 1 i qu id ,   mercu ry   sa l t s  , shor t - cha i  n 

a1 ky lmercury  compounds, a1 koxya l   ky lmercury  compounds  and phenylmercury 

compounds) a l l   w i t h   d i f f e r e n t   t o x i c o l o g i c a l   p r o p e r t i e s .  

Atomic  weight, 200.6; a tomic number 80; d e n s i t y  13.6; m e l t i n g  

p o i n t  -38.9"C; b o i l i n g   p o i n t  356.6"C; c r y s t a l l i n e   f o r m   i s   s i l v e r   w h i t e  

m e t a l l i c   l i q u i d ;   o x i d a t i o n   s t a t e s  +1, +2. M e t a l l i c   m e r c u r y   i s   r a t h e r  

v o l a t i l e .  The vapor i s  regarded as i n s o l u b l e   i n   w a t e r ,   a l t h o u g h   a t  room 

t e m p e r a t u r e   i t s   s o l u b i l i t y   i s   a p p r o x i m a t e l y  60 mg/l . S o l u b i l t y   i n  1 i p i d s  
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i s  5-50 mg/l.  It i s   r a p i d l y   o x i d i z e d  by  oxygen t o   i o n i c  form.   Mercur ic  

s a l t s  , 1 i ke ha1 i d e s   s u l f a t e s  and n i t r a t e s   a r e   w a t e r - s o l   u b l  e. An equi 1 i - 
b r i u m   i s   e s t a b l i s h e d  between HgO,  Hy$+ (mercurous)  and Hg2+ 

(mercur ic) ,   depending on t h e   r e d o x   p o t e n t i a l   o f   t h e   s o l u t i o n  and t h e  

presence  o f  compounds which  can  form  complexes  wi th   the  mercur ic   ions.  

The mercu r i c   i on   can   f o rm many s t a b l e   c o m p l e x e s   w i t h   b i o l o g i c a l l y  

impor tan t   mo lecu les  o r  mo i t i es .   Mercu r ious   mercu ry  i s   r a t h e r   u n s t a b l e  i n  
t h e   p r e s e n c e   o f   b i o l o g i c a l   m o l e c u l e s .   V o l a t i l e   s a l t s   a r e   f o r m e d   a t  room 
tempera ture   be tween  shor t   cha in   a lky lmercur ic  compounds and  halogens. 

Other   sa l ts ,   such  as   hydrox ides   and  n i t ra tes   a re  1 ess v o l a t i l e .  

CADMIUM 

Cadmium,  Cd; a tomic  weight  112.4; a tomic number  48; d e n s i t y  

8.6; m e l t i n g   p o i n t ,  320.9"C; b o i l i n g   p o i n t ,  765°C; s i l v e r - w h i t e   m a l l e a b l e  

m e t a l ;   o x i d a t i o n   s t a t e ,  +2. O f  t h e  many i n o r g a n i c  cadmium  compounds, 

e.g. cadmium aceta te ,  cadmium c a r b o n a t e ,   s e v e r a l   a r e   q u i t e   s o l u b l e   i n  

wa te r ,   name ly   t he   ace ta te ,   ch lo r i de  and s u l f a t e .  Cadmium o x i d e  and 

s u l f i d e   a r e   a l m o s t   i n s o l u b l e ,   i n   w a t e r .  Cadmium i s   e a s i l y  complexed  wi th 

some o r g a n i c  compounds, e.g. th iocarbamates.   There  are some s y n t h e t i c  

o ryano-meta l l i c  compounds, b u t   t h e y  decompose r a p i d l y  and a r e   t h e r e f o r e  

not   found i n   t h e   e n v i r o n m e n t .  
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APPENDIX I 1  

SUMMARY OF B.C. TRACE  METAL  DATA FOR BIVALVE MOLLUSCS 
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APPEND I X I I 
TABLE 3 STATISTICAL COMPARISON OF MERCURY CONCENTRATIONS I N  MUSSELS 

( M y t i l u s   e d u l i s )  I N  HOWE SOUND (1972-1975)  (171) 

a )  by c o l l e c t i o n   y e a r s  

SAMPLING ZONE YEAR AND MEAN MERCURY CONTENT (ug0g- l )  

All zones 1,4,5,6,7,8 Year  1975  1972  1973  1974 
Mean  0.07  0.07 0.06 0.06 

Zones 1,4,5 Year 1975 1973 1974 
Mean 0.08 0.05 0.05 

Zones 6,7,8 Year 1973 1972 1974 1975 
Mean 0 -08 0 -07 0.07 0.02 

b )  b y   c o l   l e c t i o n  zones 

YEAR SAMPLING ZONE AND MEAN MERCURY CONTENT (ug0g- l )  

1972 t o  1975 Zone 1 8 6 7 5 4 
Mean  0.42  0.13 0.05 0.04 0.03 0.03 

Grouped  zone d a t a  Zone ( 1   9 4 3 )  (6,798) 
Mean  0.07  0.05 

I 

I 

I 

m 

I 

*Solid l i n e s   u n d e r   g r o u p s   i n d i c a t e  homogenous subsets  (p < 0.05). 
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APPENDIX I I 
TABLE 5 

Zinc,  copper  and cadmium c o n c e n t r a t i o n s   i n   o y s t e r s   ( C r a s s o s t r e a   g i g a s )  
nea r   t h ree  B.C. p u l p   m i l l s .  See F i g u r e  7 f o r   d i s t a n c e s  o f  
s i t e s   f r o m   p u l p   m i l l s .   C o n t r o l   i s   a t  Nanoose  Bay, one o f   f o u r  used 
i n   t h e   s t u d y  (173, 174) .  

ug .g- l  d r y  w t .  (wet  w t . )  
LOCATION S I T E  NO. Zn c u  Cd 

Powel 1 R i v e r  

Powel 1 K i  v e r  

C r o f t o n  

C r o f t o n  

Campbell R i v e r  

Campbell R i v e r  

Nanoose Bay 

19 (near m i  11 ) 

23 ( f u r t h e r   e a s t )  

u-10 

D-17 ( n e a r e s t  mill ) 

B-21** 

6-18 

F- 1 

218 
( 26.8) 

262 
( 33.8) 

220 
(30.6) 

112 
( 16.8) 

222 
(43.8) 

144 
(23.4) 

170 
( 27.4) 

4.62 
(0.57) 

14.60* 
(2.0)  

10.20* 
(1.1) 

5.8 
(0.8) 

10.86* 
(1.9) 

12.86* 
(2 .7)  

12.78* 
(2.1)  

* - h igh   va lues  f o r  cadmium  and c o p p e r   a t   s t a t i o n s  removed  f rom  mi l ls .  
** - c l o s e s t   o y s t e r   p o p u l a t i o n  t o  E l k  Fa1 1 s mil 1 was t h r e e  m i  1 es d i s t a n t .  
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APPENDIX I 1  
TABLE 6 CROFTON OYSTER TISSUE ANALYSIS - TRACE METALS, JANUARY 1977  (177) 

SAMPLE 1977 REPLICATE Mercury  Z inc Cadmi urn 
STATION DATE OF  Hg (ug/g)  Zn (ug/g)  Cd ( W g )  

SAMPLING wet d ry   we t   d ry   we t  d r Y  

0-1 

0-2 

0-3 

0-4 

0-5 

0- 7 

0-8 

0-9 

0-10 

0-2 

0-5 

0-8 

Jan.  19 

Jan.  19 

Jan.  19 

Jan.  25 

Jan.  25 

Jan. 25 

Jan. 25 

Jan.  25 

Jan. 25 

Feb. 1 

Feb. 1 

Feb. 1 

A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 
A 
B 

0.10 
0.09 
0.05 
0.06 
0.05 
0.05 
0.05 
0.04 
0.05 
0.06 
0.09 
0.09 
0.08 
0.10 
0.08 
0.07 
0.08 
0.04 
0.05 
0.06 
0 -04 
0 -03 
0.05 
0.04 

0.59 
0.54 
0.58 
0.60 
0.53 
0.55 
0.36 
0.33 
0.39 
0.40 
0.39 
0.43 
0.29 
0.38 
0.34 
0.33 
0.40 
0.26 
0.34 
0.39 
0.39 
0.37 
0.37 
0.31 

520 
520 
580 
6  20 
460 
467 
520 
540 
570 
600 
980 
940 
880 
860 
770 
7 30 
720 
550 
450 
460 
490 
480 
700 
680 

3100 
3100 
6200 
6300 
5200 
5200 
4100 
4200 
4300 
4300 
4150 
4300 
3200 
3200 
3500 
3300 
3600 
3700 
3100 
3100 
5400 
5300 
6000 
5900 

1.6 
1.4 
1.1 
1.1 
0.8 
0.8 
0.8 
0.8 
0.7 
0.7 
1 .o 
1 .o 
2.0 
2.0 
2.0 
2.0 
1 .o 
1 .o 
1.2 
1.3 
0.58 
0.52 
1.1 
1 .o 

9.4 
8.5 

11 .o 
11 .o 
9.1 
9.2 
6.0 
6.0 
5 .O 
5.0 
6.0 
6.0 
6 .O 
7 .O 
7 .O 
7 .O 
7 .O 
7 .O 
8.4 
8.9 
6.4 
6 .O 
8.4 
8.6 

Repl icate  samples  not   taken.  
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APPENDIX I I 

TABLE 7 MEAN Z I N C  (mg/g dry t i s s u e )  AND CONDITION FACTOR LEVELS AVERAGED BY 

S I Z E  CLASSES OF OYSTERS, CROFTON, B.C. (178) 

Two-way ANOVAs, n = 15/cell , SO i n  parentheses 

Z inc   Cond i t i on   Fac to r  

Test   Contro l   Test   Contro l  

Small 4.76  (2.03) 2.12 (0.87)  28.2  (8.8) 155.5 (33.6) 

Medi urn 6.26  (1.85)  1.45  (0.80)  24.9  (10.6)  150.3  (21.4) 

Large 5.85  (2.76)  1.96  (1  .lo)  24.4  (8.2)  148.1  (18.1) 

- 
X 5.69  1.84  25.8 151.3 
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APPENDIX I I 
TABLE 9 AVERAGE METAL  LEVELS I N  BIOTA, AMAX SITE (pre-operat ional   1974-77)  

Values i n  mg/kg Dry Weight (ppm) (180) 

ORGAN I S M  COPPER Z INC LE AD CAUMI UM MOLYBDENUM 

1. Rockweed  13.3 39.3 9.1 2.8 ND* 
s;; 1.56 4.03  1.54 0.11 " 

2. Zoopl  ankton 17.3 262.1 20 .o 3.8 ND 

N 4 4 4 4  4 
s i  2.61  52.48  2.62  0.47 " 

3. Cockles 27.7 173.0 20.0  3.8 ND 

s-, 17.6  40.28  0.77  0.14 " 

N 4 4 4 4 4 

4. Mussel s 20.7 129.0  18.8  8.1 ND 
s-, 2.34 10.09  2.71  0.58 " 

N 15  15  15  15  15 

5. Shrimp 42.1  53.4 3.9 1 .o ND 

s;; 1.30  5.10  0.44  0.11 " 

N 2  2  2  2 2 

6. Sp ider   c rab  42.3 377.3 7.9  2.4 ND 

N 5 6 5 6  6 
s-, 6.4  25.75  0.36  0.60 " 

7. Brown K ing   c rab  147.9  216 .O 1.8  0.3  1.2 

s-, 11.32 6.70  0.57  0.03  0.13 
N 6  6  6  6  6 

8. Tanner c r a b  50.5  212.3  0.8 0.8 ND 

s-, 5.06 23.07 0.09 0.15 " 

N 6  6  6  6  6 

9. Dungeness c r a b  64.6 247 .O 3.5 1 .o 1.4 

N 14 14 13 7 4 
s i  5.71 17.06 0.51 0.23  0.14 

Cont i nued . . . 
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APPENDIX I 1  
TABLE 9 AVERAGE METAL  LEVELS I N  BIOTA,  AMAX SITE (pre-operat ional   1974-77)  

(Cont i   nued) 
Values i n  mg/kg Dry Weight (ppm) (180) 

ORGANISM COPPER Z I N C  LE AD CADMIUM MOLYBDENUM 

10. Y e l l o w f i n  sole 23.3  92.4 13.8 10.9 ND 

s-, 2.08 7.61 2.42 2.05 " 

11. Grea t   scu lp in  25.6 149.9 4.2  3.0 ND 

N 13 14 15  15 15 
s;; 4.46  11.79  0.48  0.39 " 

12.  Crow 18.6 108.2 4.2  12.7 ND 

5;: 0.30  3.85  0.43  0.73 " 

N 2 2 2  2  2 

Mean va lue  42.22 168.3 7.94 4.04 " 

Maxi mum 147.9 377.3 20 .o 12.7  1.4 
Minimum 13.3 39.3 1.8 0.3  1.2 

s-, 10.74 25.95 1.85 1.21 " 

*Not  Detectable 
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m 

APpEN)IX I1 
TPBLE 11 STATISTIC& COFPPRIXIN OF COPPER, ZINC, PN) RSENIC LEVELS I N  SHELLFISH  COLLECTED AT M ISLW 

COPPER MIN SITE (183) 
m 

m 

N V A  
TIE E T &  H 1  H Z  K 4   R 6  4 7  Si gn . 

PEfWl (ppn) Mean - + S.D. Mean - + S.U. Mean - + S.D. Mean - + S.D. Mean - + S.D. Level m 

Protothaca stani nea 
71/06 cu 1.46 + 0.55  1.21 + 0.40 
72/09 6 )  ( 

Zn 11.0 + 3.8  10.2 + 2.1 
( 5  (12) 

As 1.76 + 0.9  1.23 + 0.76 
(8 )  (8 )  
- - 

76/12 cu 1.01 + 0.38 1.01 + 0.21 
78/09 

- 
(9) (7) 

(9) (7) 

(9) (7) 

- 

Zn 14.5 + 2.3  14.8 + 2.4 

As 1.17 + 0.43 1.71 + 0.49 

- - 

- - 

1.81 + 0.85 
(9) 

(9) 

- 

10.3 + 1.8 - 

1.04 + 0.65 
(12) 

1.87 - + 0.49 
(6) 

(6) 

(6) 

16.9 - + 4.4 

1.49 - + 0.17 

0.94 + 0.45 
( 5 
(13) 

( l i )  

8.3 + 1.4 

2.08 + 0.9 

0.97 - + 0.27 
(9) 

(6) 
2.84 - + 1.0 

(6) 

10.4 + 3.0 - 

m 

P 0.05 
n 

N.S. 

N.S. I 

P 0.025 
I; 

P 0.001 I 

P 0 . m  
P 

@ arenari a 
71/06 cu 
72/09 

Zn 

As 

76/12 cu 
78/09 

Zn 

As 

1.21 + 0.50 
( 1:) 

( 13 

(15) 

8.3 + 1.5 

0.77 + 0.23 

1.53 - + 0.52 
(9) 

(9) 
1.1 - + 0.22 

(9) 

9.6 + 1.5 - 

0.73 - + 0.25 
(6) 

(6) 
0.84 - + 0.22 

(6) 

9.0 - + 2.6 

1.67 - + 0.41 
(9) 

(9) 
1.1 - + 0.40 

(9) 

9.8 - + 1.6 

1.32 + 0.32 
( 1T, 

( l i )  

( 11, 

8.7 + 1.8 

0.87 + 0.16 

2.43 - + 0.65 
(9) 

(9) 

(9) 

10.5 - + 2.3 

1.2 - + 0.3 

1.36 + 0.46 
( lz 
tl?i 

(12) 

8.0 + 1.6 

0.49 + 0.17 

1.31 - + 0.44 
(9) 

9.7 - + 2.9 
(9) 

(9) 
0.9 - + 0.3 

1.11 + 0.54 
( l i )  

(6) 
( 5  

9.0 + 2.8 

0.78 + 0.38 

1.71 - + 0.55 
(9) 

(9) 

(9) 

8.9 - + 1.7 

1.0 t 0.3 - 

IL 

N.S. 

m 
N.S. 

N.S. Ir 

P 0.025 m 

N.S. = 

N.S. 
m 

Continued.. . 
IL 
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WPENDIX I 1  
TPBLE 11 STATISTICAL CWPRISON OF COPPER, ZINC, PN) PRSENIC LEVELS I N  SHLLFISH COLLECTED AT M ISLPED 

(Conti nued) 
COPPER MIFE SITE 

WVA 
TIE E T &  Coal tbr. Dock Qatsino Dock Utah Dock Si gn . 

PERIOD (PPI Mean - + S.D. Mean - + S.D. Mean - + S.D. Level 

Myti Ius edulis 
74 f 03 cu 
75/06 

Zn 

As 

75/06 cu 
78/09 

Zn 

As 

1.13 + 0.53 
(18) 

(18) 

(18) 

( 2 4 )  

(24) 

( 2 4 )  

11.3 + 3.0 

1.08 + 0.37 

1.29 + 0.20 

17.0 + 7.4 

1.0 + 0.4 

1.18 + 0.52 
( 1;) 

(18) 

(18) 

( 2 4 )  

11.4 + 5.0 

1.02 + 0.51 

1.07 + 0.09 

9.8 + 3.4 

0.90 + 0.46 
( 2 4 )  

2.08 + 0.19 P 0 . m  
( 3 8 )  

( 3 8 )  

( 3 8 )  

13.3 + 5.1 N.S. 

1.19 + 0.37 N.S. 

1.60 + 0.38 P o.ooo5 
( 2 4 )  

(2% 

( 2 4 )  

17.6 + 6.5 P 0.m 

0.90 + 0.39 N.S. 

Note: The n&r i n  brackets denotes sap1 e size. Metal levels expressed i n  ppn wet weight. (H) denotes 
a  lblberg  Inlet  station, (Q) Qatsino Sound station, and (R) a Rupert Inlet  station. The station 
locations are indicated i n  Figure 11. 



- 122 - 

APPENDIX I I 

TABLE 12 MEAN ( +  - S.D.) TISSUE COPPER, Z I N C ,  AND ARSENIC  LEVELS I N  

- H. k e n n e r l e y i  [ (  ppm) - wet weight ]  (183) 

MONTH 

COPPER Z I N C  ARSENIC 

n Mean - + S.D. Mean - + S.D. Mean t S.U. - 

Apr. '76  

June  '76 

Sept.  '76 

June ' 7 7  

Aug. ' 7 7  

Jan. ' 78  

Apr. '78 

June  '78 

Sept. ' 78  

0.75 - + 0.12 

1.1 - + 0.50 

0.64 - + 0.23 

1.1 - + 0.2 

- 
0.61 - + 0.i5 

0.63 - + 0.14 

0.84 - + 0.18 

0.80 - + 0.40 

6.6 - + 1.8 

7.8 - + 1.3 

9.4 - + 2.2 

10.0 - + 2.2 

11.0 - + 1.9 

9.8 - + 2.0 

6.9 - + 0.45 

8.3 - + 2.4 

6.9 - + 1.2 

5.0 - + 2.4 

2.5 - + 1.5 

2.3 - + 0.6 

3.3 - + 1.7 

5.5 - + 1.9 

3.4 - + 2.1 

3.8 - + 0.8 

2.0 - + 0.9 

3.8 - + 1.5 
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APPENDIX I I 
TABLE 13 ISLAND COPPER MINE METAL ANALYSIS DATA (1975-1980)  (183) 

M y t i l u s   e d u l i s  - Utah Dock 

n = 3 un less   o therw ise   no ted  
* - n = 4 ;   * * - n = 2  

Yy 

0 ATE Pb  Cd Hg As c u  Zn MO 

1975 
March 
June 
Sept. 
Dec. 

0.047 
0.009 
0.018 
0.017 

1.67 
0.77 
0.98 
0.64 

2.40 
1.49 
2.43 
1.63 

39.03 
15.42 
17.55 
20.38 

0.55 
LO.10 
LO. 10 

0.43 

0.28 
0.31 
0.34 
0.28 

0.24 
0.12 
0.36 
0.27 

1976 
March 
June 
Sept. 
Dec. 

0.23 
0.42 

0.26 
0.28 

0.014** 
0.020 

0.78 
1.4 

2.19 
2.16 

14.94 
15.35 

0.16 
0.30 

0.11 0.30 0.011 0.5 0.75 18.71 < 0.10 

1977 
March 
June 

0.35 
0.52 

0.016 
0.02 

2.8 
0.9 

2.83 
2.03 

14.38 
43.03 

LO.10 
0.92 

0.35 
0.20 

1978 
March 
June 
Sept. 
Dec. 

1.1 
0.9 
0.7 
0.7 

0.46 
0.35 
0.27 
0.28 

0.007 
0.007 
0.007 
0.02 

1.4 
1.3 
0.7 
0.6 

3.5 
2.7 
2.1 
1.1 

27.5 
20.3 
10.0 
11 .o 

0.3 
0.1 
0.2 
0.1 

1979 
March 
June 
Sept. 
Dec . 

0.9 
1.6 
0.5 
1.2 

0.27 
0.58 
0.46 
0.52 

0 -02 
0.01 
0.02 
0.01 

1.1 
1.4 
1.7 
0.9 

4.7 
2.3 
1.5 
2.1 

16 .Q 
22.0 
29 .O 
47 .O 

< 0.1 
< 0.1 
< 0.1 
< 0.2 

1980 
March 0.7 0.55 0.02 1.3 1.7 41 .O 0.1 

Continued... 
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APPENDIX I  I 
TABLE 13 ISLAND COPPER M I N E  METAL  ANALYSIS DATA (1975-1980)  (183) 
(Cont i   nued) 

M y t i l u s   e d u l i s  - Coal  Harbour Dock 

n = 3 un less   o the rw ise   no ted  
* - n = 4 ;   * * - n = 2  

DATE Pb  Cd Hg As cu Zn Mo 

1975 
March 
June 
Sept. 
Dec . 
1976 
March 
June 
Sept. 
Dec . 
1977 
March 
June 

1978 
March 
June 
Sept. 
Dec . 
1979 
March 
June 
Sept b 
Dec . 
1980 
March 

0.34 
< 0.10 
< 0.10 

0.28 

0.21 
0.27 

0.70 

< 0.10 
0.33 

1.2 
0.4 
0.6* 
0.6 

0.9 
0.7 
0.2 
0.3 

0.1 

0.24 
0.30 
0.33 
0.27 

0.48 
0.63 

0.44 

0.31 
0.43 

0.54 
0.40 
0.43" 
0.29 

0.34 
0.36 
0.29 
0.42 

0.28 

0.028 
0.008 
0.010 
0.015 

0.029 
0.020 

0.068 

0.055 
0.042 

0.106 
0.013 
0.007** 
0.08 

0.03 
0.02 
0.05 
0.04 

0.02 

0.88 
1.20 
0.98 
0.73 

0 -94 
1 .o 

1.1 

2.4 
0.7 

1.7 
1.3 
0.9" 
0.7 

1.4 
1.5 
1.4 
2 .0 

1 .o 

1.30 
1.51 
1.05 
0.95 

1.70 
1.15 

2.76 

1.69 
1.15 

1.7 
1.5 
1.3* 
0.9 

2 .o 
1.9 
1.1 
1.7 

1.1 

9.51 
17.15 
21 .02 
18.43 

24.55 
25.40 

14.40 

23.17 
14.47 

19.1 
19.7 
15.6* 
12 .o 

16.6 
24 .O 
21 .o 
30 .O 

24 .O 

0.19 
< 0.05 
< 0.10 

0.16 

0.12 
< 0.10 

< 0.10 

0.23 
< 0.10 

0.1 
0.1 
0.2* 
0.1 

< 0.1 
0.2 

< 0.2 
0.1 

< 0.1 

Continued... 
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APPENDIX I I 
TABLE 13 ISLAND COPPER MINE METAL  ANALYSIS DATA (1975-1980)  (183) 

(Conti   nued) 
Myti 1 us edul i s  - Qua ts ino  Dock 

n = 3 un less   o the rw ise   no ted  

. 
DATE Pb  Cd Hg As cu Zn Mo 

1975 
March 
June 
Sept. 
Dec. 

1976 
March 
June 
Sept. 
Dec . 
1977 
March 
June 

1978 
March 
June 
Sept. 
Oec . 
1979 
March 
June 
Sept. 
Dec . 
1980 
March 

0.36 
< 0.10 
< 0.10 

0.52 

0.30 
0.22 

0.24 

1.04 
0.82 

1.4 
0.2 
0.5 
0.7 

0.6 
1.1 
0.3 
0.5 

0.9 

0.41 
0.31 
0.62 
0.51 

0.39 
0.33 

0.58 

0.31 
0.91 

1.30 
0.63 
1.26 
0.28 

0.36 
0.4 
0.8 
0.42 

0.75 

0.012 
0.017 
0.017 
0.017 

0.022 
0.021 

0.023 

0.017 
0.028 

0.02 
0.004 
0.005 
0.01 

0.01 
0.01 
0.03 
0.02 

0.04 

0.83 
0.77 
0.78 
0.61 

0.73 
0.50 

0.60 

2.8 
0.7 

1.5 
1.1 
0.9 
2.4 

0.8 
1.3 
1.6 
2.0 

1.6 

1.03 
1.12 
1.03 
1.06 

1.52 
1.01 

0.70 

1.20 
1.42 

1.9 
1.3 
1.3 
0.9 

1 .o 
1.7 
1.2 
1.3 

1.1 

9.77 
15.42 
11.46 
9.62 

9.66 
6.69 

10.72 

11.1 
19.8 

10.1 
12.9 
10.2 
20 .o 

6.8 
15.0 
20.3 
21 .o 

7.8 

0.24 
0.05 

< 0.10 
< 0.10 

0.12 
0.05 

0.15 

< 0.10 
< 0.23 

< 0.1 
0.1 
0.1 
0.4 

< 0.1 
< 0.1 

0.1 
0.2 

< 0.1 
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APPENDIX I11 

LEVELS OF CARCINOGEN  BENZO(  a)PYRENE I N  COMMERCIAL 

SHELLFISH FROM B.C. 



- 127 - 

APPENDIX 111: LEVELS OF CARCINOGEN BENZO(a)PYRENE I N  COMMERCIAL SHELLFISH 
FROM B.C. 

Samples  were ob ta ined  June 8,  1979 f rom Wayne Holmes,  Vancouver 
I s l a n d   F i s h   I n s p e c t i o n   S u p e r v i s o r ,  and  had  been c o l l e c t e d   i n   t h e   s p r i n g  o f  
1979. For compar ison  wi th   data  f rom  other   samples,  compare t h e   l i s t e d  
va lues   f o r   benzo(a )py rene   w i th   t he   va lues   f o r   benzo(a )py rene   i n   commerc ia l  
seafoods i n   " P o l y c y c l i c   A r o m a t i c   H y d r o c a r b o n s   i n  Commercial  Seafoods"  by 
B.P. Dunn and J. Fee i n  J. F isher ies  Research  Board Canada, 36,  1469-1476 
(1979)  (139). 

- 

Loca t ions  

1. Oysters  f rom  Henry Bay 
2 .  Oysters   f rom Denman I s l a n d  
3. Oysters   f rom Comox Harbour 
4. Oys ters   f rom  Cor tes   Is land 
5. Oysters   f rom  Bark1  ey Sound 
6. Bu t te rc lams   f rom  Sea l   I s l e t s  
7. Geoducks from  Courtenay  area 

ANALYTICAL  RESULTS ng/g WET WEIGHT 

CRCINO- Locat i on 
CCWOUN) GENICITY 1 2 3 4 5 6 7 

R uoranthene - -* 31 23.5 96.5 - 6.7 44 
Benz( a) anthracene + 5 .O 4.1 3.8 1.8 - 1.7 3.9 
Benzo(b)fluoranthene tt. 5.1 4.9 3.8 3.8 2.0 0.6 3.2 
Benzo( k ) f l  uoranthene - 1.8 1.9 1.2 1.7 0.6 0.1 0.9 

Indene( 1,2,3-cd)- 

Benzo( b) chrysene ? 0.3  0.3  0.4 0.2 0.1 0.5  0.4 

Benzo(a)PYm +H 0.5 0.8 0.5 0.5 0.3  0.4 0.9 

PY rene + 0.4 0.5 0.3 0.5 0.2 0.3 0.6 

*Indicates  analysis  inpossible because o f  technical  limitations. 
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APPENDIX IV 

PCB CONCENTRATIONS I N   B I V A L V E  MOLLUSCS OF 

B R I T I S H   C O L U M B I A   ( 1 9 7 7 - 1 9 8 1 )  
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APPENDIX V 

LEVELS OF VARIOUS  TOXIC  CONTAMINANTS I N  SHELLFISH 

I N  THE V I C I N I T Y  OF MUNICIPAL  OUTFALLS 

w 
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I 
APPENDIX V 

TABLE 1 TRACE METAL  LEVELS I N  MUSSEL TISSUE - McMick ing  Point  (188) 

(Cu ,Cd  ,Pb , I n )  

Concentrat ions o f  Trace  Meta ls  i n  Mussel  Tissues (Cu.Cd.Pb.Zn) 

Y 

Concent ra t ion   ug   .g -1   d ry   we igh t  

STATION IDENTIFICATION COPPER CADMIUM LE AD Z I N C  

M 1  ( W .  o f  O u t f a l l )  

(M. c a l  i f o r n i a n u s )  9.4 

M3 ( c o n t r o l  ) 

(M. c a l  i f o r n i  anus) 7.9 

M3 ( c o n t r o l )  

(M. e d u l i s )  10.3 

1.6 

3.5 

3.3 ND 221 

4.3 

ND 

153 

176 

ND = be low  de tec t ion  limit ( d e t e c t i o n  limit for l e a d  i s  1.1 ppm) 

*tr i  p l  i cate   ana lyses  
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APPENDIX V 

TABLE 2 MERCURY CONCENTRATIONS I N  MUSSEL T ISSUES - McMicking  Point   (188) 

Concent ra t ions   o f   Mercury   in   Musse l   T issues  

STATION IDENTIFICATION 

Concent ra t ion   ng  .g-1 d r y  wei g h t  

a b average 

M 1  ( W .  o f   O u t f a l  I )  

(M. c a l  i fo rn i   anus )  

M3 ( c o n t r o l  ) 

(M. c a l  i fo rn i   anus )  

M3 ( c o n t r o l  ) 

(M. edul  i s )  

209 

87 

192 

87 

201 

87 

163 147 155 

m 
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APPENDIX V 

TABLE 3 CONCENTRATIONS OF SELECTED ORGANIC CONTAMINANTS DETECTED I N  MUSSEL TISSUE 

(M. - c a l i f o r n i a n u s )  - McMicking  Point  (188) 

Concent r a t  i on ( ppb ) 

CONTAMINANT 

M1 M3 
(W. o f   O u t f a l l )   C o n t r o l  

Dry Wt. Wet Wt. Dry Wt. Wet Wt. 

D ie thy l   ph tha l   a te  

D i  -n -bu ty l   ph tha la te  

Buty l   benzy l   phthalate 

B i  s (2-ethyl   hexyl  ) ph tha la te  

Hexachl  orobenzene (HCB) 

Lindane 
UDE 

Met  hoxyc  h 1 o r  
Arocl o r  1242 
Arocl o r  1254 

ND 

49 

ND 

1270 
1.8 

1.3 
18 

59 
tr 

84 

ND 

9.1 

ND 

234 

0.33 
0.24 

3.2  

11 
t r  

16 

6 

ND 

ND 

ND 

1.8 
ND 

12 
ND 

ND 

32 

0.8 

NU 

ND 

NU 

0.24 

ND 

1.6 
ND 

ND 

4.3 

NO = not   detected 

tr = t r a c e  amount detectable 
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APPENDIX V 

TABLE 4 TRACE METAL CONCENTRATIONS I N  OYSTER TISSUE - Comox Harbour  Area (189) 

~~ 

Concentrat ions  (ug.g-l   dry  weight)  Concentrat ion (ug.g-1  wet weight )  
I 

LOCATION cu Cd Pb Zn 

Goose s p i t  27.8  2.73 0.66 558 

25.7  2.64  1.04 557 

Poi n t  Ho I mes 

Cape Lazo 

45 .O 2.74 0.71 86 2 

48.4 2.70 0.88 8 38 

36.3 2.42 0.78 905 

27.7 2.95 0.88 563 

0.04 (mean o f  
I 

12  samples) 

< 0.09 

6 
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APPENDIX VI 

CONTAMINANT  LEVELS I N  BIVALVE MOLLUSCS 

OF THE FRASER RIVER ESTUARY 
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PPPENIIX VI 
TWLE 2 METAL CONCENTRATIONS IN !SOFT T I S S W  OF e) FROM STWEON PN) 

ROBERTS 

ugly Dry Weight ug/g Wet Weight 
E T A -  REA SPMPLE NO. OF b€M S.D. SWLE NO. OF FEAN S.D. 

SIZE INIIV. CONCEN. SIZE 1N)IV. CONEN.  

Arsenic 

CactTli UTI 

Chnmiun 

Copper 

IrOn 

Nickel 

Lead 

Zinc 

A 
B 
C 
D 
D l  

A 
B 
C 

0 

A 
B 
C 
D 

A 
B 
C 
D 

A 
B 
C 
u 

A 
B 
C 
D 

A 
t3 
C 
0 

A 
I3 
C 

C 1  

8 
8 
7 
9 
8 

8 
8 
7 
6 
9 

8 
8 
7 
9 

8 
8 
7 
9 

8 
8 
7 
9 

8 
8 
7 
9 

8 
8 
7 
9 

8 
8 
7 

463 
431 
339 
335 
293 

463 
431 
339 
319 
335 

463 
431 
339 
335 

463 
431 
339 
335 

463 
431 
339 
335 

463 
431 
339 
335 

463 
431 
339 
335 

463 
431 
339 

8.12 
8.37 
7.36 

30.7" 
8.64 

3.34 
10.6 
31 .P 
2.35 
3.24 

2.00 
2.37 
2.05 
1.52 

39.1 
50.1 
23.8 
23.9 

745 
610 
789 
927 

3.91 
5.36 
5.16 
5.22 

4.17 
5.24 
4.27 
4.62 

304 
231 
229 

1.67 
1.48 
1.29 

1.84 

3.08 

66.1 

23.5 
62.7 
1.83 
3.79 

0.489 
0.937 
0.618 
0.258 

30.4 
41.3 
11.2 
8.73 

362 
369 
339 
404 

0.71 
1.38 
2.09 
2.14 

0.27 
1.09 
0.62 
1.24 

91.6 
106 
73.9 
80.2 

8 
8 
7 
9 
8 

8 
8 
7 
7 
9 

8 
8 
7 
9 

8 
8 
7 
9 

8 
8 
7 
9 

8 
8 
7 
9 

8 
8 
7 
9 

8 
8 
7 

463 
431 
339 
335 
293 

463 
431 
339 
319 
335 

463 
431 
339 
335 

463 
431 
339 
335 

463 
431 
339 
335 

463 
431 
339 
335 

463 
431 
339 
335 

463 
431 
339 

1.26 
1.40 
1.18 
4.9F 
1.31 

0.522 
1.50 
4.1P 
0.397 
0.524 

0.324 
0.399 
0.340 
0.228 

6.21 

3.85 
3.58 

10.4 

116 
103 
125 
135 

0.60 
0.89 
0.82 
0.76 

0.65 
0.88 
0.69 
0.69 

48.6 
38.9 
37.2 

0.28 
0.25 
0.26 

10.87 
0.42 

0.513 
3.14 
7 .%3 
0.286 
0.642 

0.132 
0.166 
0.124 
0.048 

4.65 
8.05 
1.88 
1.36 

51.6 
61.6 
47  .9 
43.9 

0.09 
0.23 
0.28 
0.20 

0.13 
0.19 
0.14 
0.19 

17.8 
18.2 
12.9 

9 335  31.6  14.7 

A - North o f  Iona Jetty. D - Roberts Bank. 
B - South of j e t t y   i n   t h e  zone of  influence. S.D.- Standard deviation. 
C - South o f  Sturgeon Bank. * - Dubious  data. 
1 - Means  and standard deviation  anitting questionable data. 
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APPENDIX VI 

TABLE 3 MERCURY LEVELS I N  FRASER ESTUARY MACOMA INCONSPICUS 
(ppm. wet  wei g h t ) r  

STATION 
LOWER UPPER  STAND. S TAN0 . 
LIMIT ME AN L IMIT DEV. ERROR 

1 
2 
3 
4 
5 
6 
7 
8 
9 

12 
13 
14 
15 
1 7  
18 
19 
20 
21  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

.03 

.05 

.06 

- 

- 
- 

.03 

.07 . 04 - 
- 
- 

.04 

.03 

.03 

- 

- 
- 
- 
- 

.03 

.ll 

.02 

.02 

.03 - 
- 
- 

.02 

.09 

.05 

0.020 
0.076 
0 . 084 
0.043 
0.028 
0.050 
0.049 
0.052 
0.029 
0.062 
0.067 
0.100 
0.026 
0.032 
0.039 
0.029 
0.087 
0.027 
0.073 
0.017 
0 -039 
0.063 
0.033 
0.030 
0.022 
0.033 

-0.008 
0.026 
0.066 
0.074 
0.069 
0.021 

0.040 
0.102 
0.172 
0.064 
0.038 
0 -074 
0.074 
0.088 
0.042 
0.066 
0.092 
0.138 
0.060 
0.054 
0.050 
0.046 
0.138 
0.044 
0.120 
0.038 
0.050 
0.132 
0.054 
0.054 
0.040 
0.050 
0.110 
0 .036 
0.100 
0.118 
0.080 
0.027 

0.060 
0.128 
0.260 
0.085 
0.048 
0.098 
0.099 
0.124 
0.055 
0.070 
0.117 
0.176 
0.094 
0.076 
0.061 
0.063 
0.189 
0.061 
0.167 
0.059 
0.061 
0 . 200 
0.075 
0.078 
0 -058 
0.067 
0.228 
0.046 
0.134 
0.162 
0.091 
0.033 

0.017 
0 .023 
0.076 
0.018 
0.008 
0.021 
0.022 
0.031 
0.011 
0.005 
0.022 
0.033 
0.030 
0.019 
0.010 
0.015 
0.044 
0.015 
0.041 
0.018 
0.010 
0.069 
0.018 
0.021 
0.016 
0.017 
0.183 
0.009 
0.030 
0.038 
0.010 
0.009 

0.009 
0.011 
0.038 
0.009 
0.004 
0.010 
0.011 
0.016 
0.005 
0.002 
0.011 
0.017 
0.015 
0.010 
0.005 
0.008 
0.022 
0.008 
0.021 
0.009 
0.005 
0.031 
0.069 
0.010 
0.008 
0.007 
0.051 
0.004 
0.015 
0.019 
0.005 
0.003 

Note:  Stations  sampled  June,  1976  by Don  DeMi 1 1  , Envi   ronmenta l   Protect ion 
Serv i ce  data  f rom  unpubl ished  manuscr ip t .  
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APPENDIX V I1  

METHODS 
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APPENDIX V I 1  

METHODS 

All m o n i t o r i n g   d a t a   h a v e   t o  be  compared, o f t e n   f i r s t   i n   t i m e  

and f r e q u e n t l y   i n  space. A r e c e n t  ICES ( I n t e r n a t i o n a l   C o u n c i l   f o r  

E x p l o r a t i o n   o f   t h e  Sea) R e p o r t s   o n   F u r t h e r   I n t e r c a l i b r a t i o n   A n a l y s e s   i n  

ICES Pol 1 u t i o n   M o n i t o r i n g  and  Base1 i n e   S t u d i e s  ( 195) i nvol  ved  more  than 

f o r t y   l a b o r a t o r i e s   i n   a n a l y s e s   o f  heavy  metals and organoch lor ines .  An 

e d i t o r i a l   i n   M a r i n e   P o l  1 u t i o n   B u l   l e t i n   s t a t e d   t h a t   f o r   l a r g e  changes 

( g r e a t e r   t h a n  100%) most o f   t h e   a v a i l a b l e   d a t a   a r e   s u f f i c i e n t ;   b u t  i f  

t h e r e   i s  need t o   d e t e r m i n e   s m a l l  changes i n   l e v e l s   o f   p o l l u t a n t   ( l e s s  

than  100%) t h e   q u a l i t y   o f  much o f   t h e   d a t a   i s   n o t   a c c e p t a b l e .  A s t a t e d  

example was t h a t   o n l y   t w o  1 abs repo r ted  on toxaphene,  which ''may be t h e  

most  abundant o f   t h e   a n t h r o p o g e n i c   c h l o r i n a t e d   h y d r o c a r b o n s   i n   t h e  

envi  ronment  today". ( 195) 

Methods  used i n  sampling and a n a l y z i n g   b i v a l v e s  and o t h e r  

o r g a n i s m s   a s   i n d i c a t o r s   o f   t o x i c   c h e m i c a l   m a r i n e   p o l  1 u t a n t s   v a r y   f r o m  

p l a c e   t o   p l a c e  and 1 a b o r a t o r y   t o  1 abo ra to ry .   E f fo r t s   have  been made on  a 

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

procedures t o  he1  p assure   re1   iab le  and c o m p a r a b l e   i n t e r p r e t a t i o n   o f   t h e  

da ta   (195) .   Whi le  some o f   t h e   r e s e a r c h   p r o j e c t s   r e f e r r e d   t o   h e r e i n   h a v e  
been o f  a f i n i t e   n a t u r e ,   o t h e r s   h a v e  been p a r t  o f  c o n t i n u i n g  programmes, 

p a r t i c u l a r l y   t h o s e   r e 1   a t e d   t o   e n v i   r o n m e n t a l   m o n i t o r i n g .  A compi 1 a t i o n   o f  

f i e 1  d and 1 aboratory  procedures  used i n   t h e  1 a t t e r   t y p e   o f   s t u d i e s   i s  

ou t1  i ned b e l  ow. 

1.0 FIELD 

The d e s i g n   o f   f i e l d   s a m p l i n g  programmes  depends  upon t h e  

purpose and  scope o f   t h e   i n v e s t i g a t i o n .  Many p h y s i c a l  and chemical 

e n v i r o n m e n t a l   f a c t o r s   a r e   r o u t i n e l y   m o n i t o r e d ,  e.g. temperature,  
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s a l i n i t y ,   c o n d u c t i v i t y ,   d i s s o l v e d  oxygen,  etc., i n   t h e  seawater,  whether 

t h e  programme i n v o l v e s  sampl i n g  and ana lys is   o f   water ,   sed iment ,   .b io ta  o r  
a1 1 t h r e e .   T h i s   o u t 1   i n e   i n c l u d e s   o n l y   i n f o r m a t i o n   d i r e c t l y   r e 1   a t e d   t o  

b io ta   samp l ing  and analyses. 

2.0 ORGAN I SMS 

Once an area had  been  designated f o r   m o n i t o r i n g   p u r p o s e s   o f  any 

i n d i v i d u a l  o r  group o f   con taminan ts ,   t he re  was a tendency i n i t i a l  l y ,  t o  

select   organisms,  randomly o r  otherwise,  which  happened t o  be  present  i n  

some q u a n t i t y   ( 1 6 3 ) .   I n   r e c e n t   y e a r s   t h e r e   h a s  been a t r e n d   t o   f i n d  

commerci a1 l y  used  su i   tab le   b iva lve   o rgan isms  wh ich   a re  known t o  

b ioaccumul   a te  tox ic   substances.  These inc lude  spec ies   o f   musse ls   (genus  

Myti l u s )  and oys ters   (genera   Ost rea  and Crassos t rea)  , and t o  a l e s s e r  

degree  clams. The clam  genera & and Mercenar ia  have been  used  as 

p o l  1 u t i o n   i n d i c a t o r s  on the  east   coast   o f   Nor th  Amer ica  (91,   99)  . The 

bur rowi  ny  clam Macoma b a l   t h i   c a   h a s  been  used i n  B.C. as  an i n d i c a t o r   o f  

sediment   po l lu t ion  (125,   126) .  

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

a po l  1 u t i on   sou rce ,  may determine  the  presence o r  absence o f  a p o l  1 u- 
t a n t ( s ) ,  such organisms  cannot  be  used f o r  t ime- in teg ra ted   da ta .  For 

mos t   on -go ing   mon i to r i ng ,   t he   p rac t i ce   o f   t ransp lan t i ng   o rgan isms  seems 

e s s e n t i a l  as d iscussed i n   S e c t i o n  2.1.4. This p r a c t i c e  has  been  adopted 

i n   t h e  "Mussel  Watch"  and o t h e r   s i m i l a r  programmes. O c c a s i o n a l l y   t h e  

oys ter   Crassos t rea   g igas   has  been  used i n   s p e c i f i c   p r o j e c t s  (84, 85, 

96) .   Severa:   workers  have  t ransplanted  hatchery- reared  oysters  (84,  85, 
96). The use o f  h a t c h e r y - r e a r e d   a n i m a l s   h e l p s   t o  some e x t e n t   t o  overcome 

n a t u r a l   i n - p o p u l a t i o n   v a r i a b i l i t y   d i s c u s s e d   b e l o w   i n   s e c t i o n  3.0. 

Macoma ba l   th ica   spec imens were t r a n s p l a n t e d   i n   c a g e s   t o   t e s t  f o r  po l  1 u t a n t s  

i n   t h e   I o n a  sewage p l a n t   o u t f a l l  (125, 1 2 6 ) ,   b u t   t h e   p r a c t i c e   h a s   n o t  been 

used t o  any g r e a t   e x t e n t   i n   m o n i t o r i n g   c h e m i c a l   p o l  1 u t i o n   i n  B.C. c o a s t a l  

waters. 
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NUMBERS 

Numbers a r e   c r u c i a l   a t  each  s tage  o f  a m o n i t o r i n g  programme. 

The number o f   s a m p l i n g   s i t e s   i s   r e 1   a t e d   t o   t h e   e x t e n t   o f   t h e   p r o j e c t ,   t h e  

p o l l u t a n t s   u n d e r   c o n s i d e r a t i o n  and the  source.  To i n d i c a t e  a p o i n t  

source   migh t   requ i   re  numerous s t a t i o n s ,  1 met re   apa r t ;   o r   f ewer   s ta t i ons  

1 km a p a r t   m i g h t   b e   s u f f i c i e n t   t o   d e t e r m i n e   t h e   e x t e n t   o f   p o l  1 u t i o n   ( 6 8 ) .  

Too f e w   s t a t i o n s   c a n   r e s u l t   i n   u n r e l i a b l e ,  and the re fo re   unusab le   da ta ;  

t o o  many c a n   r e s u l t   i n   c o n f u s i n g ,   r e d u n d a n t   d a t a  and needless  increased 

cos ts ,  as w e l l  as t i m e  t o  complet ion.  

A minimal number of   organisms  must   be  sampled  a t   each  s ta t ion 

t o  overcome i n h e r e n t   v a r i   a b i  1 i t y  i n animal  /pol  1 u t a n t   r e 1   a t i   o n s h i   p s .  Such 
v a r i a b i l i t y   i n   t h e   d a t a  can f r u s t r a t e   a t t e m p t s   t o   i d e n t i f y   d i f f e r i n g  

c o n c e n t r a t i o n s   o f  a p o l l u t a n t .  The impor tance   o f   t he   cho ice   o f   samp le  

s i z e  was most c lea r l y   demons t ra ted  by Boyden  and P h i l l i p s   ( 9 6 ) .  Even a f t e r  

a1 1 t h e   v a r i a b l e s   r e 1   a t e d   t o   s e a s o n a l i t y ,  age, s i z e ,   s e x   a n d   p o s i t i o n   i n  

the   water   co lumn  had  been  taken  in to   account ,   they   found  in t raspec i f i c  

v a r i a t i o n   a f f e c t e d   a p p r o p r i   a t e   s a m p l e   s i z e  on a s p e c i e s   b a s i s   ( 9 6 ) .   I n  a 

s tudy   o f   me ta l   po l  1 u t i o n   i n   t h r e e   p o p u l a t i o n s   o f   h a t c h e r y - r e a r e d   o y s t e r s ,  

t hey   t es ted   t he   sub -samp le   s i ze   on  measurement o f   z i n c   c o n c e n t r a t i o n s .  

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

regard less   o f   sample   s ize ,   they   found sudden i n c r e a s e s   i n   v a r i a b i  1 i t y  a t  a 

g i v e n   p o i n t ,   c h a r a c t e r i s t i c   o f  each  populat ion.   For  one p o p u l a t i o n   o f  

Ost rea   edu l i s   the   inc rease  occur red   be tween  subsample   s izes   o f  15 and 10; 

i n  a second p o p u l a t i o n   o f  - 0. e d u l i s   t h e   i n c r e a s e  was between 20 and  15; i n  

t h e   t h i r d ,  a p o p u l a t i o n   o f   C r a s s o s t r e a   g i g a s   t h e  change  occurred  between 25 

and  20  specimens. They conc luded   tha t   t he  minimum  number o f   i n d i v i d u a l s  

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

was 15, 20 and 25 r e s p e c t i v e l y   ( 9 6 ) .   I n  an e a r l   i e r   s t u d y   P h i  11 i p s   f o u n d  

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

organism t o  be  used f o r   i n d i c a t i o n   o f   c o p p e r   p o l  1 u t i o n   ( 6 1 ,  62,  75). 
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Numbers a l s o   e n t e r   i n t o   t h e   a p p r o p r i a t e   t i m e s   o f   s a m p l i n g ,  

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

t imes can incorpora te   o r   avo id   seasona l  changes e i t h e r   i n   t h e  1 i f e   c y c l e  

o f   t h e   o r g a n i s m   o r   i n   t h e   a p p e a r a n c e   o f   t h e   p o l l u t a n t .   F o r  example, Dunn 

( 1 3 5 )   a t t r i b u t e d  changes i n  benzo(a)pyrene  concent ra t ions   to   seasona l  

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

4 .O 0 THE R 

rm 

a 

m 

Transp lan ts  - Several  methods  have  been  used f o r   t r a n s p l a n t i n g  

s u i t a b l e   b i v a l v e s   f r o m  one l o c a t i o n   t o   a n o t h e r   t o   m o n i t o r   p o l l u t i o n .  

These i n c l u d e   t r a y s   ( o y s t e r s )  (84)  and,  cages  (clams) (125) f o r   p l a c i n g  

organisms on t h e  sediment.. I n   t h e   C a l i f o r n i a  Mussel  Watch, t he   an ima ls  

have  been  enclosed i n  mesh bags  and  attached t o   p i e r s ,   f l o a t s   o r   d o w e l s  

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

as des i   red  (63,   65) .  

The h a n d l i n g   o f   a n i m a l s   b e t w e e n   t h e   f i e l d   s t a t i o n  and t h e   l a b -  

o r a t o r y  i s  o f   obv ious   impor tance.   Every   p recaut ion  needs t o  be t a k e n   t o  

assure  that   ext raneous  contaminat ion  o f   the  organisms  does  not   occur ,   for  

example  f rom  pet ro leum  products  i n  a boat. 

5 .O LABORATORY  ANALYSES 

Labora tory  methods r e f e r   t o   b i o a s s a y s  and  chemical  analyses f o r  

heavy  metal s and  organochemical s. Techniques t o  assess  chemical  pol 1 u- 

t a n t s   i n   t h e   m a r i n e   e n v i r o n m e n t   h a v e  been adapted  from  those  used t o  

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

Bioassays  have a w i d e   v a r i e t y   o f   u s e s   i n   p o l  1 u t i o n   c o n t r o l  , 
i n c l u d i n g   t h e   m o n i t o r i n g   o f   p o l l u t a n t   q u a l i t y  and q u a n t i t y ,  and t h e  

c h a r a c t e r i z a t i o n   o f   e f f l u e n t   t o x i c i t y .  A common p r a c t i c e   i n   b i o a s s a y s   t o  

assess   wa te r   qua l i t y  i s  t o  use a s i n g l e   t e s t   o r g a n i s m .  The r a i n b o w   t r o u t  

(Sa lmo  ga i rdner i )   i s   the   dominant   f reshwater   spec ies   used  by   Env i ronment  
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Canada ( 2 1 ) .   ( I t  has a1 so been  used t o   t e s t   p o l  1 uted  mar ine  waters . )  No 

p a r t i c u l a r   s p e c i f i c   m a r i n e   o r g a n i s m  has  been se lec ted   f o r   b ioassays  

a1 though many b i  Val  ves  have  been  used. 

Bioassays may be  used t o  measure a c u t e   ( l e t h a l )   t o x i c i t y   o r  

c h r o n i c   e f f e c t s   o f   p o l l u t a n t s  on t h e   t e s t   o r g a n i s m s .   A c u t e   o r   l e t h a l  

t o x i c i t y   i s  measured  as LC50 o r  LD50  (LC = 1 e t h a l   c o n c e n t r a t i o n  , 
LD = l e t h a l   d o s e ) .  The t e r m   r e f e r s   t o   t h e   l e v e l  o f  a measurable 1 e t h a l  

a g e n t   r e q u i   r e d   t o   k i  11 t h e   5 0 t h   p e r c e n t i l e   i n  a g roup  o f   tes t   o rgan isms , i n  

a g i v e n   p e r i o d   o f   t i m e   ( 2 1 ) .   U s u a l l y   t h e   t i m e   i s  96 hours  (96  hr.  

LC50) b u t  it may be  48 or   168  (21) .  The 5 0 t h   p e r c e n t i l e   i s  meant t o  

represent  the  average  organism. LT50 r e f e r s   t o   t h e   t i m e  i t  t a k e s   f o r  a 

po l  1 u t a n t   o r   m i x t u r e   o f   p o l  1 u t a n t s   t o   k i  11 t h e   5 0 t h   p e r c e n t i l e ,   w i t h i n  96 
hours   o r   o the r   p rede te rm ined   t ime .  

The most commonly used  method f o r  LC50,  LD50 o r  LT50 

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

same o r   s t a t i c ,  measured  volume o f  medium f o r   t h e   d u r a t i o n   o f   t h e   s t u d y .  

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

Manual o f  Environment Canada, Env i ronmenta l   Pro tec t ion   Serv ice   (21) .  

Cont inuous   f low- th rough  methods   a re   f requent ly   used  fo r  sub- 

1 e tha l   con taminat ion   assays  and may a1 so be  used f o r   l e t h a l   t o x i c i t y  

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

of  seawater,   which i s  a c l o s e r   a p p r o x i m a t i o n   t o   t h e i r   n a t u r a l   e n v i r o n m e n t  

than i s  a s t a t i c  volume. The p o l l u t a n t   i s  added a t  a  know d i l u t i o n   r a t e ,  

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

per iod .   Precaut ions   must   be   taken  tha t   con taminants   don ' t   en ter   the  

system,  and t h a t   v o l a t i l e   p o l  1 u t a n t s   a r e n ' t  1 o s t   f r o m   t h e  system. The 

f low-through  system i s   e s s e n t i a l   f o r   l o n g - t e r m   s t u d i e s   o f   c h r o n i c ,  

l o w - l e v e l   p o l l u t i o n .  

A d u l t   b i  Val  ves d o n ' t   l e n d   t h e m s e l v e s   t o   s h o r t - t e r m ,   a c u t e   t o x -  

i c i t y   t e s t s ,  because o f   t h e i r  known capac i t y   t o   accumu la te  many p o l l u -  

t a n t s   a t   c o n c e n t r a t i o n s   t h o u s a n d s   o f   t i m e s  above  ambient  levels. 

However, t h e i r  more f r a g i l e   l i f e   s t a g e s ,  e.g. eggs,  embryos  and la rvae ,  

I 
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have  been  used  successful l y  as  b ioassay  organisms.  Bivalves  are a1 so 

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

concen t ra t i ons .  

5.1 Analyses - Heavy Me ta l s   ( f rom EPS l a b  manual,  Dept. o f  

Envi  ronment) 

5.1.1 Sampl e P r e s e r v a t i  on. The recommended t e c h n i q u e   f o r  a1 1 

b i o t a   i s   f r e e z i n g   o f  samples.  Cycles o f   f r e e z i n g  and thawing  must be 

avoided t o   p r e v e n t   l o s s   o f  i n t e r s t i  t i a1 o r  i n t e r c e l l   u l   a r   f l u i d s .   B e f o r e  

m e t a l   a n a l y s i s   t a k e s   p l a c e ,   t h e   t i s s u e  sample  must  be i n   s o l u t i o n ,  and a 

number o f   p r e p a r a t o r y   s t e p s  may be  required,  depending upon t h e   t i s s u e  

i t s e l f ,  and t h e   i n f o r m a t i o n   d e s i r e d .  

I n  some cases  analyses  o f   spec i f ic   organs  are  des i red,  

r e q u i r i n g   a s e p t i c   d i s s e c t i o n .  The t i s s u e   i s   t h e n   g r o u n d ,   b l e n d e d   o r  

homogenized i n   v a r i o u s  ways, w i t h  e a c h   s t e p   o f f e r i n g   o p p o r t u n i t i e s   f o r  

con taminat ion ,   un less   g rea t   care  i s  taken. The t i s s u e   i s   u s u a l l y   t h e n  

decomposed by  one o f  severa l  methods,  and  brought i n t o   s o l u t i o n   f o r  

a n a l y s i  s.  

5.1.2 Oecornposi ti on. Decomposi t ion  methods  include: 

(1) d r y   a s h i n g  - h e a t i n g   i n  a m u f f l e   f u r n a c e  a t  400-800°C i n   a i r .  Many 

elements may be l o s t   w i t h   t h i s   t e c h n i q u e  and it i s   n o t  recommended 

f o r  "ex t reme  t race   ana lys i s " .  

( 2 )  wet  ashi  ng - i n v o l v e s  1 i q u i d   r e a g e n t s  and r e 1   a t i v e l y   l o w   t e m p e r a t u r e s  

so t h a t   " l o s s e s   t h r o u g h   v o l a t i l i z a t i o n ,   a d s o r p t i o n  and r e a c t i o n   w i t h  

vessel   mater i  a1 s are  1 imi t e d   t o   o n l y  a few  elements." The wet  ash- 

i ng   t echn ique ,  and reagents  employed,  depends  upon  the  metals o f  

i n t e r e s t  t o  be  analyzed. A l i s t  o f  wet  ashing  procedures i s   g i v e n   i n  

t h e  EPS Labora tory  Manual  and re fe rences   t o   o the r   t echn iques .  
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( 3 )  "Low tempera ture   ash i  ng'l i s  c o n s i d e r e d   t h e   " b e s t   c o n d i t i o n   f o r  

ex t reme  t race   ana lys is . "  Samples a re  decomposed by   t rea tmen t   w i th  an 

oxygen  bear ing  p lasma  at   temperatures  between 100 and 125OC. Besides 

low  tempera ture ,   the  method  has t h e  added  advantage o f  comple te ly  

d e s t r o y i n g   t h e   o r g a n i c   m a t e r i  a1 . I n  many cases  the  res idue  can  be 

d i s s o l v e d   i n   w a t e r  and a l i t t l e   a c i d ,   r e d u c i n g   i n t e r f e r e n c e  and 

contaminat ion   f rom  o ther   reagents .  "E I ements  which may s t i  11 be 

v o l a t i l i z e d   a r e  Ag,  Au,  Hg and Se." 

5.1.3 Separa t ion  and Concent ra t ion .  "The idea l   separa t ion   method 

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

i n t e r f e r e n c e s   a t   t h e  phase  boundary,   and  low  blank  values",   states  the 
EPS Laboratory  manual.   Several   methods  are  descr ibed,  including 

vo la t i l i za t i on   t echn iques ,   i on   exchange   me thods ,  and l i q u i d - l i q u i d  

e x t r a c t i o n .  The 1 a s t   i s  commonly used,  and the  most  popular  system i s  

MIBK-APCD (me thy l   i sobu ty l   ke tone-  ammonium p y r r o l   i d e n e   d i t h i o c a r b a m a t e )  

w i th   a tomic   absorp t ion   spec torphotomet ry  (AAS). The p o p u l a r i t y   o f  M I B K  

as a s o l v e n t   i s   a t t r i b u t e d   t o   i t s   c o m b u s t i o n   p r o p e r t i e s ,   s i n c e  i t  i s   n o t  

e s p e c i a l l y   i m p r e s s i v e  as  an e x t r a c t a n t .  Gas and l i qu id   ch romatog raphy  

a r e  a1 so used, p a r t i c u l a r l y  when o rgan ic  compounds are  be ing  analyzed a s  
we1 1. 

5.1.4 Ins t rumen ta l   Me thods   f o r   Ana lys i s .   I n  most  cases  analyses 

r e l y  upon  comparison w i th   ana lyzed  s tandards ,  many o f   wh ich   a re   ava i  1 ab1  e 

f r o m   t h e  US Nat ional   Bureau  o f   Standards,  e.g. o y s t e r   t i s s u e   ( 1 9 6 ) .  

Other  cal ibrat ion  methods  which  can  be  used  are  descr ibed i n   t h e  EPS 
Manual. O f  s e v e r a l   a n a l y t i c a l  methods,  atomic  absorpt ion  spectrophoto- 

met ry  (AAS) i s   t h e  most commonly  used, t h o u g h   n o t   w i t h o u t   c e r t a i n   p i t -  

f a l l s ,   w h i c h   a r e   g r o u p e d  as (1) s p e c t r a l ,  ( 2 )  chemical and ( 3 )  m a t r i x .  

, I (1) Spect ra l  - r e f e r s   t o   e l e m e n t   a b s o r p t i o n   i n t e r f e r e n c e s ,   p a r t i c u l a r l y  

. i n   t h e  UV. Methods t o  cope w i th   e lement  and l i n e   i n t e r f e r e n c e   a r e  

d e s c r i b e d   i n   t h e  manual. 

Y 

. Y  

I 
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( 2 )  Chemical - r e f e r s   t o   o x i d e s  and o t h e r  compounds w h i c h   c a n   i n t e r f e r e  

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

( 3 )  M a t r i x  - r e f e r s   t o   e f f e c t s  such as v i s c o s i t y ,   a c i d   c o n t e n t  and 

s u r f a c e   t e n s i o n   o f   t h e   m a t r i x   w h i c h   c a n   i n t e r f e r e .  

Atomic Emmi ssion  Spectrophotometry (AES) o r  Flame Emi ssion  (FE) 

i s  not  used  as commonly  as AAS, b u t   i s   c o n s i d e r e d   t o  be " h i g h l y  

compatible  and  complementary" t o  AAS (21) .  

I nduc t i ve l y   Coup led  Argon  Plasma ( I C A P )  i s  a c o m p a r i t i v e l y  new 

and soph is t i ca ted   exc i ta t ion   source ,   wh ich   can   rep lace   chemica l   f lames.  

Combined w i t h  a computer   con t ro l led   Opt ica l   Emiss ion   Spec t rometer  ( O E S )  

" the   i nhe ren t   advan tages   o f  AAS have  been g r e a t l y  enhanced" (21).  

Advantages  include (1) a much l a r g e r   r a n g e   w h i c h   a l l o w s   b o t h   t r a c e  and 

major  e lements t o  be  analyzed a t  t h e  same sample d i  1 u t i o n ;  ( 2 )  As many as 

50 o r  more elements  (depending  on  the  instrument)  may be  analyzed i n  a 

sample  volume o f  1 ess  than 5 m l  ; ( 3 )  Chemical  and m a t r i x  i nte re fe rences  

a r e  f a r  l ess   t han  AAS o r  AES. 

5.2 Organochemi c a l  s 

5.2.1 PCBs (From  Radian  Corporation  methods). The methods of 
measur ing   o rganoch lor ina ted  compounds i n  animal  t issue  have  been  adapted 

f r o m   t h o s e   u s e d   f o r   w a t e r ,   a s   s e t   f o r t h   i n   t h e   D e p a r t m e n t  o f  Environment 

Naquadat  (197). PCBs a r e   i n c l u d e d   i n   a n a l y s e s   f o r   o r y a n o c h l o r i n a t e d  

pes t i c ides   such  as DOT and many o t h e r s .   I n s t r u c t i o n   f o r  sample 

p r e p a r a t i o n  and s to rage  a re :  

1) samples  should  be  col lected  and  f rozen  immediately i n  an a l l   g l a s s  

system o r  metal   container.   Frozen  samples may be wrapped i n   c l e a n  

aluminum f o i  1 f o r   s t o r a g e .  
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2 )  Frozen  samples  are  ground  and  the  mixture made homogeneous. I n  cases 

where i n d i v i d u a l   o r g a n s   a r e  needed f o r   a n a l y s i s ,   d i s s e c t i o n   i s  done 

a s e p t i c a l l y .   P l a s t i c   o r   s i m i l a r   m a t e r i a l   m u s t  NOT come i n t o   c o n t a c t  

w i t h  samp 1 es. 

Reagents  must  be o f   p e s t i c i d e   g r a d e  and o f   h i g h e s t   p u r i t y .  

Usua l l y  8 t o  10 grams o f  t i s s u e   i s  needed f o r   e x t r a c t i o n ,   w h i c h  i s  

c a r r i e d   o u t   i n   a c e t o n i t r i l e .  

The c l e a n i n g  up procedures and e x t r a c t i o n   p r o c e d u r e s   a r e   o f t e n  

mod i f i ed ,  and recove ry   t es ts   were  made f o r   t h e  EPA p r i o r i t y   p o l l u t a n t s  

1 i s t e d   i n   T a b l e  1. The f i n a l   a n a l y s i s  can  be made w i t h  a mass 

spect rometer .  

5.2.2 - PAH. The most   de ta i   led  methods r e 1   a t e d   t o  PAH i n   b i  Va l  ves 

come from  work done i n  B.C., and  pub1 i shed i n  "Moni t o r i  ny   p rocedure   fo r  

chemical   carcinogens i n   c o a s t a l   w a t e r s "  (142 ) .  The methods  as o u t l i n e d  

were  developed  from  techniques  used t o  measure PAH i n  foods .   I n i  t i  a1 l y  

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

o f   the   hydrocarbons   in to   i sooc tane.   B(a)P was t h e n   p u r i f i e d   f r o m   t h e  

i s o l a t e   w i t h   t h i n  1 ayer  chromatography. I n  some cases  the PAH i s  

s e l e c t i v e l y   e x t r a c t e d   w i t h   d i m e t h y l s u l f o x i d e  (DMSO) and then 
b a c k - e x t r a c t e d   i n t o   f r e s h  i soctane. I f  i n t e r f e r i n g   m a t e r i a l s   a r e   n o t  

p r e s e n t ,   t h e  DMSO p a r t   o f   t h e   p r o c e d u r e  may be e l im ina ted .  

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

3.2% t o  8.1% o f   t h e  mean, w i t h  an average o f  6.2%. ( P r e c i s i o n  was 

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

d e t e r m i n a t i o n   o f   B ( a ) P   i s  0.1 u g / k g   f o r  25 g sample, b e t t e r   t h a n  10% 

p r e c i   s i  on. 

O the r   desc r ip t i ons   o f   t he   me thods   sugges t   t he   use   o f  GC and 

HPLC i n s t e a d   o f  TLC. 
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