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ABSTRACT

Canadian s tu d ie s  in  m arine eco tox ico logy  focus on th re e  main types of 
p ro b lem s : th o s e  a r i s i n g  from  th e  im p a c t on th e  m a rin e  e n v iro n m e n t o f  (a) 
o cean  dum ping, (b) o f f s h o r e  h y d ro ca rb o n  d ev e lo p m en t, and (c ) d is c h a rg e  o f  
in d u s t r ia l  e f f lu e n ts  to  m arine re c e iv in g  w a te rs . A c t iv i t ie s  range from  th e  
re g u la tio n  o f  dumping and d isch a rg es , which i s  req u ired  by v a rio u s item s of 
le g i s l a t io n ,  to  long-term  re se a rc h  in to  p ro cesse s  a f f e c t in g  th e  in te r a c t io n  
o f  chem ical contam inants w ith  m arine ecosystem s.

The re g u la tio n  o f  m a te r ia ls  in troduced  to  th e  sea  i s  u su a lly  based on a  
com bination o f  chem ical a n a ly s is  fo r  known o r suspected  p o llu ta n ts  (defined  
by a p p r o p r ia t e  l e g i s l a t i o n ) ,  and s h o r t - t e r m  a c u te  t o x i c i t y  t e s t s  u s in g  
m arine organism s o f lo c a l s ig n if ic a n c e . These s tu d ie s  a re  u su a lly  d ire c te d  
to  d e f in in g  th e  a c c e p t a b i l i t y  o f  d red g e  s p o i l s ,  i n d u s t r i a l  e f f l u e n t s  and 
m a te r ia ls  used in  o ffsh o re  d r i l l in g .

R e se a rc h  program m es a d d re s s  th e  need to  u n d e rs ta n d  th e  im p a c t o f  
i n c r e a s in g  i n d u s t r i a l  u se  o f  m arin e  r e s o u r c e s .  S tu d ie s  o f  c o n ta m in a n t 
d i s t r i b u t i o n  th e r e f o r e  d e a l  n o t  o n ly  w ith  c u r r e n t  o r  l o c a l  c o n ta m in a n t 
l e v e l s ,  b u t  a l s o  w ith  p h y s ic a l ,  c h e m ic a l, g e o lo g ic a l ,  and b i o lo g ic a l  
p rocesses which may a f f e c t  contam inant d i s t r ib u t io n ,  and from which s p a t ia l  
o r  t e m p o r a l  t r e n d s  in  c o n ta m in a n t  d i s t r i b u t i o n  may be  i n f e r r e d .  
T ox ico lo g ica l s tu d ie s  focus on s e v e ra l le v e ls  o f  b io lo g ic a l  o rg a n iz a tio n  or 
c o m p le x ity , r a n g in g  from  s i n g l e  enzym e s y s te m s  t o  p o p u l a t i o n s  o r  
com m unities. W ith in c re a s in g  b io lo g ic a l  com plexity , s e n s i t iv i ty  to  p o llu ta n t
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s t r e s s  may dec rease , bu t "relevance" in c re a se s . A s in g le  index o f  ecosystem  
" h e a l th "  i s - u n l i k e l y  to  be s a t i s f a c t o r y ,  and i t  seem s more p ro m is in g  to  
develop a  s u i t e  o f  in d ice s , a p p lic a b le  a t  v a rio u s  le v e ls  o f  com plexity  and 
s e n s i t iv i ty .  These could inc lude  h ig h ly  s e n s i t iv e  b u t s p e c ia l is e d  in d ices  o f  
enzyme i n h i b i t i o n  and in d u c t io n  o r  more g e n e r a l ,  b u t l e s s  s e n s i t i v e ,  
measures such as tho se  o f sp e c ie s  d iv e r s i ty .
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INTHODUCTIQK

Canadian e c o to x ic o lo g ic a l s tu d ie s  r e f l e c t  s e v e ra l concerns, which can 
be summarized as  :

(a) th e  r o u t in e  o r  d e l i b e r a t e  in t r o d u c t io n  o f  w a s te s  o r i n d u s t r i a l  
p roducts in to  th e  sea ;

(b) th e  im p a c t o f  o f f s h o r e  m in e ra l  d ev e lo p m e n t, e s p e c i a l l y  o f 
hydrocarbons ;

(c) background o r d if fu se -so u rc e  marine p o llu t io n  problem s.
T h is  c l a s s i f i c a t i o n  i s  som ew hat a r t i f i c i a l  : some exam ples o f  m arin e  
p o l l u t i o n  may f a l l  i n to  more th a n  one o f  th e s e  c a t e g o r i e s ,  b u t f o r  th e  
purposes o f  t h i s  paper, i t  w i l l  be a  convenient framework w ith in  which to  
d iscu ss  v a rio u s  problem s.

Some g en e ra l o b se rv a tio n s on th e  l e g i s l a t iv e  and p o l i t i c a l  background 
to  m arine environm ental s tu d ie s  may be u se fu l. M arine p o llu tio n  s tu d ie s  in  
Canada a r e  m a in ly  a  f e d e r a l  r e s p o n s i b i l i t y ,  a l th o u g h  some p r o v in c ia l  
governm ent's a r e  e x p re s s in g  in c r e a s in g  i n t e r e s t  in  th o s e  a s p e c ts  o f  th e  
s u b je c t  r e l a t e d  to  o f f s h o r e  d e v e lo p m en t. The f e d e r a l  A c ts  m ost u s u a l ly  
in v o lv e d  a r e  th e  F i s h e r i e s  A ct ( p a r t  o f  w h ich  s t a t e s  e s s e n t i a l l y  t h a t  
s u b s ta n c e s  w h ich  have a  d e l e t e r i o u s  e f f e c t  on f i s h e r i e s  s h a l l  n o t be 
in tro d u c e d  to  th e  e n v iro n m e n t) , th e  Ocean Dumping C o n tro l A ct (w hich  
em bodies r e g u la t i o n s  d ev e lo p ed  a s  a  r e s u l t  o f  C an ad a 's  jo in in g  th e  London 
Dumping Convention), and ( to  a  m inor ex ten t) th e  Environm ental Contam inants 
A ct (w hich  i s  co n ce rn ed  m o s tly  w ith  i n d u s t r i a l  e f f l u e n t s ) .  In  a d d i t io n ,  
s e c tio n s  o f  c e r ta in  o th e r A cts may bear on s p e c i f ic  problem s : S ection  XX of
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th e  Canada S h ip p in g  A c t, f o r  ex am p le , c o n t r o l s  c e r t a i n  d is c h a rg e s  from  
sh ipp ing . Some l e g is la t io n  may r e f e r  to  s p e c i f ic  p laces , an example being 
th e  A rc tic  W aters P o llu tio n  P revention  Act. In  p r a c t ic e ,  however, most work 
in  th e  f i e ld  o f  in t e r e s t  to  t h i s  m eeting d e riv e s  from th e  F is h e r ie s  and the  
Ocean Dumping C ontro l A cts.

Two f e d e ra l  p o l ic ie s  a lso  have some im pact on what work i s  done in  t h i s  
a re a , and on how i t  i s  done. The p o licy  th a t  th e  proponent o f  a  development 
scheme u s u a lly  should d esc rib e  i t s  environm ental im pact r e s u l t s  in  c e r ta in  
i n d u s t r i e s  -  e s p e c i a l l y  th e  o f f s h o r e  o i l  i n d u s t r y  -  s t i m u l a t i n g  c e r t a i n  
k in d s  o f  m o n ito r in g  and r e s e a r c h  w ork. A lth o u g h  th e  p ro p o n e n t may be 
req u ired  to  make an Environm ental Im pact S ta tem en t, th e  fe d e ra l  Government 
u s u a l ly  h a s  th e  r i g h t  and r e s p o n s i b i l i t y  to  re v ie w  i t .  The p o l ic y  o f  
" c o n t r a c t in g  o u t"  g o v e rn m e n t-sp o n so re d  s tu d i e s  to  th e  p r i v a t e  s e c to r  has 
r e s u l t e d  in  th e  dev e lo p m en t o f  s e v e r a l  e n v iro n m e n ta l  su rv e y in g  and 
c o n s u l t in g  co m p an ies  w hich  u n d e r ta k e  v a r io u s  k in d s  o f  e n v iro n m e n ta l 
m o n ito r in g  and to x i c o l o g i c a l  t e s t i n g .  The outcom e o f  th e s e  p o l i c i e s  and 
l e g i s l a t i v e  r e q u ir e m e n ts  i s  t h a t  m arin e  p o l l u t i o n  s t u d i e s  -  in  t h e i r  
b ro ad est sense  -  a re  done m ainly by  th e  f e d e ra l  Government (u su a lly , bu t no t 
e x c lu s iv e ly ,  by th e  D e p a rtm e n ts  o f  F i s h e r i e s  and O ceans and o f th e  
Environm ent), and by v a rio u s  p r iv a te  and se m ip riv a te  s e c to r  c o n tra c to rs , who 
may be under c o n tra c t e i th e r  to  th e  fe d e ra l  Government or m ajor in d u s tr ie s .

DETAILED PROBLEM SEATHifflT 

STORE-BASH) IHDÖSTRIAL PaUOTICIÏ

F ig . 1 su m m arizes  some o f  th e  m a jo r s o u rc e s  o f  c o a s t a l  i n d u s t r i a l  
p o llu tio n . On th e  e a s t  co ast, v a rio u s  in d u s tr ie s  in c lu d in g  th o se  re la te d  to  
m in in g , p u lp  and p a p e r , and ( o c c a s io n a l ly )  c h e m ic a ls ,  have p roduced  
e f f lu e n ts  or p roducts  which may be  a c c id e n ta lly  or d e l ib e ra te ly  d ischarged  
to  th e  s e a . I n  many in s ta n c e s ,  t h e s e  have been  c lo s e  t o  in s h o re  f i s h i n g  
g rounds w hich  s u p p o r t  im p o r ta n t  f i s h e r i e s  su ch  a s  t h a t  f o r  l o b s t e r  ( e .£ . , 
U the and Z i tk o ,  1980) o r h e r r in g  (Hodder e t  a l . ,  1972). I n  a d d i t i o n ,  th e  
r i s k  e x i s t s  t h a t  d is c h a rg e s  from  th e s e  s h o re -b a s e d  a c t i v i t i e s  may a f f e c t  
more d i s t a n t  f i s h i n g  g rounds su c h  a s  th e  p ro d u c t iv e  s h e l f  a r e a s  (_e.£.f th e  
Grand banks o f  N ew foundland) o r t h e  G u lf o f  S t L aw rence f i s h e r i e s .  On th e  
w est c o a s t, s im i la r  c o a s ta l  in d u s t r ie s  (again  re la te d  to  m ining and to  pulp  
and paper) may produce d isch arg es which may a f f e c t  m arine f i s h  (W aldichuk,
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1979)- In  th e  A r c t i c ,  th e  d ev e lo p m en t o f  two b a se  m e ta l  m ines on n o r th e rn  
B affin  Is la n d  and on C ornw allis Is la n d  have some lo c a l  im pact in  term s o f 
c o a s t a l  m e ta l p o l l u t i o n  (Bohn and F a l l i s ,  1978 ; F a l l i s ,  1982). A ltho u g h  
th e r e  a r e  few  c o m m e rc ia l-s c a le  f i s h e r i e s  in  th e  A r c t i c ,  th e  s u b s is te n c e  
f i s h e r ie s  in  th e  reg ion  a re  im p o rtan t to  th e  n a tiv e  people  o f  th e  a rea .

OFFSHORE COASTAL MINING 8
ARCTIC SHIPPINGHYDROCARBON

OFFSHORE
HYDROCARBONCOASTAL «  

INDUSTRY p )

COASTAL
MINING

F ig . 1. Map o f Canadian c o a s ta l  w aters showing a re a s  and sources o f 
concern w ith  r e s p e c t  to  m arine p o llu tio n .

OCEAN DUMPING

The Ocean Dumping C ontro l A ct re g u la te s  ,rbatch" d isp o sa l o f  m a te r ia ls  
to  th e  s e a , a s  opposed to  c o n tin u o u s  d is c h a rg e s  (e .g . from  f a c to r y  
e f f lu e n ts )  which would be re g u la te d  under th e  F is h e r ie s  or th e  Environm ental 
Contam inants A cts. The Ocean Dumping C ontrol Act i s  ap p lied  ( a t  l e a s t  on the  
e a s t  coast) most u s u a lly  to  dredge s p o i ls .  On th e  w est c o a s t, i t  i s  app lied  
a l s o  to  c a s e s  o f  dum ping o f  c h e m ic a l  and i n d u s t r i a l  p ro d u c ts .  The A ct i s  
a l s o  in te n d e d  to  co v e r d i s p o s a l  o f  o b je c t s  su ch  a s  w recked  s h ip s ,  b u t 
u s u a l ly  th e s e  do n o t  p r e s e n t  a  s p e c i f i c  p o l lu t i o n  h a z a rd  e x c e p t in  c a se s  
such as th e  d e l ib e ra te  s in k in g  o f  a  wrecked crude o i l  tan k e r (Vandermeulen,
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W ith in  t h i s  g e n e ra l  s u b je c t  o f  " d e l ib e r a t e  d is c h a rg e "  I  have mainly- 
considered in d u s t r ia l  chem ical w astes and re la te d  m a te r ia ls .  In  a d d itio n  to  
t h i s ,  la rg e  amounts o f  dom estic w aste such as sewage a re  in tro d u ced  to  th e  
m arine environm ent. However, in  most lo c a tio n s  around Canada's co a s t, the  
im pact o f th e se  d isch a rg es i s  m inor : tre a tm e n t p la n ts  a t  v a rio u s  le v e ls  o f 
s o p h i s t i c a t i o n ,  th e  c a p a c i ty  o f  th e  s e a  to  a c c e p t in p u ts  o f  b io d e g ra d a b le  
m a te r ia l  a t  some r a te ,  and a  g e n e ra lly  f a i r l y  dynamic oceanographic reg im es, 
combine to  make lo c a l  e u tro p h ic a tio n  a  minor problem. There a re  in s ta n c e s  of 
i t ,  e s p e c i a l l y  in  e s t u a r i e s  w h ich  a re  in a d e q u a te ly  f lu s h e d ,  b u t th e s e  a re  
th e  excep tion  ra th e r  than  th e  ru le .

OPFSBCRE HYEROCAHBCW DEVELOPWEHT

E x p lo ita b le  re se rv e s  o f hydrocarbons have been found on Canada's e a s t  
c o a s t  and in  th e  A r c t i c ,  and e x p lo r a t io n  f o r  them  i s  c o n t in u in g  in  th e s e  
a r e a s  and i s  l i k e l y  to  b e g in  on th e  w e s t c o a s t  w i th in  th e  n e x t  d ecad e . On 
th e  e a s t c o a s t, com m ercially  s ig n i f ic a n t  re se rv e s  o f n a tu ra l  gas e x i s t  in  
th e  Sable Is la n d  a re a  o f th e  S co tian  S h e lf . O il re se rv e s  e x i s t  in  th e  Grand 
Banks a rea , and n a tu ra l  gas e x i s t s  in  p o ss ib ly  e x p lo ita b le  amounts a long  th e  
L ab rad o r s h e l f .  The t i m e - t a b l e  f o r  d ev e lopm en t o f  th e s e  r e s e r v e s  w i l l  be 
d e te rm in e d  by p o l i t i c a l  and econom ic f a c t o r s  w h ich  a r e  a t  p r e s e n t  
u n p re d ic ta b le , bu t th e  Sable Is la n d  gas and Grand Banks o i l  re se rv e s  could 
be d ev e lo p ed  w i th in  th e  n e x t f i v e  to  te n  y e a r s .  B oth  th e s e  a r e a s  a re  
im p o r ta n t  a s  f i s h i n g  g ro u n d s o r  a s  n u rs e ry  and sp aw n in g  g ro u n d s , and so  a  
m ajor q u es tio n  i s  how to  achieve th e  coex istence  o f hydrocarbon development 
and m ajo r f i s h e r i e s  e s p e c i a l l y  i n  th e  l i g h t  o f  tw o l a r g e  o i l  s p i l l s  w hich  
have ta k e n  p la c e  in  th e  e a s t  c o a s t  w i th in  th e  l a s t  15 y e a r s  (Anon., 1970 ; 
V anderm eulen , 1980). The L a b ra d o r  s h e l f  a l s o  a p p e a rs  to  be an im p o r ta n t  
sp aw ning , n u r s e ry ,  and f i s h i n g  g ro u n d , so d eve lopm en t o f  th e  g as  r e s e r v e s  
th e re  w i l l  r a i s e  s im i la r  q u e s tio n s .

In  th e  A r tie , th e re  a re  s ig n i f ic a n t  re se rv es  o f  o i l  in  th e  B eaufort Sea 
and o f n a tu ra l  gas in  th e  High A rc tic  Is la n d s . Although th e  development of 
th e s e  r e s e r v e s  may be f u r t h e r  d i s t a n t  th a n  th o s e  o f  th e  e a s t  c o a s t ,  two 
m ajo r p ro b le m s a r e  a l r e a d y  b e in g  c o n s id e re d  s e r i o u s l y  : th e s e  a r e  th e  
p o s s ib le  im p a c t o f  o i l  d e v e lo p m en t on a  p o s s ib ly  s e n s i t i v e  and f r a g i l e  
ecosystem , and th e  e f f e c ts  o f ro u t in e  hydrocarbon t r a n s p o r t  through A rc tic  
w a te rs . A part from  th e  " s p i l l "  t h r e a t  posed by th e  l a t t e r ,  we must consider
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w hether year-round  t r a f f i c  by ic e -b re ak in g  ta n k e rs  w i l l  d is tu rb  th e  norm al 
m ig ra to ry  p a t t e r n s  o f  A r c t ic  mammals, and w h e th e r  th e  n o is e  cau sed  by 
tan k e rs  w i l l  a f f e c t  th e  behaviour o f  mammals or b ird s .

As w e l l  a s  h y d ro ca rb o n  d ev e lo p m en t o f f s h o r e ,  th e  p o s s i b i l i t y  e x i s t s  
t h a t  o th e r m inera l re so u rces  w i l l  be e x p lo ite d . On th e  e a s t  c o a s t, th e re  i s  
a l r e a d y  o f f s h o r e  m in in g  o f  h ig h  q u a l i t y  san d , and on th e  w e s t c o a s t ,  th e  
p o te n t ia l  e x is t s  fo r  m inera l nodule recovery  ; however, t h i s  l a t t e r  a c t i v i t y  
i s  s t i l l  very much in  th e  e x p lo ra to ry  s tag e .

DiraJSE-SOüRCE PQHOTICR PRQHEEHS

Many o f Canada's m arine ecosystem s and f i s h e r i e s  a re  contam inated  to  
some ex ten t by p o l lu ta n ts  which come from no re a d ily  id e n t i f ia b le  source. As 
an example, I  s h a l l  consider p o l lu t io n  by organoch lo rine  compounds such as 
th e  DDT group o f  in s e c t ic id e s  and th e  p o ly ch lo rin a ted  b ipheny ls (PCBs). The 
e a s t  co ast f i s h e r i e s  a re  contam inated  by bo th  th e se  m a te r ia ls . W hile th e  DDT 
r e s id u e s  p r e s e n t  may have a r i s e n  p a r t i a l l y  from  th e  m ass iv e  DDT sp ra y  
programmes c a r r ie d  ou t in  th e  1950s and th e  e a r ly  1960s to  p ro te c t  th e  New 
Brunswick f o r e s t  in d u s try  from  th e  spruce budworm (K ersw ill, 1967), no such 
la rg e  sc a le  use o f  PCBs occurred  in  e a s te rn  Canada. The most p robab le  source 
o f  th e s e  m a t e r i a l s  i s  v i a  a tm o s p h e r ic  t r a n s p o r t  from  th e  i n d u s t r i a l  
n o r th e a s te rn  U nited S ta te s  (Ware and Addison, 1973). A rc tic  ecosystem s are  
a ls o  contam inated by th e se  m a te r ia ls ,  though to  a  le s s e r  e x te n t th an  those  
on th e  e a s t  c o a s t ,  and w h ile  t h e r e  h a s  been  some i n s e c t i c i d e  u s e  in  th e  
Mackenzie r iv e r  com m unities (e.£. Addison and B rodie, 1973), i t  seems l ik e ly  
th a t  much o f t h i s  con tam ination  ag a in  a r i s e s  from atm ospheric  t r a n s p o r t  from 
d is ta n t  so u rc e s .

In  a  s im i la r  way ecosystem s can be contam inated by "background" le v e ls  
o f  c e r t a i n  m e ta ls  (Ray jrfc á l . ,  1984), and by c e r t a i n  r a d io n u c l id e s ,  w hich  
a re  u s u a lly  f a l lo u t  p ro d u c ts  from atm ospheric  n u c lea r weapons t e s t s  c a r r ie d  
ou t d u ring  th e  1950s (Sm ith, 1984).
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MARTHE BCOTOXICOLOGICAL TESTIHG IB KESPCHSB TO IHESE PROHLHC

T hese p ro b lem s a re  a d d re s se d  u s in g  v a r io u s  a p p ro a c h e s , w hich  we can 
summarize as fo llo w s  :

(a) sh o rt- te rm  acu te  to x ic i ty  t e s t s  ;
(b) a n a ly t ic a l  chem ical approaches ;
(c) developm ent o f  s e n s i t iv e  s u b le th a l e f f e c ts  m on ito ring  tech n iq u es .

Of th e s e  a p p ro a c h e s , a c u te  t o x i c i t y  t e s t s  have r a t h e r  l i m i t e d  
a p p l i c a t i o n s ,  a s  I  s h a l l  d i s c u s s  below . C h em ica l a n a ly s e s  may n o t be 
s t r i c t l y  " e c o to x ic o lo g ic a l  t e s t i n g " ,  b u t th e  tw o to p ic s  a r e  so c l o s e ly  
r e l a t e d ,  and s in c e  c h e m ic a l a p p ro a c h e s  com plem ent and a r e  o f te n  u sed  a s  
s u b s t i t u t e s  f o r  b i o l o g i c a l  t e s t s ,  I  have no h e s i t a t i o n  in  in c lu d in g  them  
h e re . F i n a l l y ,  th e  d ev e lo p m en t o f  s u b le th a l  t e s t s  p robably  re p re s e n ts  th e  
bulk  o f Canadian re sea rch  e f f o r t  in  m arine eco toxico logy  a t  p re se n t.

ACOTE TOXICITY TB3TS

Acute to x ic i ty  t e s t s  a re  used p r in c ip a l ly  f o r  re g u la to ry  purposes (as 
r e q u ir e d  by th e  F i s h e r i e s  A ct o r  th e  Ocean Dumping C o n tro l  A c t) , o r  f o r  
com parative purposes (to  a llow  th e  s e le c t io n  o f  le s s  to x ic  m a te r ia ls  to  be 
used in  m arine environm ents).

There a re  a t  p re se n t no s tan d a rd ized  acu te  to x ic i ty  t e s t s  u s in g  m arine 
b io ta . Presum ably t h i s  r e f l e c t s  th e  v a r ie ty  o f  environm ents and b io ta  which 
have to  be t e s t e d .  M ost a c u te  t o x i c i t y  t e s t s  a re  c a r r i e d  o u t to  re sp o n d  to  
s p e c i f i c  l o c a l  p ro b le m s , and any l o c a l  m arin e  o rg an ism  w hich  i s  r e a d i l y  
a v a i l a b l e ,  e a sy  to  m a in ta in  u n d e r l a b o r a to r y  c o n d i t io n s  and w h ich  c o u ld  
re a s o n a b ly  be e x p e c te d  to  be exposed  to  th e  m a te r i a l s  u n d e r t e s t  w i l l  be 
u sed . E x p o su re s  in  such  t e s t s  a r e  u s u a l ly  o f  th e  c o n v e n t io n a l  96 h s t a t i c  
type .

Two problem s a r i s e  in  such t e s t s .  The f i r s t  group i s  p u re ly  te c h n ic a l ,  
and a r is e s  p a r t i c u la r ly  in  t e s t s  o f  dredge s p o i ls ,  e tc .,  c a r r ie d  ou t under 
th e  Ocean Dumping C ontro l Act. These invo lve q u estio n s o f  w hether to  t e s t  a  
w hole sam p le , o r  to  u se  an e l u t r i a t e  t e s t  ; w h e th e r to  u se  a  p e la g ic  o r a  
b en th ic  t e s t  organism , w hether t o  con tinuously  suspend th e  sam ple, o r to  
l e t  i t  s e t t l e ,  e tc . In  th e  face  o f  th e se  te c h n ic a l problem s, th e  re g u la to ry  
a g e n c ie s  r e s p o n s ib le  f o r  im p le m e n tin g  th e  ODCA p r e f e r  to  t r a n s l a t e  th e  
b ioassay  c r i t e r i a  recommended in  th e  Act in to  a n a ly t ic a l  chem ical c r i t e r i a
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(S w iss  e t  a l . ,  1980). I t  i s  re c o g n iz e d , o f  c o u rs e , t h a t  a  c r i t e r i o n  o f  
a c c e p ta b i l i ty  expressed  in  b io lo g ic a l  te rm s i s  in  p r in c ip le  b e t te r  than  one 
defined  in  chem ical te rm s. However, a t  p re se n t th e  p r a c t i c a l i t i e s  o f  m arine 
b io a s s a y s  a r e  su ch  t h a t  c h e m ic a l a n a ly s e s  a r e  e a s i e r  to  c a r r y  o u t and to  
in te r p r e t  than  a re  b io lo g ic a l  assays.

The second  g roup  o f  p ro b le m s  a r i s e s  in  i n t e r p r e t i n g  th e  r e s u l t s  o f  
acu te  to x ic i ty  t e s t s  : most d r i l l i n g  muds ( fo r  example) or dredge s p o i ls  a re  
to x ic  to  some e x te n t, and th e  q u es tio n  o f  w hether some lo c a liz e d  l e t h a l i t y  
i s  a c c e p ta b le  becom es a  v a lu e  ju d g em en t be tw een  th e  c o n v e n ie n c e  and 
com m ercial value o f  u s in g  muds or dumping s p o i ls ,  and th e  damage (u su a lly  
lo c a liz e d )  to  some component o f  m arine system s. This value judgement i s  the  
sam e, in  th e  lo n g  ru n , a s  m ost o th e r s  b e tw een  th e  e x p lo i t a t i o n  o f  m arin e  
re so u rces  and th e  p o te n t ia l  damage th a t  such e x p lo ita t io n  may cause. There 
i s  no gen era l s o lu tio n  to  t h i s  problem , and each case must be considered  on 
i t s  own m erits .

CHHOCAL STUDIES

C hem ical s t u d i e s  r e l a t e d  to  e c o to x ic o lo g y  have s e v e r a l  o b j e c t iv e s .  
These may be summarized as :

(a) d i s t r i b u t i o n  s t u d i e s  to  d e t e c t  te m p o ra l  o r s p a t i a l  ch an g es  in  
m arine env ironm ental q u a l i ty  and f o r  re g u la to ry  purposes ;

(b) p ro c e s s  s t u d i e s  t o  a l lo w  p r e d i c t i o n  and u n d e r s ta n d in g  o f  th e  
behaviour o f  con tam inan ts, e s p e c ia l ly  as they  r e la te  to  b io assay s .

T here  i s  c o n s id e r a b le  a c t i v i t y ,  p a r t i c u l a r l y  u n d er th e  a u s p ic e s  o f  
i n t e r n a t i o n a l  b o d ie s  su ch  a s  ICES or OECD, in  m aking l a r g e - s c a l e  s p a t i a l  
c o m p a riso n s  o f  p o l l u t i o n  in  th e  C anad ian  m arin e  e n v iro n m e n t w i th  t h a t  
e ls e w h e re . The g e n e r a l  c o n c lu s io n  from  su ch  s tu d i e s  i s  t h a t  i n d u s t r i a l  
p o llu t io n  in  e a s te rn  and w este rn  Canada i s  s t i l l  r e l a t iv e ly  minor, a t  l e a s t  
in  comparison w ith  th e  obv iously  h e a v ily  in d u s tr ia l iz e d  and p o llu te d  a reas  
o f  w e s te rn  E urope o r  th e  US (e .g . ICES, 1977) ; The A r c t ic  i s  s t i l l  
r e l a t i v e l y  p r i s t i n e ,  a n d  in  g e n e r a l ,  p o l l u t a n t  l e v e l s  i n  c e r t a i n  
e n v iro n m e n ta l r e s e r v o i r s  seem  t o  be d e c l in in g  (_e.g. OECD, 1980 ; Z i tk o ,  
1981). To support t h i s  k ind  o f  s tudy , v a rio u s  groups a re  dev is in g  m onito ring  
programmes based on u s in g  m arine organism s as accum ulators o f  contam inants 
and d e v is in g  s p e c i f i c  s t u d i e s  su ch  a s  m u sse l w a tch es  (e .g ., Popham and 
D 'A uria , 1983).
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T here i s  c o n s id e r a b le  i n t e r e s t  in  s tu d y in g  th e  s p é c i a t i o n  and 
d i s t r i b u t i o n  o f  c h e m ic a ls  in  w a s te  o r  e f f l u e n t  sa m p le s , w i th  th e  v iew  to  
u n d e rs ta n d in g  th e  f a c t o r s  w hich  c o n t r o l  b io l o g i c a l  a v a i l a b i l i t y .  The 
u n d e r ly in g  r a t i o n a l e  to  t h i s  i s  t h a t  by u n d e rs ta n d in g  th e  c h e m ic a l 
p r o c e s s e s ,  we can more r e l i a b l y  i n t e r p r e t  c h e m ic a l a n a ly s e s ,  and so 
e lim in a te  th e  need f o r  b io assay s o f  p a r t ic u la r ly  d i f f i c u l t  sam ple typ es such 
a s  th e  d red g e  s p o i l s  d is c u s s e d  above. T h is  ap p ro ach  i s  e x e m p lif ie d  by th e  
work o f  M cLeese e t  a l . (1982) and o f  M cGreer e t  a l . (1981 ) on th e  u p ta k e  o f  
m e ta ls  and o rganoch lo rines by b en th ic  b io ta .

SUBLETHAL EFFECTS MOHITORIHG METHODS

I t  h as  become c l e a r  d u r in g  th e  p a s t  15 y e a r s  t h a t  th e  m ost common 
p o llu tio n  problem s a r i s e  no t from c a ta s tro p h ic  even ts  such as m ajor chem ical 
s p i l l s  (_e.g., J a n g a a rd , 1972) o r  m a jo r o i l  s p i l l s  (e .g . A non ., 1970 ; 
Vandermeulen, 1980), b u t from ro u tin e  or fre q u e n t d isch arg e  o f r e l a t iv e ly  
s m a ll  am ounts o f  p o l l u t a n t s .  T hese may o f te n  a c c u m u la te  in  c o m m e rc ia lly  
im portan t sp e c ie s  and may r e s u l t  in  (tem porary) f is h e ry  c lo su re  w h ile  th e  
im pact on p u b lic  h e a lth  i s  a ssessed . As a  r e s u l t  our ecosystem s a re  pervaded 
by ra th e r  low le v e ls  o f v a rio u s  chem icals , which a re  no t l e th a l  in d iv id u a lly  
o r s y n e r g i s t i c a l l y .  The q u e s t io n  a r i s e s ,  h o w ev er, a s  to  w h e th e r  th e s e  low  
contam inant burdens have any g en era l e f f e c t  on th e  "hea lth" o f  ecosystem s.

The choice o f an index o f  environm enta l "hea lth" invo lves a  compromise 
o f  th e  s o r t  shown in  F ig . 2 : v e ry  ro u g h ly , a  re sp o n se  to  a  p a r t i c u l a r  
chem ical i s  l ik e ly  to  decrease  in  s e n s i t i v i t y  b u t in c re a se  in  "rea lism " as 
th e  b io lo g ic a l  com plexity  o f  th e  response in c re a se s . For example, a  s in g le  
enzyme sy s te m  ( r e l a t i v e l y  low  b i o l o g i c a l  c o m p le x ity )  i s  l i k e l y  to  g iv e  a 
s e n s i t i v e  re s p o n s e  t o  p o l l u t a n t s ,  b u t  t h i s  re s p o n s e  w i l l  be d i f f i c u l t  to  
in te r p r e t  in  te rm s o f changes in  th e  whole organism , th e  p o p u la tio n , o r  th e  
com m unity. On th e  o th e r  hand, p o l lu t io n - in d u c e d  changes a t  th e  com m unity  
le v e l  (_i.e. h igh  b io lo g ic a l  com plexity ) a re  l i k e ly  to  have m ajor e f f e c t s  a t  
a l l  t r o p h ic  l e v e l s  in  te rm s  o f  s p e c ie s  abundance and d i v e r s i t y .  I d e a l l y ,  
t h i s  i s  what we would p re fe r  to  m easure, bu t such changes a re  not l i k e ly  to  
be d e tec ted  as an e a r ly  w arning o f  p o llu t io n , and by th e  tim e  th a t  th ey  a re  
seen, they  may be i r r e v e r s ib le .  In  o th e r  words, when we look fo r  p o l lu t io n -  
induced changes, we a re  lo ok ing  f o r  d e v ia tio n s  from th e  norm al s ta te .  I t  i s  
e a s i e r  to  d e f in e  th e  n o rm a l s t a t e  (and so  d e t e c t  d e v ia t io n s  from  i t )  in  a
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sim ple  system  than i t  i s  in  a  complex one. To fu r th e r  compound th e  problem, 
in  t e m p e r a t e  s h e l f  e c o s y s te m s  s p a t i a l  and  te m p o ra l v a r i a t i o n  may 
c h a ra c te r iz e  th e  "normal" s t a te  -  so how do we d e te c t d ev ia tio n s  from th a t  ?

zo
CL

ÜJo:

C O M P L E X IT Y  O F BIOLOGICAL O R G A N IZA TIO N

P ig . 2 . S c h e m a tic  r e p r e s e n ta t i o n  o f  th e  a p p l ic a b i l i ty  o f s u b le th a l 
responses a t  v a rio u s  le v e ls  o f  b io lo g ic a l  com plexity.

Canada i s  now d e v o tin g  c o n s id e r a b le  e f f o r t  to  d e v e lo p in g  in d ic e s  o f 
s t r e s s  which focus on sim p le , r a th e r  than  complex, b io lo g ic a l  in d ic a to rs  on 
th e  assum ption th a t  an e a r ly  w arning o f  th e  e f f e c ts  o f  p o llu tio n  w i l l  a llow  
ra p id  and e f f e c t iv e  c o n tro l. Such in d ic a to r s  in c lude  th o se  proposed by ICES 
(1980) and o th e r s .  I n d u c t io n  o f  m ix e d - fu n c t io n  o x id a se  enzym es i s  b e in g  
a c t iv e ly  s tu d ied  as a  f i e l d  in d ic a to r  o f  th e  s u b le th a l e f f e c ts  o f o i l  {e.g., 
P ayne, 1976). H i s t o l o g i c a l  r e s p o n s e s  a r e  b e in g  exam ined in  M y ti lu s  a s  a 
p o s s ib le  response to  m e ta l p o llu t io n  as w e ll as to  o rganic  p o llu ta n ts , and 
v a r io u s  o th e r  e n z y m a tic  o r  b io c h e m ic a l  r e s p o n s e s  have been  a s s e s s e d  in  
s p e c i f i c  p o l l u t i o n  e v e n ts  (Haya_et a l . ,  1 9 80).I t  i s  re c o g n iz e d , o f  c o u rs e , 
th a t  such in d ic e s  cannot be ap p lied  in d is c r im in a te ly , and th a t  co n sid erab le  
ca re  must be taken  to  e lim in a te  th e  p o s s ib le  im pact o f n a tu ra l  f a c to r s  such 
a s  age, sex, and co n d itio n  on th e se  in d ic e s . N ev erth e less , they  appear to  be 
p o te n t ia l ly  u se fu l as e a r ly  w arning in d ic a to r s  o f th e  presence and e f f e c ts  
o f  p o llu tio n  o f  v a rio u s  s o r t s .  Although by them selves th ey  a re  probably  no
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m ore u s e f u l  a s  an i n d i c a t o r  o f  e n v iro n m e n ta l  h e a l th  th a n  i s  a  s in g l e  
c l i n i c a l  t e s t  an index o f  human h e a lth , such t e s t s  may be u se fu l when taken  
to g e th e r  w ith  o th e r o b se rv a tio n s  such as chem ical d i s t r ib u t io n  s tu d ie s .

T here  i s  i n t e r e s t  in  o th e r  in d i c e s  o f  th e  e f f e c t s  o f  p o l l u t i o n  a t  
h ig h e r le v e ls  o f  b io lo g ic a l  o rg an iza tio n . Much o f  th e  c la s s ic a l  work on th é  
to x ic  e f f e c t s  o f pulp  e f f lu e n t  on f i s h  has d e a l t  w ith  s u b le th a l e f f e c ts  on 
r e s p i r a t io n  and whole- organism  b iochem ica l p ro cesses  in  salm onids, and some 
o f  th e s e  b io c h e m ic a l  o r  p h y s io lo g ic a l  t e s t s  c o u ld  be a p p l ie d  to  e a r l y  
w a rn in g  sy s te m s  o f b i o l o g i c a l  e f f e c t s  (D av is , 1976). A lthough  th e s e  t e s t s  
a re  describ ed  in  f re sh w a te r  system s, th ey  a re  ap p lied  to  anadromous f i s h .  At 
th e  p o p u la t io n  o r com m unity l e v e l ,  t h e r e  seem s to  be l e s s  chance  o f  
d e t e c t i n g  an e a r ly  w a rn in g  o f  th e  im p a c t o f  p o l l u t i o n  (_e.g., H a rg ra v e  and 
T h ie l ,  1983) : t h i s  i s  n o t to  say  t h a t  an e a r l y  w a rn in g  does n o t o c c u r , b u t  
s im p ly  th a t  i t  w i l l  be d i f f i c u l t  to  d e te c t  th a t  s ig n a l  a g a in s t th e  n a tu ra l  
"noise" o f  th e  system . A s im i la r  s i tu a t io n  occurs in  th e  p a r t ic u la r  case  o f  
th e  p o t e n t i a l  im p ac t o f  a  m a jo r o i l  s p i l l  on m arin e  e c o sy s te m s  : th e  
consensus seems to  be th a t  w h ile  such a  s p i l l  m ight w e ll im pact l a r v a l  f i s h  
and so a f f e c t  fu tu re  y ea r c la s s  s tre n g th , t h i s  e f f e c t  would be d i f f i c u l t  to  
i s o la te  from o th e r normal f a c to r s  which could b r in g  about a  s im i la r  r e s u l t  
(L o n g h u rs t, 1982).

One programme in  which t h i s  ecosystem  approach to  th e  d e te c tio n  o f  th e  
e f f e c t s  o f  p o llu t io n  i s  chosen has been s ta r t e d  a t  th e  Bedford I n s t i t u t e  o f  
O c e a n o g ra p h y . T h is  a d r e s s e s  t h e  p ro b le m  o f  d i s p o s a l  o f  h i g h - l e v e l  
r a d io a c t iv e  w a s te  in  th e  deep se a . A lth o u g h  C anada does n o t d is p o s e  o f  
r a d io a c t iv e  w a s te  in  t h i s  way, and p ro b a b ly  w i l l  n o t ,  o th e r  c o u n t r i e s  a r e  
t e n ta t iv e ly  co n sid e rin g  doing so. To p rov ide  in fo rm a tio n  about th e  p o te n t ia l  
im p a c t o f  su ch  a c t i v i t i e s ,  C anada h as  d ev e lo p ed  a  program m e to  s tu d y  th e  
p h y s ic a l, geochem ical, and b io lo g ic a l  p ro cesses  which occur in  th e  deep sea , 
and which could c o n tr ib u te  to  th e  d is p e r s a l  or to  th e  environm ental im pact 
o f  th e se  w astes.

c c b c ed sk u s

C anad ian  a c t i v i t i e s  in  m a rin e  e c o to x ic o lo g y  in v o lv e  th r e e  m ain 
approaches :

a) acu te  to x ic i ty  t e s t s  (u su a lly  96 h s t a t i c  IC50 t e s t s )  u sin g  lo c a l ly  
a p p ro p ria te  organism s, u s u a lly  fo r  re g u la to ry  purposes ;
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b) chem ical d i s t r ib u t io n  and p ro cess  s tu d ie s  to  a llow  (amongst o th e r 
t h i n g s )  som e a s s e s s m e n t  o f  t e m p o r a l  and s p a t i a l  t r e n d s  in  
env ironm ental con tam ination , and f o r  re g u la to ry  purposes ;

c) development and in c re a s in g  use o f  s e n s i t iv e ,  su b le th a l in d ic e s  of 
e a r ly  w arnings o f  th e  d e le te r io u s  e f f e c t s  o f  contam inants.

Any, o r  a l l ,  o f  th e s e  a p p ro a c h e s  may be u sed  in  a d d re s s in g  s p e c i f i c  
problem s. However, some tre n d s  in  th e  use o f  th e se  approaches a re  c le a r  :

a) A cu te  t o x i c i t y  t e s t s  a r e  u sed  m a in ly  f o r  r e g u la to r y  p u rp o se s . In  
c e r ta in  f i e ld s ,  th e i r  use i s  d e c lin in g , as d iscussed  above.

b) At p re se n t, most e f f o r t  in  m arine e c o to x ic o lo g ic a l s tu d ie s  goes in to  
a n a l y t i c a l  c h e m is try ,  e i t h e r  in  th e  fo rm  o f  m o n ito r in g  o r  su rv e y  
o p e ra tio n s  ( fo r  contam inant tren d  an a ly ses  and fo r  re g u la tio n ) , or 
in to  r e s e a r c h  in to  th e  p ro c e s s e s  o f  c h e m ic a l d i s t r i b u t i o n  and 
behaviour. To some e x te n t, t h i s  a r i s e s  from th e  f a c t  th a t  a n a ly t ic a l  
c h e m is try  i s ,  a t  p r e s e n t ,  s im p le r ,  more r e l i a b l e ,  and more 
in fo rm a tiv e  than  i s  a n a ly t ic a l  to x ico lo g y . However, s in ce  a  p u re ly  
"chem ical" approach to  p o llu t io n  ig n o res  th e  b io lo g ic a l  e f f e c t s  o f 
c h e m i c a l s ,  we can  e x p e c t  a  g r a d u a l  s h i f t  to w a r d s  " e f f e c t s  
m onitoring" as methods fo r  th e  l a t t e r  become more developed.

c) There i s  in c re a s in g  i n t e r e s t  in  th e  developm ent and a p p lic a tio n  o f 
s u b le th a l in d ic e s  o f  env ironm ental s t r e s s ,  u s u a lly  those  which may 
be u sed  a s  an e a r ly  w a rn in g  o f  th e  e f f e c t s  o f  p o l lu t i o n .  T h is  
r e f l e c t s  th e  r e a l i t y  th a t  most o f Canada's p o llu t io n  problem s a r is e  
n o t  from  c a t a s t r o p h i c  i n c i d e n t s ,  b u t  from  a  c h ro n ic , low  l e v e l  
p ervasion  o f contam inants th roughou t th e  environm ent. This em phasis 
a l s o  r e f l e c t s  C an ad a 's  c u r r e n t  i n t e r e s t  in  th e  d ev e lopm en t o f 
o f f s h o r e  h y d ro c a rb o n  r e s e r v e s ,  w here th e  a p p lic a tio n  o f  s u b le th a l 
s t r e s s  in d ic e s  may a llow  e a r ly  c o n tro l o f any d e le te ro u s  re le a s e s  
from  such o p e ra tio n s .

ACKRCWEEDGEHHTPS

I  thank my co lleag u es in  th e  D epartm ents o f  F is h e r ie s  and Oceans and of 
th e  Environment and in  v a rio u s  o th e r  o rg a n iz a tio n s  fo r  p ro v id ing  in fo rm atio n  
on which to  base t h i s  paper.



Marine e c o to x ic o lo g y  in  Canada 175

LITERATURE (JITU)

Addison R .P. and P .P . B rodie . 1973-
O ccu rren ce  o f  DDT r e s id u e s  in  B e lu g a  w h a le s  (D e lp h in a p te ru s  l e u c a s ) 
from  th e  M ackenzie D e l ta ,  N.W.T. J .  P is h .  R es. Bd Can. 30 :1733-1736 . 

Anonymous. 1970.
R e p o rt o f  th e  T a s k - f o r c e -  O p e ra tio n  O il  (C lean -u p  o f  th e  Arrow o i l  
s p i l l  in  Chedabucto Bay) volumes I-IV . M in is try  o f  T ransport, Canada. 
(A vailab le  In fo rm atio n  Canada, O ttaw a, 1973, C at. No. T-22-2470.)

Bohn A. and B.W. F a l l i s .  1978.
M e ta l c o n c e n t r a t io n s  (As, Cd, Cu, Pb and Zn) in  s h o r th o rn  s c u lp in s ,  
Myoxocephalus sco rp iu s  (L innaeus) and A r c t ic  c h a r  S a lv e l in u s  a lp in u s  
( L in n a e u s )  f ro m  th e  v i c i n i t y  o f  S t r a t h c o n a  S o u n d , N o r th w e s t  
T e r r i to r ie s .  Water Res. 12:659-663.

Davis J .C . 1976.
P rogress in  su b le th a l e f f e c t  s tu d ie s  w ith  K ra ft p u lp m ill  e f f lu e n t  and 
sa lm o n id s . J .  P is h . Res. Bd Can. 33 :2031-2035 .

F a l l i s  B.W. 1982.
T race  m e ta ls  in  se d im e n ts  and b i o t a  from  S tr a th c o n a  Sound, N.W.T. ; 
N a n is iv ik  m arin e  m o n ito r in g  program m e, 1974-1979. Can. Tech. R ept. 
F i s h e r i e s  and A quat. S e i .  No. 1082 . 34 p.

H argrave B.T. and H. T h ie l. 1983.
Assessm ent o f  p o llu tio n -in d u c e d  changes in  b e n th ic  community s tru c tu re .  
Mar. P o l lu t .  B u ll . 14 :41 -46 .

Haya K., C .E. Jo h n sto n , and B.A. Waiwood. 1980.
A d e n y la te  en erg y  c h a rg e  and ATPase a c t i v i t y  in  A m erican  L o b s te r  
(H om arus a m e r ic a n u s ) from  B e lle d u n e  H arb o u r, p . 85-91■ In  : Cadmium 
p o llu t io n  o f B elledune Harbour, New Brunswick, Canada. Uthe J.P. and V. 
Z itk o  (E ds). Can. Techn. R e p t. P is h .  A quat. S e i .  No. 963- 107 p.

Hodder V.M., L .S . Parsons, and J .H .C . Pippy. 1972.
The o c c u r re n c e  and d i s t r i b u t i o n  o f  " red "  h e r r in g  in  P la c e n t i a  Bay, 
P eb ru ary -A p ril 1969- p. 45-52. In  : E f fe c ts  o f  e le m e n ta l phosphorus on 
m a rin e  l i f e .  J a n g a a rd  P.M. (E d .). F i s h e r i e s  R e se a rc h  B oard o f  C anada, 
A t l a n t i c  R e g io n a l O f f ic e ,  R e se a rc h  and D evelopm ent, H a l i f a x ,  N.S. 
C i r c u la r  No. 2.

ICES ( In te rn a tio n a l  C ouncil fo r  th e  E x p lo ra tio n  o f  th e  Sea). 1977.
A b a s e l in e  s tu d y  o f  th e  l e v e l  o f  c o n ta m in a t in g  s u b s ta n c e s  in  l i v i n g  
r e s o u r c e s  o f  th e  N o rth  A t l a n t i c .  C o o p e ra tiv e  R e se a rc h  R e p o rt No. 69, 
ICES, Copenhagen. 82 p.



176 R.F. ADDISON

ICES ( In te rn a tio n a l  C ouncil fo r  th e  E x p lo ra tio n  o f  th e  Sea). 1980.
B io lo g ic a l e f f e c ts  o f  m arine p o llu t io n  and th e  problem s o f m onitoring. 
Rapp. P .-v . Réun. Cons. i n t .  E x p lo r . M er. 346 p.

Jangaard P.M. (E d .) . 1972.
E f f e c t s  o f  e le m e n ta l  p h o sp h o ru s  on m a rin e  l i f e .  F i s h e r i e s  R esea rch  
Board o f  C anada A t l a n t i c  R e g io n a l O f f ic e ,  R e se a rc h  and D evelopm ent, 
H a l i f a x ,  N.S. C i r c u la r  No. 2. 313 p.

K ersw ill C .J . 1967-
S tu d ies  on e f f e c ts  o f  f o r e s t  sp ray in g  w ith  in s e c t ic id e s ,  1952-1963, on 
f i s h  and a q u a tic  in v e r te b ra te s  in  New Brunswick s tream s : In tro d u c tio n  
and sum m ary. J .  F is h .  R es. Bd Can. 24 :70 1 -7 0 8 .

Longhurst A. (E d .) . 1982.
C o n su lta tio n  on th e  consequences o f  o ffsh o re  o i l  p rodu ctio n  on o ffsh o re  
f i s h  s to c k s  and f i s h i n g  o p e r a t io n s .  Can. Tech. R ep t. F is h  A quat. S e i.  
No. 1096. 95 p.

McGreer E .R ., B .J . R eid , and H. N elson . 1981.
M o b iliza tio n , b io accu m u la tio n  and s u b le th a l  e f f e c t s  o f  c o n ta m in a n ts  
from  m a rin e  s e d im e n ts , p . 1 3 4 -151 . I n  : P ro c e e d in g s  o f  7 th  a q u a t ic  
t o x i c i t y  w orkshop. Berm ingham  N., C. B la i s e ,  P. C o u tu re , B. Hummel, G. 
J o u b e r t ,  and M. S p e y e r, (E d s). Can. Techn. R e p t. F i s h  Aqua. S e i . 
No. 990. 519 p.

McLeese D.W., I .E .  B urridge , and J .  V anD inter. 1982.
T o x ic i t ie s  o f  f iv e  o rganoch lo rine  compounds in  w ate r and sed im ents to  
N ere is  v ire n s . B u ll. Environ. Contam. T ox ico l. 28:216-220.

OECD (O rgan iza tion  f o r  Economic C ooperation and Development). 1980.
Chemical tre n d s  in  w i ld l i f e .  OECD, P a r is . 248 p.

Payne J .F .  1976.
F ie ld  e v a lu a tio n  o f  benzopyrene hydroxylase in d u c tio n  a s  a  m onitor fo r  
m arine petro leum  p o llu tio n . S cience  191:946-946.

Popham J .D . and J.M . D 'A uria . 1983.
Combined e f f e c t  o f  body s i z e ,  se a so n  and l o c a t io n  on t r a c e  e le m e n t 
l e v e l s  in  m u s s e ls  (M y ti lu s  e d u l i s ). A rch. E n v iro n . Contam. T o x ic o l. 
12:1-14-

Ray S .,  J.M . Bewers, M.W. G ilgan , and D.Brennan. 1984-
D i s t r i b u t i o n  and b i o a v a i l a b i l i t y  o f  heavy m e ta ls  in  th e  m arine  
e n v iro n m e n t. I n  : H e a lth  o f  t h e  N o rth w e s t A t l a n t i c .  W ilson  R.C.H. and 
R.F. A ddison  (E ds). D ept. E n v iro n m e n t, D ept. F i s h e r i e s  and O ceans, 
Dept. Energy, Mines and R esources, Canada. 174 p.



Marine e c o to x ic o lo g y  i n  Canada 177

Smith J.N . 1984.
R a d io a c tiv ity  in  th e  m arine environm ent. In  : H ea lth  o f  th e  N orthw est 
A t l a n t i c .  W ilson  R.C.H. and R.F. A ddison (E ds). D ep t. E n v iro n m en t, 
Dept. F is h e r ie s  and Oceans, Dept. Energy, Mines and R esources, Canada. 
174 p.

S w iss  J . J . ,  R.F. A dd ison , D.W. M c leese , and J .F .P ay n e . 1980.
R egulated le v e ls  o f  schedule 1 substances in  th e  Ocean Dumping C ontrol 
A ct -  A re v ie w . Ocean Dumping R e p t. No. 3 , D ep t, o f  F i s h e r i e s  and 
O ceans, O ttaw a. 72 p.

Uthe J .F .  and V. Z itko  (E ds). 1980.
Cadmium p o l l u t i o n  o f  B e lle d u n e  H arb o u r, New B ru n sw ick , C anada. Can. 
Tech. R ep t. F is h . A quat. S e i .  No. 963* 107 p.

Vandermeulen J.H . (E d .) . 1980.
S c ie n t i f ic  s tu d ie s  during  th e  K urd istan  tan k e r in c id e n t : p roceedings 
o f  a  w orkshop. R e p o rt No. B I-R -8 0 -3 , B edfo rd  I n s t .  O ceanography, 
D artm o u th , N.S. 227 p.

Waldichuk M. 1979.
A review  o f th e  problem s. P h il .  T rans. Roy. Soc. London, B 286:394-424- 

Ware D.M. and R .F. Addison. 1973-
PCB re s id u e s  in  p lank ton  from  th e  G ulf o f  S t. Lawrence. N ature 246:519- 
521.

Z itko  V. 1981 .
M onitoring  program f o r  m ajor A tla n tic  co as t f i s h e r i e s .  Can. Manus.Rept. 
F is h .  A quat. S e i.  No. 1615* 15 p.




