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Introduction and Summary 

R. R. Dickson (Chairman) 

M i n i s t r y  of A g r i c u l t u r e ,  F i s h e r i e s  and Food 
D i r e c t o r a t e  of F i s h e r i e s  Research 
F i s h e r i e s  Labora to ry  
L o w e s t o f t ,  S u f f o l k  NR33 OHT 

( a )  I n t r o d u c t i o n  

A t  i t s  meet ing i n  March 1985, t h e  UK Marine P o l l u t i o n  Moni tor ing 
Management Group (MPMMG) agreed  t h a t  a  review shou ld  be under taken  of ' t h e  
s t a t e  of knowledge on t h e  I r i s h  Sea i n  r e l a t i o n  t o  t h e  impact of po l lu -  
t i o n ,  moni to r ing  i n f o r m a t i o n  and moni to r ing  needs ' .  Some o t h e r  g u i d e l i n e s  
were a l s o  l a i d  down which supplemented and ,  i n  one impor tan t  way, changed 
t h e s e  terms of r e f e r e n c e .  The review was n o t  t o  c o n s i d e r  r a d i o a c t i v e  
p o l l u t a n t s  s i n c e  a  s e p a r a t e  Moni tor ing Management group h a s  r e s p o n s i b i l i t y  
f o r  those .  C o n t r i b u t o r s  were t o  be from t h e  UK o n l y  a t  p r e s e n t  b u t  w i t h  
t h e  i n t e n t i o n  of expanding t h e  review i n t o  a  f u l l  i n t e r n a t i o n a l  s t u d y  a t  
some l a t e r  s t a g e  f o l l o w i n g  review by t h e  ICES Advisory Committee on Marine 
P o l l u t i o n ,  t h e  Working Group on She l f  Seas  Hydrography, t h e  Working Group 
on I r i s h  S e a l B r i s t o l  Channel F i s h e r i e s ,  and o t h e r s .  The review was t o  be 
s t r u c t u r e d  a l o n g  t h e  g u i d e l i n e s  recommended by Bewers e t  a l .  (1982) f o r  
t h e  p r e p a r a t i o n  of r e g i o n a l  a s s e s s m e n t s ,  which had t h e  e f f e c t  of broaden- 
i n g  t h e  terms of r e f e r e n c e  t o  i n c l u d e  no t  o n l y  p o l l u t i o n  b u t  p a s t ,  p r e s e n t  
and p r o s p e c t i v e  an th ropogen ic  e f f e c t s  on p h y s i c a l  oceanography, p o l l u t i o n  
and b io logy .  No s p e c i f i c  d e a d l i n e  was l a i d  down b u t  i t  was sugges ted  t h a t  
t h e  f i r s t  d r a f t  shou ld  be a v a i l a b l e  i n  abou t  a  year .  

Most of t h e s e  terms of r e f e r e n c e  have been met i n  compil ing t h i s  
r e p o r t .  However, t h e r e  a r e  some d i f f e r e n c e s .  I n  c o n t r a s t  w i t h  Bewers 
' g u i d e l i n e s '  we s t r e s s e d  completeness  r a t h e r  t h a n  b r e v i t y  f o r  i t s  own s a k e  
and l e a v e  i t  t o  subsequent  reviewing g roups  t o  recommend d e l e t i o n s  a s  w e l l  
a s  a d d i t i o n s .  Second i t  is n o t ,  i n  t h e  u s u a l  s e n s e  of t h e  word, a n  
' a s sessment '  b u t  a  s t a t u s  r e p o r t ;  t h e  d i f f e r e n c e  i s  of c o u r s e  t h a t  t h e  
fo rmer  i m p l i e s  t h a t  adequa te  knowledge e x i s t s  t o  make t h e  assessment  
whereas t h e  l a t t e r  makes no such  c l a i m  and may mere ly ,  f o r  example, iden- 
t i f y  remaining a r e a s  of ignorance.  The s t u d y  i s  p n o t  a n  a t t e m p t  t o  sum- 
m a r i s e  a l l  t h a t  we know about  t h e  I r i s h  Sea ,  b u t  t o  summarise r e l e v a n t  
p r e s e n t  knowledge i n  t h e  t h r e e  main s u b j e c t - a r e a s  of p h y s i c a l  oceano- 
g raphy ,  p o l l u t i o n  and b i o l o g y  and t o  i d e n t i f y  u n c e r t a i n t i e s  and gaps  i n  
o u r  knowledge. By ' r e l e v a n t '  we mean t h a t  a  knowledge of one s u b j e c t  a r e a  
i s  impor tan t  t o  t h e  u n d e r s t a n d i n g  of a n o t h e r ,  i n  a  way t h a t  p r o v i d e s  some 
measure,  however q u a l i t a t i v e ,  of t h e  a n t h r o p o g e n i c  c o n t r i b u t i o n  i n  any one 
of t h e s e  s u b j e c t  a r e a s .  Needless  t o  s a y ,  i f  a  p a r t i c u l a r  worrysome t r e n d  
o r  f l u c t u a t i o n  can  be shown t o  be e n t i r e l y  n a t u r a l ,  t h e n  t h a t  t o o  q u a n t i -  
f i e s  t h e  a n t h r o p o g e n i c  c o n t r i b u t i o n  ( a s  z e r o ) .  

Anthropogenic  e f f e c t s  a r e ,  t h e r e f o r e ,  t h e  key r e a s o n  f o r  t h e  p r e s e n t  
s t u d y  and a  summary of our  c o n c l u s i o n s  i n  each  s u b j e c t  a r e a  is  g i v e n  
below. 

( b )  Summary 

( i )  P h y s i c a l  e f f e c t s  While t h e  p h y s i c a l  environment i s  of g r e a t  
r e l e v a n c e  t o  t h e  observed d i s t r i b u t i o n  of p o l l u t a n t s  and b i o l o g i c a l  



p r o d u c t i v i t y ,  d i r e c t  an th ropogen ic  e f f e c t s  on p h y s i c a l  oceanography a r e  
u n d e r s t a n d a b l y  s l i g h t .  The p r i n c i p a l  p o t e n t i a l  e f f e c t  is  v i a  t h e  i n f l u -  
ence  on t h e  d e n s i t y  f i e l d  (and hence on t h e  d e n s i t y - d r i v e n  c i r c u l a t i o n )  of 
t h e  v a r i o u s  c o a s t a l  b a r r a g e  schemes t h a t  have been mooted i n  t h e  p a s t ,  
s i n c e  t h e s e  cou ld  s i g n i f i c a n t l y  lower t h e  f r e s h w a t e r  i n p u t  a t  t h e  c o a s t .  
None of t h e s e  schemes is '  p roceed ing  a t  t h e  p r e s e n t  t ime  and even i f  t h e y  
were ,  i t  i s  u n l i k e l y  t h a t  a l l  would go ahead t o g e t h e r .  

( i i )  B i o l o g i c a l  e f f e c t s  Under t h e  ' g e n e r a l  b i o l o g y '  head ing  t h e  
a n t h r o p o g e n i c  e f f e c t s  may be summarised a s  fo l lows .  For  g e n e r a l  phyto- 
p l a n k t o n  and zooplankton we have no r e a s o n  t o  suppose t h a t  t h e  observed 
f l u c t u a t i o n s  and t r e n d s  a r e  a n y t h i n g  b u t  n a t u r a l .  For  what a r e  c u r r e n t l y  
d e s c r i b e d  a s  'abnormal p l a n k t o n  blooms' a n t h r o p o g e n i c  i n f l u e n c e s  have been 
c la imed from t ime  t o  t ime ,  bu t  we d e s c r i b e  t h e s e  c l a i m s  a s  unconfirmed o r  
s p e c u l a t i v e  a t  p r e s e n t .  When we c o n s i d e r  t h e  ben thos ,  an th ropogen ic  
e f f e c t s  become b o t h  obvious  and s i g n i f i c a n t  b u t  a r e  of r e s t r i c t e d  
d i s t r i b u t i o n ,  c l o s e  t o  u r b a n i s e d  e s t u a r i e s ,  d r e d g i n g  and dumping grounds;  
more widespread changes i n  t h e  benthos  have of c o u r s e  been n o t i c e d ,  and 
a l t h o u g h  r e g i o n a l  v a r i a t i o n s  may i n c l u d e  a n  an th ropogen ic  c o n t r i b u t i o n  
( d i r e c t l y ,  th rough  i n t e n s i v e  f i s h i n g  a c t i v i t y  a t  c e r t a i n  l o c a t i o n s  and 
t imes  f o r  example, o r  i n d i r e c t l y  th rough  t h e  changes i n  t h e  l e v e l  of pre-  
d a t i o n  on ben thos  due t o  f i s h i n g  a c t i v i t y )  t h e r e  i s  no ev idence  t h a t  t h e  
observed v a r i a t i o n s  a r e  due t o  a n y t h i n g  o t h e r  t h a n  n a t u r a l  changes i n  t h e  
environment.  A s  i n  o t h e r  a r e a s  of t h e  s h e l f  t h e  I r i s h  Sea h a s  s u s t a i n e d  
i t s  s h a r e  of s i g n i f i c a n t ,  demonstrable  and widespread an th ropogen ic  
e f f e c t s  on f i s h  s t o c k s  th rough  commercial f i s h i n g .  It can be shown t h a t  
a l t h o u g h  a l l  t h e  major demersal  f i s h  a r e  b e i n g  e x p l o i t e d  a t  l e v e l s  of 
f i s h i n g  m o r t a l i t y  g r e a t e r  t h a n  i s  needed t o  t a k e  t h e  maximum y i e l d  p e r  
r e c r u i t ,  t h e r e  i s  no compel l ing e v i d e n c e  t h a t  t o t a l  y i e l d s  have d imin i shed  
a s  a  r e s u l t  of heavy f i s h i n g .  Due t o  t h e i r  low f e c u n d i t y ,  h i g h  age  a t  
f i r s t  m a t u r i t y  and l a r g e  s i z e  a t  h a t c h i n g ,  s k a t e s  and r a y s  s e r v e  a s  a  
s e n s i t i v e  i n d i c a t o r  of o v e r f i s h i n g ;  though t h e  common s k a t e  h a s  been 
f i s h e d  t o  l o c a l  e x t i n c t i o n  i n  t h e  I r i s h  Sea ,  t h e  ray  s p e c i e s  have ,  
e n c o u r a g i n g l y ,  main ta ined  a  h i g h ,  s t e a d y  c a t c h  r a t e .  F i s h  d i s e a s e  preva- 
l e n c e  i s  o f t e n  h e l d  t o  be a n  i n d i c a t o r  of env i ronmenta l  s t r e s s .  I n  mul t i -  
aim c r u i s e s  up t o  1985 t h e  p reva lence  oE d i s e a s e  appeared t o  be no h i g h e r  
i n  t h e  I r i s h  Sea t h a n  i n  t h e  North S e a ,  bu t  t h e s e  o p p o r t u n i s t i c  c r u i s e s  
were not  s u f f i c i e n t l y  s t a n d a r d i s e d  t o  comment u s e f u l l y  on t r e n d .  The 
f i r s t  d e d i c a t e d  f i s h  d i s e a s e  c r u i s e  i n  t h e  a r e a  i n  1986 d i d  deploy a  s u f -  
f i c i e n t l y  focussed  o b s e r v i n g  e f f o r t  t o  r e s o l v e  t h e  p r e v a l e n c e  of a  l i m i t e d  
range of ep idermal  d i s e a s e s  i n  a  l i m i t e d  range  of s p e c i e s  unambiguously. 
However, even i f  and when a  s e r i e s  of such  c r u i s e s  have been mounted, i t  
w i l l  he ex t remely  d i f f i c u l t  t o  d i s t i n g u i s h  n a t u r a l  temporal  and s p a c i a l  
changes from t h e  pe rcen tage  i n c i d e n c e  t h a t  may be due t o  p o l l u t i o n .  The 
a n t h r o p o g e n i c  c o n t r i b u t i o n  t o  f i s h  d i s e a s e  i n  t h e  I r i s h  Sea i s  t h e r e f o r e  
b e s t  d e s c r i b e d  a s  unknown a t  p r e s e n t  and may be unknowable. The few 
a v a i l a b l e  a n a l y s e s  of s e a l  c a r c a s s e s  ( found dead)  s u g g e s t  t h a t  t h e  I r i s h  
Sea s e a l  p o p u l a t i o n s  a r e  accumula t ing  heavy m e t a l s  and o t h e r  p e r s i s t e n t  
con taminan ts  bu t  no t  a t  c o n c e n t r a t i o n s  l i k e l y  t o  c a u s e  dea th .  S e a l  c u l l s  
do n o t  t a k e  p l a c e .  F i n a l l y ,  t h e  t e x t  d e s c r i b e s  a  range of p o t e n t i a l  o r  
a c t u a l  a n t h r o p o g e n i c  e f f e c t s  s u f f e r e d  by v a r i o u s  components of t h e  b i r d  
p o p u l a t i o n  a t  v a r i o u s  p l a c e s  and t i m e s ,  r a n g i n g  from f a t a l i t i e s  a t t r i b u t e d  
t o  l e a d  p o l l u t i o n ,  e g g s h e l l  t h i n n i n g  p o s s i b l y  due t o  PCB's, mass m o r t a l i -  
t i es  oE auks due t o  o i l  s p i l l s ,  b o t u l i s m  a t t r i b u t e d  t o  r e f u s e - f e e d i n g ,  and 
t h e  p o t e n t i a l  r e s t r i c t i o n  of h a b i t a t  i f  any of t h e  b a r r a g e  schemes go 
ahead.  Though many of t h e s e  i n c i d e n t s  have been b o t h  d r a m a t i c  and alarm- 
i n g ,  t h e y  have s o  f a r  p r e s e n t e d  a  temporary r a t h e r  t h a n  a  permanent t h r e a t  
t o  t h e  a f f e c t e d  b i r d  p o p u l a t i o n s .  



( i i i )  Chemical con tamina t ion  and i n p u t s  While a n t h r o p o g e n i c  e f f e c t s  
and i n f l u e n c e s  of v a r i o u s  k i n d s  have been i d e n t i f i e d  i n  ( i )  and ( i i )  
above,  t h e y  have ,  by and l a r g e ,  been of  r e l a t i v e l y  minor impor tance  o r  i f  
more s e r i o u s ,  t h e i r  e f f e c t s  have been e i t h e r  l o c a l i s e d  a n d / o r  temporary.  
S e c t i o n  B d e s c r i b e s  a  f u r t h e r  r ange  of a n t h r o p o g e n i c  e f f e c t s  i n  l i s t i n g  a  
wide range  of p o l l u t a n t  i n p u t s  t o  t h e  I r i s h  Sea. Accept ing t h a t  any s e a  
a r e a  h a s  a n  a s s i m i l a t i v e  c a p a c i t y  f o r  a l m o s t  any p o t e n t i a l l y  harmful  sub- 
s t a n c e ,  many of t h e s e  i n p u t s  a r e  more p r o p e r l y  d e s c r i b e d  a s  con taminan t s  
r a t h e r  t h a n  p o l l u t a n t s  and f a l l  i n t o  much t h e  same n o n - s e r i o u s / l o c a l i s e d /  
temporary  c a t e g o r y  a s  o t h e r s  l i s t e d  above. 

However, S e c t i o n  B a l s o  i n c l u d e s  t h e  c a s e  of L i v e r p o o l  Bay where t h e  
e f f e c t s  of contaminant  i n p u t s  a r e  a n y t h i n g  b u t  l o c a l i s e d  and temporary.  
There  a r e  two grounds  f o r  concern  t h e r e :  f i r s t  t h e  g e n e r a l  concern  t h a t  
m u l t i p l e - l o a d i n g  by i n d i v i d u a l l y  - ' h a r m l e s s '  con taminan t s  may s t i l l  
r e s u l t  i n  t h e  t y p e  of environment t h a t  we r a t h e r  vaguely  d e s c r i b e  a s  
' under  s t r e s s ' .  Second, and more p a r t i c u l a r l y ,  L i v e r p o o l  Bay does  s u p p o r t  
c o n c e n t r a t i o n s  of mercury i n  f i s h  which a r e  c l o s e  t o  t h e  Environmental  
Q u a l i t y  S t a n d a r d  l a i d  down under  EEC D i r e c t i v e  82/176/EEC which s t a t e s  
t h a t  " t h e  c o n c e n t r a t i o n  of mercury i n  a  r e p r e s e n t a t i v e  sample of f i s h  
f l e s h  chosen a s  a n  i n d i c a t o r  must no t  exceed 0.3 mg kg-' wet f l e s h " .  

The v a r i o u s  components of ' t h e  mercury problem' a r e  a s  f o l l o w s .  

F i r s t ,  t h i s  G r e a t e r  L i v e r p o o l  Bay a r e a  i s  a  r e l a t i v e l y  s h a l l o w ,  
r e l a t i v e l y  non-d i spe rs ive  ' backwate r '  of t h e  I r i s h  Sea ,  t h e  a r e a  
w i t h  t h e  l o n g e s t  f l u s h i n g  t i m e ,  f l o o r e d  i n  p l a c e s  by muddy 
s e d i m e n t s  w i t h  a  h i g h  a d s o r p t i v e  c a p a c i t y  f o r  con taminan t s  and w i t h  
a n  e s t u a r i n e  (coas tward)  deep  mean c i r c u l a t i o n  t e n d i n g  t o  r e t u r n  
dumped m a t e r i a l  t o  i t s  s o u r c e  r a t h e r  t h a n  e x p o r t  i t  o u t  of t h e  
r e g i o n .  

A t  t h e  c o a s t  t h e  most h e a v i l y  u r b a n i s e d  and i n d u s t r i a l i s e d  s e c t o r  
of t h e  I r i s h  Sea  c o a s t l i n e  c o n t r i b u t e s  mercury th rough  i n d u s t r i a l  
and sewage d i s c h a r g e s  t o  t h e  e s t u a r y  (where t h e y  a d s o r b  o n t o  
s e d i m e n t s ) ,  th rough  r i v e r  d i s c h a r g e  and dumping of  d redge  s p o i l  
(which,  t r a n s f e r s  t h e s e  sed iments  t o  t h e  Bay),  and th rough  d i r e c t  
o f f s h o r e  dumping of sewage s l u d g e ,  which s h o r t - c i r c u i t s  t h e  
r i v e r - r o u t e .  

S i n c e  t h e s e  i n d u s t r i a l  and u rban  p r a c t i c e s  have been i n  o p e r a t i o n  
f o r  d e c a d e s ,  t h e  ' f l y w h e e l '  e f f e c t  of t h e  accumulated mercury 
' r e s e r v o i r '  i n  sed iments  oE t h e  Bay must r e p r e s e n t  a  f u r t h e r  s o u r c e  
of exposure  t o  f i s h  t h a t  would p e r s i s t  even i E  t h e  p r e s e n t  c o a s t a l  
i n p u t s  were s topped  comple te ly .  

The spin-down t i m e  f o r  t h i s  f l y w h e e l  e f f e c t  i s  unknown, though 
major  r e d u c t i o n s  i n  a l l  c o n t r o l l a b l e  mercury i n p u t s  t o  t h e  Bay 
s i n c e  t h e  e a r l y  1970 ' s  have been accompanied by a  r e d u c t i o n  i n  t h e  
mercury body-burdens of f i s h .  So o v e r  t h i s  p e r i o d  t h e  r e s e r v o i r  
h a s  c o n t r i b u t e d  t o ,  b u t  does  n o t  a p p e a r  t o  have dominated,  mercury 
up take .  

The r e d u c t i o n  of Hg i n  f i s h  f l e s h  from t h e  v i c i n i t y  of t h e  dumpsi te  
f o l l o w s  t h e  d e c l i n e  i n  t h e  t o t a l i t y  of Hg i n p u t s  t o  L i v e r p o o l  Bay. 
Mercury body-burdens a r e ,  t h e r e f o r e ,  assumed t o  r e f l e c t  exposure  
from t h e  t o t a l i t y  of i n p u t s  t o  t h e  Bay p l u s  t h e  r e s e r v o i r  e f f e c t  of 
Bay sed iments .  However, we do no t  know how t h e  observed f i s h  body 
burdens  a r e  p a r t i t i o n e d  i n  terms oE t h e  v a r i o u s  s o u r c e s  and i f  we 



reduce  a  p a r t i c u l a r  i n p u t  o r  s o u r c e  we do n o t  know how much of t h e  
problem we a r e  d e a l i n g  wi th .  

To some e x t e n t  t h i s  i s  academic s i n c e  ( a )  mercury body-burdens a r e  
c l o s e  t o  t h e  EQS and ( b )  t h e r e  i s  l i m i t e d  scope  f o r  f u r t h e r  
r e d u c t i o n s  i n  i n p u t s  i n  t h e  s h o r t  term i f  p o r t  and i n d u s t r i a l  
f a c i l i t i e s  a r e  t o  be mainta ined.  I n  such  a  s i t u a t i o n  you reduce 
where you can. 

S u c c e s s i v e  s t e p w i s e  r e d u c t i o n  of 0.8, 1.4 and u l t i m a t e l y  4.2 kg d-l 
i n  t h e  long-term (10  ears) o u t l o o k  p e r i o d  a r e  bo th  p o s s i b l e  and 
d e s i r a b l e  t o  i n c r e a s e  t h e  margin of s a f e t y  between t h e  l e v e l s  i n  
f i s h  and t h e  EQS l i m i t ,  and even i f  r e d u c t i o n s  i n  i n p u t s  a r e  
maximised t h e  r e s e r v o i r  a l r e a d y  p r e s e n t  w i l l  e n s u r e  t h a t  t h e  
d e c l i n e  of Hg l e v e l s  i n  f i s h  w i l l  be slow. 

I f  i n  f a c t  i n d u s t r i a l  o r  u rban  expans ion  p r e v e n t s  t h e  achievement 
of maximal r e d u c t i o n s  i n  i n p u t s ,  some r e l o c a t i o n  of p a r t  of t h e s e  
i n p u t s  may be n e c e s s a r y  t o  a  s i t e  which l ies  o u t s i d e  t h e  p r e s e n t  
contaminated zone,  whose own c h a r a c t e r i s t i c s  would n e i t h e r  pe rmi t  
t h e  p h y s i c a l  o r  b i o l o g i c a l  t r a n s f e r  of mercury back t o  L i v e r p o o l  
Bay n o r  pe rmi t  mercury l e v e l s  t o  approach t h e  EQS a t  t h e  second 
s i t e  i t s e l f .  

I n  t h i s  c o n t e x t  i t  i s  i n s t r u c t i v e  t o  n o t e  t h a t  t h e  ' p r e s e n t  
contaminated z o n e ' ,  a s  d e f i n e d  by t h e  most impor tan t  s i n g l e  
c r i t e r i o n  (mercury l e v e l s  i n  f i s h ) ,  i s  n o t  r e s t r i c t e d  t o  t h e  
v i c i n i t y  of t h e  dumpsi tes  b u t  o c c u p i e s  t h e  whole of t h e  a r e a  s o u t h  
and e a s t  of t h e  I s l e  of Man, presumably because  t h e  f i s h  a f f e c t e d  
range f r e e l y  o v e r  t h i s  a r e a ,  though c o n c e n t r a t i o n s  d e c r e a s e  some- 
what towards  t h e  nor th .  

T h i s  summary has  emphasised t h e  L i v e r p o o l  Bay mercury problem s imply  
because  - w i t h i n  o u r  r e s t r i c t e d  terms of r e f e r e n c e  - i t  i s  a rguab ly  t h e  
most impor tan t  s i n g l e  problem i n  t h e  I r i s h  Sea under  any of t h e  t h r e e  
s u b j e c t  a r e a s  c o n s i d e r e d  h e r e .  Evidence f o r  t h e  secondary concern t h a t  
L i v e r p o o l  Bay i s  showing more g e n e r a l  s i g n s  of env i ronmenta l  s t r e s s  i s  of 
c o u r s e  much less t a n g i b l e  and t h e  c o n c l u s i o n  i t s e l f  much more s u b j e c t i v e .  
The p o i n t  worth  making h e r e  i s  t h a t  any measure of what c o n s t i t u t e s  
' env i ronmenta l  stress' shou ld  i n c l u d e  c o n s i d e r a t i o n  of r a d i o a c t i v e  a s  w e l l  
a s  non- rad ioac t ive  contaminants .  While t h e  r e a s o n s  f o r  o u r  p r e s e n t ,  more 
r e s t r i c t e d ,  b r i e f  a r e  unders tood  and a c c e p t e d  by t h e  group,  i t  never the -  
l e s s  recommends t h a t  due c o n s i d e r a t i o n  be g i v e n  t o  o r g a n i s i n g  t h i s  comple- 
mentary  s tudy .  
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1. General d e s c r i p t i o n  

1.1 Volume and bathymetry 

For t h e  purpose of t h e  p re sen t  s t udy ,  t h e  term ' I r i s h  Sea' i s  taken  
t o  mean t h e  semi-enclosed s e a  a r e a  bounded by l a t i t u d e s  52" and 55"N o r  
from S t  Davids Head t o  t h e  Mull of Galloway (F igu re  1 ) .  West of - 4 . 5 ' ~  
t h i s  s e a  a r e a  forms a deep channel 300 km i n  l e n g t h  and 30-50 km i n  width,  
w i th  a minimum depth  of 80 m and a maximum of > 275 m a t  Beauforts  Dyke i n  
t h e  North Channel (F igure  1).  The deep t rough  of t h e  western I r i s h  Sea i s  
open-ended, connected t o  t h e  C e l t i c  Sea v i a  S t  George's Channel i n  t h e  
South and t h e  Malin Shelf v i a  t h e  North Channel i n  t h e  nor th ;  i t  r ece ives  
A t l a n t i c  water  i n f luences  and i n p u t s  through both en t rances .  To t h e  e a s t ,  
t h e  deep channel i s  f r i nged  by two r e l a t i v e l y  shal low embayments of depth 
< 50 m - Cardigan Bay i n  t h e  south  and t h e  E a s t e r n  I r i s h  Sea i n  t h e  north.  
The width of t h e  I r i s h  Sea v a r i e s  between 75 and 200 km but  decreases  t o  
30 km i n  t h e  North Channel. The t o t a l  volume of t h e  I r i s h  Sea, t hus  
de f ined ,  i s  2 430 km3 equ iva l en t  t o  only 6% of t h e  volume of t h e  North 
Sea; 80% of t h i s  volume l i e s  west of t h e  I s l e  of Man. 

1.2 I n p u t s  and ou tpu t s  

'Oceanic '  in f low t o  t h e  I r i s h  Sea v i a  S t  George's Channel i s  v a r i a b l e  
i n  t ime; our  f i r s t  e s t ima te  of t h i s  i s  due t o  Bowden (1950) who deduced a 
n e t  northward t r a n s p o r t  of 2.2 km3 d-l from t h e  s a l i n i t y  d i s t r i b u t i o n  i n  
t h e  wes te rn  I r i s h  Sea (F igure  2) .  

We have a wider range of e s t i m a t e s  oE ne t  outf low v i a  t h e  North 
Channel. Based on Bowden and Hughes' 1961 s tudy ,  telephone-cable e s t i -  
mates f o r  t h e  per iod  1970-81 sugges t  t h a t  t h e  n e t  flow through t h e  North 
Channel was a s  o f t e n  inward a s  outward. More modern e s t i m a t e s  a r e  based 
on ana lyses  of CS d i s t r i b u t i o n s  and t h e i r  changes wi th  time. J e f f e r i e s ,  
S t e e l e  and P re s ton  (1982) deduce a ne t  northward f l u x  of 2.7 km3 d-l from 
November, 1974-January  1976 b u t  r i s i n g  t h e r e a f t e r  3 - f o l d  t o  t h e  - 8 km3 d-l i n  1977-78, which i s  s i m i l a r  t o  t h e  7.8 km3 d-l suggested by 
McKay and Baxter  (1985) f o r  t h e  per iod  1978-81. 

While t he se  CS-based e s t i m a t e s  and t h e  broadsca le  d i s t r i b u t i o n  of CS 
t o  t h e  west of t h e  B r i t i s h  Isles g ive  confidence t h a t  t h e  long-term ne t  
t r a n s p o r t  through t h e  North Channel i s  unambiguously 'outward' ,  they  can- 
no t  provide in format ion  on t h e  s e p a r a t e  outward and inward components of 



f low which e x i s t  s i d e  by s i d e  w i t h i n  t h e  North Channel. C r a i g  (1959) 
s u g g e s t s  5  km3 d-l outward compared w i t h  0.5 km3 d-l inward a l o n g  t h e  
I r i s h  c o a s t ,  bu t  t h e  f i r s t  a c t u a l  measurements were t h o s e  by MAFF i n  
1984-85. The s u c c e s s i v e  11- and 6-mooring deployments o v e r  45 days  i n  
March-June 1985 ( F i g u r e  3 )  p rov ided  f i g u r e s  of ' o u t '  = 10.3 km3 d- l ;  ' i n '  
= 3.0 km3 d - l ;  ' n e t  outward'  = 7.3 km3 d-l .  While t h e s e  a r e  i n  good 
agreement w i t h  t h e  CS-based e s t i m a t e s  quoted above,  i t  must be s t r e s s e d  
t h a t  t h e s e  are r e l a t i v e l y  s h o r t - t e r m  measurements and t h a t  a  99-day 
s ingle-mooring deployment i n  July-November 1984 showed a  predominant ly  
southward f l o w  th rough  t h e  deep Beaufor t  Dyke i n  t h e  e a s t - c e n t r a l  p a r t  of 
t h e  Channel s u g g e s t i n g  a  l a rge-ampl i tude ,  s h o r t - t e r m  v a r i a b i l i t y  i n  
a d d i t i o n  t o  t h e  long-term i n t e r - a n n u a l  v a r i a b i l i t y  d e s c r i b e d  above. 

I n  t h e  absence of s u f f i c i . e n t  long-term measurements, i t  i s  t e n t a -  
t i v e l y  concluded t h a t  t h e  n e t  t r a n s p o r t  th rough  t h e  North Channel i s  of 
t h e  o r d e r  of 2-8 km3 d-l i n  t h e  long-term mean bu t  t h a t  much of t h e  
th roughput  may occur  i n  s h o r t - p e r i o d i c  b u r s t s  of o u t f l o w  peaking 
e s p e c i a l l y  d u r i n g  w i n t e r ;  i . e .  a  v a r i a b l e  o u t f l o w  th rough  t h e  deep e a s t  
s i d e  of t h e  Channel i s  p a r t i a l l y  ba lanced  by a  more s t e a d y  and 
d i r e c t i o n a l l y  v e r y  s t a b l e  ( b u t  l e s s e r )  i n f l o w  a l o n g  t h e  I r i s h  Coast .  

I n  t h e  mode l l ing  of r e s i d e n c e  t i m e  t o  be d e s c r i b e d  below t h e  v a l u e s  
f o r  t h e  northward w a t e r  f l u x  th rough  t h e  I r i s h  Sea a r e  assumed t o  be 3.0 
km3 d- l  pre-1976 and 6.6 km3 d-l post-1976. 

For  a n  e s t i m a t e  of c o a s t a l  f r e s h w a t e r  i n p u t ,  Bowden (1955) s u g g e s t s  a 
t o t a l  r i v e r  d i s c h a r g e  of 6.2 km3 yr-l and 24.9 km3 yr-l a l o n g  t h e  w e s t e r n  
aud e a s t e r n  margins of t h e  I r i s h  Sea r e s p e c t i v e l y ,  coupled w i t h  a  d i r e c t  
a d d i t i o n  ( p r e c i p i t a t i o n  minus e v a p o r a t i o n )  of 10.6 km3 yr-l t o  g i v e  a  n e t  
f r e s h w a t e r  i n p u t  of 41.7 km3 yr-l. S i n c e  t h e  main r i v e r  d i s c h a r g e s  a r e  
grouped a l o n g  t h e  E n g l i s h  c o a s t  (Dee, Mersey, R i b b l e  and Solway F i r t h )  t h e  
l o w e s t  s a l i n i t i e s  (- 32-32.5'100) a r e  found a l o n g  t h e  e a s t e r n  I r i s h  Sea 
( F i g u r e  2 ) .  More r e c e n t  v a l u e s  of a n n u a l  d i s c h a r g e  f o r  t h e  main r i v e r  
i n p u t s  a r e  p rov ided  i n  ICES Coopera t ive  Research Report  No. 77 (Anon., 
1978) f o r  e a c h  s e c t o r  of t h e  I r i s h  Sea c o a s t l i n e  and a r e  a n n o t a t e d  i n  
F i g u r e  2.  These more r e c e n t  e s t i m a t e s  a r e  i n  broad agreement w i t h  
Bowden's (1955)  f i g u r e s  bu t  s u g g e s t  a  s m a l l e r  r e l a t i v e  i n f l u x  a l o n g  t h e  
E n g l i s h  and Welsh c o a s t s  and a  l a r g e r  r e l a t i v e  i n f l u x  a l o n g  t h e  I r i s h  
c o a s t .  A s  a  r e s u l t ,  t h e  r a t i o  of E n g l i s h  and Welsh t o  I r i s h  i n p u t s  f a l l s  
from 4 : l  (Bowden) t o  2 : l .   b able 12 c o n t a i n s  t h e  most r e c e n t  d i s c h a r g e  
f i g u r e s  a v a i l a b l e  bu t  f o r  on ly  a  p a r t  of t h e  c o a s t l i n e  (England and 
Wales).  While t h e s e  f i g u r e s  d i f f e r  i n  d e t a i l  from t h o s e  l i s t e d  i n  t h e  
ICES r e p o r t ,  t h e  t o t a l  England and Wales d i s c h a r g e  d i f f e r s  by o n l y  abou t  
2% from t h a t  quo ted  by ICES, (Anon., 1978) s o  t h a t  t h e  above s t a t e m e n t  
remains  v a l i d ] .  

No c o n s i s t e n t  r e p r e s e n t a t i o n  of s u r f i c i a l  sediment- type i s  y e t  a v a i l -  
a b l e  f o r  t h e  whole a r e a  covered by t h i s  s t u d y .  However t h e  I n s t i t u t e  of 
G e o l o g i c a l  S c i e n c e s  ( I G S ) ,  C o n t i n e n t a l  S h e l f  D i v i s i o n ,  K e y w o r t h ,  
Nott ingham have k i n d l y  provided p u b l i s h e d  maps f o r  t h r e e  a r e a s  of t h e  
I r i s h  Sea ,  a n  unpubl i shed  d r a f t  of a  f o u r t h  a r e a  and t h e  raw survey  d a t a  
f o r  t h e  f i f t h .  I n  F i g u r e  4 ,  t h i s  d e t a i l e d  i n f o r m a t i o n  has  been s i m p l i f i e d  
i n t o  6  b r o a d e r  c a t e g o r i e s  of sediment-type t o  p r o v i d e  a  p r e l i m i n a r y  
d e s c r i p t i o n  of t h e  whole a r e a  under  review. These c a t e g o r i e s  comprise  t h e  
t h r e e  end-members mud, sand ,  and g r a v e l  p l u s  'muddy' (SM, ( g ) ~ ,  (g)sM and 



gM) ' sandy '  (mS, gS ( g ) S ,  (g)mS and gmS) and ' g r a v e l l y '  (mG, m s G  and sG) 
sediment  types .  

Broad ly  s p e a k i n g ,  t h e  g r a v e l l y  sed iments  ex tend  from a  widespread 
d i s t r i b u t i o n  i n  S t  George 's  Channel nor thwards  th rough  t h e  c e n t r a l  I r i s h  
Sea  and t a p e r i n g  o u t  i q  t h e  North  Channel. Sandy sed iments  f l a n k  t h e  
g r a v e l s  t o  e a s t  and w e s t ,  w i t h  t h e  e x c e p t i o n  of two main a r e a s  of muddy 
sed iments  which ex tend  s o u t h  wes t  of t h e  I s l e  of Man and s o u t h  from S t  
Bees Head and which r e f l e c t  bo th  t h e  weakness of t i d a l  c u r r e n t s  i n  t h e s e  
a r e a s  ( F i g u r e  5 )  and ( i n  p a r t )  t h e  a v a i l a b i l i t y  of s u i t a b l e  source -  
m a t e r i a l  ( g l a c i a l  c l a y s ) .  A t h i r d  a r e a  of muddy sed iments  i n  L i v e r p o o l  
Bay, n o t  i n c l u d e d  i n  t h e  IGS c h a r t s  b u t  i d e n t i f i e d  by MAFF s u r v e y  d a t a ,  i s  
of much s m a l l e r  e x t e n t  b u t  g r e a t  importance  t o  t h e  f a t e  of m e t a l s  a r i s i n g  
from t h e  dumping of sewage s l u d g e  and d r e d g e  s p o i l  i n  t h a t  a r e a .  

The p r i n c i p a l  sand t r a n s p o r t  p a t h s  a r e  i l l u s t r a t e d  i n  F i g u r e  6 ( f rom 
S t r i d e ,  1973).  From bed l o a d  p a r t i n g s  i n  t h e  North  Channel and i n  S t  
George ' s  Channel west  of t h e  L leyn  P e n i n s u l a r ,  sed iments  t r a n s p o r t e d  i n t o  
t h e  I r i s h  Sea  and t h e n  eas tward  toward L i v e r p o o l  Bay and t h e  Solway a r e  i n  
good agreement w i t h  P i n g r e e  and G r i f f i t h s '  (1979)  d e s c r i p t i o n  of t h e  d i s -  
t r i b u t i o n  of mean bottom s t r e s s  due  t o  M2 and M4 t i d a l  c u r r e n t s .  P a r t i -  
c l e s  f i n e  enough t o  be brought  i n t o  s u s p e n s i o n  w i l l  be t r a n s p o r t e d  a s  sus -  
pended sediment  i n  t h e  watercolumn r a t h e r  t h a n  a s  bedload.  A d e s c r i p t i o n  
of t h e  mean r e s i d u a l  c u r r e n t  p a t h s  i n  t h e  upper  and lower  w a t e r  column i s  
prov ided  i n  S e c t i o n  3 .  

Apar t  from t h e  dumping of d redge  s p o i l ,  (whose ~ f f e c t s  a r e  d e s c r i b e d  
i n  S e c t i o n  B of t h i s  r e p o r t )  t h e  p r imary  a n t h r o p o g e n i c  e f f e c t  on sed iment  
i s  t h a t  of mar ine  a g g r e g a t e  e x t r a c t i o n ,  b u t  i n  t h e  I r i s h  Sea t h i s  a c t i v i t y  
i s  c o n f i n e d  t o  t h e  L i v e r p o o l  Bay a r e a ,  t a k e s  p l a c e  on a  r e l a t i v e l y  s m a l l  
s c a l e  and i s  d e c l i n i n g :  

Year  ICES Areas A5 and A6 
Aggregate  e x t r a c t i o n  ( t o n n e s )  

Over t h e  y e a r s  t h e s e  l i m i t e d  o p e r a t i o n s  a p p e a r  t o  have caused 
r e l a t i v e l y  l i t t l e  i n t e r f e r e n c e  w i t h  f i s h e r y  o r  env i ronmenta l  i n t e r e s t s .  

Of p o s s i b l e  f u t u r e  s i g n i f i c a n c e  t o  a g g r e g a t e  e x t r a c t i o n  i n  t h e  
e a s t e r n  I r i s h  Sea i s  t h e  proposed c o n s t r u c t i o n  of t h e  Conwy Tunnel.  
P r o s p e c t i n g  h a s  been c a r r i e d  o u t  and s u i t a b l e  m a t e r i a l  i d e n t i f i e d  i n  t h e  
Conwy Bay a r e a ,  b u t  no e x t r a c t i o n  l i c e n s e  h a s  y e t  been a p p l i e d  f o r  o r  
i s s u e d .  

2. Dynamics 

T h r e e  pr imary f o r c e s  a r e  r e s p o n s i b l e  f o r  t h e  movement oE w a t e r  w i t h i n  
t h i s  s e a  a r e a ,  t h e  t i d e s ,  t h e  wea the r  and w a t e r  d e n s i t y  d i f f e r e n c e s  
(Bowden, 1980). I n  t h e  I r i s h  Sea ,  t i d a l  movement w i t h  p e r i o d s  of a  few 
h o u r s  t o  one day ,  i s  t h e  most e n e r g e t i c .  However, t h e  a m p l i t u d e  of t h e  
t i d a l  c u r r e n t  h a s  a  l a r g e  s p a t i a l  v a r i a t i o n  ( F i g u r e  5 )  which d e t e r m i n e s  
many of t h e  p r o c e s s e s  and d i s t r i b u t i o n s  w i t h i n  t h e  s e a  (mixing,  f r o n t s ,  
sed iment  t r a n s p o r t ,  s ed iment  d i s t r i b u t i o n ) .  Dynamical ly ,  t h e  wea the r  



causes  f o u r  main responses ,  l a r g e l y  through t h e  a c t i o n  of t h e  wind - 
s u r f a c e  waves, w i t h  pe r iods  from 3 t o  15 S ,  i n e r t i a l  c u r r e n t s ,  wi th  a 
pe r iod  of - 15 hours ,  s torm su rges ,  wi th  pe r iods  of 2 t o  10 days,  and 
r e s i d u a l  o r  long-period cu r r en t s .  The weakest response is  t o  water  den- 
s i t y  d i f f e r e n c e s  between t h e  s a l i n e  oceanic  in f lows  and f r e shwa te r  i npu t  
by r i v e r  d i scharge .  Although t h e  r e s u l t i n g  c u r r e n t s  a r e  weak t h e  d e n s i t y  
e f f e c t s  a r e  p e r s i s t e n t  and produce a major c o n t r i b u t i o n  t o  t h e  r e s i d u a l  
e s p e c i a l l y  i n  t h e  e a s t e r n  I r i s h  Sea (see S e c t i o n  3 ) .  

2.1 Tides  

The t i d e  propagates  i n t o  t h e  I r i s h  Sea from t h e  A t l a n t i c  Ocean 
through t h e  S t  George's and North Channels (Robinson, 1979). The two 
branches meet t o  form a s t and ing  wave t o  t h e  sou th  west of t h e  I s l e  of Man 
which is, t h e r e f o r e ,  an  a r e a  of very weak t i d a l  c u r r e n t s  (<  25 cm S-l; 
F igure  5). A s  e lsewhere i n  s e a s  around t h e  B r i t i s h  Isles, t h e  twice-dai ly  
t i d e  is t h e  dominant t i d a l  component. This  has  an  amphidrome j u s t  o u t s i d e  
t h e  North Channel between I s l a y  and t h e  Mull of K in ty re  and a degenera te  
amphidrome near  Courtown on t h e  I r i s h  s i d e  of S t  George's Channel. The 
occur rence  of t h e  degenera te  amphidrome imp l i e s  t h a t  t h e  ma jo r i t y  of t h e  
t i d a l  energy f l u x  i n t o  t h e  I r i s h  Sea i s  through t h e  S t  George's Channel. 
Th i s  is  l a r g e l y  d i s s i p a t e d  i n  t h e  S t  George's Channel, o f f  Anglesey and 
o f f  t h e  Mull of Galloway. I n  a l l  t h r e e  a r e a s  t i d a l  c u r r e n t s  a r e  s t r o n g  - 
t h e  mean s p r i n g  ampli tude exceeds 120 c m  S-l, compared wi th  l e s s  than  40 
cm S-l t o  t h e  sou th  w e s t  of t h e  Is le  of Man. A r e f l e c t i o n  of t h e  presence 
of t h e  degenera te  amphidrome is t h a t  t h e  t i d a l  range is  less on t h e  I r i s h  
s i d e  (Sager ,  1963; F igure  7 ) ;  t h e  maximum range occurs  on t h e  Lancash i re  
and Cumbrian c o a s t s  where t h e  mean s p r i n g  range i s  8 m. The d a i l y  t i d e s  
a r e  sma l l  by comparison, c u r r e n t  ampli tudes a r e  less than  10 cm S-' every- 
where, aga in  wi th  a minimum sou th  w e s t  of t h e  I s l e  of Man. Higher f re- 
quency t i d e s  a r e  genera ted  i n  sha l low water  and where t h e r e  a r e  sudden 
changes i n  bathymetry/topography. The l a r g e s t  component is  t h e  four- 
t imes-dai ly  which has  mean s p r i n g  c u r r e n t  ampli tudes up t o  15 cm s-' t o  
t h e  e a s t  of t h e  Isle of Man, but l o c a l l y  t h e s e  h igh  frequency c u r r e n t s  can 
be enhanced near  headlands,  i s l a n d s  and e s t u a r i e s .  

2.2 I n t e r n a l / i n e r t i a l  motion and s t r a t i f i c a t i o n  

For  i n t e r n a l  motion t o  e x i s t ,  some degree  of v e r t i c a l  d e n s i t y  s t r u c -  
t u r e  is necessary. Then energy can occur  i n  t h e  per iod  range from t h e  
l o c a l  i n e r t i a l  per iod  ( 1 5  h)  t o  a few minutes depending on t h e  d e n s i t y  
s t r u c t u r e .  Thus, though t h e  degree of s t r a t i f i c a t i o n  i s  r e l e v a n t  t o  many 
a s p e c t s  of t h e  p re sen t  s t udy ,  i t  is desc r ibed  he re  where w e  encounter  i t s  
re levance  f o r  t h e  f i r s t  t i m e .  

Densi ty  s t r u c t u r e  is caused e i t h e r  by summer h e a t i n g  a t  t h e  s e a  sur -  
f a c e  o r  by t h e  i npu t  of f r e s h  water  from r i v e r s  i n  w in t e r  and spr ing .  I n  
most a r e a s  of t h e  I r i s h  Sea, t i d e s  a r e  s u f f i c i e n t l y  e n e r g e t i c  t o  mix i n  
t h e  d e n s i t y  d e f i c i t  and c r e a t e  a v e r t i c a l l y  homogeneous water  column 
throughout t h e  year .  The main except ion  i s  t h e  a r e a  sou th  w e s t  of t h e  
I s l e  of man where increased  water  depth and weak t i d a l  s t reaming  prevent  
t h e  gene ra t i on  of s u f f i c i e n t  t u r b u l e n t  energy t o  main ta in  v e r t i c a l  mixing 
a g a i n s t  t h e  s u r f a c e  buoyancy f l u x  i n  summer and a s ea sona l  thermocl ine is  
e s t a b l i s h e d  t o  a depth of 20-30 m between Apr i l  and October. The horizon- 
t a l  t t a n s i t i o n  between s t r a t i f  i e d  and mixed water  occurs  over  a f r o n t a l  
zone some 5-10 km wide, t h e  l o c a t i o n  of which conforms we l l  t o  t h e  



h c r i t i c a l  va lue  of t h e  parameter s = loglO 3, where h is  t h e  mean water  
C ~ u  

depth  and U is  t h e  t i d a l  s t ream ampli tude (P ing ree  and G r i f f i t h s ,  1978; 
F igu re  8) .  A f r o n t a l  system a l s o  e x i s t s  i n  t h e  sha l low Cardigan Bay a r e a  
i n  summer but  i s  h igh ly  s u s c e p t i b l e  t o  d e s t r u c t i o n  by wind mixing. 

The e a s t e r n  I r i s h  Sea forms t h e  second main r eg ion  of s i g n i f i c a n t  
s t r a t i f i c a t i o n .  I n  t h i s  c a s e  t h e  h a l i n e  c o n t r i b u t i o n  is  t h e  more impor- 
t a n t ,  s o  t h a t  t h e  s t r a t i f i c a t i o n  i s  most marked i n  w in t e r  and s p r i n g ,  
e s p e c i a l l y  nea r  t h e  main r i v e r s  e n t e r i n g  a long  t h e  Lancash i re  and Cumbrian 
coas t s .  Thermal s t r a t i f i c a t i o n  may a l s o  develop i n  Liverpool  Bay i n  sum- 
m e r  bu t  t h e  l o c a t i o n  of t h e  thermohaline f r o n t  is  not  w e l l  p r ed i c t ed  by 

h t h e  3 c r i t e r i o n .  The f r o n t a l  p o s i t i o n  i s  g r e a t l y  a f f e c t e d  by t h e  l o c a l  . . 
U 

winds t r e s s  but  i s  always confined t o  a r eg ion  e a s t  of 4 " ~  (Fos t e r  e t  a l . ,  
1985). 

I n  t h e  main s t r a t i f i e d  pa t ch  sou th  w e s t  of t h e  Isle of Man i n  summer, 
both i n e r t i a l  c u r r e n t s  and i n t e r n a l  motion have been observed, I n  t h e s e  
measurements t h e  i n e r t i a l  c u r r e n t s  ( r o t a r y  c u r r e n t s  with i n e r t i a l  pe r iod )  
had near-surface speeds up t o  20 cm S-l. The i n t e r n a l  motion was a t  t h e  
semi-diurnal  and qua r t e r -d iu rna l  t i d a l  f r equenc i e s  and was mani fes t  by 
v e r t i c a l  movement of t h e  thermocl ine (Sherwin, 1983). I n t e r e s t  a r i s e s  
concerning t h e  source  of t h e  i n t e r n a l  motion, which must be l o c a l  s i n c e  
t h e  r eg ion  i s  surrounded by v e r t i c a l l y  well-mixed water ,  

2.3 Sur face  waves 

Su r f ace  waves depend on t h e  d u r a t i o n  and f e t c h  of t h e  wind, S ince  
t h e  I r i s h  Sea is  s h e l t e r e d  w i th  on ly  two r e l a t i v e l y  narrow 'windows', 
a long  t h e  axes of t h e  S t  George's and North Channels,  t h e  ma jo r i t y  of 
waves a r e  l o c a l l y  genera ted ,  of f a i r l y  s h o r t  pe r iod  and hence s t e e p ,  The 
maximum 50-year r e t u r n  va lue  of t h e  mean zero-up-crossing per iod  v a r i e s  
between about  10 s w i t h i n  t h e  I r i s h  Sea t o  about  15 s a t  i ts  o u t e r  
en t r ances .  S i m i l a r l y ,  t h e  50-year r e t u r n  va lue  of t h e  s i g n i f i c a n t  wave 
h e i g h t  v a r i e s  between about 8 m w i t h i n  t h e  I r i s h  Sea t o  about 12 m a t  i t s  
o u t e r  en t r ances ,  The e f f e c t  of waves on o t h e r  processes  w i l l  be s i g n i f i -  
c an t  du r ing  s torms and e s p e c i a l l y  on sediment movement, i n  t h e  shal low 
a r e a s  of t h e  e a s t e r n  I r i s h  Sea. 

2.4 Surges 

Surges a r e  caused by s torms,  both through t h e  a c t i o n  of wind stress 
a t  t h e  s e a  s u r f a c e  p i l i n g  up water  a t  a c o a s t  and through t h e  i n v e r s e  
barometer e f f e c t  a s s o c i a t e d  w i th  atmospheric  p re s su re  v a r i a t i o n s .  Once 
genera ted ,  s torm su rges  propagate  l i k e  t i d a l  waves. Hence, I r i s h  Sea 
su rges  have an  e x t e r n a l  component, p ropaga t ing  v i a  t h e  S t  George's and 
North Channels,  and a l o c a l l y  genera ted  component, each of comparable 
s i g n i f i c a n c e  (Heaps and Jones ,  1979). Surges and t i d e s  can i n t e r a c t  lead- 
i n g  t o  o s c i l l a t i o n s  wi th  a twice-dai ly  f requency i n  t h e  t i d a l  r e s i d u a l s .  
I n  t h e  I r i s h  Sea t h i s  i n t e r a c t i o n  appears  t o  be a s s o c i a t e d  w i th  t h e  
s u r g e ' s  e x t e r n a l  component. The l a r g e s t  su rges  a r e  g e n e r a l l y  a s s o c i a t e d  
w i t h  s torms t r a c k i n g  eastward between Inverness  and Shet lands.  Maximum 
su rge  l e v e l s  of about  2 m a r e  p red i c t ed  t o  be on t h e  Lancash i re  and 
Cumbrian c o a s t ,  wi th  su rge  l e v e l s  between 1.25 m and 0.75 m p r ed i c t ed  on 
t h e  I r i s h  coas t  and a c r o s s  t h e  S t  George's Channel ( F l a t h e r ,  i n  press ) .  
S ince  t h e  I r i s h  Sea i s  semi-enclosed t h e  a s s o c i a t e d  c u r r e n t s  a r e  weak, 



a r i s i n g  b o t h  d i r e c t l y  from t h e  wind d r a g  a t  t h e  s e a - s u r f a c e  and a l s o  
r e l a t e d  t o  t h e  s e a - s u r f a c e  g r a d i e n t s .  The fo rmer  a r e  l i m i t e d  t o  a  s u r f a c e  
l a y e r  of t h e  o r d e r  of 10 m t h i c k ,  w i t h  a  maximum speed a t  t h e  s u r f a c e  of 
abou t  3% of t h e  wind speed.  The l a t t e r  a r e  p r e d i c t e d  t o  have a  maximum 
depth-mean c u r r e n t  away from t h e  c o a s t  of 50 cm S-' ( F l a t h e r ,  i n  p r e s s ) .  
T h e i r  d i r e c t i o n  i s  l a r g e l y  de te rmined  by topography n o t  by wind. I n  t h e  
e a s t e r n  I r i s h  Sea t h e  p r e v a i l i n g  s to rms  g e n e r a t e  a n  a n t i - c l o c k w i s e  
movement of w a t e r ,  i n  o p p o s i t i o n  t o  t h e  l o n g e r  p e r i o d  movement. T r a n s p o r t  
th rough  t h e  North  Channel i s  a t  l e a s t  p a r t l y  c o r r e l a t e d  w i t h  t h e  component 
of t h e  wind blowing a l o n g  t h e  c h a n n e l ' s  a x i s  w h i l s t  s e a  l e v e l  v a r i a t i o n s  
t h e r e  a r e  c o r r e l a t e d  w i t h  t h e  wind blowing p e r p e n d i c u l a r  t o  t h i s ,  p a r a l l e l  
t o  t h e  S c o t t i s h  and I r i s h  wes t  c o a s t s .  

3. Residual circulation 

The t ime-averaged c i r c u l a t i o n  of t h e  I r i s h  Sea i s  r e l a t i v e l y  weak and 
w i t h  no p a r t i c u l a r l y  c o h e r e n t  d i r e c t i o n a l i t y  o v e r  l a r g e  a r e a s .  I t  i s  
d r i v e n  by 4 main f o r c e s ;  m e t e o r o l o g i c a l  (wind s t r e s s  and a tmospher ic  p res -  
s u r e  g r a d i e n t s ) ,  s p a t i a l  v a r i a t i o n s  i n  sea-water  d e n s i t y ,  o c e a n i c  o r  f a r  
f i e l d  ( t r a n s m i t t e d  by a  p r e s s u r e  g r a d i e n t ) ,  and non- l inea r  t i d a l  (Howarth, 
1984).  S i n c e  e a c h  of t h e s e  f o r c e s  may v a r y  i t  i s  no t  s u r p r i s i n g  t h a t  t h e  
i n t e r n a l  c i r c u l a t i o n  of t h e  I r i s h  Sea  w i l l  a l s o  v a r y  a c c o r d i n g  t o  which 
f o r c e  is  dominant ,  and t h i s  h a s  i n  t h e  p a s t  s u p p o r t e d  some c o n t r o v e r s y  a s  
t o  t h e  n a t u r e  of t h e  mean c i r c u l a t i o n .  

Numerical  models (e .g .  Heaps and J o n e s ,  1977; Heaps,  1979; P r o c t o r ,  
1981) a r e  t h e r e f o r e  n e c e s s a r y  t o  r e s o l v e  t h e  impor tance  of t h e  d i f f e r e n t  
d ~ i v i n g  f o r c e s .  The models show t h a t  t h e  f lows  th rough  t h e  I r i s h  Sea  
caused by 3 of t h e  d r i v i n g  f o r c e s  ( n o n - l i n e a r  t i d e ,  d e n s i t y  and mean wind- 
s t r e s s )  a r e  e a c h  nor thward ,  of s i m i l a r  magni tude and each  abou t  t h e  s i z e  
of t h e  t o t a l  obse rved  flow. Regarding t h e  f o u r t h  d r i v i n g  f o r c e  ( e l e v a t i o n  
g r a d i e n t ) ,  t h e  models show t h a t  east-west g r a d i e n t s  a r e  n o t  a s s o c i a t e d  
w i t h  f l o w s  th rough  t h e  I r i s h  Sea ,  i n  c o n t r a s t  t o  nor th - sou th  g r a d i . e n t s  
where even a  s m a l l  g r a d i e n t  w i l l  p roduce a l a r g e  flow. 

I n  t h e  t e n t a t i v e  scheme of s u r f a c e  and bottom c u r r e n t s  p r e s e n t e d  h e r e  
( F i g u r e  9 )  t h e  ti-me-averaged f low t h r o u g h  t h e  w e s t e r n  I r i s h  Sea i s  des- 
c r i b e d  a s  p r i n c i p a l l y  nor th -go ing ,  i n  agreement b o t h  w i t h  t h e  above model 
r e s u l t s  and w i t h  d i r e c t  c u r r e n t  measurements and r a d i o a c t i v e  t r a c e r s  
d i s t r i b u t i o n s  which conf i rm a  n e t  'outward '  t r a n s p o r t  th rough  t h e  North  
Channel. 

I n  F i g u r e  9 ,  a  south-going r e s i d u a l  i s  shown a l o n g  t h e  I r i s h  c o a s t .  
We know from measurements i n  t h e  w e s t e r n  s i d e  of  t h e  North  Channel t h a t  
t h i s  s o u t h e r l y  c o a s t a l  f l o w  i s  e x t r e m e l y  p e r s i s t e n t  (e.g.  F i g u r e  10) b u t  
i t  i s  n o t  known how f a r  t h i s  c u r r e n t  p e n e t r a t e s  i n t o  t h e  I r i s h  Sea b e f o r e  
t u r n i n g  t o  j o i n  t h e  main nor thwards  f low. A narrow southward-flowing j e t  
i s  e x p e c t e d ,  on dynamical  g rounds ,  t o  r u n  a l o n g  t h e  w e s t e r n  I r i s h  Sea 
f r o n t ,  b u t  a t t e m p t s  t o  conf i rm t h i s  f e a t u r e  from o b s e r v a t i o n s  have s o  f a r  
f a i l e d .  

I n  F i g u r e  9 ,  t h e  e a s t e r n  I r i s h  Sea  i s  shown t o  be c h a r a c t e r i s e d  by a  
southward d r i f t  o f f  S t  Bees Head and a  two-layer  c i r c u l a t i o n  i n  L i v e r p o o l  
Bay. Our e v i d e n c e  f o r  t h e s e  f e a t u r e s  i s  a s  f o l l o w s :  

The f i r s t  of t h e s e  f lows  i s  c h a r a c t e r i s t i c a l l y  s u g g e s t e d  i n  maps of 
caes ium d i s t r i b u t i o n  from S e l l a f i e l d  (e.g.  F i g u r e  11, f o r  May 1978) ,  and 
long-term c u r r e n t  measurements by MAFF o f f  S e l l a f  i e l d  conf i rm i t s  



p e r s i s t e n c e  ( F i g u r e  12) .  I n  Howarth 's  (1984)  rev iew of model exper iments ,  
t h i s  south-going f l o w  a l o n g  t h e  Cumbrian c o a s t  i s  sugges ted  t o  be d e r i v e d  
from non- l inear  t i d a l  f o r c i n g .  

The c i r c u l a t i o n  of t h e  g r e a t e r  L i v e r p o o l  Bay a r e a  i s  complex, v a r i -  
a b l e  and depth-dependent and h a s  l o n g  been t h e  s u b j e c t  of con t roversy .  
E s s e n t i a l l y  Will iamson (1952) d e s c r i b e d  a  c lockwise  mean g y r e  i n  t h e  su r -  
f a c e  l a y e r s  of t h i s  a r e a  based on p l a n k t o n  d i s t r i b u t i o n s  w h i l e  Ramster and 
H i l l  (1969)  sugges ted  a n  a n t i c l o c k w i s e  c i r c u l a t i o n  based on d i r e c t  c u r r e n t  
measurements. These c o n f l i c t i n g  t h e o r i e s  were l a t e r  r e s o l v e d  by t h e  model 
exper iments  of Heaps and Jones  (1977) which showed t h a t  a  weak b u t  p e r s i s -  
t e n t ,  c lockwise  c i r c u l a t i o n  i s  s e t  up by d e n s i t y  f o r c i n g  whereas t h e  a n t i -  
c lockwise  c i r c u l a t i o n  t e n d s  t o  be f o r c e d  through t h e  normal sequence of 
wind changes accompanying t h e  passage  of d e p r e s s i o n s .  Accordingly ,  t h e  
c lockwise  f low is  found d u r i n g  p e r i o d s  of l i g h t  winds ,  bu t  a t  windspeeds > 
5-10 m S-' t h e  wind-induced a n t i c l o c k w i s e  c i r c u l a t i o n  t e n d s  t o  dominate. 
The s i t u a t i o n  i s  f u r t h e r  compl ica ted  by t h e  p resence  of a  two-layer 
e s t u a r i n e  f low-pa t te rn  i n  L i v e r p o o l  Bay. Most d i r e c t  c u r r e n t  measure- 
ments ,  t r a c e r  s t u d i e s  and computat ions  based on  hydrograph ic  d a t a  show 
t h a t  bottom c u r r e n t s  f low dependably towards t h e  c o a s t  whereas s u r f a c e  
c u r r e n t s  ( i f  l e s s  dependable  i n  t h e  p a t t e r n  of t h e i r  c i r c u l a t i o n )  t e n d  t o  
f low westwards away from t h e  c o a s t .  

Thus,  a l t h o u g h  t h e  c i r c u l a t i o n  p a t t e r n s  i l l u s t r a t e d  i n  F i g u r e  9  a r e  
i n t e n d e d  t o  r e p r e s e n t  merely t h e  a v e r a g e  tendency of a  ve ry  v a r i a b l e  c i r -  
c u l a t i o n ,  t h e s e  p a t t e r n s  do i n c l u d e  e lements  of p e r s i s t e n c e  and p r e d i c t -  
a b i l i t y .  The g r e a t e s t  'unknown' s t i l l  concerns  t h e  c o n t r o v e r s i a l  q u e s t i o n  
a s  t o  whether  t h e  main nor thwards  f low th rough  t h e  I r i s h  Sea p a s s e s  t o  t h e  
e a s t  o r  west  of t h e  I s l e  of Man. E a r l y  c o n c l u s i o n s  by B a s s e t t  (1910) 
s u g g e s t e d  t h a t  t h e  main f low passed  t o  t h e  e a s t ,  b u t  t h e  b a s i s  of h i s  
c o n c l u s i o n  ( t h e  d i s t r i b u t i o n  of i s o h a l i n e s )  i s  n o t  now regarded  a s  a  t r u e  
i n d i c a t o r  and such  measurements and s i m u l a t i o n s  a s  we now have s u g g e s t  
t h a t  t h e  main f low p a s s e s  t o  t h e  w e s t  of t h e  I s l e  of Man. 

4 .  Flushing time 

The l a r g e  v a r i a t i o n  i n  t h e  f low th rough  t h e  I r i s h  Sea w i t h  t h e  poss i -  
b i l i t y  of n e t  s o u t h e r l y  f low th rough  t h e  North  Channel l a s t i n g  f o r  p e r i o d s  
of months, makes t h e  e s t i m a t i o n  of r e s i d e n c e  t ime  u n r e l i a b l e .  The f a t e  of 
any shor t - t e rm r e l e a s e  of a  contaminant  i s  dependent  on a c t u a l  c i r c u l a t i o n  
c o n d i t i o n s  a t  t h e  t ime  of r e l e a s e  and f o r  a  few months t h e r e a f t e r .  I n  t h e  
E a s t e r n  I r i s h  Sea t h e  two-layer f low and dependence of t h e  s u r f a c e  cur-  
r e n t s  on v a r i a b l e  wind i n f l u e n c e  makes t h e  problem more d i f f i c u l t .  Never- 
t h e l e s s ,  t h e r e  is a  c o n s i d e r a b l e  amount of d a t a  a v a i l a b l e  on t h e  f l u s h i n g  
of t h e  caes ium e f f l u e n t  from S e l l a f i e l d .  Indeed ,  much of e v i d e n c e  f o r  t h e  
long-term r e s i d u a l  c i r c u l a t i o n  d e s c r i b e d  above o r i g i n a t e s  from t h i s  d a t a .  

A s i m p l e  box model h a s  been used by MAFF t o  s t u d y  t h e  d i s p e r s i o n  of 
caesium and t h e  f lows  between boxes were a d j u s t e d  t o  g i v e  t h e  b e s t  f i t  t o  
t h e  observed d i s t r i b u t i o n  of caesium. The arrangement  of t h e s e  boxes i s  
shown i n  F i g u r e  13 ,  t o g e t h e r  w i t h  t h e  n e t  f lows  between boxes which gave 
t h e  b e s t  f i t  t o  o b s e r v a t i o n s  f o r  t h e  y e a r s  up t o  September 1976. A f t e r  
t h i s  d a t e  a  g r e a t l y  i n c r e a s e d  f low was r e q u i r e d  t o  a c h i e v e  t h e  b e s t  f i t  t o  
t h e  d a t a ,  and t h i s  i s  a l s o  shown i n  t h e  f i g u r e .  Mixing between a d j a c e n t  
boxes h a s  been ignored  i n  t h e  e s t i m a t e s  of f l u s h i n g  t ime because  i t s  
e f f e c t i v e n e s s  a s  a  means of removing con taminan ts  depends on t h e  concen- 
t r a t i o n  g r a d i e n t s  of t h e  contaminant .  The i n c l u s i o n  of t h i s  mixing would 
n o t  g r e a t l y  reduce t h e  r e s i d e n c e  t imes  shown i n  t h e  f i g u r e .  



5 .  Anthropogenic e f f e c t s  

There  a r e  no e x i s t i n g  l a r g e - s c a l e  e f f e c t s  on t h e  p h y s i c a l  oceano- 
graphy which can be a t t r i b u t e d  t o  human a c t i v i t y .  Dredging a c t i v i t i e s  and 
t h e  c o n s t r u c t i o n  of p o r t s  may have produced l o c a l  changes i n  t h e  c i r c u l a -  
t i o n  b u t  g e n e r a l l y  t h e s e ,  works a r e  on a  s c a l e  t o o  s m a l l  t o  a f f e c t  t h e  
l a r g e - s c a l e  w a t e r  movements. 

I n  t h e  l a t e  1960s and e a r l y  1970s a  number of b a r r a g e  schemes were  
s t u d i e d .  F reshwate r  s t o r a g e  schemes were proposed f o r  t h e  Solway, 
Morecambe Bay and t h e  Dee and a  t i d a l  power g e n e r a t i o n  scheme f o r  t h e  
Mersey (Water Resources  Board,  1966a,  b ,  c ;  Jackson ,  1977; Marinetech 
N.W., 1983).  The l a r g e s t  schemes s t u d i e d  i n  t h e  Solway and Morecambe Bay 
cou ld  a b s t r a c t  7  X 108 m3 yr-l of f r e s h  w a t e r  e a c h ,  and s i n c e  t h i s  r epre -  
s e n t s  a  s i g n i f i c a n t  p r o p o r t i o n  of t h e  f r e s h  w a t e r  r u n  o f f  i n  t h e  a r e a  and 
would be e x p o r t e d  t o  t h e  i n d u s t r i a l  r e g i o n s  of s o u t h  L a n c a s h i r e ,  a  s m a l l  
b u t  d e t e c t a b l e  i n c r e a s e  i n  t h e  s a l i n i t y  of t h e  n o r t h - e a s t e r n  I r i s h  Sea 
might be e x p e c t e d ,  p o s s i b l y  w i t h  changes t o  t h e  d e n s i t y  f i e l d  and,  hence ,  
t o  t h e  d e n s i t y - d r i v e n  c i r c u l a t i o n .  

G e n e r a l l y ,  t h e  e f f e c t s  of b a r r a g e s  a r e  t o  reduce t i d a l  s t r e a m  v e l o c i -  
t i e s  i n  t h e  v i c i n i t y  and,  hence,  some s i l t i n g  of nearby harbours .  Changes 
i n  t i d a l  r ange  need t o  be a s s e s s e d  f o r  each  scheme by t h e  u s e  of e x t e n s i v e  
numer ica l  models. P r e d i c t i n g  e f f e c t s  u s i n g  models of t h e  l o c a l  a r e a  o n l y  
can produce e r r o n e o u s  r e s u l t s .  

I n  t h e  c a s e  of one scheme o u t s i d e  t h e  I r i s h  Sea (The Severn Bar rage) ,  
a  c o n s i d e r a b l e  mode l l ing  e f f o r t  showed t h a t  t h e  b a r r i e r  would a f f e c t  t i d a l  
r anges  n o t  o n l y  c l o s e  t o  i t  i n  t h e  B r i s t o l  Channel ,  b u t  a l s o  f u r t h e r  
a f i e l d  i n  t h e  I r i s h  Sea (Owen, 1979; Heaps, 1982).  

None of t h e  schemes mentioned above i s  proceed ing  a t  t h e  p r e s e n t  
t i m e ,  though t h e  Severn scheme i s  c u r r e n t l y  be ing  r e c o n s i d e r e d ,  and t h e  
f e a s i b i l i t y  of a  b a r r a g e  scheme a c r o s s  t h e  Mersey i t s e l f  i s  c u r r e n t l y  
b e i n g  examined. 
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1. Introduction 

Informat ion  on chemical q u a l i t y  of water ,  b i o t a  and sediments from 
t h e  I r i s h  Sea i s  l i m i t e d  i n  both q u a n t i t a t i v e  and geographica l  coverage 
terms. This  i s  s u r p r i s i n g  i n  view of i t s  semi-enclosed na tu re ,  t h e  number 
of marine i n s t i t u t e s  bordering i t  and t h e  p o l i t i c a l l y  s e n s i t i v e  na tu re  of 
some of t h e  a c t i v i t i e s  which in f luence  t h e  q u a l i t y  of t h e  I r i s h  Sea 
wa te r s ,  sediments and b i o t a .  Most d a t a  r e l a t e  t o  t h e  nor th-eas te rn  sec- 
t i o n  and t o  Liverpool  Bay i n  p a r t i c u l a r .  Some d a t a  e x i s t  Eor Cardigan Bay 
but  they  a r e  no t  r ecen t  and do not  cover  t h e  a r e a  i n  s u f f i c i e n t  d e t a i l  t o  
permit an  a c c u r a t e  assessment of t h e  p re sen t  s t a t e  of t h e s e  a r ea s .  Few 
d a t a  e x i s t  f o r  t h e  wes te rn  and sou the rn  s e c t o r s .  

An important  cons ide ra t i on  when i n t e r p r e t i n g  d a t a  on t h e  d i s t r i b u t i o n  
of chemical contaminants i n  t h e  I r i s h  Sea i s  t h e  occurrence of l a t e r a l  and 
v e r t i c a l  d e n s i t y  d i s c o n t i n u i t i e s .  The l a t t e r ,  e s p e c i a l l y ,  develop 



s e a s o n a l l y  and can p e r s i s t  th roughout  t h e  summer and autumn. These f r o n t s  
h i n d e r  t h e  o f f s h o r e  t r a n s p o r t  of con taminan ts  and permi t  enhanced concen- 
t r a t i o n s  t o  deve lop  on t h e  i n s h o r e  s i d e ,  ( F o s t e r ,  1984a; F o s t e r  e t  a l . ,  
1978, 1982) ;  such  e f f e c t s  a r e  p a r t i c u l a r l y  n o t i c e a b l e  on t h e  e a s t e r n  s i d e  
i n  t h e  L i v e r p o o l  Bay a r e a .  

2. Nutrients and dissolved oxygen 

Almost a l l  t h e  a v a i l a b l e  i n f o r m a t i o n  on d i s s o l v e d  oxygen (DO) l e v e l s  
i n d i c a t e  t h a t  t h e  a r e a  i s  w e l l  oxygenated.  G e n e r a l l y ,  when s u b s a t u r a t i o n  
l e v e l s  have been encounte red ,  t h e s e  have been a t t r i b u t e d  t o  breakdown of 
a l g a l  blooms. Only very  r a r e l y  have low l e v e l s  been encountered i n  
L i v e r p o o l  Bay c l o s e  t o  t h e  sewage s l u d g e  dumping ground, and whether  such  
o c c a s i o n a l  low l e v e l s  ar ise a s  a  consequence of dumping o r  a l g a l  blooms, 
o r  a  combinat ion of t h e  two, w i t h  t h e  former  c o n t r i b u t i n g  t o  t h e  occur- 
r e n c e  of t h e  l a t t e r ,  i s  no t  known. They have ,  however, o n l y  been recorded  
when t h e  w a t e r  column was s t r o n g l y  s t r a t i f i e d  and on o n l y  one o c c a s i o n  
were low DO v a l u e s  found i n  bottom w a t e r s  a t  t h e  dumping ground. 

To a s c e r t a i n  t h e  g e n e r a l  s t a t e  of n u t r i e n t  c o n c e n t r a t i o n s  i n  a  body 
of w a t e r  t h e  d a t a  used must r e f e r  t o  w i n t e r  v a l u e s  when pr imary produc- 
t i v i t y  i s  a t  a  minimum. Most of t h e s e  d a t a  a p p l y  o n l y  t o  t h e  n o r t h e r n  
I r i s h  Sea. However, d e s p i t e  be ing  c o l l e c t e d  o v e r  a  p e r i o d  of abou t  20 
y e a r s  t h e y  a r e  b road ly  i n  agreement.  

I r i s h  c o a s t a l  w a t e r s  a r e  r e l a t i v e l y  e n r i c h e d  i n  s i l i c o n  w h i l s t  
e a s t e r n  w a t e r s  a r e  e n r i c h e d  w i t h  a n t h r o p o g e n i c a l l y  d e r i v e d  n i t r o g e n  and 
phosphorus ( ~ o s t e r ,  1984b). I n  open w a t e r s ,  n i t r a t e - n i t r o g e n  concentra-  
t i o n s  a r e  r e l a t i v e l y  homogeneous a t  about  5 t o  7  pg a t  NO3 -N 1-l 
i n c r e a s i n g  t o  abou t  11 pg a t  N O 3  -N 1-I c l o s e  t o  l a n d ,  w i t h  even h i g h e r  
c o n c e n t r a t i o n s  of 29 t o  36 pg a t  NO3 -N 1-I i n  a r e a s  such  a s  L i v e r p o o l  Bay 
and t h e  mouth of t h e  Mersey Es tuary .  A s i m i l a r  p a t t e r n  i s  e x h i b i t e d  by 
phosphorus ,  0.96-1.29 pg a t  PO4 -P 1-l be ing  t h e  normal range  w i t h  concen- 
t r a t i o n s  of up t o  2.26 pg a t  PO4 -P 1-I be ing  recorded  i n  L i v e r p o o l  Bay 
and s o u t h  of S t  Bees Head ( B a l l s ,  i n  p r e s s ;  J o n e s  and F o l k a r d ,  1971; 
F o s t e r ,  1 9 8 4 ( a ) ( b ) ) .  The e l e v a t e d  l e v e l s  of b o t h  n i t r o g e n  and phosphorus 
n u t r i e n t s  found i n  L i v e r p o o l  Bay can be a t t r i b u t e d  t o  e s t u a r i n e  i n p u t s ,  
p a r t i c u l a r l y  t h o s e  from t h e  Mersey e s t u a r y ,  whereas t h e  e l e v a t e d  phosphate  
l e v e l s  o f f  S t  Bees Head a r e  a lmos t  c e r t a i n l y  t h e  r e s u l t  of d i s c h a r g e s  of 
phospha te  from a n  i n d u s t r i a l  d i s c h a r g e .  

G e n e r a l l y ,  good c o r r e l a t i o n s  a r e  o b t a i n e d  f o r  n u t r i e n t / s a l i n i t y  
p l o t s ,  a l t h o u g h  f o r  n i t r a t e  two d i s t i n c t  mixing c u r v e s  were a p p a r e n t  
( F o s t e r ,  1 9 8 4 ( a ) ( b ) ) .  Although w i n t e r  n i t r a t e  c o n c e n t r a t i o n s  can  be a s  
h i g h  a s  40 pg a t  NO3 -N 1-I i n  t h e  i n n e r  r e a c h e s  of B e l f a s t  Lough, l e v e l s  
i n  t h e  o u t e r  Lough a r e  u s u a l l y  c l o s e  t o  t h o s e  found i n  t h e  open I r i s h  
Sea. 

Somewhat wider  v a r i a t i o n s  are shown i n  s i l i c a t e  c o n c e n t r a t i o n s .  Away 
from f l u v i a l  i n p u t  t h e  d i s t r i b u t i o n  of s i l i c a t e  i s  f a i r l y  c o n s t a n t  a t  
5.3-7.4 pg a t  S i 0 2  -Si 1-l. C o n c e n t r a t i o n s  show very  marked e l e v a t i o n s  
c l o s e r  t o  r i v e r i n e  s o u r c e s  e.g. i n  t h e  Solway F i r t h  and Morecambe Bay ( u p  
t o  about  14 pg a t  S i 0 2  -Si 1-l ( J o n e s  and F o l k a r d ,  1971) )  and i n  L i v e r p o o l  
Bay (up t o  25 Pg a t  Si02 -Si 1-l ( F o s t e r ,  1 9 8 4 ( a ) ( b ) ) ) .  

I n  L i v e r p o o l  Bay, s e a s o n a l l y  averaged n u t r i e n t  c o n c e n t r a t i o n s  r e v e a l  
t h e  a n t i c i p a t e d  w i n t e r  maxima and summer minima ( T a b l e  1 ) .  The e f f e c t s  of 
b i o l o g i c a l  u p t a k e  a r e  a l s o  e v i d e n t  i n  s a l i n i t y / n u t r i e n t  c o r r e l a t i o n  



c o e f f i c i e n t s  (Table  2).  An accumulation of n u t r i e n t s  has  been observed t o  
occur  i n  w in t e r  i n s i d e  t h e  f r o n t  s e p a r a t i n g  Liverpool  Bay and o f f s h o r e  
waters .  

3. Metals 

R e l i a b l e  d a t a  f o r  t r a c e  metal  concen t r a t i ons  i n  I r i s h  Sea water  a r e  
very  l im i t ed .  A s e l e c t i o n  of t h e  publ i shed  d a t a  i s  presen ted  i n  Table  3  
and i t  i s  ev iden t  t h a t  repor ted  concen t r a t i ons  have dec l ined  over  time. 
Few workers cons ide r  t h a t  t h e  d e c l i n e  is  r e a l  and most a t t r i b u t e  t h e  
changes t o  markedly improved sampling and a n a l y t i c a l  t echniques ,  brought 
about through t h e  r ecogn i t i on  of t h e  need f o r  u l t r a  c l e a n  cond i t i ons  t o  
avoid contamination. A p a t t e r n  i s ,  however, now beginning t o  emerge from 
t h e  most r ecen t  surveys  conducted by MAFF and DAFS, G, higher  concentra- 
t i o n s  tend t o  occur  i n  t h e  e a s t e r n ,  l e s s  s a l i n e  p a r t s  of t h e  I r i s h  Sea and 
i n  p a r t i c u l a r  i n  Liverpool  Bay and o f f  t h e  Lancash i re  coas t .  

I n  t h e  fo l lowing  paragraphs,  comments a r e  made on t h e  r e l a t i v e  d i s -  
t r i b u t i o n  of some of t h e  metals ;  t h e s e  comments a r e  based p r imar i l y  on 
d a t a  genera ted  i n  t h e  l a s t  two o r  t h r e e  yea r s  by MAFF and DAFS s c i e n t i s t s  
(D. J. Harper ,  i n  p repa ra t i on ;  B a l l s ,  1986) and r e f e r  t o  d i sso lved  metal  
concen t r a t i ons  un l e s s  o therwise  s t a t e d .  Where d a t a  from o t h e r  sou rces  a r e  
used r e f e r ences  a r e  c i t e d .  

3.1 Cadmium 

Typica l  concen t r a t i ons  of cadmium i n  t h e  l e s s  contaminated a r e a s  
appear  t o  be of t h e  o rde r  of 10-15 ng 1-I w i th  l e v e l s  i nc reas ing  towards 
t h e  c o a s t  and i n  t h e  no r th  e a s t  t o  20-40 ng 1-l. Data r epo r t ed  by P re s ton  
(1973) sugges t  t h a t  average concen t r a t i ons  of cadmium were h ighe r  i n  t h e  
wes te rn  s e c t o r  of t h e  I r i s h  Sea t han  i n  t h e  e a s t ,  but t h e r e  a r e  no recent  
d a t a  t o  confirm t h i s .  Two a r e a s  appear  t o  be s u b j e c t  t o  sources  of 
an thropogenica l ly  der ived  cadmium. Unusually h igh  concen t r a t i ons  of cad- 
mium have been found i n  Liverpool  Bay (30-140 ng 1- l )  and a  s i m i l a r  range 
of concen t r a t i ons  was encountered o f f  S t  Bees Head. I n  t h e  l a t t e r  ca se ,  
an  i n d u s t r i a l  d i s cha rge  i n  t h e  v i c i n i t y  of Whitehaven may be respons ib le .  
I n  t h e  former,  t h e  i n f l u e n c e  of both t h e  t h e  River  Mersey and t h e  Ribble  
was very  obvious a long  t h e  o f f s h o r e  t r a n s e c t s ,  a l though t h e  h i g h e s t  
concen t r a t i ons  were found over  t h e  dredge s p o i l  s i t e  and i t  i s  known t h a t  
some of t h e  dredge s p o i l s  do con ta in  unusua l ly  h igh  concen t r a t i ons  of 
cadmium which i s  l i k e l y  t o  be r e l e a s e d ,  a t  l e a s t  i n i t i a l l y ,  on d i sposa l .  

3.2 Lead 

For l e a d ,  a  concen t r a t i on  i n  open waters  of 15-20 ng 1-l seems t o  be 
normal; c l o s e r  t o  land however, and i n  t h e  nor th-eas te rn  s e c t o r ,  concen- 
t r a t i o n s  r i s e  t o  30-40 ng 1-l. Concent ra t ions  i n  Liverpool  Bay (50-70 ng 
1 - l )  were h ighe r  t han  those  found of fshore .  They were n o t ,  however, a s  
h igh  a s  t h o s e  encountered j u s t  sou th  of t h e  I r i s h  Sea i n  t h e  B r i s t o l  
Channel. Here,  excep t iona l ly  h igh  l e v e l s  (100-1000 ng 1- l )  were 
recorded. 



3.3 Mercury 

The concen t r a t i on  of d i s so lved ,  r e a c t i v e  mercury i n  open waters  
appears  t o  be between 0.5 and 1.5 ng 1-l. I n  Liverpool  Bay t h e  l e v e l s  of 
d i s so lved ,  r e a c t i v e  mercury a r e  i n  t h e  range 1.0 t o  2.0 ng 1-l. T o t a l ,  
d i s so lved  mercury d a t a  a r e  on ly  a v a i l a b l e  f o r  L iverpool  Bay and concentra- 
t i o n s  of 2  t o  4  ng 1-I have been found here .  Recent ly ,  Campbell -- e t  a l .  
(1986) have r epo r t ed  concen t r a t i ons  a s  h igh  a s  40 t o  75 ng l-l i n  t h e  
Mersey Es tuary  and somewhat lower l e v e l s  i n  Liverpool  Bay. The MAFF sur-  
veys have r e c e n t l y  produced d a t a  f o r  t o t a l  ( i . e .  r e a c t i v e ,  d i s so lved  and 
p a r t i c u l a t e )  mercury concen t r a t i ons  i n  seawater .  I n  Liverpool  Bay concen- 
t r a t i o n s  of 3.0 t o  24 ng 1-I were found, t h e  h i g h e s t  l e v e l s  being found 
around dredge s p o i l  dumping ground, s i t e  Z ,  over  t h e  Burbo Bight and o f f  
t h e  mouth of t h e  Ribble.  

From t h e  d a t a  ob ta ined  s o  f a r ,  t r e n d s  i n  t h e  d i s t r i b u t i o n  of mercury 
around a r e a s  of expected i n p u t s  have been apparen t  on t h e  b a s i s  of ana- 
l y s e s  of u n f i l t e r e d  seawater .  This  sugges t s  t h a t  t h e  d i s t r i b u t i o n  of 
mercury i n  c o a s t a l  waters  i s  governed by p a r t i c u l a t e  loading.  

3.4 Copper 

Although concen t r a t i ons  have been r epo r t ed  f o r  va r ious  a r e a s  i n  t h e  
I r i s h  Sea t h e  only r e l i a b l e  d a t a  on copper a v a i l a b l e  r e f e r  t o  t h e  no r th  
e a s t e r n  I r i s h  Sea (van den Berg, 1984) and t h e  unpublished MAFF and DAFS 
work. These sugges t  t y p i c a l  concen t r a t i ons  of around 0.3 t o  0.4 pg 1-I 
r i s i n g  t o  more t han  1  pg 1-l o f f  t h e  Cumbrian coas t .  A t  p r e s e n t ,  t h e r e  do 
not  seem t o  be any r e l i a b l e  d a t a  on copper i n  Liverpool  Bay. The most 
r ecen t  p u b l i c a t i o n s  (Norton -- e t  a l . ,  1984a; B a l l s ,  1986) have repor ted  
i n v e r s e  t r a c e  m e t a l / s a l i n i t y  r e l a t i o n s h i p s  f o r  Cu, Cd, Zn and N i .  This  
sugges t s  t h a t  f reshwater  sources  ( i . e .  r i v e r s )  a r e  t h e  major sources  of 
t h e s e  elements.  

3.5 Metals on p a r t i c u l a t e  m a t e r i a l  

A summary of t h e  e lementa l  composition of suspended p a r t i c u l a t e  mat- 
t e r  from t h e  I r i s h  Sea i s  g iven  i n  Table  4. For t h e  nor th-eas te rn  I r i s h  
Sea t h e  percentages  of t h e  t o t a l  load  c a r r i e d  i n  t h e  p a r t i c u l a t e  phase f o r  
Cd, Cu and Pb a r e  ca. < 5 ,  10 and 75 r e s p e c t i v e l y .  The corresponding per- 
cen tages  f o r  Cd, Cu, Zn and N i  i n  Liverpool  Bay a r e  ca. < 5 ,  20, 30 and 70 
r e s p e c t i v e l y .  Suspended p a r t i c u l a t e s  a r e  en r i ched  i n  metals  r e l a t i v e  t o  
bottom sediments  from t h e  nor th-eas te rn  I r i s h  Sea ( s e e  f o o t n o t e  t o  
Table  4) .  This  i s  a t t r i b u t e d  t o  t h e  dominance of f i n e  c l a y  m a t e r i a l  i n  
suspens ion. 

The d i s t r i b u t i o n s  of p a r t i c l e - r e a c t i v e  elements  such a s  l ead  and 
mercury a r e  dominated by uptake on to  suspended s o l i d s .  For t h i s  reason,  
d i s so lved  l e a d  and mercury, u n l i k e ,  f o r  example, copper ,  a r e  not  expected 
( o r  observed)  t o  behave conserva t ive ly .  For l e a d ,  a tmospheric  i n p u t s  may 
be t h e  p r i n c i p a l  source  t o  o f f sho re  waters .  

3.6 Metals i n  sediments  

The main a r e a s  of t h e  I r i s h  Sea f o r  which r ecen t  d a t a  a r e  a v a i l a b l e  
a r e  t h e  north-western s e c t o r  e s p e c i a l l y  B e l f a s t  Lough, and Liverpool  Bay. 
I n  t h e  B e l f a s t  Lough s t u d i e s  t h e  d a t a  r e l a t e  t o  whole sediments and t h e r e  



a r e  some u n c e r t a i n t i e s  about t h e  a b s o l u t e  va lues  ob ta ined  f o r  chromium and 
lead.  The r e s u l t s  a r e  summarised i n  Table  5. I n  Liverpool  Bay t h e  
s t u d i e s  undertaken were concent ra ted  around sewage and dredge s p o i l  dump- 
i n g  grounds, a l though t h e  surveys  of L iverpool  Bay were extended north- 
wards w i th  samples taken  a s  f a r  no r th  a s  t h e  no r th  of t h e  I s l e  of Man 
(Rowlatt  e t  a l . ,  1984). The d a t a  r e f e r  on ly  t o  t r a c e  metals .  Because t h e  
ma jo r i t y  of sewage s ludge  p a r t i c u l a t e s  a r e  < 90 pm and t h e r e f o r e  most of 
t h e  sewage der ived  contaminants a r e  l i k e l y  t o  be he ld  on < 90 pm f r a c t i o n  
of t h e  sediment ,  most of t h e  d a t a  a r e  f o r  t h i s  f r a c t i o n  only.  

The range of va lues  found i n  t h e  nor th-eas te rn  I r i s h  Sea a r e  shown i n  
Table  6. The geographica l  d i s t r i b u t i o n  i s  dominated by a  sha rp  drop i n  
concen t r a t i ons  i n  t h e  north-western p a r t  of t h e  a r ea .  This  c o r r e l a t e s  t o  
a  change i n  sediment type  from muddy t o  sandy (Banner and Culver ,  1979). 
I t  co inc ides  wi th  t h e  drop i n  concen t r a t i ons  of t o t a l  metals  found i n  
seawater  and sugges t s  t h a t  depos i t i on  i s  marked by a  f a i r l y  sha rp  boundary 
(Rowlat t ,  -- e t  a l . ,  1984). 

L iverpool  Bay p r e s e n t s  a  complex system a s  i t  i s  a  h igh ly  dynamic 
a r e a  w i th  a  number of s i g n i f i c a n t  sources  of contamination. The Mersey 
and Ribble  E s t u a r i e s  and t h e  s ludge  and s p o i l  dumping grounds a l l  a c t  a s  a  
sou rce  of meta l s  t o  t h e  sediment i n  t h e  Bay. Although t h e  d i s t r i b u t i o n  
a l t e r s  from year  t o  y e a r ,  i t  i s  c l e a r  t h a t  sewage s ludge  is  a  major con- 
t r i b u t o r  of metals  t o  t h e  s e a  bed near  t h e  dumping ground (F igure  14)  
(Norton e t  a l . ,  1984a, b; Rowlat t ,  e t  a l . ,  1984). From t h e  s c a l e  of i npu t  
i t  i s  apparent  t h a t  t h e  d i s p o s a l  of dredge s p o i l  must have a  s i m i l a r  
impact on t h e  dredge s p o i l  dumping grounds,  but  t h i s  i s  s t i l l  under 
i n v e s t i g a t i o n .  

4. Petroleum hydrocarbons 

4.1 Petroleum hydrocarbons i n  water  

On t h r e e  occas ions  (1979, 1982 and 1983) surveys  have been c a r r i e d  
o u t  i n  t h e  I r i s h  Sea i n  which subsu r f ace  ( 1  m) water  samples have been 
ana lysed  f o r  hydrocarbons (by f l uo re scence  spectroscopy) .  I n  1979, 
samples were taken  from 9 s t a t i o n s  i n  S t  Georgefs  Channel and t h e  e a s t e r n  
I r i s h  Sea. T o t a l  hydrocarbon concen t r a t i ons  (THCs a l l  expressed a s  
Ekof i sk  c rude  o i l  e q u i v a l e n t s )  were a l l  i n  t h e  range 2.1 t o  74 pg 1-l. 
The h i g h e s t  THCfs, 12 and 74 pg 1-l, were found near  Morecambe Bay and o f f  
t h e  en t r ance  t o  t h e  River  Mersey r e s p e c t i v e l y  (Law, 1981). The two l a t e r  
surveys  were confined t o  t h e  e a s t e r n  I r i s h  Sea,  c e n t e r i n g  on t h e  Morecambe 
Bay gas  f i e l d  development but  covering a  l a r g e  p a r t  of t h e  e a s t e r n  I r i s h  
Sea ( s e e  F igure  15 which shows most of t h e  a r e a  sampled). Ninety s t a t i o n s  
were sampled i n  1982, i nc lud ing  some o f f  Ramsey Bay ( I s l e  of Man). THCs 
were found t o  range from 0.9 t o  8.1 pg 1-l wi th  mean va lues  of 4.5 pg 1-l 
t o  t h e  sou th  e a s t  and 2.3 pg 1-l t o  t h e  no r th  west. The 1983 survey 
inc luded  128 s t a t i o n s  and took i n  Liverpool  Bay and t h e  c o a s t  of North 
Wales i n  a d d i t i o n  t o  t h e  gas  f i e l d  development. The THCs found were 1.7 
t o  40 pg 1-l, wi th  a l l  t h e  concen t r a t i ons  g r e a t e r  than  10 pg 1-I ( 9  
s t a t i o n s )  being found i n  t h e  extreme sou th  e a s t  and south  of t h e  survey 
a r e a  (R. J. Law e t  a l . ,  i n  p repa ra t i on ) .  

4.2 Petroleum hydrocarbons i n  sediments 

THCs i n  s u r f a c e  sediments were determined us ing  samples taken  du r ing  
t h e  t h r e e  surveys  mentioned above. During t h e  1979 survey ,  sediment 
samples were ob ta ined  from 7 of t h e  9 s t a t i o n s  a t  which water samples 



were t a k e n  (Law, 1981). THCs i n  6 of t h e  7 were w i t h i n  t h e  range 4.9 t o  
29 1-18 g'' d r y  weight  w i t h  t h e  s e v e n t h  sample from t h e  muddy sed iments  a t  
t h e  Mersey e n t r a n c e  c o n t a i n i n g  340 pg Samples t a k e n  i n  1982 and 1983 
gave  THCs from 1.2 t o  410 pg g-l. High THCs were a s s o c i a t e d  w i t h  f i n e  
sed iments  ( F i g u r e  15)  and c o n c e n t r a t i o n s  were markedly lower i n  sandy 
d e p o s i t s  ( ~ e d b o r o u g h ,  Blackman and Law, i n  p r e s s ) .  

These  r e s u l t s  i n d i c a t e  t h a t  t h e  I r i s h  Sea i s  q u i t e  h e a v i l y  contamina- 
t e d  by hydrocarbons .  The d i s t r i b u t i o n  shows no c l e a r  g r a d i e n t  t o  a 
s o u r c e .  Hence, i t  seems l i k e l y  t h a t  t h e  h i g h  c o n c e n t r a t i o n s  a r i s e  from a 
wide v a r i e t y  of s o u r c e s ,  i n c l u d i n g  r i v e r  and a tmospher ic  i n p u t s ,  s e a  d i s -  
p o s a l  of wastes, s h i p p i n g  o p e r a t i o n s ,  e t c .  Much of t h e  t r a n s p o r t  of 
hydrocarbons  w i t h i n  t h e  s e a  a r e a  seems l i k e l y  t o  o c c u r  i n  a s s o c i a t i o n  w i t h  
sed iment  p a r t i c l e s .  

5. Contaminants in biota 

The l e v e l s  of contaminants  i n  f i s h  and s h e l l f i s h  are examined regu- 
l a r l y  i n  a r e a s  which a r e  known t o  be most h e a v i l y  contaminated and l e s s  
o f t e n  i n  o t h e r  a r e a s .  Most of t h e  r e c e n t  s t u d i e s  have c o n c e n t r a t e d  on 
a r e a s  such  a s  1 , iverpool  Bay, Morecambe Bay, S t  Bees Head lnor th -eas te rn  
Is le  of Man and B e l f a s t  Lough. A s  i t  i s  r e a s o n a b l e  t o  assume some 
i n f l u e n c e  from man's a c t i v i t i e s  i n  t h e s e  a r e a s ,  r e s u l t s  w i l l  be compared 
w i t h  d a t a  from t h e  Western Channel,  which,  f o r  t h e  purposes  of t h i s  
i n v e s t i g a t i o n ,  i s  c o n s i d e r e d  t o  be uncontaminated.  

The p a t t e r n  t h a t  emerges from s t u d i e s  of 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  b o t h  f i s h  and s h e l l f i s h  i s  t h a t ,  compared w i t h  samples from t h e  Western 
Channel,  e l e v a t e d  l e v e l s  of some con taminan ts  a r e  t o  be found i n  L i v e r p o o l  
Bay, and Morecambe Bay (Tab le  7 ) ,  t h e  c o n c e n t r a t i o n s  of z i n c  i n  s h e l l f i s h  
and mercury i n  b o t h  f i s h  and s h e l l f i s h  be ing  h i g h e s t  i n  L i v e r p o o l  Bay and,  
i n  t h e  c a s e  of mercury,  i n  Morecambe Bay. C h l o r i n a t e d  hydrocarbons  f o l -  
lowed a d i f f e r e n t  p a t t e r n  w i t h  low l e v e l s  be ing  found i n  t h e  S t  Bees 
Head lnor th -eas te rn  I s l e  of Man a r e a  w i t h  a l l  o t h e r  a r e a s  showing r e l a -  
t i v e l y  h i g h  v a l u e s  (Tab le  7) .  These d i f f e r e n c e s  i n  l e v e l s  of contamina- 
t i o n  by c h l o r i n a t e d  hydrocarbons  p robab ly  r e f l e c t  t h e  r e l a t i v e l y  s m a l l  
i n p u t s  from land-based s o u r c e s  from t h e  I s l e  of Man and Cumbrian c o a s t s .  

I n  1977178, MAFF under took a mussel-watch survey  of contaminant  
l e v e l s  i n  c o a s t a l  w a t e r s  around t h e  whole of England and Wales. The 
r e s u l t s  of t h a t  p a r t  of t h e  s t u d y  under taken  f o r  t h e  I r i s h  Sea a r e  sum- 
mar i sed  i n  T a b l e  8. A more d e t a i l e d  i n v e s t i g a t i o n  was under taken  by Welsh 
Water A u t h o r i t y  i n  1978179 i n  t h e  w a t e r s  f o r  which t h e y  have a s t a t u t o r y  
r e s p o n s i b i l i t y .  That  s t u d y  i n c l u d e d  samples  from t h e  s o u t h  c o a s t  of Wales 
a n d  used Fucus v e s i c u l o s i s ,  Myt i lus  e d u l i s ,  P a t e l l a  s p  and L i t t o r i n a  
l i t t o r e a  and samples  were t a k e n  from 57 s i t e s .  The r e s u l t s  f o r  b i o t a  
g e n e r a l l y  conf i rm t h o s e  found by MAFF. A s i m i l a r  mussel  watch s t u d y  was 
under taken  i n  Northern I r e l a n d  i n  1981182 and t h e  r e s u l t s  of t h a t  s t u d y  
a r e  summarised i n  T a b l e  9. 

The i n v e s t i g a t i o n  under taken  by t h e  Welsh Water A u t h o r i t y  i n c l u d e d  
a n a l y s e s  of c h l o r i n a t e d  hydrocarbons  i n  s e a  w a t e r  and s e l e c t e d  r e s u l t s  
from one of t h o s e  s u r v e y s  a r e  summarised i n  T a b l e  10. 

G e n e r a l l y ,  t h e  r e s u l t s  of t h e s e  s u r v e y s  conf i rm t h e  f i n d i n g s  of t h e  
o f f s h o r e  sampl ing of f i s h  and s h e l l f i s h ,  t h e  w a t e r s  around t h e  h i g h l y  
popula ted  and i n d u s t r i a l i s e d  L a n c a s h i r e  c o a s t  c l e a r l y  g i v i n g  r i s e  t o  
h i g h e r  l e v e l s  of con tamina t ion  t h a n  e lsewhere .  However, t h e  more d e t a i l e d  



s u r v e y  r e s u l t s  d i d  r e v e a l  p o i n t  s o u r c e s  of p a r t i c u l a r  contaminants  which 
might n o t  o t h e r w i s e  have r e a d i l y  been d e t e c t e d .  

6 .  Inputs 

I n p u t s  t o  t h e  I r i s h  Sea a r i s e  from t h e  a tmosphere ,  North A t l a n t i c  
f l o w  th rough  t h e  I r i s h  Sea ,  from land-based s o u r c e s  and from dumping. 

6.1 Atmosphere 

There  a r e  no d a t a  which can  u s e f u l l y  be used t o  a s s e s s  i n p u t s  from 
t h i s  source .  Data  do ,  however, e x i s t  f o r  North  Sea s i t e s  and t h e  nearby 
F i r t h  of Clyde; t h e s e  s u g g e s t  t h a t  t h e  atmosphere may be a n  impor tan t  
s o u r c e  of con taminan ts ,  p a r t i c u l a r l y  l e a d ,  t o  c o a s t a l  w a t e r s  (Cambray, 
J e f f e r i e s  and Topping,  1979).  

6.2 North A t l a n t i c  in f low 

D e t a i l s  of t h e  p robab le  i n p u t ,  i n  o r d e r  of m a g n i t ~ d e  t e rms ,  f o r  most 
of t h e  m e t a l s  and some o r g a n o c h l o r i n e s  and petrolcunl hydrocarbons  a r e  
g i v e n  i n  Tab le  11. These a r e  based on i n f o r m a t i o n  on t y p i c a l  North 
At lan t i c /Sou th-wes te rn  Approaches w a t e r  c o n c e n t r a t i a n s  and t h e  d a t a  of 
w a t e r  t r a n s p o r t  i n t o  t h e  a r e a ,  a c r o s s  t h e  s o u t h e r n  boundary,  g i v e n  i n  
S e c t i o n  A. 

6.3 Land-based s o u r c e s  

I n f o r m a t i o n  has  been o b t a i n e d  f o r  i n p u t s  from r i v e r s ,  d i r e c t  d i s -  
c h a r g e s  and sewage d i s c h a r g e s ,  f o r  t h e  c o a s t s  of t h e  r e l e v a n t  p a r t s  of 
England p l u s  Wales and i n  l e s s  d e t a i l  f o r  Nor thern  I r e l a n d .  These d a t a  
a r e  summarised i n  Tab les  12  and 13 r e s p e c t i v e l y .  

The d a t a  on which t h e s e  f i g u r e s  a r e  based a r e  of v a r i a b l e  q u a l i t y  
and,  i n  view of t h e  u n c e r t a i n t i e s ,  i n  many c a s e s  i t  h a s  been c o n s i d e r e d  
p r u d e n t  t o  p r o v i d e  a  wors t  and a  b e s t  i n p u t  va lue .  One of t h e  problems 
s tems from t h e  f a c t  t h a t  f l o w s ,  e s p e c i a l l y  t h o s e  of r i v e r s ,  a r e  ve ry  v a r i -  
a b l e  and i t  i s  u n l i k e l y  t h a t  c o n c e n t r a t i o n s  remain c o n s t a n t  w i t h  change i n  
f low. Consequent ly ,  assessment  of i n p u t s  i s  very  dependent on t h e  com- 
b i n a t i o n s  of c o n c e n t r a t i o n  and f low d a t a  used.  The problems a r e  com- 
pounded by t h e  f a c t  t h a t  i n  many c a s e s  i t  h a s  n o t  been p o s s i b l e ,  w i t h  t h e  
a n a l y t i c a l  methods a v a i l a b l e ,  t o  a c t u a l l y  measure t h e  c o n c e n t r a t i o n  pre-  
s e n t  of some con taminan ts  i n  some o r  a l l  of t h e  samples.  I n  such  s i t u a -  
t i o n s ,  e s t i m a t e s  have been made on t h e  b a s i s  of l o c a l  knowledge and t h e r e  
i s ,  t h e r e f o r e ,  a n  obvious  need t o  improve t h e  d a t a  base  and methods used 
i n  a s s e s s i n g  r i v e r  i n p u t s  of contaminants .  

These l i m i t a t i o n s  must be borne i n  mind i f  any a t t e m p t  i s  made t o  
r e l a t e  i n p u t  d a t a  t o  c o n c e n t r a t i o n  d i s t r i b u t i o n s  i n  t h e  environment o r  t o  
observed e f f e c t s .  It is  l i k e l y  t h a t  i n f o r m a t i o n  on Cd and Hg i n p u t s  w i l l  
improve i n  t h e  n e x t  y e a r  o r  s o  as f u r t h e r  e f f o r t s  a r e  made t o  q u a n t i f y  
them i n  accordance  w i t h  EEC D i r e c t i v e s .  

Where r i v e r  i n p u t s  a r e  g i v e n  i n  Tab le  12  t h e s e  a r e  g r o s s  i n p u t s  t o  
t h e  e s t u a r i e s  measured a t  t h e  f r e s h / s a l t  w a t e r  i n t e r f a c e  o r  some s i m i l a r l y  
conven ien t  sampl ing p o i n t .  They do n o t  n e c e s s a r i l y ,  t h e r e f o r e ,  r e p r e s e n t  



i n p u t s  from t h e  e s t u a r y  t o  c o a s t a l  w a t e r s .  I n  t h e  c a s e  of t h e  Mersey 
E s t u a r y ,  a  s e r i o u s  a t t e m p t  has  been made t o  a s s e s s  t h e  f l u x  of contamin- 
a n t s  o u t  of t h e  e s t u a r y  and i n t o  L i v e r p o o l  Bay. 

E s t i m a t e s  of t h e  amounts of v a r i o u s  p o t e n t i a l  p o l l u t a n t s  d i s c h a r g e d  
t o  t h e  e s t u a r y  a r e  g i v e n  under  s e c t i o n  E28 i n  T a b l e  12. The f i g u r e s  a r e  
of t h e  same o r d e r  of magnitude a s  ICES e s t i m a t e s  of d i s c h a r g e s  t o  o t h e r  
l a r g e  UK e s t u a r i e s  such  a s  t h e  Tyne, Tees ,  Humber and Thames (Anon., 
1978).  The f i g u r e s  f o r  BOD and n u t r i e n t s  a r e  i n  g e n e r a l  agreement w i t h  
t h e  ICES f i g u r e s  b u t  t h e  meta l  l o a d s  a r e  lower ,  excep t  i n  t h e  c a s e  of 
l e a d ,  where b e t t e r  q u a n t i f i c a t i o n  of i n d u s t r i a l  d i s c h a r g e  g i v e s  a  f i g u r e  
t h r e e  t imes  l a r g e r  t h a n  t h e  ICES f i g u r e .  I n  t h e  c o u r s e  of t h e  mixing 
between f r e s h  and s a l i n e  w a t e r  which t a k e s  p l a c e  i n  e s t u a r i e s  a  cons ider -  
a b l e  number of chemical  and p h y s i c a l  r e a c t i o n s  can t a k e  p l a c e  t o  a l t e r  t h e  
behav iour  of m a t e r i a l  added from streams and d i s c h a r g e s .  The p r e c i s e  f a t e  
of i n p u t s  even t o  r e l a t i v e l y  s i m p l e  e s t u a r i n e  sys tems c a n n o t ,  a s  y e t ,  be 
p r o p e r l y  determined.  However, it i s  p r o b a b l e  t h a t  most e s t u a r i e s  
r e p r e s e n t  a  s t e a d y  s t a t e  i n  which i n p u t s  and e x p o r t s  a r e  more o r  l e s s  i n  
ba lance .  Thus,  assuming t h a t  t h e  i n p u t s  have remained f a i r l y  c o n s t a n t  f o r  
some y e a r s ,  i f  one can  be measured r e a s o n a b l y  r e l i a b l y  i t  w i l l  g i v e  t h e  
o t h e r .  An examina t ion  of t h e  meta l  d a t a  from t h e  f l u x  i n v e s t i g a t i o n s  
shows t h a t  a l t h o u g h  t h e  f l u x  e s t i m a t e s  o n l y  r e f e r  t o  a  p a r t i c u l a r ,  v e r y  
s h o r t  t ime  p e r i o d ,  t h e y  a r e  of t h e  same o r d e r  a s  t h e  long-term i n p u t  d a t a ,  
e x c e p t  f o r  mercury,  where on ly  one n e t  t i d a l  t r a n s p o r t  e s t i m a t e  i s  
a v a i l a b l e .  Tab le  14 shows t h e  n e t  t i d a l  t r a n s p o r t s  of Zn, N i ,  Cu, Cd, Hg 
and Pb c a l c u l a t e d  from t h e  f l u x  s u r v e y s  i n  r e l a t i o n  t o  t h e  i n p u t  d a t a  from 
T a b l e  12. Given t h e  f a i r l y  l a r g e  e r r o r s  invo lved  i n  c a l c u l a t i n g  b o t h  t h e  
i n p u t s  and t h e  n e t  t r a n s p o r t s  and t h e  f a c t  t h a t  t h e  former  r e p r e s e n t  t h e  
a v e r a g e  s i t u a t i o n  and t h e  l a t t e r  i n d i v i d u a l  t i d e s ,  t h e  agreement between 
them might be t a k e n  a s  a n  i n d i c a t i o n  t h a t  t h e  i n p u t  d a t a  g i v e s  a t  least a n  
o r d e r  of magnitude e s t i m a t e  of t h e  average  l o a d  e x p o r t e d  from t h e  e s t u a r y .  
The i n p u t  d a t a  r e p r e s e n t ,  on a v e r a g e ,  between 1% and 5% of t h e  ebb t i d e  
t r a n s p o r t .  

6.4 Dumping 

I n  t e rms  of q u a l i t y  of d a t a ,  t h o s e  which a r e  a v a i l a b l e  on i n p u t s  v i a  
dumping a r e  p robab ly  t h e  most a c c u r a t e  and a r e  c e r t a i n l y  t h e  most com- 
p l e t e .  The b i g g e s t  q u a n t i t y  of m a t e r i a l  dumped i s  dredge s p o i l  bu t  i t  
shou ld  be recognised  t h a t  t h i s  i s  v e r y  l a r g e l y  s imply  a  r e d i s t r i b u t i o n  of 
sediment  m a t e r i a l ,  o f t e n  of a  t r a n s i e n t  n a t u r e ,  a s  t h e  sediment i s  
r e t u r n e d  by c u r r e n t s  t o  t h e  dredged l o c a t i o n .  

The second l a r g e s t  i n p u t  of dumped m a t e r i a l  i s  of sewage s l u d g e  which 
i s  dumped p r i m a r i l y  i n  L i v e r p o o l  Bay and B e l f a s t  Lough. A d d i t i o n a l l y ,  
r e l a t i v e l y  s m a l l  q u a n t i t i e s  of i n d u s t r i a l  w a s t e s  a r e  dumped i n  L i v e r p o o l  
Bay and t h e  B r i s t o l  Channel. 

T a b l e  15 summarises t h e  i n p u t s  of t h e s e  t h r e e  t y p e s  of m a t e r i a l s  t o  
t h e  main a r e a  of d i s p o s a l  i . e .  L i v e r p o o l  Bay. 

7 .  Liverpool Bay. The mercury problem 

7.1  I n t r o d u c t i o n  

I n  t h e  p reced ing  s e c t i o n s ,  mention h a s  been made on a  number of 
o c c a s i o n s  of e l e v a t e d  l e v e l s  of c e r t a i n  con taminan ts  b e i n g  encounte red  i n  



L i v e r p o o l  Bay. W h i l s t  most of t h e s e  i n s t a n c e s  would n o t  on t h e i r  own, 
g i v e  c a u s e  f o r  s p e c i a l  concern ,  t a k e n  t o g e t h e r  t h e y  i n d i c a t e  a  s t r e s s e d  
environment .  It i s  a p p a r e n t  t h a t  some members of t h e  l o c a l  f i s h  e a t i n g  
community a r e  l i k e l y  t o  exceed t h e  FAO/WHO d e f i n e d  P r o v i s i o n a l  T o l e r a b l e  
Weekly I n t a k e  (PTWI) f o r  mercury and t h a t  t h e  a v e r a g e  l e v e l s  a r e  o n l y  j u s t  
below t h e  Env i ronmenta l  Q u a l i t  S t a n d a r d  (EQS) d e f i n e d  by t h e  European and 
P a r i s  Commissions (0.3 mg kg-' a s  a n  a v e r a g e  c o n c e n t r a t i o n  i n  f i s h  t a k e n  
from t h e  a r e a  and l i k e l y  t o  be consumed). W h i l s t  t h i s  does  n o t  mean t h a t  
t h o s e  p e r s o n s  a r e  a t  r i s k ,  s i n c e  t h e  PTWI i s  s e t  w e l l  below t h e  l e v e l  a t  
which e f f e c t s  o c c u r ,  i t  g i v e s  r i s e  t o  concern ,  s i n c e  t h e  PTWI h a s  been 
recommended a s  a n  i n t e r n a t i o n a l l y  a g r e e d  l i m i t ,  and t h e  UK Committee on 
T o x i c i t y  h a s  r e c e n t l y  s t a t e d  ' t h i s  l i m i t  h a s  c o n s i d e r a b l e  i n t e r n a t i o n a l  
s u p p o r t .  We c o n s i d e r  i t  s h o u l d  be r e s p e c t e d  and t h a t  i t  would be p ruden t  
t o  endeavour  t o  conform w i t h  i t . '  (MAFF, Food S c i e n c e  L a b o r a t o r y ,  i n  
p r e s s ) .  

7.2 I n p u t s  

Mercury is  known t o  be d i s c h a r g e d  t o  t h e  Mersey E s t u a r y  v i a  a  number 
of r o u t e s .  Some of t h i s  may r e a c h  L i v e r p o o l  Bay and t h e  n o r t h - e a s t e r n  
I r i s h  Sea  th rough  d i r e c t  t r a n s p o r t  i n  t h e  e s t u a r y  ou t f low.  Most, however, 
w i l l  be adsorbed  o n t o  e s t u a r i n e  s e d i m e n t s ,  a t  l e a s t  i n i t i a l l y ,  b e f o r e  
b e i n g  t r a n s p o r t e d  t o  t h e  Bay e i t h e r  on suspended p a r t i c u l a t e s  o r  a s  dred-  
ged s p o i l  i n  t h e  c o u r s e  of p o r t  maintenance work. A d d i t i o n a l l y ,  some 
mercury i s  t r a n s p o r t e d  d i r e c t l y  t o  t h e  Bay i n  sewage s l u d g e  which is  dum- 
ped from s e v e r a l  s o u r c e s  i n  t h e  North-West Water A u t h o r i t y  (NWWA) a r e a .  
The q u a n t i t i e s  of mercury d i s c h a r g e d ,  o r  p o t e n t i a l l y  m o b i l i s e d ,  v i a  t h e s e  
r o u t e s  have r e c e n t l y  been q u a n t i f i e d  and t h e  f i g u r e s  f o r  1985 were:  

I n d u s t r i a l  d i s c h a r g e s  t o  t h e  E s t u a r y  3.8 
Sewage s l u d g e  d i s p o s a l  i n  t h e  Bay 1.1 
Dredgings  d i s p o s a l  i n  t h e  Ray 6.6 
Mersey R i v e r  d i s c h a r g e  t o  t h e  E s t u a r y  0.5 
Sewage d i s c h a r g e s  t o  t h e  E s t u a r y  0.2-0.5. 

P a s t  i n p u t s  by a l l  r o u t e s  were h i g h e r ,  i n  some c a s e s  s u b s t a n t i a l l y  
h i g h e r ,  and s t e p s  a r e  i n  hand t o  reduce  i n p u t s  s t i l l  f u r t h e r .  A s t r a i g h t  
a d d i t i o n  of t h e  above f i g u r e s  would n o t  p r o v i d e  a n  a c c u r a t e  e s t i m a t e  oE 
t h e  q u a n t i t y  of mercury r e a c h i n g  L i v e r p o o l  Bay a s  i t  would o b v i o u s l y  
i n v o l v e  e l e m e n t s  of doub le  coun t ing .  However, some of t h e  sed iments  i n  
t h e  Bay a r e  known t o  c o n t a i n  e l e v a t e d  c o n c e n t r a t i o n s  of mercury and t h e s e  
p robab ly  a c t  a s  a  s o u r c e  of mercury t o  t h e  ben thos  and t h e  o v e r l y i n g  
w a t e r s  and i n  t u r n  t o  t h e  f i s h .  

7.3 C o n c e n t r a t i o n s  i n  f i s h  

The c o n c e n t r a t i o n s  oE mercury i n  f i s h  have been moni tored r e g u l a r l y  
s i n c e  t h e  e a r l y  1970s. S i n c e  1980, t h e  m o n i t o r i n g  h a s  been conducted 
a c c o r d i n g  t o  a  s t a n d a r d i s e d  p rocedure  and t h e  r e s u l t s  have been s u b m i t t e d  
t o  b o t h  t h e  P a r i s  and European Commissions. Dur ing t h e  l a t t e r  p a r t  of 
1984 and th roughout  1985, a n  e x t e n s i v e  sampl ing and a n a l y s i s  programme was 
conducted by MAFF and NWWA t o  e s t a b l i s h  t h e  r e l a t i v e  l e v e l s  of mercury 
c o n t a m i n a t i o n  i n  f i s h  th roughout  t h e  n o r t h - e a s t e r n  I r i s h  Sea. F i g u r e s  16 
and 17 show t h e  d i s t r i b u t i o n  found i n  t h e  f o u r  most commonly sampled 
s p e c i e s  and i t  is  a p p a r e n t  from t h e s e  t h a t ,  a l t h o u g h  t h e  h i g h e s t  l e v e l s  



a r e  c e n t r e d  on L i v e r p o o l  Bay, c o n t a m i n a t i o n  i s  f a i r l y  g e n e r a l  i n  t h e  a r e a  
s o u t h  and e a s t  of t h e  I s l e  of Man. 

F i g u r e  18(a-d) shows t h e  l e v e l s  of mercury i n  f i s h  r e l a t i v e  t o  i n p u t s  
and t o  t h e  EQS of 0.3 mg kg-'. The d i f f e r e n c e s  between t h e  p a n e l s  a r e  a s  
f o l l o w s .  I n  F i g u r e  1 8 ( a ) ( b ) ,  t h e  t i m e - v a r i a t i o n  of Hg i n  w h i t i n g  and 
p l a i c e  i s  shown i n  t h e  way which would b e s t  show up any l i n k  w i t h  t h e  
i n d i v i d u a l  c u r v e s  of mercury i n p u t  ( f rom A. F r a n k l i n  and M. D. Nicholson 
i n  p r e p a r a t i o n ) .  That  i s ,  i n  c o n t r a s t  t o  e a r l i e r  a n a l y s e s  by MAFF o r  t h a t  
by Cooper (1986) ,  we have chosen t o  u s e  a  more s e l e c t i v e  d a t a  set  i n  which 
t h e  f i s h  samples  used a r e  t h o s e  from t h e  v i c i n i t y  of t h e  L i v e r p o o l  Bay 
dumps i t e s  o n l y ,  and t h e  length-dependence of Hg i n  f i s h  h a s  been removed 
t o  e s t a b l i s h  a  c u r v e  a p p l i c a b l e  t o  t h e  a c t u a l  mean l e n g t h  of f i s h  i n  t h e s e  
dumps i t e  samples  ( 2 8  cm f o r  b o t h  s p e c i e s ) .  I n  F i g u r e  1 8 ( c )  t h e s e  c u r v e s  
have been r e c a l c u l a t e d  t o  r e f l e c t  t h e  mean l e n g t h  of I r i s h  Sea f i s h  a v a i l -  
a b l e  t o  consumers (33.2 cm f o r  w h i t i n g ,  31.2 cm f o r  p l a i c e ,  1981-83 
means). F i n a l l y ,  F i g u r e  1 8 ( d )  compares t h e  ' shopp ing-baske t '  e s t i m a t e s  of 
Hg i n  f i s h  w i t h  t h e  EQS; such  e s t i m a t e s  a r e  o n l y  a v a i l a b l e  f o r  y e a r s  which 
f o l l o w  t h e  i n t r o d u c t i o n  of t h e  EQS p r i n c i p l e  i n  1980. I t  i s  c l e a r  t h a t  a s  
i n p u t s  have f a l l e n  s o  have t h e  l e v e l s  i n  f i s h  and,  a l t h o u g h  i n  r e c e n t  
y e a r s  t h e  r a t e  of d e c l i n e  h a s  been s low,  t h e  mean Hg l e v e l s  i n  f i s h  from 
t h e  inner-Bay a r e a  now l i e  j u s t  below t h e  EQS. Leah (1986)  p r o v i d e s  a  
s i m p l e  b u t  r o b u s t  s t a t i s t i c a l  a n a l y s i s  of t h e  d e t a i l e d  I C I  d a t a  s e t  of 
mercury i n  f i s h  from t h e  a r e a ,  and a l s o  f i n d s  e v i d e n c e  of a  r e l a t i v e l y  
r a p i d  d e c r e a s e  of Hg l e v e l s  i n  f i s h  i n  t h e  1 9 7 0 ' ~ ~  fo l lowed  by a  s l o w e r  
d e c r e a s e  s i n c e  1980. 

7.4 Unknowns and e x p e c t a t i o n s  

I t  w i l l  be a p p a r e n t ,  from t h e  d e t a i l s  of i n p u t s  of mercury g i v e n  i n  
s u b - s e c t i o n  7.2 and from t h e  changes i n  mercury c o n c e n t r a t i o n s  i n  f i s h  
w i t h  t ime  shown i n  F i g u r e  18,  t h a t  i t  i s  e x t r e m e l y  d i f f i c u l t  t o  a t t r i b u t e  
t h e  h i g h  l e v e l s  of mercury t o  any one source .  It i s  e q u a l l y  d i f f i c u l t  t o  
a t t r i b u t e  t h e  d e c l i n e  i n  t h e  l e v e l s  of c o n t a m i n a t i o n  found i n  t h e  f i s h  t o  
t h e  r e d u c t i o n s  i n  any one s o u r c e  of mercury o r  any p a r t i c u l a r  combinat ion 
of s o u r c e s .  A f u r t h e r  problem i s  t h a t  a l t h o u g h  i n p u t s  have been q u a n t i -  
f i e d  w i t h  v a r y i n g  l e v e l s  of s u c c e s s  s i n c e  t h e  e a r l y  1970s ,  no d a t a  of 
v a l u e  e x i s t  p r i o r  t o  t h a t ,  a l t h o u g h  i t  is  c e r t a i n  t h a t  i n p u t s  were  h i g h e r  
and t h a t  a  c o n s i d e r a b l e  accumula t ion  of mercury h a s  o c c u r r e d  i n  t h e  
L i v e r p o o l  Bay sed iments .  It i s  u n l i k e l y  t h a t  t h e  l e v e l s  of mercury con- 
t a m i n a t i o n  i n  f i s h  w i l l  d e c l i n e  s i g n i f i c a n t l y  u n t i l  t h i s  r e s e r v o i r  of  
mercury d e c r e a s e s  which is  o n l y  l i k e l y  t o  o c c u r  i f  i n p u t s ,  b o t h  d i r e c t  and 
v i a  t h e  Mersey E s t u a r y ,  can  be f u r t h e r  dec reased .  While s t e p s  a r e  i n  hand 
which s h o u l d  reduce  i n p u t s  i n  1986 by abou t  0.8 kg day-l and p r o g r e s s i v e  
r e d u c t i o n s  of a  f u r t h e r  1.4 t o  4.2 kg day-' a r e  r easonab ly  a s s u r e d  i n  t h e  
l o n g e r  t e rm,  i t  w i l l ,  c l e a r l y ,  be  some t ime  b e f o r e  t h e  Mersey E s t u a r y  
sed imonts  become decontaminated and d redge  s p o i l  i n p u t s  a r e  e l i m i n a t e d  o r  
s u b s t a n t i a l l y  reduced.  The impor tance  and impact  of t h i s  a c t u a l l y  happen- 
i n g  is  no t  c l e a r  s i n c e ,  a s  w i t h  i n p u t s  v i a  sewage s l u d g e ,  t h e r e  i s  con- 
s i d e r a b l e  u n c e r t a i n t y  abou t  how much of t h e  mercury i n  t h e  d redge  s p o i l  i s  
' a v a i l a b l e ' .  These a r e  gaps  i n  i n f o r m a t i o n  which w i l l  r e q u i r e  cons ide r -  
a b l e  F u r t h e r  r e s e a r c h  e f f o r t  i f  we a r e  t o  i d e n t i f y  t h e  i m p o r t a n t  i n p u t s  
a n d / o r  s o u r c e s  which a r e  l i k e l y  t o  r e s u l t  i n  a  s i g n i f i c a n t  d e c r e a s e  i n  
mercury,  which i n  t u r n  is t h e  p r e - r e q u i s i t e  f o r  implementing c o n t r o l s  on a  
p r i o r i t y  b a s i s .  Meanwhile, m o n i t o r i n g  of  b o t h  i n p u t s  and l e v e l s  i n  t h e  
f i s h  w i l l  have t o  be  main ta ined .  
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1. Primary production, plankton and microbiology 

Recent investigations of production in the planktonic ecosystem of 
the Irish Sea are reported in Fogg -- et al. (1985), Floodgate et al. (1981) 
and Richardson -- et al. (1985). There are great differences in biological 
activity between the various water masses within the Irish sea and it is 
impossible at this time to give an integrated estimate of primary produc- 
tion. It is evident that biological activity is highest in the large 
stratified water mass in the northwest Irish Sea and in particular along 
the front (Savidge, 1976) separating it from the mixed water further south 
(see Figure 1). Other areas which stratify to a greater or lesser extent 
occur off the Cumbrian and Lancashire coast, in Cardigan Bay and in bays 
and estuaries. This uneven distribution of plankton production clearly 
influences the distribution of all other marine life, including benthos, 
fish, sea birds, marine mammals and even fishermen. 

1.1 Continuous Plankton Recorder survey data, 1971 to 1984 

Continuous Plankton Recorder (CPR) surveys provide a means of making 
comparisons with plankton of other sea areas and of looking at time trends 
within the Irish Sea. The Irish Sea route runs from Liverpool to Dublin 
(see Figure 19) and can, therefore, only be taken as approximately repre- 
sentative of the mixed water plankton. 

Figure 20 summarises the seasonal variations in the standing stock of 
phytoplankton in the Irish Sea compared with neighbouring areas. It is 



c l e a r  t h a t  i n  t h e  mixed w a t e r  of  t h e  I r i s h  Sea  t h e  s p r i n g  bloom i s  abou t  a  
month l a t e r  and t h e  autumn d e c l i n e  n e a r l y  two months e a r l i e r  t h a n  i n  t h e  
open s h e l f  a r e a s  t o  t h e  n o r t h  and s o u t h .  T h i s  h a s  a  marked impact on t h e  
abundance of zoop lank ton ,  r e p r e s e n t e d  by t h e  s e a s o n a l  v a r i a t i o n s  i n  t h e  
t o t a l  of  a l l  t h e  copepod s p e c i e s  ( F i g u r e  21) .  These g r a p h s  show t h a t  i n  
t h e  mixed w a t e r  of t h e  I r i s h  Sea t h e  numbers of copepods a r e  l e s s  t h a n  
h a l f  of t h o s e  i n  t h e  open s h e l f  a r e a s .  

The main p a t t e r n s  of year- to-year  v a r i a b i l i t y  i n  t h e  abundance of t h e  
p l a n k t o n  of t h e  I r i s h  Sea o v e r  t h e  l a s t  14 y e a r s  a r e  p r e s e n t e d  i n  
F i g u r e  21. There  a r e  two d i s t i n c t  p a t t e r n s ,  shown by t h e  broken l i n e s  i n  
t h e  t o p  two and bottom two rows of g r a p h s  and,  i n  t h e  f i g u r e ,  t h e s e  a r e  
compared w i t h  t h e  year- to-year  changes  i n  t h e  abundance of e i g h t  of t h e  
more common s p e c i e s  of zoop lank ton  and phytoplankton.  The f i r s t  p a t t e r n ,  
c l e a r l y  a s s o c i a t e d  w i t h  t h e  copepods Pseudoca lanus ,  Temora and A c a r t i a  
a p p e a r s  t o  be r e s t r i c t e d  t o  t h e  I r i s h  Sea  and t h e  open s h e l f  t o  t h e  west  - - 
of S c o t l a n d  ( a r e a  C4 i n  F i g u r e  201, w h i l e  t h e  second p a t t e r n ,  a s s o c i a t e d  
w i t h  Calanus  h e l g o l a n d i c u s ,  T h a l a s s i o s i r a ,  A s t e r i o n e l l a  and Cerat ium 
f u s u s ,  r e p r e s e n t s  t h e  g e n e r a l  t r e n d  of  d e c l i n e  and recovery  found o v e r  t h e  
whole of t h e  n o r t h - e a s t  A t l a n t i c  and t h e  Nor th  Sea. 

1.2 Abnormal a l g a l  blooms 

The p r i n c i p a l  f o c i  of e x c e p t i o n a l  a l g a l  a c t i v i t y  i n  t h e  I r i s h  Sea  a r e  
t h e  t h r e e  r e g i o n s  i n  which f r o n t a l  sys tems  d e v e l o p ,  namely, ( F i g u r e  1 9 )  
t h e  nor th -wes te rn  I r i s h  Sea and C e l t i c  Sea  f r o n t s  ( t h e r m a l )  and i n  
L i v e r p o o l  Bay where more t r a n s i e n t  t h e r m a l  o r  the rmoha l ine  f r o n t s  deve lop  
(Simpson and H u n t e r ,  1974; Czi t rom Baus,  1982).  The l a t t e r  h a s  been par-  
t i c u l a r l y  no ted  f o r  many y e a r s  (Burrows,  1975) a s  a  r e g i o n  where excep- 
t i o n a l  blooms o f t e n  o c c u r  though o v e r a l l  p r imary  p r o d u c t i o n  i s  n o t  h i g h  
( L i v e r p o o l  Bay Working Group, 1984) ;  t h e  blooms a r e  sometimes a s s o c i a t e d  
i n  t h e  l i t e r a t u r e  w i t h  " e u t r o p h i c a t i o n "  d u e  t o  a n t h r o p o g e n i c  i n p u t s ,  
i n c l u d i n g  n o t  o n l y  t h e  n u t r i e n t s  ( p a r t i c u l a r l y  of p h o s p h a t e s )  b u t  a l s o  t h e  
growth f a c t o r s  such  a s  c e r t a i n  B v i t a m i n s  ( ~ u r r o w s ,  1975; Spencer ,  1972);  
s u c h  s u g g e s t i o n s  remain unconfirmed o r  s p e c u l a t i v e  a t  p r e s e n t .  S y n o p t i c  
d a t a  on n u t r i e n t  d i s t r i b u t i o n  f o r  t h e  whole I r i s h  Sea  i s  n o t  a v a i l a b l e  b u t  
many workers  have measured n u t r i e n t  c o n c e n t r a t i o n  i n  t h e  n o r t h - e a s t e r n  
I r i s h  Sea;  r e l a t i v e l y  h i g h  l e v e l s  i n s h o r e  a r e  a s s o c i a t e d  w i t h  run-of f ,  and 
d e c l i n e  seaward ( ~ b d u l l a h ,  1975).  

S t u d i e s  of t h e  o t h e r  f r o n t a l  sys tems  s u g g e s t  t h a t  t h e y  f i t  a  recog- 
n i s e d  p a t t e r n  i n  which h i g h  p r o d u c t i v i t y  i s  l i n k e d  t o  t h e  s t a b i l i t y  of 
w a t e r  on t h e  s t r a t i f i e d  s i d e  of t h e  f r o n t  and h i g h e r  n u t r i e n t  concen t ra -  
t i o n s  of t h e  mixed s i d e .  Very r a p i d  c y c l i n g  of s c a r c e  n u t r i e n t s  v i a  
m i c r o b i a l  and f l a g e l l a t e  pathways o c c u r s  i n  summer and s u s t a i n s  h i g h  pro- 
d u c t i o n  even when t h e  s t a n d i n g  s t o c k  of n u t r i e n t s  i s  v e r y  low ( T u r l e y  and 
L o c h t e ,  1985).  

E a r l y  i n  t h e  y e a r ,  d ia tom bloom p a t c h e s  of v a r i o u s  s p e c i e s  a r e  o f t e n  
obse rved  i n  L i v e r p o o l  Bay, o r i g i n a t i n g  a l o n g  t h e  North  Wales c o a s t .  
These  a r e  fo l lowed  i n  t h e  l a t e  s p r i n g  o r  e a r l y  summer by blooms of 
P h a e o c y s t i s  p o u c h e t t i  u s u a l l y  i n  a s s o c i a t i o n  w i t h  N i t z c h i a  s p p  and subse-  
q u e n t l y  i n  l a t e r  summer, i n  some y e a r s ,  N o c t i l u c a  o r  Gyrodinium aureolum 
( s p e n c e r ,  1972; L a n c a s h i r e  and Western Sea  F i s h e r i e s  Committee, 1976-79; 
J o n e s  a n d  Haq, 1963).  The two l a t t e r  a p p e a r  t o  be mutua l ly  e x c l u s i v e ,  
pe rhaps  because  N o c t i l u c a  p r e y s  on Gyrodinium. Mass m o r t a l i t i e s  and 
l e s s e r  e f f e c t s  i n c l u d i n g  r e d u c t i o n s  i n  D O ,  i n c r e a s e d  m o r t a l i t y  of 
s h e l l  F i sh  l a r v a e  i.n hatche-ry condi t i o n s  and appearance  of u n s i g h t l y / s m e l l y  



decaying o rgan ic  ma t t e r  on beaches have been noted wi th  Phaeocys t i s  and 
Gyrodinium blooms (Helm e t  a l . ,  1974). Though t h e  appearance of 
Gyrodinium i n  European waters  i s  a r e l a t i v e l y  new phenomenon (Tangen, 
1977),  Phaeocys t i s  and Noct i luca blooms a r e  thought t o  have a long h i s t o r y  
i n  t h i s  a r e a  (Burrows, 1975; Jones and Haq, 1963). 

Aside from g e n e r a l l y  enhanced primary product ion ,  no p a r t i c u l a r l y  
excep t iona l  blooms have been a s s o c i a t e d  w i th  t h e  north-western I r i s h  Sea 
f r o n t .  The C e l t i c  Sea f r o n t  is  a c e n t r e  f o r  t h e  development of 
Gyrodinium ( o r ,  i n  some y e a r s ,  Noct i luca)  blooms, but  t h e s e  a f f e c t  a r e a s  
o u t s i d e  t h e  I r i s h  Sea proper  ( t h e  I r i s h  South Coast and Cornwall) . - 

(Pa rke r ,  1981). 

P a r a l y t i c  s h e l l f i s h  poisoning (PSP) (due t o  Gonyaulax t amarens i s l  
excava ta )  has  been recorded only  from Dublin Bay i n  1890 (Cameron, 1890); 
i n  more recent  y e a r s ,  t h e  d i n o f l a g e l l a t e  has  been recorded t h e r e ,  but  only 
r a r e l y  (K. Roden, persona l  communication), whi le  p o s i t i v e  PSP t e s t s  have 
been recorded i n  B e l f a s t  Lough, which i s  a l s o  f r e q u e n t l y  t h e  l o c a t i o n  of 
smal l  diatom blooms ( p a r k e r ,  1981; Maxwell, 1978). Unusually i n  1985, 
Phaeocys t i s  bloomed e x t e n s i v e l y  a long  t h e  I r i s h  coas t  from Dublin t o  
Wexford, caus ing  a s i g n i f i c a n t  nuisance t o  t o u r i s t  i n t e r e s t s  though no 
o t h e r  damage, and a prolonged bloom of Prorocentrum minimum occurred i n  
Wexford Harbour, without  any of t h e  t o x i c  e f f e c t s  normally a s s o c i a t e d  wi th  
t h i s  s p e c i e s ;  n e i t h e r  of t h e s e  two s p e c i e s  have been recorded from t h e  
I r i s h  e a s t  coas t  before  t h a t  d a t e ,  nor have o t h e r  blooms been repor ted  
be fo re  from t h e s e  well-mixed, t u r b u l e n t  waters  (Pa rke r ,  1981; J. Doyle, 
pe r sona l  communication). 

2. Benthos 

I n  broad terms, t h e  ben th i c  a s s o c i a t i s n s  of t h e  I r i s h  Sea can be 
ca t ego r i s ed  accord ing  t o  t h e  annual  range of temperature  f l u c t u a t i o n s  
experienced a t  t h e  bottom. F igure  22 shows t h e  d i s t r i b u t i o n  of t h e  ben- 
t h i c  k t ages  us ing  t h e  c l a s s i f i c a t i o n  of Glemarec (19731, t h e  most 
important  d i v i s i o n  being between t h e  mixed water  a r e a s  and t h e  s t r a t i f i e d  
water  of t h e  western basin.  Within t h e s e  broad d i v i s i o n s  t h e  complex 
mosaic of sediment types  determines t h e  d e t a i l e d  d i s t r i b u t i o n  of t h e  
b e n t h i c  a s s o c i a t i o n s .  The main ones a r e  shown i n  F igure  22(b) ,  but i n  
many p l aces  t h e  s c a l e  of t h e  mosaic i s  such t h a t  t h e  d e t a i l s  cannot be 
shown on t h i s  map. The most no t ab l e  f e a t u r e  i s  t h e  occurrence of pockets 
of muddy sand d e p o s i t s  i n  t h e  bays round t h e  margin of t h e  sea .  Onshore 
near  bed r e s i d u a l  c u r r e n t s  r e s u l t  i n  t h e  s e l e c t i v e  d e p o s i t i o n  of o rganic  
d e t r i t u s  i n  t h e s e  pocke ts ,  t hus  suppor t ing  b e n t h i c  popula t ions  an o rde r  of 
magnitude g r e a t e r  than  those  of ad jo in ing  a r e a s  (Rees,  Eagle  and Walker, 
1976). I n  a d d i t i o n  t o  t h e  muddy communities of t h e  western bas in ,  another  
e x t e n s i v e  a r e a  of muddy d e p o s i t s  l i e s  o f f  t h e  coas t  of Cumbria. The 
margins of t h e s e  mud a r e a s  have much denser  macrobenthos popula t ions  than 
t h e  mud i n  t h e i r  c en t r e s .  Loca l i sed  a r e a s  wi th  p a r t i c u l a r l y  r i c h  benthos 
occur  near  t h e  wes te rn  I r i s h  Sea f r o n t ,  (Holme and Rees,  1986) b u t ,  a s  i n  
t h e  North Sea (Creutzberg,  -- e t  a l . ,  19841, i t  i s  not c l e a r  whether p e l a g i c  
enhancement o r  marginal  d e p o s i t i o n  on t h e  t i d a l  c u r r e n t  g r a d i e n t s  is 
respons ib le .  

Anthropogenic i n f luences  a f f e c t i n g  smal l  a r e a s  i n  o r  ad j acen t  t o  t h e  
urbanised  e s t u a r i e s  a r e  obvious,  but such in f luences  on a l a r g e r  s c a l e  
a r e  more d i f f i c u l t  t o  d e t e c t .  V i r t u a l l y  a l l  of t h e  e s t u a r i e s  round t h e  
I r i s h  Sea have been modified i n  some way by man's a c t i v i t i e s .  The L i f f e y  
i n  Dublin i s  a c l a s s i c  ca se ,  where n e a r l y  a l l  of t h e  types  of changes come 



t o g e t h e r  t o  produce t h e  f u l l  sequence of p o l l u t e d  b e n t h i c  communities 
c u l m i n a t i n g  i n  a z o i c  c o n d i t i o n s  ( C r i s p ,  Hoare and Seymour, 1974; Seymour, 
1976).  I n l a n d ,  t h e  d r a i n a g e  of p e a t l a n d s  a m p l i f i e s  t h e  l o a d  of humic 
m a t e r i a l  c a r r i e d  by t h e  r i v e r  and a  h y d r o - e l e c t r i c  dam d i m i n i s h e s  t h e  
s p a t e s  t h a t  would o t h e r w i s e  f l u s h  t h e  i n n e r  e s t u a r y .  The e s t u a r y  i t s e l f  
h a s  had t h e  t i d a l  p r i sm reduced by t h e  c o n s t r u c t i o n  of quays and break- 
w a t e r s .  Dredging of t h e  p,ort has  r e s u l t e d  i n  a  bed p r o f i l e  t h a t  is no t  i n  
e q u i l i b r i u m  i n  a  s e c t i o n  where t h e r e  i s  s t r o n g  s t r a t i f i c a t i o n .  Thermal 
i n f l u e n c e s  from a n  o i l - f i r e d  power s t a t i o n  s e r v e  t o  a m p l i f y  t h e  s a l i n i t y -  
d e r i v e d  s t r a t i f i c a t i o n .  I n t o  t h i s  b a s i n ,  w i t h  a  p a r t i c u l a r l y  poor capa- 
c i t y  f o r  mixing and re-oxygenat ion,  t h e  c i t y  and i t s  i n d u s t r i e s  d i s c h a r g e  
a  f a i r l y  heavy l o a d  of o r g a n i c  wastes .  B e l f a s t  Lough h a s  s i m i l a r  f e a t u r e s  
and even i n  t h e  e s t u a r i e s  on t h e  e a s t e r n  s i d e ,  where t h e  t i d e  range i s  
b i g g e r ,  t h e  c o n s t r u c t i o n  of t r a i n i n g  banks h a s  f r e q u e n t l y  d i s r u p t e d  t h e  
n a t u r a l  s e d i m e n t a t i o n  p a t t e r n s  of t h e  e s t u a r i e s ,  c r e a t i n g  t r a p s  f o r  any 
e x c e s s  o r g a n i c  d e t r i t u s  and t h e  p e r s i s t e n t  con taminan ts  f r e q u e n t l y  a s s o c i -  
a t e d  w i t h  i t .  A good example of t h i s  can be s e e n  t o  t h e  s o u t h  w e s t  of t h e  
t r a i n e d  channe l  t o  t h e  Mersey. T h i s  has  c u t  o f f  a n  embayment i n  t h e  sand 
banks which happens t o  l i e  i n  t h e  d i r e c t  p a t h  of sewage s l u d g e  be ing  d i s -  
pe rsed  From a n  o f f s h o r e  dumping ground by n e a r  bed r e s i d u a l  c u r r e n t s .  
T h i s  dumping ground i n  L i v e r p o o l  Bay does  n o t  show t h e  u s u a l  e f f e c t s  of 
o v e r  enr ichment  whereas t h e  Garroch Head dumping ground i n  t h e  Clyde does  
show such  e f f e c t s  (Pearson ,  1986). The b e n t h i c  s p e c i e s  t h a t  dominate 
L i v e r p o o l  Bay a r e  mainly  ones  t h a t  a r e  o f t e n  a s s o c i a t e d  w i t h  o r g a n i c  pol-  
l u t i o n ,  bu t  t h e y  do n o t  occur  i n  e x c e s s i v e l y  h i g h  numbers. Much of t h e  
c e n t r a l  p a r t  of L i v e r p o o l  Bay h a s  a  r a t h e r  s p a r s e  f a u n a ,  b u t  i t  is n o t  
c l e a r  whether  dumping i s  a  f a c t o r  i n  t h i s  o r  whether  i t  i s  mainly  due t o  
n a t u r a l  sediment  m o b i l i t y .  A s  some s p e c i e s  t h a t  a r e  common i n  t h e  r e s t  of 
t h e  e a s t e r n  I r i s h  Sea ,  such a s  Echinocardium cordaturn, are v i r t u a l l y  
a b s e n t  from t h e  s e c t o r  of t h e  bay which i n c l u d e s  t h e  Mersey and t h e  dump- 
i n g  ground,  t h e  v igorous  mixing may l e a d  t o  broad e f f e c t s .  

On s e v e r a l  o c c a s i o n s ,  pa tchy  l o c a l  m o r t a l i t y  of t h e  s h a l l o w  w a t e r  
and i n t e r t i d a l  benthos  has  been observed ,  f o l l o w i n g  t h e  c o l l a p s e  of 
i n t e n s e  p l a n k t o n  blooms. Nearbed c u r r e n t s  t end  t o  c o n c e n t r a t e  s e n e s c e n t  
p l a n k t o n  i n  n e a r s h o r e  p o c k e t s ,  where t h e  ben thos  i s  t h u s  enr iched .  These 
s h a l l o w  c o a s t a l  w a t e r s  t e n d  t o  be r a t h e r  t u r b i d  and t h e  amount of p a r t i -  
c u l a t e  m a t e r i a l  may w e l l  be i n c r e a s i n g .  A c c e l e r a t e d  s o i l  e r o s i o n  from 
l a n d  use  changes i n  t h e  su r rounding  catchments  coupled w i t h  r i v e r  manage- 
ment schemes f o r  f l o o d  r e l i e f  and t h e  c o n s t r u c t i o n  of s e a  w a l l s  e n c l o s i n g  
s a l t  marshes have i n c r e a s e d  t h e  l o a d  of f i n e s  i n  c o a s t a l  wa te r s .  I n  t h e  
Menai S t r a i t ,  where r e c o r d s  of wa te r  c l a r i t y  go back t o  t h e  e a r l y  1 9 5 0 f s ,  
t h e r e  a r e  s i g n s  of a  d e c l i n e  i n  t h e  o c c u r r e n c e  of p e r i o d s  of c l e a r  w a t e r  
and tile lower dep th  l i m i t  of t h e  Laminar ian weeds seems t o  have decreased .  

I n  Cardigan Bay, o f f  a  c o a s t  where t h e  human p o p u l a t i o n  i s  s m a l l  and 
a g r i c u l t u r a l  i n t e n s i f i c a t i o n  has  been l e s s ,  t h e r e  i s  a n  a r e a  where quan- 
t i t a t i v e  benthos  samples  were t aken  i n  1921 ( L a u r i e  and Watkin, 1922). 
T h i s  was no t  long  a f t e r  P e t e r s e n ' s  (1918) c l a s s i c  s t u d i e s  o f f  Denmark. 
Recent  t e sampl ing  of P e t e c s e n ' s  Danish s t a t i o n s  showed widespread changes ,  
i n d i c a t i v e  of g e n e r a l  e u t r o p h i c a t i o n  of c o a s t a l  w a t e r s  (Pearson ,  J o s e f s o n  
and Rosenberg,  1985). However, samples t a k e n  a t  t h e  Cardigan Bay l o c a l i t y  
i n  1981 showed a remarkably h igh  d e g r e e  of s i m i l a r i t y  w i t h  t h o s e  t a k e n  
s i x t y  y e a r s  e a r l i e r .  

Elsewhere i n  t h e  e a s t e r n  I r i s h  Sea ,  t h e  y e a r  t o  y e a r  v a r i a t i o n s  i n  
t h e  henthos  a r e  o f t e n  c o n s i d e r a b l e .  T h i s  is  p a r t i c u l a r l y  s o  i n  t h e  
i n s h o r e  muddy sand pocke t s  where p o p u l a t i o n s  of some s p e c i e s  t h a t  i n t e n -  
s i v e l y  rework t h e  sediment  a r e  s u f f i c i e n t l y  h i g h  t o  i n h i b i t  r e c r u i t m e n t  of 



o t h e r  spec i e s .  Va r i a t i ons  i n  wind s t r e s s  d r iven  r e s i d u a l  water  movements 
a l s o  i n f luence  t h e  mix of l a r v a e  a v a i l a b l e  f o r  recru i tment .  Repopulation 
of t h e  s p a r s e l y  i nhab i t ed  sediments of L iverpool  Bay i s  more l i k e l y  when 
t h e  r e s i d u a l  i n  t h e  bay i s  clockwise and c a r r i e s  l a r v a e  from t h e  r i c h e r  
popula t ions  t o  t h e  north.  

Add i t i ona l ,  l o c a l i s e d  e f f e c t s  on t h e  benthos occur  where t h e r e  i s  
g r a v e l  dredging i n  southern  Liverpool  Bay, where dredge s p o i l  has been 
dumped a t  s i t e  Z i n  Liverpool  Bay (Rowlat t ,  Rees and Rees, 19861, where 
s l a g  has  been dumped on t h e  fo re sho re s  of Cumbria (Pe rk ins ,  19771, and on 
a  min iscu le  s c a l e  s o  f a r ,  round t h e  gas  p la t forms  of t h e  Morecambe F ie ld .  
The mud zone o f f  Cumbria i s  of s p e c i a l  i n t e r e s t  because of t h e  proximity 
of t h e  o u t f a l l s  from t h e  S e l l a f i e l d  nuc l ea r  reprocess ing  p l an t .  Deep 
b i o t u r b a t i o n  by ben th i c  organisms coupled w i t h  bed d i s tu rbance  from trawl-  
i n g  means t h a t  p a r t i c u l a t e  nuc l ides  would no t  remain completely bur ied  
even i f  t h e  mud were accumulating, which i s  un l ike ly .  Ex t r apo la t i ng  from 
t h e  l i m i t e d  experiments  done elsewhere on t h e  e f f e c t s  of s c a l l o p  dredges 
and heavy beam t r a w l s ,  i t  i s  l i k e l y  t h a t  i n  p l a c e s  t h e  i n t e n s i t y  of f i s h -  
i n g  i s  a t  t imes s u f f i c i e n t  t o  s i g n i f i c a n t l y  a f f e c t  t h e  s e s s i l e  epifauna.  
Where t h e  popula t ions  of l a r g e  f i s h  such a s  cod t h a t  a r e  p reda to r s  on 
b e n t h i c  organisms have been reduced by f i s h i n g ,  t h e r e  a r e  probably conse- 
quences f o r  t h e  benthos. Mathematical model l ing sugges t s  t h a t  f i s h i n g  cod 
a t  an  i n t e n s i t y  beyond t h e  l e v e l  where t h e  maximum s u s t a i n a b l e  y i e l d  i s  
taken  could b e n e f i t  t h e  Nephrops f i s h e r y  (Brander and Bennet t ,  1986). 

3. Fish and f i s h e r i e s  

The I r i s h  Sea suppor t s  a  d i v e r s e  f i s h  fauna s i m i l a r  t o  o t h e r  s e a  
a r e a s  around t h e  B r i t i s h  I s l e s ,  but  t h e  f i s h  y i e l d  pe r  u n i t  a r e a  is  lower 
t han  i n  o t h e r  a r e a s  ( s e e  Table  16 and Brander and Dickson, 1984). The 
only  commercially important  p e l a g i c  f i s h e r y  is  f o r  he r r ing .  The decapod 
c rus t acean  Nephrops norvegicus,  w i th  average annual  l andings  of around 
9000 t ,  is  t h e  most va luab le  component of t h e  I r i s h  Sea mixed demersal . 
f i s h e r y  (F igu re  23(b)) .  

The biomass of t h e  main commercial demersal f i s h  s p e c i e s  a r e  g iven  
i n  Table  17 (from Brander 1981a). From t r a w l  survey d a t a  i t  i s  ev iden t  
t h a t  o t h e r ,  non commercial, s p e c i e s  make up a  smal l  p ropor t ion  of t o t a l  
f i s h  biomass, a l though s p r a t ,  poor cod and Norway pout a r e  f a i r l y  abun- 
dant .  Compared wi th  t h e  North Sea demersal f i s h  fauna ( a l s o  g iven  i n  
Table  171, t h e  main d i f f e r e n c e s  a r e  t h e  smal l  p ropor t ions  of s a i t h e  and 
haddock and t h e  l a r g e  propor t ion  of rays .  About 85% of t h e  Nephrops lan-  
ded from t h e  I r i s h  Sea come from t h e  mud pa tch  west of t h e  I s l e  of Man and 
t h i s  a r e a  a l s o  y i e l d s  much of t h e  cod and whit ing.  The f l a t f i s h  ca t ches  
come mainly from t h e  e a s t e r n  I r i s h  Sea. The s o l e  f i s h e r y  i n  March and 
A p r i l  a t t r a c t s  v i s i t i n g  beam t r a w l e r s  from Belgium, Holland and south-west 
England, but  o therwise  most v e s s e l s  f i s h i n g  i n  t h e  I r i s h  Sea a r e  based 
around i t s  shores .  

The main spawning a r e a s  a r e  i n  t h e  s t r a t i E i e d  water  masses west of 
t h e  I s l e  of Man and o f f  t h e  Cumbrian coas t  and spawning g e n e r a l l y  occurs  
s l i g h t l y  l a t e r  than  i n  t h e  North Sea. Larvae a r e  d i s t r i b u t e d  over  nursery  
a r e a s  i n  most c o a s t a l  reg ions  of t h e  I r i s h  Sea, w i th  j u v e n i l e  f l a t f i s h  
occu r r ing  mainly on t h e  e a s t  s i d e  (F igures  24  and 25). The f l a t f i s h  
nu r se ry  a r e a s  a r e  i n  shal low water  i n  a r e a s  which a r e  c l o s e s t  t o  sources  
of p o l l u t i o n  and which a r e  a l s o  s u b j e c t  t o  smal l  mesh shrimp f i s h e r i e s .  
There have been ex t ens ive  surveys of t h e  i n sho re  nursery  a r e a s  i n  s e v e r a l  
yea r s  (R i l ey ,  Symonds and Woolner, 1986) and t h e s e  provide a  means of 



comparing d i f f e r e n t  p a r t s  of t h e  I r i s h  Sea and a l s o  o t h e r  c o a s t a l  a r e a s  of 
England and Wales. 

Tagging of young p l a i c e ,  s o l e  and cod shows t h a t  a l t h o u g h  most recap- 
t u r e s  o c c u r  c l o s e  t o  t h e  t a g g i n g  a r e a ,  t h e r e  i s  good ev idence  of e x t e n s i v e  
s e a s o n a l  m i g r a t i o n .  Young cod and p l a i c e  t agged  o f f  North Wales were 
o f t e n  r e c a p t u r e d  i n  t h e  s o u t h e r n  I r i s h  Sea and t h e  C e l t i c  Sea. Young cod 
t agged  i n  B e l f a s t  Lough were r e c a p t u r e d  t o  t h e  n o r t h  and wes t  of I r e l a n d .  
Older  cod ,  p l a i c e  and s o l e  tagged on t h e i r  spawning a r e a s  were r e c a p t u r e d  
o v e r  a  much wider  a r e a  d u r i n g  t h e  summer and autumn b u t  appeared t o  r e t u r n  
t o  t h e  same spawning a r e a s  t h e  f o l l o w i n g  s p r i n g .  Adul t  w h i t i n g  tagged o f f  
Nor thern  I r e l a n d  were r e c a p t u r e d  th roughout  t h e  I r i s h  Sea ,  b u t  o t h e r  
s p e c i e s  appear  n o t  t o  m i g r a t e  a c r o s s  t h e  I r i s h  Sea i n  e i t h e r  d i r e c t i o n  a s  
a d u l t s .  

3.1 The e f f e c t s  of e x p l o i t a t i o n  on f i s h  s t o c k s  

The t o t a l  y i e l d  of demersal  f i s h  from t h e  I r i s h  Sea h a s  f l u c t u a t e d  
between 30 and 55 k t  over  t h e  p a s t  t e n  y e a r s .  T h i s  i s  a  h i g h e r  l e v e l  t h a n  
a t  any t i m e  s i n c e  r e c o r d s  began  rander er, 1977) and a l t h o u g h  i t  can be 
shown t h a t  a l l  t h e  major demersal  f i s h  ( c o d ,  w h i t i n g ,  p l a i c e  and s o l e )  a r e  
b e i n g  e x p l o i t e d  a t  l e v e l s  of f i s h i n g  m o r t a l i t y  g r e a t e r  t h a n  i s  needed t o  
t a k e  t h e  maximum y i e l d  p e r  r e c r u i t ,  t h e r e  i s  no compel l ing  ev idence  t h a t  
t o t a l  y i e l d s  have been d imin i shed  a s  a  consequence of heavy f i s h i n g .  On 
t h e  o t h e r  hand, t h e  d i s a p p e a r a n c e  of t h e  common s k a t e  Raia  b a t i s  from t h e  
I r i s h  Sea i s  one of t h e  c l e a r e s t  examples of a  s p e c i e s  be ing  f i s h e d  t o  
( l o c a l )  e x t i n c t i o n  (Brander ,  1981(b)). 

Trends  i n  t h e  y i e l d s  of t h e  f o u r  main demersal  s p e c i e s  i n  t h e  I r i s h  
Sea (cod ,  w h i t i n g ,  p l a i c e  and s o l e )  o v e r  t h e  p a s t  t e n  y e a r s  a r e  g i v e n  i n  
Tab le  18 and shown i n  F i g u r e s  26-29 r e s p e c t i v e l y .  The f i g u r e s  a l s o  show 
t h e  t r e n d s  i n  f i s h i n g  m o r t a l i t y ,  which a r e  a n  i n d i c a t i o n  of t h e  l e v e l  of 
e x p l o i t a t i o n  and t h e  t r e n d s  i n  spawning s t o c k  biomass and i n  r e c r u i t m e n t .  
Although t h e  spawning biomass of b o t h  f l a t f i s h  s t o c k s  h a s  shown some 
d e c l i n e ,  t h e r e  i s  no ev idence  t h a t  reduced r e c r u i t m e n t  h a s  r e s u l t e d  and 
b o t h  a r e  expec ted  t o  b e n e f i t  from r e c e n t  good y e a r  c l a s s e s .  T a b l e s  19 
and 20 show UK (England and Wales) o t t e r  t r a w l  and beam t r a w l  catch-per-  
u n i t - e f f o r t  f o r  e i g h t  major demersa l  s p e c i e s  i n  t h e  I r i s h  Sea ,  which g i v e s  
a n  i n d i c a t i o n  of biomass t r e n d s .  I t  i s  encourag ing  t o  n o t e ,  from Table  18 
t h a t  t h e  ray  s p e c i e s  ( p r i n c i p a l l y  Ra ia  c l a v a t a ,  R. montagui,  R. b rachyura  
and R. naevus)  have main ta ined  a  s t e a d y  h i g h  c a t c h  r a t e ,  s i n c e  t h e y  have a 
l i f e - h i s t o r y  s i m i l a r  t o  R. b a t i s  and might be expec ted  t o  d e c l i n e  under  
heavy f i s h i n g  p r e s s u r e .  

F i s h i n g  removes 30-60% of a d u l t  demersal  f i s h  from t h e  I r i s h  Sea 
e v e r y  y e a r  and a  rough c a l c u l a t i o n  of t h e  t o t a l  a r e a  swept by t r a w l s  i n  
1978 shows t h a t  t h e  whole a r e a  of t h e  I r i s h  Sea was t r a w l e d  o v e r ,  on 
a v e r a g e ,  2???. t imes  (Brander ,  1980). Given t h e  enormous e f f e c t  of f i s h i n g  
on t h e  f i s h  s t o c k s ,  i t  would be ve ry  d i f f i c u l t  t o  d e t e c t  any o t h e r  
a n t h r o p r o g e n i c  impact a t  t h e  p o p u l a t i o n  l e v e l .  

The main p e l a g i c  f i s h e r y  i n  t h e  I r i s h  Sea i s  f o r  h e r r i n g  and t h i s  h a s  
d e c l i n e d  very  s h a r p l y  s i n c e  1974 when n e a r l y  40 k t  were taken.  Over f i sh -  
i n g  c e r t a i n l y  played a  part: i n  t h e  d e c l i n e ,  bu t  t h e  p r e s e n t  l e v e l  of 
c a t c h e s ,  which average  around 4 k t  i s  probab ly  c l o s e r  t o  t h e  long-term 
average  l e v e l  f o r  t h e  I r i s h  Sea. 



3.2 Historical note on diseases of fish in the Irish Sea 

Diseases of fish from the Irish Sea are not a new revelation, prob- 
ably because the area has had the benefit of having a marine biological 
station in its midst and in the past there has been opportunity to examine 
diseases and abormalities of marine organisms in more detail. Early 
recordings of diseases included descriptions of lymphocystis, epidermal 
ulcers and hyperplasia, tumours, deformities as well as parasitic infesta- 
tions (Woodcock, 1904; Johnstone, 1905, 1910, 1923, 1924, 1925). However, 
these early investigations are little more than case studies of disease in 
a small number of fish and are not capable of determining disease preva- 
lence levels. Because of observations by fishermen and others of epider- 
mal diseases in flat fish in this area, surveys of demersal fish were made 
later (Perkins, Gilchrist and Abbot, 1972; Shelton and Wilson, 1973), when 
lymphocystis < 14.6% and epidermal ulcers < 4% were recorded, particularly 
in flounders but also in dabs and plaice. 

3.3 Current status of fish and shellfish diseases in the Irish Sea 

In the Irish Sea, more recent surveys of fish stocks for evidence of 
diseases have been conducted in 1982 (Bucke, Feist and Rolfe, 1983), in 
November 1985 and in April 1986. In common with earlier surveys, the 1982 
and 1985 investigations took place as shared cruises with multiple aims 
and the 1986 cruise was the first dedicated fish disease cruise that 
covered different areas of the Irish Sea systematically with trained 
observers. 

The 1982 survey examined 13,218 fish of commercial species (whiting, 
mackerel, cod, dab, plaice, flounder, Dover sole and lemon sole). The 
diseases recorded were mainly epidermal, but included lymphocystis, epi- 
dermal hyperplasia, epidermal ulcers, skeletal deformities (Table 21), 
(some) liver nodules in dab (Table 22) and mycobacteriosis in mackerel. 
From this survey, the prevalence of epidermal diseases was reported to be 
similar to those recorded by others from surveys of fish in the North Sea 
(Dethlefsen, 1980; Mbller, 1981; Wootten, McVicar and Smith, 1982; 
Mellergaard and Nielsen, 1984) and less than in previous fish disease sur- 
veys in the Irish Sea (Perkins, Gilchrist and Abbot, 1972; Shelton and 
Wilson, 1973). The results of the 1985 survey appear to show about the 
same general level of epidermal disease prevalence as in 1982. From these 
and earlier cruises of this 'opportunistic' type, it would be difficult to 
attribute significance to the observed changes in disease prevalence with 
time since important variables (season, locality, fish size, etc.) were 
not standardised but at least no general upward trend seems to have been 
apparent. 

The survey carried out by the dedicated 1986 cruise was much more 
rigorous in character, focussing on dab and plaice as the target species, 
on epidermal diseases, and on four contrasting areas of the Irish Sea - 
Point of Air (Liverpool Bay), St Bees, Dundrum Bay and Cardigan Bay. 
Though still under analysis, results show that only epidermal hyperplasia, 
lymphocystis and ulcers were present in sufficient numbers to justify 
statistical analysis, and this analysis shows two main conclusions (Bucke 
and Nicholson, 1987). Firstly, the general prevalence of fish epidermal 
disease encountered was significantly higher than on earlier cruises, 
including the 1985 survey, only 5 months earlier; until supported by 
future surveys of an equally rigorous type, this increasing disease- 
prevalence in the observations is not regarded as conclusive evidence of a 
real increase in disease incidence among the wild population, but rather 



as the expected result of fielding an increased and more-focussed obser- 
ving effort. The second result may well prove to be more significant from 
the view point of anthropogenic effects; that is, the statistically demon- 
strable result that of the four areas surveyed, the dab showed it highest 
disease prevalence off Point of Air (Liverpool Bay), the plaice off St 
Bees and for all six categories considered (2 spp. X 3 disease-types) the 
(supposed) control site in'northern Cardigan Bay showed the lowest disease 
prevalence. 

As the first and only cruise of its type, the 1986 survey does 
provide statistically reliable 'benchmark' values for the limited range of 
diseases and species considered but, even if a 'time-series' of such sur- 
veys eventually becomes available, it will still remain to be demonstrated 
whether an anthropogenic contribution to the observed changes can be con- 
vincingly separated from the natural spatial and temporal variations which 
must undoubtedly exist in fish disease incidence. 

4. Marine mammals and seabirds 

Although the list of Cetacean species that have at some time been 
stranded on Irish Sea coasts is quite long (Fraser, 1974), only a few are 
seen live regularly (P. G. H. Evans, 1980). Porpoises are fairly common 
inshore in summer but are at risk from drowning in monofilament nets. 
Bottlenosed dolphins still penetrate to Liverpool Bay, but anecdotal evi- 
dence suggests that there are fewer than formerly. Most of the other 
species seem not to penetrate far from the entrance narrows, though in 
recent years occasional minke whales and small schools of common dolphins 
have been seen in the richer stratified waters of the western Irish Sea 
(Hope Jones, 1984). 

One of the main breeding areas of the south-western British stock of 
grey seals is on the Pembroke coast at the southern entrance to the Irish 
Sea (Hewer, 1974). Smaller numbers pup on the Saltee and Lambay Islands 
on the Irish side and at several localities on the north Wales coast. 
Away from the pupping beaches they can be found almost anywhere around the 
sea. The most favoured haulout sites are on offshore rocks such as 
Bardsey and Ynys Dulas, off Anglesey, at each of which up to about eighty 
whales can be seen at times. There is also a major haul out on the Hoyle 
Banks, off the Dee Estuary, of seals feeding in Liverpool Bay (Craggs and 
Ellison, 1960). Individuals can sometimes be seen feeding in the Queens 
Channel at the mouth of the River Mersey. These individuals must be at 
risk of accumulating heavy metals and other persistent pollutants. The 
few analyses from the carcasses of dead seals showed the presence of the 
expected contaminants, but not at concentrations likely to cause death 
(Holden, 1978). Seal populations in the Irish Sea do not seem to have 
increased as much as those off north-western Scotland and the Farnes. It 
is most likely that this is due to the habit of the south-western British 
stock, of pupping on storm beaches in caves and remote coves where the 
pups are often washed away (Hewer, 1974). Conflicts between seals and 
fisheries have been relatively few. Common seals are limited to a small 
population centred on Strangford Loch, but wanderers sometimes join the 
major grey seal haulouts as at Bardsey. 

The Irish Sea is surrounded by a chain of estuaries with very exten- 
sive intertidal flats. Large populations of wildfowl and waders use these 
estuaries in winter on a regular basis and as a hard weather refuge 
(Prater, 1981; Owen, Atkinson-Willes and Salmon, 1986). The Irish Sea 



estuaries have a milder climate than continental estuaries and inverte- 
brate food remains more available (Reading and McGrorty, 1978; 
P. R. Evans, 1980). In some bird species very significant parts of the 
total north-western European populations use the Irish Sea estuaries, for 
example, over half the knot (Prater, 1981). Although several barrage 
schemes, which would restrict the available habitat, have been proposed in 
recent years, none has come to fruition. Many of the estuaries are 
scheduled as being of conservation importance because of their bird 
populations (Ratcliffe, 1977). During the late 1970s abnormal levels of 
bird mortality occurred on the Mersey Estuary, which was attributed to 
lead from an anti-knock compound manufacturing plant (Prater, 1981). 

Scoter sea ducks concentrate at times in flocks of up to several 
thousand off shallow sandy coasts on both sides of the Irish Sea (Owen, 
Atkinson-Willes and Salmon, 1986). The concentrations seem to move from 
season to season, probably depending upon the erratic occurrence of single 
age cohort patches of benthic bivalves. 

The largest breeding populations of seabirds are concentrated at the 
two entrances to the Irish Sea, such as at Rathlin Island in the north 
and the Pembrokeshire islands in the south (Cramp, Bourne and Saunders, 
1974). The latter have been particularly vulnerable to oil tanker acci- 
dents. In spite of intermittent oil pollution incidents, the populations 
of auks at Irish Sea colonies seem to have risen slightly in the last 15 
years, though at a much slower rate than North Sea and Shetland colonies 
(Harris, Wanless and Rothery, 1983). From time to time there have been 
mass mortalities of auks in late summer. The incident in 1969 provoked 
considerable alarm, because of the high levels of PCBs found in the bird 
corpses (Holdgate, 1971). At this season the whole population, probably 
including some from colonies outside the Irish Sea, concentrates to feed 
in a few favoured feeding areas, where they moult and tend the still 
flightless young. It has recently been found that over 75% of razorbills 
and guillemots go to limited areas off the east coast of Ireland, the 
North Channel and Sound of Jura (Rees and Hope Jones, 1985). After the 
1969 incident, chemical analyses of cormorant eggs showed the presence of 
PCBs and some coastal peregrines, habitually feeding on shorebirds, also 
suffered eggshell thinning. In mid-summer, in recent years, there have 
often been abnormal numbers of adult gulls dying with disease symptoms. 
This has been attributed to botulism from feeding on refuse dumped in 
plastic sacks (Sutcliffe, 1986). 
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SECTION E TABLES 

Table 1 Mean va lues  of phys i ca l  and chemical c h a r a c t e r i s t i c s  a long t h e  path of s i x  
s ea sona l  c r u i s e s  i n  Liverpool  Bay dur ing  1975. ( ~ r o m  Fos t e r  -- e t  a l . ,  1978) 

S a l i n i t y  
0 100 

January 32.90 
Apr i l  32.59 
May 32.66 
June 32.83 
September 33.21 
December 32.54 

Table 2 S a l i n i t y  t o  n u t r i e n t  c o r r e l a t i o n  c o e f f i c i -  
e n t s  f o r  t h e  s ea sona l  cyc le  of c r u i s e s .  
(From Fos t e r  -- e t  a l . ,  1978) 

N i t r a t e  S i l i c a t e  Phosphate 

January -0.972 -0.916 -0.794 
A p r i l  -0.915 -0.157 -0.005 
May -0.712 +O. 280 -0.413 
June +O. 560 +0.021 -0.311 
September -0.553 -0.277 - 
December -0.851 -0.896 -0.846 



Table 3 Dissolved metals in surface waters from the Irish Sea area 

Area Fe Mn References 

Abdullah G&. (1972) Liverpool  Bay 

Cardigan Bay 

North Channel S t e e l e  g g. (1973) 

(0.03-0.6)0.09 (0.15-2.6)0.53 Preston (1973) Western I r i s h  Sea 

Eas te rn  I r i s h  Sea 

I r i s h  Sea Baker (1977) 

Jones and J e f f e r i e s  (1983) I r i s h  Sea 

South East  
I r i s h  Sea 

Van den Berg (1984) 

Offshore of sewage 
s ludge  dump s i t e  

A t  dump s i t e  

Inshore  of dump 
s i t e  

North Eas t  
I r i s h  Sea 

B a l l s  (1986, i n  p r e s s )  

(Range) Mean u n i t s  a r e  pg 1-l except f o r  Cd and Hg which a r e  i n  ng 1-I 

Note: The d e c l i n e  i n  c e r t a i n  metal l e v e l s  over  time may not  be r e a l .  See t e x t  page 19. 

Table 4 Elemental composition (mg kg-') of suspended particulate material from the Irish Sea area 
- 

Area Cd Cu Pb Zn N i  Mn Fe References  

I r i s h  Sea (0.04-0.56)0.22 (1.34)16 (75-445)210 (4-117)40 Jones  and J e f f e r i e s  (1983) 

Offshore  of Liverpool  (0.21-0.5)0.35 (32-48140 
sewage dump s i t e  

Norton S&. ( 1 9 8 4 ( a ) ( b ) )  

At dump s i t e  (0.18-0.8)0.13 (30-103166 (336-5291442 (31-974)500 II II 11 II 

In sho re  of dump s i t e  (0.27-0.3)0.28 (28-54)41 (327-349)338 (27-83)55 11 11 II I I  

I r i s h  Sea/North Channel (0.04-1.5)0.41 (9-49)28 (28-87)58 (190-510)300 (1100-6400) (32,000-110,000) B a l l s  (1986, i n  p r e s s )  
2,600 70,000 

(Range) mean 

Note: Average composi t ion  of 115 s u r f a c e  sediments  from t h e  c e n t r a l  no r th  e a s t e r n  I r i s h  Sea, Cronan (1970) ,  (CO, Cu, N i ,  MO,  Sn, V ,  Zn, 12 samples)  B 32 ppm, 
Ba 252 ppm, Cr 17 ppm, Fe 1.59%, K 0.99%, Mn 637 ppm, P 439 ppm, Sr  302 ppm, T i  1021 ppm, Zr 168 ppm, CO 3 ppm, Cu 7 ppm, N i  18 ppm, MO n.d. 



Table 5 Mean va lues  and ranges of s e l e c t e d  metals  
( pg g-1) i n  B e l f a s t  Lough sediments ,  1978 

No. of s i t e s  Docks 
5 

248 
(200-290) 

Inner  Lough 
15 

Outer Lough 
2 1 

Table 6 The range, mean and s tandard  d e v i a t i o n  of metal  concentra-  
t i o n s  i n  t h e  <90 pm f r a c t i o n  of s u r f a c e  sediment samples 
(pg g-1 dry  weight) 

C r N i  Cu Zn Cd Hg Pb 
.p-- .- 

Range 28-230 13-100 11-130 81-490 <0.2-1.7 0.08-2.6 29-570 

Mean 7 6 30 3 1 230 - 0.59 87 



Table 7 Contaminants in fish and mussels from the Irish Sea 

Contaminant Range in concentration (mg kg-l wet weight) 

Dieldrin 

CDDT 

PCBs 

Fish (M) 
Mussels 

Fish (M) 
Mussels 

Fish (M) 
Mussels 

Fish (L) 
Mussels 

Fish (L) 
Mussels 

Fish (L) 
Mussels 

Fish (L) 
Mussels 

Fish (L) 
Mussels 

Western 
Channel 

<0.2 (M) 
0.3-0.5 

<0.2 (M) 
1.0-1.8 

Liverpool 
Bay 

0.21-0.35 
0.06-0.12 

0.2-0.3 
1.7-2.2 

3.3-5.3 
17-62 

<0.2-0.4 
0.4-0.5 

<0.4 
1.2-4.3 

0.01-0.20 
0.03 

0.27-2.8 
0.08 

0.9-8.4 
0.15 

Morecambe 
Bay 

0.17-0.60 
0.06-0.10 

0.2-0.3 
1.1-1.8 

2.4-6.2 
25-28 

<o. 2 
0.3-0.6 

<0.2 
1.6-2.6 

<0.01-0.23 
0.01 

0.03-3.4 
<0.01-0.02 

0.4-6.4 
<0.05 

St Bees' Head/ 
NE Isle of Man 

Fish species included - cod, whiting, plaice, dab, flounder and sole (where 
available) 

(M) = muscle tissue analysed 

(L) = liver tissue analysed 

Mussels (Mytilus edulis), total homogenate analysed 



Table 8 Concentrations of metals and selected organochlorine residues in mussels 
from English and Welsh coasts of the Irish Sea ( p g  g-1 dry wt) 

Location Mercury 

Angle Bay 
Nolton Haven 
Cardigan 
Aberporth 
Aberaeron 
Aberdovy 
Porthmadog 
Tal-y-Foe1 
Bangor 
Conwy 
Liverpool 
Lytham St Annes 
Blackpool 
Fleetwood 
Heysham 
Morecambe 
Barrow in Furness 
Ravenglass 
Whitehaven 
Maryport 
Silloth 
Bowness 

Cadmium 

- 
0.9 
0.9 
1.7 
2.6 - 
1.4 
2.1 
3.5 
1.8 
3.6 - 
- 
2.1 
2.7 
1.7 
3.1 
3.5 

15 
4.2 
2.2 
1.3 

Lead Zinc Copper HCH 
a and y 

Dieldrin EDDT PCB 

- 
- 

- 
- 
- 
- 
- 
- 
- 
1.1 
0.24 
- 

<0.3 
<O. 3 
<0.2 - 
- 
- 
- 
- 
- 

Table 9 Concentrations of metals and selected organochlorine residues in mussels 
from Northern Ireland coasts of the Irish Sea ( p g  g-1 dry wt) 

Location Mercury Cadmium Lead Zinc Copper HCH Dieldrin CDDT PCB 
a and y -- P P 

Cultra 0.30 2.4 9.9 190 7.6 <0.06 0.03 0.08 0.21 
Bangor 0.30 2.0 8.5 210 7.3 <0.05 <0.03 <0.02 <0.47 
Newtownards 0.58 3.7 12 140 8.7 <0.03 <0.03 <0.02 <0.01 
Kircubbin 0.37 1.6 6.0 92 6.0 <0.03 <0.03 <0.02 <0.01 
Killyleagh 0.41 2.2 13 130 7.3 <0.02 <0.03 <0.02 <0.01 
Whiterock 2.2 1.7 8.3 91  5.3 0.02 <0.03 <0.02 <0.01 
Warrenpoint 0.22 1.5 5.9 80 6.6 <0.02 <0.03 <0.02 <0.01 
Tyrella 0.14 1.4 5.7 86 6.1 <0.01 <0.03 <0.02 <0.01 
Belfast 0.29 9.4 15 180 9.4 - - - - 
Macedon Pt 0.06 1.8 6.1 105 6.5 - - - - 
Whiteabbey 0.03 1.5 5.8 99 5.8 <0.01 <0.03 <0.02 <0.03 
Lough Larne 0.02 2.2 5.3 46 5.7 <0.05 <0.03 <0.02 0.49 



Table 10 Chlorinated hydrocarbon concentrations in sea water from coastal 
sites in Wales 

Site location 

Angle Bay 
Pembroke 
Mussel Wick 
Nolton Haven 
Strumble Head 
Cardigan 
Aberaeron 
Aberystwyth 
Barmouth 
Porthmadog 
Pwllheli 
Caenarvon 
Menai Bridge 
Beaumaris 
Conwy 
Rhy l 
Mostyn 
Flint 
Connah's Quay 

Salinity 
(O/oo> 

Suspended 
load (mg 1-l) 

Concentrations in sea water (ng l-l) 

CDDT Dieldrin PCB 
Aroclor 1260 

- - - - - 

Note: ND = not detectable 

Table 11 Estimates of contaminant inputs via 
Atlantic inflow to Irish Sea. 
Assumes a mean inward water transport 
of 5 km3 d-l (i.e. 5.8 x 104 m 3  s-l) 

C d 
Hg 
Pb 
Cu 
Zn 
DDT 
PCB 

Total 
hydrocarbons 

Assumed 
concentration 
(ng 1 - 9  

5 
1 

10 
7 0 
10 
0.1 
0.1 

Mean input 
(kg d-1) 



Table 12 Estimated inputs to coastal and estuarine waters of the Irish Sea from English and Welsh coasts 

S e c t o r  Route Flow Tonnes p e r  day  
(103 m3 d-l) 

BOD NH4-N Nox-N PO,,-P -- --p- 

E26 River  6853 9.6 0.4 8.2 0.3 
Sewage 2 6 9.0 1.0 NS 0.2 
Trade - - - -  - 
TOTAL 6879 18.6 1.4 8.2 0.5 

Grams p e r  day Kilograms p e r  day  

Y H a  D r i n s  DDT PCBs Mercury Cadmium Arsen ic  Chromium Copper Lead Nicke l  Zinc 

83 30 56 56 0.6-1.3 2.7-4.6 11-14 24-74 37-61 30-87 61-88 720 
1.0-3.6 0.3-1.1 0.4-2.1 0.2-1.5 - 0.1 0.1 0.8 2.4 1.6-1.8 0.4-0.5 8.2 - - - - - - - - - - - - 
84-86.6 30.3-31.1 56.4-58.1 56.2-57.5 0.6-1.3 2.8-4.7 11.1-14.1 24.8-74.8 39.4-63.4 31.6-88.8 61.4-88.5 728 

E27 River  5440 9.0 0.7 7.6 0.8 29 14 27 2 7 0.2-0.5 1.0-2.6 5.3 20-28 14-24 33-50 22-26 167 
Sewage 76 7.1 1.3 0.7 0.5 3.4-7.7 2.6-3.3 3.8-7.6 2.6-7.6 - 0.7-0.9 0.6 4.6-4.7 7.9 5.8 2.3-2.7 210 
Trade 16 5.8 0.1 NS NS - - - - - 0.9 - 5.8 6.0 9.1 3.5 966 
TOTAL 5532 21.9 2.1 8.3 1.3 32.4-36.7 16.6-17.3 30.8-34.6 29.6-34.6 0.2-0.5 2.6-4.4 5.9 30.4-38.5 27.9-37.9 47.9-64.9 27.8-32.2 1343 

E28 River  5918 31 31 24.2 6.7 41-76 max. 18 max. 34 max. 34 3.5 1.9 7-2 1 48-75 58 223 ' 56 205 
Sewage 515 176 11 0.6 1.6 14-52 12-19 9-14 1-20 0.2 1.7 1 51-63 131 192 27-99 639 
Trade 113 48 2.3 0.2 NS NS NS NS NS NS 0.5 NS 2 80 10 1-8 14-50 
TOTAL 6546 255 44.3 25.0 8.3 55-128 12-37 9-48 1-54 3.7 4.1 8-22 101-140 269 425 84-163 858-894 

E29 River  9271 26 2.5 21.6 2.7 14-68 max. 30 max. 58 max. 58 0.4-1.2 2.5 11-13 36-83 45 21-51 25 146 
Sewage 226 48 7.1 NS 0.5 7-24 6-9 6-1 1 2-1 1 0.1 0.5 1 12-23 41-68 21 5-25 149 
Trade 48 6 0.5 2.4 NS NS NS NS NS 0.5 NS NS 4 3 2 4 5 
TOTAL 9545 80 10.1 24.0 3.2 21-92 6-39 6-69 2-69 1.0-1.8 3.0 12-14 52-110 89-116 44-74 34-54 300 

2 E30 River  8813 18 0.5 11.6 0.8 9-53 max. 26 max. 49 max. 49 0.2-1.0 0.3-0.8 10 20-100 17 20-44 11 6 6 
Sewage 34 5 0.7 NS NS 1 0.3-0.6 0.2-0.4 max. 0.6 NS NS NS 1-2 6 9 1-5 2 5 
Trade 9 2 36 0.2 NS 31.7 NS 0.3 NS NS 0.5 44.1 NS 225 81 30 6 7 170 
TOTAL 8939 59 1.4 11.6 32.5 10-54 0.6-26.9 0.2-49.4 max. 49.6 0.7-1.5 44.4-44.9 10 246-327 104 59-83 79-83 261 

Notes: NS i n d i c a t e s  i n p u t  thought  t o  be n o t  s i g n i f i c a n t .  
Range of v a l u e s  g i v e n  where a l t e r n a t i v e  e s t i m a t e s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  o r  where a l t e r n a t i v e  methods of i n t e r p r e t i n g  r e s u l t s  l e s s  t h a n  l i m i t  of d e t e c t i o n  
have been used. 
I n  t h e  absence of r e l i a b l e  WA d a t a ,  v a l u e s  r e p o r t e d  i n  WRC r e p o r t  (WRC, 1983) have been used  f o r  a l l  i n p u t s  of d r i n s ,  DDT, PCBs and a r s e n i c .  
The comparable d i s c h a r g e  d a t a  i n  F i g u r e  2  non, 1978) a r e  i n  u n i t s  of 106 m3 y-l. 
The major i n d u s t r i a l  z i n c  i n p u t  t o  t h e  Dee, i n c l u d e d  i n  t h i s  t a b l e  (Area E27), h a s  now c e a s e d  ( f rom end o f  1985). 
S e c t o r  boundaries  a r e  i l l u s t r a t e d  i n  F i g u r e  2. 



Table 13 Known inputs of metals in tonnes per year from Northern 
Ireland 

- 

Cd Cr Cu Pb Hg Ni Zn - - - - -  
Sludge dumping 0.08 1.40 2.69 2.21 0.04 0.87 8.90 

Trade and sewage 1.32 1.59 ND ND ND ND N D 
effluents 

Rivers 0.25- 5.52 8.88 17.4 0.06- 8.08 20.2- 
0.38 0.11 10.45 25.2 

ND = No data 

Table 14 Comparison of estimated inputs of metals to the Mersey Estuary with net 
inputs to Liverpool Bay calculated from the flux investigations and inputs 
from other sources 

Metal Load discharged t o  Mersey Estuary 
(kglt ide)  

Load discharged t o  Liverpool Bay 
(kg/tide) 

Rivers Sewage Industry Total Sewage 
sludge 

209 

7 

80 

1.6 

0.7 

9 6 

Dredge 
spo i l  

926 

123 

188 

2.7 

2.5 

3 29 

Other Mersey 
~ s t u a r ~  l 

2281 1522 
1606 
1036 (NS)*  

-1144 ( N S ) ~  

30 129 
142 (NS) 

-100 (NS) 
-80 (NS) 

3.7 12 
20 
2 1 
-7 (NS) 

58 47 1 
26 5 
346 (NS) 

-677 (NS) 

. - - 

Ebb t ide  
transport l 

9 913 
17 604 
30 315 
34 787 

1 192 
1 862 
2 371 
2 788 

3 231 
5 584 
7 151 

6 1 
7 3 

101 
116 

170 

2 347 
2 773 
8 373 
9 358 

Notes: 1. Data from Mersey f lux  surveys. 
2. (NS) not s ign i f i cant .  
3.  Negative s ign indicates landward transport. 



Table 15 Inputs of sewage sludge, industrial wastes, dredge spoil via dumping, tonnes in 1984 
- - 

Location Total Organics Solids Cd Cr Cu Ni Pb Z n Hg Ocs N P 
weight 

p- -- --p---- p-------- 

Liverpool Bay 
Sites 114-120 incl. 
Industrial 28 924 1 894 4 527 0 0 0.1 0.1 0 0.5 0 0 77 - 
Sewage s Ludge 1 279 050 49 303 4 9 3 0 3  0.6 41.1 26.4 3.1 47.4 143.1 0.3 3.6 2.232 838 
Dredge spoil 3 545 000 - 1 371 947 1.1 113.3 103.3 60.9 191 560.7 3.1 0.1 - - 

Holyhead Site 111 
Dredge spoil 10 400 - 10 088 0 0.2 1.2 0.8 1.7 2.2 0 

Outer Morecambe Bay 
Sites 1221124 
Dredge spoil 688 500 - 5 1 3 4 0 0  0 6.9 12.3 0 20.7 34.4 0.5 

Cumbria Coast 
Site 127 ~redge spoil 119 600 - 59 800 0 1.2 1.2 0 4.8 7.2 0 



Table 16 T o t a l  i n t e r n a t i o n a l  ca t ch  i n  ki lograms per  h e c t a r e  averaged f o r  t h e  
per iod  1973-78 

North Sea I r i s h  Engl i sh  B r i s t o l  
Sea Channel Channel 

IVa IVb IVc I V  (VIIa)  (VIId+e) (V11g) 
North Cen t r a l  South T o t a l  

-P 

Demersal 20.2 15.3 13.7 17.3 8.0 6.5 6.3 

Pe lag i c  15.9 18.9 1.9 15.8 9.1 19.9 28.3 

I n d u s t r i a l  

T o t a l  f i s h  

S h e l l f i s h  0.3 3.0 21.3 3.9 4.3 10.1 1.0 

Area (km2 x l o 3 )  253.6 270.4 64.5 588.5 48.2 86.5 18.3 

Table 17 T o t a l  biomass of t h e  main commercial demersal s p e c i e s  i n  t h e  I r i s h  
Sea and North Sea 

Rank I r i s h  Sea 

Species  Biomass Cumulative 
( t >  percentage 

Cod 18 056 29 
Whiting 15 482 5 5 
Sole 7 324 67 
P l a i c e  6 241 7 7 

Rays 
S a i t h e  
Hake 
Monk 
Pol lack  
Ling 
Haddock 
B r i l l  
Turbot 
Megrim 
L. s o l e  

T o t a l  61 360 

Dab 7 166 
Dogfish 6 380 
Gurnard 3 120 

North Sea 

Species  

S a i t h e  
Whiting 
Cod 
Haddock 
P l a i c e  
Sole  

Ling 
L. s o l e  
Turbot 
Monk 
Rays 
Hake 
Pol lack  
B r i l l  
Megrim 

Biomass 
( t  1 0 3 )  

725 
625 
48 3 
400 
38 5 
5 0 

T o t a l  2 779 

Dab 67 0 
Dogfish 589 
Gurnard 3 9 

Cumulative 
percentage 

2 6 
4 9 
66 
8 0 
94 
9 6 



T a b l e  18 Nominal catch ( t )  i n  D i v i s i o n  V I I a ,  1976-85 a s  r e p o r t e d  t o  ICES 

Spec ie s  Year 

1976 1977 1978 1979 1980 1981 1982 1983 1984 1 9 8 5 ~  
-----p---- 

Cod 10 178 8 054 6 328 8 358 10 739 14 894 13 281 9 880 8 529 9 758 

Whiting 12 193 10 721 11 069 10 111 12 665 17 029 16 989 10 829 12 542 15 603 

P l a i c e  3 4 8 4  2 9 0 4  3 3 1 3  3 4 8 9  3 9 0 3  3 9 0 6  3 2 2 8  3 6 5 3  4 2 0 7  6 0 6 6  

So le  1 463 1 147 1 098 1 617 1 938 1 669 1 339 1 265 1 085 1 683 
- - - - p 

1 P re l imina ry  

T a b l e  19 C o r r e c t e d  e f f o r t  and cpue:  UK ( E  + W) o t t e r  t r a w l  - D i v i s i o n  VI Ia  

Year E f f o r t  No. of 
voyages 

Spec i e s  cpue 

Cod 

18.08 
15.01 
16.41 
11.50 
12.01 
9.95 
8.61 
8.66 

16.34 
20.46 
15.74 
11.51 
11.73 
9.37 

Hake 

0.71 
0.97 
1.02 
1.17 
0.98 
0.80 
0.97 
0.90 
0.85 
0.88 
0.93 
1.10 
0.95 
0.79 

Angler  P l a i c e  S a i t h e  Rays 

15.59 
11.08 
12.67 
11.06 
11.04 
11.83 
14.48 
15.20 
15.42 
13.37 
14.46 
14.84 
15.05 
12.79 

S o l e  

1.06 
1.06 
1 09 
1.39 
0.94 
0.80 
1.04 
1.43 
1.01 
0.75 
0.53 
0.57 
0.71 
0.56 

Whi t ing  

4.78 
7.78 
5.81 
3.90 
4.30 
5.94 
7.35 
7.00 
7.88 
6.58 
6.12 
6.03 
5.89 
7.71 

T o t a l  
demersa l  
( t >  

7 053 
7 666 
6 278 
6 107 
5 390 
4 765 
4 583 
4 642 
5 922 
6 524 
7 912 
4 647 
5 730 
6 063 

- - -  

E f f o r t  = Hours f i s h i n g ,  c o r r e c t e d  f o r  f i s h i n g  power. 
cpue = kg (whole weight  p e r  c o r r e c t e d  hour ,  weighted by a r e a  of each  r e c t a n g l e  group) .  



Table 20 Corrected e f f o r t  and cpue: UK (E + W )  beam t r awl  - Divis ion  VIIa 

Year 

1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

Effort No. of 
voyages 

Species cpue 

Cod Hake -- 
1.24 0 
5.22 0.03 
7.11 0.10 
2.97 0.68 
5.81 0.11 
3.40 0.34 
4.48 0.36 
1.38 0.24 

Angler 

0.04 
1.25 
1.61 
3.30 
3.04 
3.01 
4.46 
3.64 

Plaice Saithe Rays Sole Whiting 

- - 

Total 
demersal 
(t) 

-- p p 

Effort = Hours fishing, corrected for fishing power. 
cpue = kg (whole weight per corrected hour, weighted by area of each rectangle group). 

Table 21 Percentage prevalence of epidermal anomalies found i n  t h e  seven f i s h  
s p e c i e s  examined from t h e  I r i s h  Sea (RV CLIONE 5/82 - 8-17 Apr i l  1982) 

Total Epidermal 
examined hyperplasia 

or papilloma 

Fin 
rot 

Lympho- 
cystis 

Ulcers Healed 
ulcers 
(repara- 
tion) 

Pigment 
anoma- 
lies 

Dab 3 769 1.1 
Plaice 5 579 0 
Flounder 84 1 0 
Lemon sole 190 0 
Dover sole 398 0 
Cod 444 0 
Whiting 1 997 1.2 

Skeletal Eye Other 
deformi- defects tumours 
ties 



Table 22 A summary of morphological characteristics 
and abnormalities seen in dab livers from 
the Irish Sea (RV CLIONE 5b/82, 8-17 April 
1982). The figures are shown as percentages 

Morphological Abnormalities 
characteristics 

33 Eosinophilic 16 Focal necrosis 
3 Intermediate 21 Lipoiddegeneration 

64 Basophilic 1.4 Granuloma 
1.0 Nodules 
1.4 Melanomacrophage centre 

A total of 208 livers was examined. 



SECTION F. FIGURES 

Figure 1 Bathymetry of the Irish Sea. 
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Figure 2 Mean annual surEace salinity of the Irish Sea Erom Bowden (1980), 
together with river discharge estimates for each coastal sector 
(x106 m3 yr-l). (From ICES Cooperative Research Report, (77), 
(Anon., 1978). Code letters and numbers (e.g. E27) are the identi- 
fiers for area divisions used in the [CES report and Table 12.) 



Figure 3 Exercise-mean residual flow vectors for MAFF North Channel current 
meter arrays in: (a) March-April; and ( b )  April-June 1985. 



Figure 4 Simplified distribution of surficial sediment types in the Irish 
Sea. Based on British Geological Survey 1:250000 Series: Sheets 
53"N-04"W7 54ON-04"~, 54"N-06"~~ the unpublished draEt of sheet 
52"N-06"W and survey data for sheet 53"N-06"~. 'Muddy' covers 
categories sM, (g)~, (g)sM, gM. 'Sandy' covers categories mS, 
(g)S, (g)mS, gmS, gS. 'Gravelly' covers categories mG, msG, sG. 



Yjgurr> 5 '.la<imum t i d a l  strearrl a m p l i  tune a t  S p r i n g s  (kt). From Sager and 
Sammler ( 1 9 7 5 ) .  



F i g u r e  6 P r i n c i p a l  sand t r a n s p o r t  p a t h s  
f o r  t h e  I r i s h  Sea. From S t r i d e  
(1973) .  (Bars  r e p r e s e n t  bed 
l o a d  p a r t i n g s . )  

F i g u r e  7 T i d a l  range a t  s p r i n g s .  

( ~ r o m  S a g e r ,  1963.) 
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Figure 1 1  Concentration ( B q  kg-*) of caesium-137 in filtered water from the 
Irish Sea, May 1978 (1 Bq = 27 pCi). (From Hunt, 1980.) 



days 

Figure 12 Exercise mean residual current vectors from successive current meter deployments off 
Sellafield. (From Norris, 1985.) 
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Figure 14 Concentration of metals (mg kg-') in the fine (<  90 pm) fraction of the sediments in 
the south-eastern Irish Sea 1975-80. (From Norton et al., 1984.) -- 
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Ekof is k equivalents ++ + pipeline 
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Figure 15 Total hydrocarbon concentrations (pg g-1 dry weight Ekofisk 
equivalents) in sediments of the south-eastern Irish Sea. 
(From Bedborough, Blackman and Law, in press.) 



Figure 16 Mean Hg concentrations (mg kg-', wet) in cod and whiting f ram 
the Irish Sea. Samples are predominantly from 1982 to 1984. 
Values For cod are underlined, and boxed values derived from 
NTmA s amp l i ng . 
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Figure 18 Time variation of Hg concentration in: (a) whiting and (b) plaice, compared with estimates of Hg input 
to Liverpool Bay from a variety of sources (1970-84). Curves of Hg in fish apply to mean length of 
fish in samples from the vicinity of Liverpool Bay dump sites (28 cm); (c) Curves of Hg in whiting and 
plaice recalculated to reflect the mean length of Irish Sea fish available to the consumer (33.2 cm for 
whiting; 31.2 cm for plaice); ( d )  'Shopping basket' estimates of Hg in fish compared with the EQS of 
0.3 mg kg-' (wet). The 1985 value is provisional. 



Figure 19 CPR Liverpool-Dublin route (IN) in relation to Irish Sea fronts. 
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Figure 20 The graphs (a) show the seasonal variations in the abundance of spring (continuous 
lines) and summer (broken lines) species of phytoplankton for each of the areas 
shown in the key chart. The y-axis scales are log mean numbers per sub-sample 
averaged for the period 1971 to 1984. The graphs (b) show the seasonal variations 
in the abundance of total copepods in each of the four areas. The y-axis is mean 
numbers per sample of 3 m3. 



7 5  80 Yea rs  

Figure 21 Graphs of the year-to-year changes in the abundance of four zooplankton and 
four phytoplankton species for the years 1971 to 1984. These are super- 
imposed on plots of the first (top two rows) and second (bottom two rows) 
principal components (broken lines) derived from the data for 25 species 
(broken lines). All the plots are standardised to zero mean and unit vari- 
ance. Key to species: PS - Pseudocalanus elongatus; TL - Temora 
longicornis; AC - Acartia clausi; CH - Calanus helgolandicus; TH - 
Thalassiosira spp.; AG - Asterionella glacialis; FS - Ceratium fusus; FC - 
Ceratium furca. 



Figure 22 Distribution of benthic Gtage. (From E. I. S., Rees, unpublished; after Glemarec, 1 9 7 3 . )  
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F i g u r e  23 I r i s h  Sea l a n d i n g s  1972-84 by:  ( a )  v a l u e ;  and ( b )  weight. 



Fi-gure 2 4  R e l a t i v e  abundance of 0-group s o l e  on beaches  of the I r i s h  Sea. 



F i g u r e  25  R e l a t i v e  abundance of 0-group p l a i c e  on beaches  of t h e  I r i s h  Sea.  
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Figure 26 Trends in: (a) yield and fishing mortality; and ( b )  spawning stock biomass and recruitment for Irish 
Sea cod. 



IRISH SEA WHITING 
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Figure 27 Trends in: (a) yield and fishing mortality; and (b) spawning stock biomass and recruitment for 
Irish Sea whiting. 
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Figure 29 Trends in: (a) yield and fishing mortality; and (b) spawning stock biomass and recruitment for Irish 
Sea sole. 
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