
PREFACE 

GESAMP, the Jo in t  Croup of Experts on the  S c i e n t i f i c  Aspects o f  Marine 
P o l l u t i o n ,  was es tab l i shed  i n  1969 and i s  today co-sponsored by the  I n t e r n a t i o n a l  
Mar i t ime Organizat ion (IMO), Food and A g r i c u l t u r e  Organizat ion o f  t he  Un i ted  Nat ions 
(FAO), Uni ted Nations Educational,  S c i e n t i f i c  and C u l t u r a l  Organizat ion (UNESCO), 
World Meteoroloqical  Organizat ion (WMO) , World Heal th Rrganizat i o n  (WHO), 
I n t e r n a t i o n a l  Atomic Energy Agency (IAEA), Un i ted  Nat ions and Uni ted  Nat ions 
Environment Proqramme (UNEP). According t o  i t s  present  terms o f  reference,  the 
func t i ons  o f  GESAMP are: 

- t o  prov ide advice r e l a t i n g  t o  the  s c i e n t i f i c   aspect.^ o f  marine p o l l u t i o n  J_/; 
and 

- t o  prepare p e r i o d i c  reviews o f  the  s t a t e  o f  t he  Marine environment as 
regards marine p o l l u t i o n  and t o  i d ~ n t i f y  problem areas r e q u i r i n g  s p e c i a l  
a t t e n t i o n .  

Since i t s  beg inn ing GESAMP invo lved  a  l a r g e  number o f  exper ts  as members o f  
GESAMP o r  GESAMP Working Group and produced, a t  t he  request o f  t h e  sponsoring 
organ iza t ions ,  numerous r e p o r t s  2/. 

This  document i s  t he  edit-ed and approved o r i g i n a l  Eng l i sh  vers ion o f  the  
repo r t  o f  the  GESAMP Working Group on the  P r i n c i p l e s  f o r  Developing Coastal Water 
Qua l i t y  C r i t e r i a  which met from 25-29 November 1974 a t  FAG Headquarters, Rome, and 
from 20-25 October 1975 a t  t he  I n t e r - U n i v e r s i t y  Center f o r  Postgraduate Studies i n  
Dubrovnik, Yugoslavia w i t h  the f o l l o w i n g  members p a r t i c i p a t i n g :  M r .  3.5. Alabaster, 
Dr. A.L. Downing, M r .  D.J. Hansen, Dr. C.S. Hegre, Dr .  S. Keckes, Mrs. S. de Maeyer, 
Dr. R. Pavanello ( a s s i s t i n g  as WHO Technical  Secretary o f  GESAMP), Dr. G. Tomczak, 
FA@ (Technical  Secretary) ,  and Dr. M. Waldichuk (Chairman). 

Con t r i bu t i ons  from the  f o l l o w i n g  ou ts ide  reviewers were appreciated by the  
Group: M r .  T.W. Beak, Dr. V.J. Cabe l l i ,  Dr. J. Cairns, Jr., Dr. J.C. Davis, M r .  
E.E. Geldreich, Dr. R.H. Hann, Dr. E.M. Hassan, Dr. C.D. l ev ings ,  Dr. D.M. McLeen, 
Dr. J.C. Macleod, Dr. B.  Moore, Dr. V. Pravdic, M r .  A. Preston, M r .  S.W. Reeder, 
Prof .  P. Strohal ,  Pro f .  R.O. Sy lves ter ,  Dr. C.H. Thoirpson, Dr. J.F. Uthe, D r .  A. 
Walton, and Dr. V. Z i tko .  

The Working Group was charged w i t h  i d e n t i f y i n g  gaps i n  present  knowledge and 
w i t h  eva lua t i ng  the  nature  and ex ten t  o f  problem areas i n  order  t o  e s t a b l i s h  an 

order o f  p r i o r i t y  o f  coas ta l  water q u a l i t y  c h a r a c t e r i s t i c s  which should be 
considered f o r  the  fo rmu la t i on  of coas ta l  water q u a l i t y  c r i t e r i a .  

The a c t i v i t i e s  o f  the  Working Group were organized by FAO, a c t i n g  as the  " lead 
agency", w i t h  f i n a n c i a l  support from UNEP. 

I/ GESAMP de f ined  marine p o l l u t i o n  as " i n t r o d u c t i o n  by man, d i r e c t l y  o r  - 
i n d i r e c t l y ,  o f  substances o r  energy i n t o  the  marine environment ( i n c l u d i n g  
es tua r ies )  r e s u l t i n o  i n  such de le te r ious  e f f e c t s  as  harm t o  l i v i n g  resources, 
hazards t o  human hea l th ,  h indrance t o  marine a c t i v i t i e s  i n c l u d i n g  f i s h i n g ,  
impairment o f  q u a l i t y  f o r  use o f  sea-water, and reduc t i on  o f  amenities." 

2/ V. Pravdic: GESAMP, The F i r s t  Dozen Years. UNEP, 1981. - 
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ABSTRACT 

Coastal water  q u a l i t y  c r i t e r i a  were cons idered  f o r  t h e  p r o t e c t i o n  of  human 
h e a l t h  and amen i t i e s ,  ecosystems and l i v i n g  resources .  For a l l  u se s ,  c r i t e r i a  must 
be based on cause-ef fec t  r e l a t i o n s h i p s .  Twenty-one p r i n c i p l e s  were developed,  of  
which f i v e  p e r t a i n  t o  g o a l s ,  t e n  t o  methodology and s i x  t o  implementation. 

Development of c r i t e r i a  f o r  t h e  p r o t ~ c t i o n  of ecosystems i s  d i f f i c u l t  berause  
of t h e  phys i ca l  s c a l e  involved ,  c o s t s  and complexity of measurements r equ i r ed  and 
our  r e l a t i v e  inexper ience  i n  t h i s  f i e l d .  P r o t e c t i o n  of human h e a l t h  i n  consumption 
of  sea  food is o f t e n  achieved throuqh r e g u l a t i o n s  of  t h e  q u a l i t y  of t h e s e  products ;  
but such r e g u l a t i o n s  should not i n f l u e n c e  t h e  r o l e  of c r i t e r i a  f o r  t h e  t h e  q u a l i t y  
of t he  water  where f i s h  and s h e l l f i s h  a r e  grown. C r i t e r i a  f o r  ba th inq  waters  should 
i d e a l l y  be based upon well-founded dose-response r e l a t i o n s h i p s ,  which a r e  
uneva i l ab l e  a t  p r e sen t .  In  a t t empt ing  t o  m e e t  t h i s  s i t u a t i o n ,  WHO has recommended 
g u i d e l i n e s  f o r  accep tab l e  ba th ing  water  q u a l i t y .  P r o t e c t i o n  of h e a l t h  and amen i t i e s  
should a l s o  be cons idered  i n  terms of  exposure-response r e l a t i o n s h i p s .  A t  p r e s e n t ,  
d i f f i c u l t i e s  a r i s e  i n  ob t a in ing  t h e s e  r e l a t i o n s h i p s  because of lack  of means f o r  
q u a n t i t a t i v e  assessment  of a e s t h e t i c  enjoyment. I d e a l l y ,  a l l  f a c t o r s  i n d i v i d u a l l y  
and i n  combination a f f e c t i n g  t h e  su rv iva l  and well-being of  marine organisms i n  a l l  
s t a g e s  of t h e i r  l i f e  c y c l e  should be cons idered  i n  developing water  q u a l i t y  c r i t e r i a  
t o  p r o t e c t  them. 

DDT was chosen a s  an example t o  i l l u s t r a t e  t h e  a p p l i c a t i o n  of p r i n c i p l e s  i n  
developing water  q u a l i t y  c r i t e r i a  because of t h e  d i v e r s e  adverse  e f f e c t s  of DOT and 
its m e t a b o l i t e s  on va r ious  components of  t h e  ecosystem, e.g. a c u t e  and ch ron ic  
t o x i c i t y  t o  marine l i f e ,  bioaccumulat ion and i m p l i c a t i o n  i n  r ep roduc t ive  f a i l u r e  
through eggshe l l - t h inn ing  i n  f i s h - e a t i n g  b i r d s .  An a t tempt  t o  apply p r i n c i p l e s  t o  
develop c r i t e r i a  f o r  t h e  p r o t e c t i o n  of amen i t i e s  i n d i c a t e d  t h a t  in format ion  on 
exposure-ef fec t  r e l a t i o n s h i p s  is inadequate ,  and t h e t  a t  p r e sen t ,  on ly  t h e  t h r e sho ld  
va lue  of  pe rcep t ion  can be  u t i l i z e d  i n  p r a c t i c e .  

I t  is recommended t h a t  i f  c o n t i n u a t i o n  of t h i s  s tudy  is cons idered  d e s i r a b l e ,  
s p e c i a l i z e d  sub-groups be  s e t  up t o  formula te  t e n t a t i v e  c o a s t a l  water  q u a l i t y  
c r i t e r i a  f o r  p a r t i c u l a r  water  c h a r a c t e r i s t i c s .  On amen i t i e s  s p e c i f i c a l l y ,  p r i o r i t y  
should be  given t o  t h e  es tab l i shment  of t h r e sho ld  l e v e l s  of a c c e p t a b i l i t y  f o r  
t u r b i d i t y ,  co lou r ,  s l i c k s  and odours c o n t r i b u t e d  by va r ious  p o l l u t a n t s ,  t a k i n g  i n t o  
account t he  s e l f - p u r i f  i c a t i o n  c a p a b i l i t y  of  t h e  marine environment. 



1. INTRODUCTION 

A t  t he  F i f t h  Sess ion  of GESAMP (IAEA, Vienna, 18-23 June 1973) an ad hoc 
working qroup was formed t o  examine t h e  problem of developing c o a s t a l  water  q u a l i t y  
c r i t e r i a .  Two of t h e  sponsor ing  agenc i e s  of  GESAMP had s p e c i a l  i n t e r e s t  i n  such 
c r i t e r i a  a s  they r e l a t e  t o  water  p o l l u t i o n  c o n t r o l :  FAO, f o r  p r o t e c t i o n  of marine 
l i v i n g  r e sou rces ;  and WHO, f o r  p r o t e c t i o n  of human hea l th .  Moreover, IMCO was 
i n t e r e s t e d  i n  water  q u a l i t y  c r i t e r i a  i n  p repa ra t ion  f o r  t h e  I n t e r n a t i o n a l  Convention 
f o r  t h e  Prevent ion  of P o l l u t i o n  from Ships  (IMCO, 1973) and has  continued its 
i n t e r e s t  through recent  d e l i b e r a t i o n s  of  i ts  Marine Environmental P r o t e c t i o n  
Committee. 

The ad hoc working group a t  t h e  F i f t h  Sess ion  of  GESAMP agreed  t h a t  c o a s t a l  
water  q u a l i t y  c r i t e r i a  a r e  d e s i r a b l e  and t h a t  t he se  should be examined j o i n t l y  f o r  
t h e  p r o t e c t i o n  of human h e a l t h  and l i v i n g  resources .  The F i f t h  Ses s ion  of GESAMP 
concluded t h a t  p r i n c i p l e s  should be e s t a b l i s h e d  f o r  t h e  development of c o a s t a l  water  
q u a l i t y  c r i t e r i a ,  and prepared te rms  of  r e f e r ~ n c e  f o r  a  working group, which was 
expected t o  work i n t e r s e s s i o n a l l y  t o  complete t h i s  t a s k .  Accordingly, t h e  "Working 
Group on P r i n c i p l e s  f o r  Developing Coas t a l  Water Q u a l i t y  C r i t e r i a "  was formed a t  t h e  
S i x t h  Sess ion  of GESAMP (Geneva, 22-28 March 1974). 

Responding t o  B recommendation of t h e  r e p o r t  o f  t h e  F i f t h  Sess ion  of GESAMP 
(para .  201, t h e  Group de f ined  " c r i t e r i a "  a s  t.he r equ i r ed  s c i e n t i f i c  in format ion  on 
which a  d e c i s i o n  o r  judgement may be based concerning t h e  s u i t . a b i l i t y  of t h e  
environment t o  suppor t  a  d e s i r e d  use ,  recoqniz ing  t h a t  t h e  h e a l t h  of man is 
paramount and t h a t  t h e  l a t t e r  can be a f f e c t e d  e i t h e r  d i r e c t l y  o r  i n d i r e c t l y .  The 
Group wished t o  emphasize t h e  d i s t i n c t i o n  t h a t  should be drawn between, on t h e  one 
hand, s c i e n t i f i c a l l y - d e r i v e d  c r i t e r i a ,  and, on t h e  o t h e r ,  water  quality o b j e c t i v e s ,  
'norms" and a l s o  some c o n t r o l  measures, i nc lud ing  s t anda rds ,  which may o r  may no t  be 
der ived  from them. 

The Group cons idered  t h a t  c r i t e r i a  f o r  t h e  marine environment should i nc lude  
cons ide ra t i on  of a l l  a q u a t i c  compartments r a t h e r  than  water  alone.  I t  def ined  
"coas t a l  waters"  a r b i t r a r i l y  a s  t h e  c o a s t a l  reg ion  con ta in ing  wa te r s  having e 
s a l i n i t y  o f  more t h a t  0.5 p a r t  pe r  thousand and extending t o  t h e  edge of t h e  
c o n t i n e n t a l  s h e l f  o r ,  i n  t h e  ca se  of t h e  i s l a n d s ,  comparable a r e a s .  Considcrinq t h e  
r eques t  i n  t h e  same paragraph,  t h a t  t h e  audience f o r  whom t h e  c r i t e r i a  a r e  
e s t a b l i s h e d  be determined,  t h e  Group concluded t h a t  i t s  r e p o r t  and recommendations, 
a s  well a s  any c r i t e r i a  t h a t  might be formulated therefrom, might be f o r  t h e  b e n e f i t  
of i n t e r n a t i o n a l  and n a t i o n a l  groups o f  s c i e n t i s t s  and i n t e r e s t e d  persons.  

The "format of  t h e  c r i t e r i a " ,  which t h e  Group was s p e c i f i c a l l y  asked t o  
sugges t ,  was d i scus sed  and i n t e r p r e t e d  t o  mean t h e  mode of express ion  of  t h e  
c r i t e r i a .  I t  was agreed t h a t  exp re s s ions  of cause-ef fec t  r e l ~ t i o n s h i p s  should 
d e s c r i b e  response t o  e i t h e r  concen t r a t i on  of c o n s t i t u e n t s  o r  mass i n p u t s  t o  t h e  
system i n  r e l a t i o n  t o  time. 

The Group cons idered  t h a t  t he  " c r i t i c a l  path" I/ method o u t l i n e d  by Pres ton  
(1974) was c o n s i s t e n t  wi th  t h e  above, s i n c e  i t  could be viewed a s  a s e r i e s  of  

I/ The " c r i t i c a l  path" approach recognizes  t h a t  t h e r e  may be s e v e r a l  r o u t e s  by - 
which p o l l u t a n t s  may reach  a  t a r g e t ,  and t h a t  i d e n t i f i c a t i o n  of t h e i r  r e l a t i v e  
importance is necessary  i n  developing c r i t e r i a .  



i n t e r a c t i n g  dose-response r e l a t i o n s h i p s ,  i n  some of  which t h e  dose would be amenable 
t o  express ion  a s  aqueous concen t r a t i on  f o r  a  given purpose,  and i n  o t h e r s  a s  mass 
flow. For example, i t  would be p o s s i b l e  t o  exp re s s  c r i t e r i a  r e l a t e d  t o  human h e a l t h  
i n  te rms  of c o n c e n t r a t i o n s  of m a t e r i a l  i n  an e d i b l e  f i s h  product ,  without  exc luding  
t h e  p o s s i b i l i t y  of a l s o  exp re s s ing  them i n  terms of  t h e  concen t r a t i on  of t h e  same 
m a t e r i a l  i n  t h e  water  o r  o t h e r  media, given t h e  necessary  d a t a  r e l a t i n g  t h e  two. 
Also, i t  would be p o s s i b l e  f o r  c r i t e r i a  regard ing  a  p a r t i c u l a r  waste  t o  be expressed 
i n  a  number of  ways, t h e  cho ice  be inq  dependent on t h e  t a r g e t  or use  t o  be 
p ro t ec t ed .  

The Group recons idered  i ts  terms of  r e f e r e n c e ,  namely: 

( i )  t o  e v a l u a t e  t h e  n a t u r e  and e x t e n t  of problem a r e a s  i n  o rde r  t o  e s t a b l i s h  
an o rde r  of p r i o r i t y  of  c o a s t a l  water  q u a l i t y  c h a r a c t e r i s t i c s  which 
should be  cons idered  f o r  t h e  formula t ion  of c o a s t a l  water  q u a l i t y  water  
c r i t e r i a ;  

( i i )  t o  cons ide r  p a s t  and c u r r e n t  work and t o  i d e n t i f y  gaps i n  our  knowledge; 
and 

( i i i )  t o  formula te  t e n t a t i v e  c o a s t a l  water  q u a l i t y  c r i t e r i a .  

The Group agreed t h a t ,  whi le  i t  might be d e s i r a b l e  t o  proceed r a p i d l y  wi th  a l l  
i t ems ,  t he  l a s t  i tem i n  p a r t i c u l a r  wes a  t a sk  wel l  beyond i t s  p re sen t  resources .  In 
order  t o  t a c k l e  i tem ( i ) ,  t h e  Group recognized t h a t  i t  would be necessary  t o  c o l l e c t  
and ana lyse  a p p r o p r i a t e  d a t a  from n a t i o n a l  and i n t e r n a t i o n a l  bodies .  Useful d a t a  
a r e  regarded a s  summary s t a t i s t i c s  on t h e  frequency of occurence and s e v e r i t y  of  
observed p o l l u t i o n  i n c i d e n t s ,  t h e i r  p robable  causes  and p r o j e c t i o n s  of p o t e n t i a l  
problems, based on t h e  expected growth of water  use. I t  noted t h a t  much r e l e v a n t  
in format ion  is a v a i l a b l e  i n  t h e  l i t e r a t u r e ,  and t h a t  a d d i t i o n a l  d a t a  may be 
forthcoming a s  a  r e s u l t  of t h e  a c t i v i t e s  of marine workshops, such a s  t hose  being 
conducted by i n t e r n a t i o n a l  agencies  f o r  t h e  Mediterranean,  Indo-Pac i f ic  a r e a  and 
Caribbean. The Group cons idered  t h a t  such informat ion  a lone  would probably not  be 
s u f f i c i e n t  t o  d e s c r i b e  t h e  s i t u a t i o n  adequate ly  and t h a t ,  i n  t h e  long term, 
comprehensive f i e l d  s t u d i e s  i n  c l ean  and p o l l u t e d  a r e a s  would be e s s e n t i a l .  The 
Group envisaged t h a t  t h e  main problems a r e  l i k e l y  t o  be found i n  e s t u a r i e s ,  i n sho re  
c o a s t a l  waters  and those  marginal s e a s  having l i t t l e  exchange wi th  t h e  open ocean. 

The Group f e l t  t h a t ,  a s  an e s s e n t i a l  f i r s t  s t e p ,  i t  would s t a r t  by cons ide r ing  
t h e  p r i n c i p l e s  t o  be taken i n t o  account i n  formula t ing  c o a s t a l  water  q u a l i t y  
c r i t e r i a  and then  make recommendations. Subjec t  a r e a s  s i n g l e d  ou t  f o r  c o n s i d e r a t i o n  
a s  a mat te r  of convenience were: 

(1) Ecosystems 

( 2 )  Human hea l th  

( a )  f i s h  and s h e l l f i s h  
( b )  bath ing  wa te r s  
( c )  a e s t h e t i c s  

( 3 )  l i v ing  r e sou rces  

( a )  f i s h e r i e s  
( b )  f i s h i n g  a c t i v i t y  
( c )  aquacu l tu re  
( d l  o t h e r s ,  i nc lud ing  b i r d s  and mammals 



However, t h e  Group r e c o g n i z e d  t h a t  o t h e r  u s e s ,  s u c h  a s  p r o d u c t i o n  of s e a  s a l t  
and a l g a e  f o r  d o m e s t i c  consumption,  d e s a l i n a t i o n ,  t r a n s p o r t a t i o n  and w a s t e  d i s p o s a l  
a r e  a l s o  i m p o r t a n t  and might war ran t  a t t e n t i o n  i n  t h e  f u t u r e .  

2. SUMMARY OF PRINCIPLES 

The f o l  lowinq p r e l i m i n a r y  list o f  recommended p r i n c i p l e s  f o r  t h e  development  
and a p p l i c a t i o n  o f  w a t e r  q u a l i t y  c r i t e r i a  s h o u l d  n o t  be  used o r  t a k e n  o u t  o f  c o n t e x t  
w i t h o u t  a  c a r e f u l  s t u d y  o f  t h e  document a s  a  whole. The s u c c e e d i n g  s e c t i o n s  from 
which t h e s e  recommendations a r i s e  p r o v i d e  d e f i n i t i o n s  and v a l u a b l e  i n s i g h t  i n  
a p p l y i n g  them t o  u n f o r e s e e n  c i r c u m s t a n c e s .  Fur the rmore ,  s e c t i o n s  on s p e c i f i c  u s e s  
c o n t a i n  g u i d e l i n e s  a s  t o  t h e  meaning and v a l u e  o f  e n v i r o n m e n t a l  d a t a  r e l a t i v e  t o  
t h o s e  u s e s ,  and s u g g e s t  forms o f  e x p r e s s i o n  of  c r i t e r i a  i n  r e l a t i o n  t o  a  s p e c i f i c  
use .  A p r o c e d u r e  which might b e  used i n  e s t a b l i s h i n g  c r i t e r i a  h a s  been g i v e n  i n  
some d e t a i l  i n  s e c t i o n  7. Unless  o t h e r w i s e  s t a t e d ,  t h e  p r i n c i p l e s  a p p l y  t o  a l l  
u s e s .  

2.1 P r i n c i p l e s  r e l a t e d  t o  a o a l s  

( 1 )  Environmental  c r i t e r i a  a r e  c o n s i d e r e d  a s  t h e  r e q u i r e d  s c i e n t i f i c  
i n f o r m a t i o n  o n  which a  d e c i s i o n  o r  judgement may be  b a s e d  c o n c e r n i n g  t h e  s u i t a b i l i t y  
of  t h e  environment  t o  s u p p o r t  a d e s i r e d  u s e .  

( 2 )  The h e a l t h  and w e l f a r e  of  man is a  paramount c o n s i d e r a t i o n  and c a n  b e  
a f f e c t e d  by changes  i n  env i ronmenta l  q u a l i t y  e i t h e r  d i r e c t l y  o r  i n d i r e c t l y  and a t  
e i t h e r  t h e  i n d i v i d u a l  o r  p o p u l a t i o n  l e v e l  ( p .  1, p a r a .  3 ) .  

( 3 )  I t  is r e c o g n i z e d  t h a t  t h e  h e a l t h  and w e l f a r e  of  man w i l l  c o n t i n u e  t o  b e  
a f f e c t e d  bo th  b e n e f i c i a l l y  and d e t r i m e n t a l l y  by h i s  own a c t i v i t i e s  and t h a t  v a l u e  
judgements invo lved  i n  s e t t i n g  s t a n d a r d s  (which a r e  o u t s i d e  t h e  s c o p e  o f  t h i s  
r e p o r t )  must be  made i n  d e t e r m i n i n g  t h e  e x t e n t  t o  which t h e  v a r i o u s  a s p e c t s  o f  man 's  
h e a l t h  and w e l f a r e  r e l a t i n g  t o  c o a s t a l  w a t e r s  a r e  p r o t e c t e d .  

( 4 )  C o a s t a l  ecosys tems  a r e  recoqn ized  a s  hav ing  a  b e a r i n g  on t h e  h e a l t h  and 
w e l f a r e  of man by b e i n g  of  s c i e n t i f i c  i n t e r e s t  and a e s t h e t i c  v a l u e  t o  him, a s  w e l l  
a s  o f f e r i n g  man t h e  p o t e n t i a l  f o r  r a t i o n a l  e x p l o i t a t i o n  of  food and o t h e r  r e s o u r c e s .  

( 5 )  I n  some s i t u a t i o n s ,  t h e  development  o f  c r i t e r i a  and a c h i e v i n g  t h e  d e s i r e d  
p r o t e c t i o n  o f  t h e  environment  may be  e i t h e r  unnecessa ry  o r  i m p o s s i b l e  b e c a u s e  t h e y  
canno t  b e  u t i l i z e d .  I f  t h i s  were a c c e p t e d ,  t h e r e  would be  l i t t l e  p o i n t  i n  s e e k i n g  
t o  e s t a b l i s h  c a u s e - e f f e c t  r e l a t i o n s h i p s  i n  any d e t a i l .  For example,  i n  t h e  
p r e s e r v a t i o n  o f  endangered s p e c i e s  and ecosys tems  i n  t h e i r  e x i s t i n g  c o n d i t i o n  f o r  
v a r i o u s  u s e s ,  e.g.  mar ine  p a r k s  and p r e s e r v e s  f o r  s c i e n t i f i c  s t u d y ,  t h e  requ i rement  
would be t h e  v i r t u a l  e x c l u s i o n  of  man-made changes  ( p .  5,  p a r s .  5 ) .  Also,  i n  t h e  
c a s e  of  some s u b s t a n c e s  f o r  which t h e  dose - response  r e l a t i o n s h i p  canno t  b e  
r e a s o n a b l y  q u a n t i f i e d  and which c o n s t i t u t e  a  h a z a r d ,  e.9.  f l o e t i n g  d r i f t w o o d ,  
p l a s t i c s  and c o n t a i n e r s ,  i t  is n o t  f e a s i b l e  t o  d e v i s e  c r i t e r i a ,  b u t  i d e a l l y  t h e  
o b j e c t i v e  sought  s h o u l d  b e  t h e  v i r t u a l  e x c l u s i o n  of  t h e  s u b s t a n c e s  by a l l  r e a s o n a b l e  
means ( P .  1 3 ,  p a r a .  2 ) .  

\ 

2.2 P r i n c i p l e s  r e l a t e d  t o  methodology 

( 6 )  I n  d e v e l o p i n g  c r i t e r i a  t o  p r o t e c t  a  p a r t i c u l a r  w a t e r  u s e ,  e f f o r t  s h o u l d  
b e  made t o  i d e n t i f y  t h e  c r i t i c a l  f a c t o r s  on which t h i s  u s e  depends.  T h i s  i m p l i e s  



not merely e s t a b l i s h i n g  t h a t  t h e r e  a r e  r e a l  problems t o  s o l v e  bu t ,  t h a t  t h e  
p r i n c i p a l  c a u s a t i v e  a g e n t s  involved ,  i nc lud ing  those  caus ing  changes through n a t u r a l  
degrada t ion  processes ,  a s  r e f l e c t e d  i n  biochemical  oxygen demands, have been 
i d e n t i f i e d .  

( 7 )  S t u d i e s  o f  r e a l  f i e l d  s i t u a t i o n s ,  whether o r  no t  change h a s  been noted ,  
a r e  an e s s e n t i a l  element i n  e s t a b l i s h i n g  whether a  problem r e a l l y  e x i s t s  o r  no t  
(p. 6 ,  para.  3; p. 7,  para .  3; p. 10 ,  pa ra s .  I and 2; p. 10, para .  7;  p. 11,  
para.  6 ;  p. 12,  para.  1) .  

( 8 )  F i e l d  s t u d i e s  a r e  a l s o  sepn a s  on e s s e n t i a l  element i n  developinq v a l i d  
c r i t e r i a .  They a r e  envisaged a s  i nc lud ing  i n t e n s i v e  i n v e s t i g a t i o n s  o f  s p e c i f i c  
i n c i d e n t s ,  e.g.,  nn o i l  s p i l l ,  a s  well  a s  long-term s u r v e i l l a n c e  programmes o f  both 
d i s t u r b e d  and undis turbed  s i t u a t i o n s .  

( 9 )  In  developing v a l i d  c r i t e r i a ,  p r i o r i t y  should he given t o  e s t a b l i s h i n g  
t h e  exposure-ef f  e c t  r e l a t i o n s h i p s  f o r  t he se  f a t o r s  ( s e c t i o n  7 ) .  In each c a s e ,  t h e s e  
should t ake  f u l l  advantage of t h e  c r i t i c a l  pa th  approach (p .  1, para .  6 ;  p. 6,  
para.  4) .  

(10)  A s  a  gene ra l  p r i n c i p l e ,  it is important  t o  e s t a b l i s h  t h e  r e l i a b i l i t y  and 
re levance  of c r i t e r i a  i n  o rde r  t h a t  t h e  d e s i r e d  p r o t e c t i o n  of t h e  water  use can be 
accomplished wi th  conf idence  a t  minimum cost.. This  is p a r t i c u l a r l y  a p p l i c a b l e  where 
i t  is necessary  t o  r e l y  heav i ly  on responses  observed under l abo ra to ry  c o n d i t i o n s  
(p. 11, para .  2 ) .  

(11)  Where d a t a  a r p  inadequate ,  i t  must be accepted  t h a t  t o  some e x t e n t  t h e  
use of a r b i t r a r y  procedures  has  t o  b~  invoked i n  developing c r i t e r i a  ( a s  well a s  f o r  
s e t t i n g  s t a n d a r d s ) ,  f o r  example, based upon t h e  h ighes t  exposures  found t o  cause  no 
undes i r ab l e  e f f e c t ,  i n  combination wi th  an a p p r o p r i a t e  a p p l i c a t i o n  f a c t o r  and 
assumptions about t h e  comparabi l i ty  of d i v e r s e  d a t a  (pp 17-19). 

(12)  The most e f f e c t i v e  c r i t e r i a  w i l l  be t hose  t h a t  t a k e  i n t o  account ,  t o  t h e  
g r e a t e s t  degree ,  r i i f f e r e n c ~ s  i n  l o c a l  c i rcumstances ,  such a s  popula t ion  
s u s c e p t i b i l i t y  and environmental f a c t o r s  (p. 6 ,  pa ra s .  1 t o  4; p. 10 ,  pares .  3  and 
4 ) .  This  p r i n c i p l e  does  no t  exclude t h e  p o s s i b i l i t y  t h a t  c r i t e r i a  may be a p p l i c a b l e  
t o  l a r g e  geographica l  a r e a s  and t o  a  v a r i e t y  of  s p e c i f i c  u se s ,  such a s  d i f f e r e n t  
f i s h e r i e s  i nvo lv ing  r e l a t e d  spec i e s .  

(13)  Where water  q u a l i t y  problems ex tend  over  t h e  a r e a  of  j u r i s d i c t i o n  of  
more than one c o n t r o l  a u t h o r i t y ,  every  e f f o r t  should be made t o  f u r t h e r  t h e  use  of 
c r i t e r i a  ob ta ined  according t o  a common methodology agreed upon by t h e  a u t h o r i t i e s  
involved.  

(14)  C r i t e r i a  f o r  t h e  p r o t e c t i o n  of a given use  should be e s t a b l i s h e d  
independently of o t h e r  u se s ,  which may o r  may not  be made of  a c o a s t a l  a r e a  of 
concern. 

(15) The v a l i d i t y  of c r i t e r i a  should be f r e q u e n t l y  reviewed i n  t h e  l i g h t  of  
new knowledge (p.  10 ,  pa re .  5) .  

2.3 P r i n c i p l e s  r e l a t e d  t o  implementation 

(16)  C r i t e r i a  should be expressed i n  such te rms  a s  a r e  l i k e l y  t o  be most 
u s e f u l  i n  t h e  e s t ab l i shmen t  and enforcement of  c o n t r o l  measures, i nc lud ing  
s t anda rds .  



( 1 7 )  The p r e c i s i o n  and a c c u r a c y  w i t h  which c r i t e r i a  a r e  e s t a b l i s h e d  and 
e x p r e s s e d  s h o u l d  b e  r e l a t e d  t o  t h e  n a t u r e  and e x t e n t  of  t h e  problems t o  which t h e y  
a r e  t o  he a p p l i e d .  

( 1 6 )  I t  s h o u l d  be  r e c o g n i z e d  t h a t  where no e x p o s u r e - e f f e c t  r e l a t i o n s h i p  h a s  
been e s t a b l i s h e d  f o r  p r a c t i c a l  r e a s o n s ,  t h e r e  may be j u s t i f i c a t i o n  f o r  u s i n g  a s  
c r i t e r i a  d e v i c e s ,  s u c h  a s  a  t h r e s h o l d  r e s p o n s e ,  a s  i n  t h e  c a s e  of a e s t h e t i c s ,  o f  t h e  
recommended maximum ( o r  minimum) p e r m i s s i b l e  l e v e l s  o f  w a t e r  q u a l i t y  c h a r a c t e r i s t i c s  
i s s u e d  a s  g u i d e l i n e s  by a u t h o r i t a t i v e  i n t e r n a t i o n a l  a g e n c i e s ,  a s  i n  t h e  c a s e  o f  
human h e a l t h .  T h i s  miqht a p p l y ,  f o r  example,  where c o s t s  o f  c o n t r o l  measures  a r c  
s m a l l  r e l a t i v e  t o  t h o s e  i n v o l v e d  i n  e s t a b l i s h i n q  c r i t e r i a .  I n  such  a  c a s e ,  i t  i s  
assumed, i n  e f f e c t ,  t h a t  t h e r e  h a s  been g e n e r a l  a c c e p t a n c e  of  t h e  d e s i r a b i l i t y  o f  
some c o n t r o l  measure  which c o u l d  o b v i a t e  t h e  need f o r  a  c r i t e r i o n  ( p .  5 ,  p a r a .  5 ;  
p. 11, p a r a .  5 ;  p.13,  p a r a .  2; p .  1 6 ,  p a r a .  6 ) .  

( 1 9 )  I d e a l l y ,  s c i e n t i f i r a l l y - b a s e d  c r i t e r i a  s h o u l d  n o t  b e  i n f l u e n c e d  by 
f a c t o r s  such  a s  t h e  f e a s i b i l i t y  and cost. o f  r emedia l  a c t i o n .  For  example,  t h e  
a v a i l a b i l i t y  o f  an e f f e c t i v e  i n e x p e n s i v e  method f o r  decon tamina t ion  o f  o y s t e r s  d o e s  
n o t  n e c e s s a r i l y  o b v i a t e  t h e  need f o r  w a t e r  q u a l i t y  c r i t e r i a  f o r  a i d i n g  p r e v e n t i o n  of  
t h e  o r i g i n a l  c o n t a m i n a t i o n .  However, i n  d e v e l o p i n g  c o a s t a l  w a t e r  q u a l i t y  c r i t e r i a ,  
p r i o r i t y  s h o u l d  b e  q i v e n  t o  t h o s e  a s p e c t s  which art- n o t  a l r e a d y  a d e q u a t e l y  covered  
by e f f e c t i v e  p r o d u c t  o r  w a s t e  t r e a t m e n t .  

( 2 0 )  With s u b s t a n c e s  t h a t  i n  t h e  judgement o f  q u a l i f i e d  s c i e n t i s t s  may be 
e x c e s s i v e l y  ha rmfu l  i n  c o a s t a l  w a t e r s ,  e .g .  t r a n s u r a n i c  e l e m e n t s ,  a l l  p r a c t i c a l  
measures  s h o u l d  he t a k e n  t o  a v o i d  s u c h  a  r e l e a s e ,  and t h e  c r i t e r i o n  o f  no r e c o g n i z e d  
a c c e p t a b l e  t h r e s h o l d  l e v e l  may be ndopted.  

( 2 1 )  Where a q i v e n  c o a s t a l  w a t e r  is s u b j e c t  t o  s e v e r a l  d e s i r e d  u s e s ,  t h e  
s t a n d a r d  adop ted  shou ld  be based on t h e  c r i t e r i a  f o r  t h e  most demanding u s e .  

3. ECOSYSTEMS 

I t  h e s  been h e l d  t h a t  t h e  p r o t e c t i o n  of  any l i v i n g  mar ine  r e s o u r c e  c a n  b e  most 
c e r t a i n l y  accomplished by p r o t e c t i n g  t h e  i n t e g r i t y  and b a l a n c e  o f  t h e  g r e a t e r  o r  
s m a l l e r  ecosystem of  which it is a  p a r t .  While t h i s  c a n  be  a c c e p t e d  a s  b a s i c a l l y  
t r u e ,  many c h a r a c t e r i s t i c s  o f  s u c h  s y s t e m s  a c t  t o  make t h i s  a  most d i f f i c u l t  t a s k .  
Only by c o n s i d e r i n g  i n d i v i d u a l s  i n  g r e a t l y  r e s t r i c t e d  g r o u p i n g s  o f  i n t e r d e p e n d e n t  
o rgan i sms  and i n  s i m p l e  env i ronments ,  o r  ( i n  t h e  o p p o s i t e  e x t r e m e ) ,  by c o n s i d e r i n g  
a s  an e n t i t y  t h e  whole sys tem r a t h e r  t h a n  each  component,  h a s  any p r o g r e s s  been made 
i n  p r e d i c t i v e  model1 i n g .  

I n  t h e  f i r s t  c a s e ,  h i o l o q i c a l  i n p u t  and o u t p u t  t e rms  o f  t h e  model a r e  each  
p r e d i c t e d  o r  obse rved  v a l u e s  r e s u l t i n g  from t h e  a c t i v i t i e s  o f  i n d i v i d u a l  s p e c i e s  
w i t h i n  t h e  a g q r e g a t i o n s  o f  o rgan i sms .  The impor tance  o f  t h e  c o n t r i b u t i o n  of e a c h  
i n c l u d e d  component t o  t h e s e  terms must b e  known. I n  t h e  second " b l a c k  box" c a s e ,  
i n d i v i d u a l  s p e c i e s  a r e  n o t  c o n s i d e r e d  and r e s u l t s  a r e  t h u s  n o t  e a s i l y  used t o  
p r e d i c t  t h e  r e s p o n s e  o f  d e s i r a b l e  s p e c i e s .  D i f f i c u l t i e s  i n  m o d e l l i n g  a r e  e s p e c i a l l y  
c r i t i c a l  i n  mar ine  w a t e r s ,  where t h e  s y s t e m s  o f  i n t e r e s t ,  and i n t e r a c t i o n s  w i t h i n  
them, have o f t e n  n o t  been a d e q u a t e l y  d e s c r i b e d .  For  example ,  many l i f e  c y c l e s  a r e  
st i l l  unknown. T h i s ,  o f  c o u r s e ,  l i m i t s  t h e  s u c c e s s  o f  a t t e m p t s  a t  q u a n t i t a t i v e  
d e s c r i p k i o n s  o f  i n t e r a c t i o n s .  The s i t u a t i o n  w i t h  r e g a r d  t o  c r i t e r i a  is f u r t h e r  
c o m p l i c a t e d  by t h e  f a c t  t h a t ,  e s p e c i a l l y  i n  t e m p e r a t e  waters, t h e  components o f  a  
l o c a l  sys tem change w i t h  s e a s o n ,  t h e  v a r i o u s  f u n c t i o n s  b e i n g  performed by s p e c i e s  o f  
v a r y i n g  s e n s i t i v i t y  a t  d i f f e r e n t  times. 



The s t a t u s  o f  an ecosystem can be descr ibed a t  any g iven t ime by  a  number o f  
more o r  l e s s  i n fo rma t i ve  techniques. Most desc r ip t i ve ,  b u t  l e a s t  manageable, i s  a  
complete d e s c r i p t i o n  o f  t he  numbers and d i s t r i b u t i o n  o f  each species and l i f e  stage 
present. Such voluminous data a r e  no t  e a s i l y  t r e a t e d  i n  a  s i m i l a r  fash ion t o  
responses such as percentage m o r t a l i t y  o r  percentage reduc t i on  i n  photosynthesis.  A 
number o f  o the r  techniques have been developed t o  reduce such data  t o  i n d i c e s  o f  
var ious  dimensions, which can each be used as a  s i n g l e  parameter f o r  comparison o f  
systems f o r  evidence o f  s t ress .  When d i f f e r e n c e s  a r e  noted, i t  i s  s t i l l  necessary 
t o  r e t u r n  t o  the  o r i g i n a l  species data, i n  order  t o  assess the  s i g n i f i c a n c e  o f  t he  
change (such as a l t e r e d  dominance o r  species composit ion). 

For two reasons, such ecosystem data from t h e  f i e l d  are  d i f f i c u l t  t o  use i n  
e s t a b l i s h i n g  cause-ef fect  r e l a t i o n s h i p s .  F i r s t ,  t he re  i s  o f t e n  a  l ong  " lag"  between 
onset o f  low- leve l  s t r e s s  and system response. Secondly, t he  degree o f  response t o  
p ro t rac ted  low- leve l  s t r e s s  must exceed the sometimes extreme n a t u r a l  v a r i a b i l i t y  i n  
order t o  appear s i g n i f i c a n t .  Th i rd l y ,  n a t u r a l  systems a r e  most o f t e n  subjected t o  
m u l t i p l e  s t resses simultaneously. Ecosystem c h a r a c t e r i z a t i o n  by i n d i r e c t  measures 
o f  f u n c t i o n  has become an i n c r e a s i n g l y  impor tant  and s e n s i t i v e  technique. Here, 
measurements o f  n u t r i e n t  f l u x ,  energy budget, carbon turnover r a t e ,  
productivity/respiration r a t i o  and the l i k e ,  have proven t o  respond t o  a l t e r e d  
environmental cond i t i ons  more r a p i d l y  than the system as a  whole. As a  pena l ty ,  i t  
i s  t o  be expected t h a t  such parameters a re  sub jec t  t o  g rea te r  and more f requent  
short - term v a r i a t i o n s  than a re  t h e  communities whose f u n c t i o n  they r e f l e c t .  

I n  cons ide ra t i on  o f  t he  foregoing,  as ide from a recommendation f o r  more 
research, which cou ld  i nc lude  manipulat ion,  the  gu id ing  p r i n c i p l e  f o r  p r o t e c t i o n  o f  
n a t u r a l  ecosystems f o r  s c i e n t i f i c  study must be v i r t u a l l y  t o t a l  non- intervent ion.  
I t  must be recognized, however, t h a t  even i f  t h i s  i s  poss ib le ,  t he  system be ing 
'preserved" is sub jec t  t o  n a t u r a l  change. 

Eco log ica l  p r i n c i p l e s  do, however, o f f e r  q u a l i t a t i v e  o f  no t  q u a n t i t a t i v e  
guidance i n  the development o f  c r i t e r i a ,  whether the approach used i s  i n d u c t i v e  o r  
deductive. Althouqh a  change induced i n  one component w i l l  r e s u l t  i n  changes i n  
o the r  components, t h i s  w i l l  no t  necessa r i l y  d i s r u p t  t he  ecosystem, h u t  may r a t h e r  
r e s u l t  i n  a  new s e r i e s  o f  o s c i l l a t i o n s  (e.q. f l u c t u a t i n g  popu la t i on  dens i t y  r a t i o s ) .  
These are g radua l l y  dampened bu t  never disappear e n t i r e l y .  The system and each 
organism w i t h i n  i t  are  cons tan t l y  a d j u s t i n g  t o  v a r i a t i o n s  i n  s t ress ,  whether these 
be environmental f a c t o r s  o r  popu la t i on  pressure. This e l a s t i c  o r  p l a s t i c  nature  o f  
ecosystems a l l ows  f o r  a  c e r t a i n  capac i ty  t o  absorb s t r e s s  and t o  t o l e r a t e  
management. Thus, i f  p rese rva t i on  o f  one species, o r  of a  f i s h e r y ,  i s  t o  be an 
ob jec t i ve ,  c r i t e r i a  which f a l l  sho r t  o f  non- in tervent ion  w i l l  u s u a l l y  be e f f e c t i v e .  
This cons ide ra t i on  app l i es  most f o r c i b l y  where the  i n t e r e s t s  and wel l -beinq of man 
are concerned. The q u a l i t y  o f  human l i f e  i s  enhanced by coexistence w i t h  a  wide 
range o f  species. The p r o t e c t i o n  o f  human h e a l t h  obv ious ly  demands i n t e r v e n t i o n ,  
bu t  f u r t h e r  consequences o f  a l t e r n a t i v e  courses o f  a c t i o n  need t o  he c a r e f u l l y  
weighed. 

Not a l l  systems a r e  equa l l y  robust .  I t  may be argued t h a t  a r c t i c  systems are  
l e s s  r e s i l i e n t  than others.  Also t r o p i c a l  systems, w h i l e  con ta in ing  a great  
d i v e r s i t y  o f  species, a re  p a r t i c u l a r l y  f r a g i l e  w i t h  respect  t o  thermal s t ress ,  s ince 
the m a j o r i t y  o f  organisms al ready l i v e  near the  upper l i m i t  o f  t h e i r  thermal 
to le rance (Wood and Johannes, 1975). More genera l ly ,  i n  systems w i t h  many species, 
the complexi ty  o f  i n t e r a c t i o n s  prov ides some s t a b i l i t y  and i s  a l so  respons ib le  f o r  
the f a c t  t h a t  a l t e r a t i o n s  i n  one p o r t i o n  o f  the  system can cause des i rab le  o r  
undes i rab le  e f f e c t s  i n  seemingly un re la ted  p o r t i o n s  o f  t he  system. For example, 
b ioaccumulat ion o f  t o x i c  substances may produce a  hazard t o  consumers, i n c l u d i n g  
man. 



3.1 Impact o f  e c o l o g i e s 1  c o n s i d ~ r a t  i o n  on t h e  development o f  p r i n c i p l e s  

D i s c u s s i o n s  o f  t h e  e f f e c t s  o f  p o l l u t i o n  on ,  f o r  example,  p l a n k t o n  i n  r e l a t i o n  
t o  f i s h e r i e s ,  a s  w e l l  a s  t o  a m e n i t i e s ,  p u b l i c  h e a l t h  and s h e l l f i s h  q u a l i t y ,  
i l l u s t r a t e  t h e  d i f f i c u l t i e s  e n c o u n t e r e d ,  and t h u s  t h e  d i f f i c u l t y  i n  f o r m u l a t i n g  
c r i t e r i a ,  and a r e  t h e r e f o r e  of  v a l u e  i n  c l a r i f y i n g  t h e  p r i n c i p l e s  o p e r a t i v e  i n  
a r r i v i n g  a t  c r i t e r i a .  Var ious  mar ine  o rgan i sms ,  by v i r t u e  o f  occupying  d i f f e r e n t  
e c o l o g i c a l  n i c h e s ,  have d i f f e r e n t  r e l a t i o n s h i p s  t o  v a r i o u s  t y p e s  and modes o f  
i n t r o d u c t i o n  of  p o l l u t a n t s .  These d e t e r m i n e  t h e  n a t u r e  of  t h e i r  exposure .  

The e s s e n t i a l  d i f f e r e n c e s  i n v o l v e  v a r y i n g  t i m e  s c a l e s  f o r  e x p o s u r e  ( c o n s t a n t ,  
i n t e r m i t t e n t  o r  c y c l i c a l  s t r e s s ) ,  a l t e r a t i o n s  o f  t h e  p o l l u t a n t  b e f o r e  o r  d u r i n g  
e x p o s u r e ,  and t h e  r o u t e  of  a d m i n i s t r a t i o n  t o  t h e  t a r g e t  organism (e .g .  v i a  w a t e r ,  
suspended sed iment  o r  food  p a r t i c l e s ,  and d e t r i t u s ) .  C o n s i d e r a t i o n  o f  t h e s e  
d i f f e r e n c e s  h a s  l e d  t o  t h p  f o r m u l a t i o n  of  b a s i c  p r o c e d u r a l  r e q u i r e m e n t s  f o r  
o b t a i n i n g  d a t a  on which w e l l  founded d e f e n s i b l e  c r i t e r i a  s h o u l d  h e  based .  
Observance o f  one o r  a l l  of  t h e s e  r e q u i r e m e n t s  is e s s e n t i a l  t o  c r i t e r i a  development ,  
dependent  on t h e  r e s o u r c e  f o r  which a  s p e c i f i c  c r i t e r i o n  is t o  b e  s e t ,  and t h e  
impor tance  of  t h o s e  c h a r a c t e r i s t i c s  i n  l i m i t i n g  i t s  u s e .  Not s u r p r i s i n g l y ,  ti 

g e n e r a t i o n  o f  c o m p l e t e l y  a d e q u a t e  i n f o r m e t i o n  on which t o  b a s e  c r i t e r i a  r e q u i r e s ,  i n  
a lmos t  a l l  c a s e s ,  s a t i s f a c t i o n  of a l l  r e q u i r m e n t s  l i s t e d  i n  s e c t i o n  7. 

Most o f  t h e s e  r e q u i r e m e n t s  a r e  a l s o  recogn ized  by EIFAF (1964) and ,  t a k e n  a s  a  
whole,  embody t h y  p r i n c i p l e s  u n d e r l y i n g  t h e  f o r m a l i z e d  " c r i t i c a l  pa th"  t e c h n i q u e  
r e f e r r e d  t o  e a r l i e r .  The Working Group gave  some thouqht  t o  c l a s s i f y i n q  t h e  v a r i o u s  
known stresses a c c o r d i n g  t o  t h e  a p p l i c a b i l i t y  of  t h e  v a r i o u s  r e q u i r e m e n t s  i n  t h e  
e s t a b l i s h m e n t  o f  c r i t e r i a  f o r  them i n  r e l a t i o n  t o  a q i v e n  u s e ,  h u t  e q r e e d  t h a t  t h i s  
approach  would o f f e r  them l i t t l e  r e i i l  h e l p ,  f o r  i t  is u n l i k e l y  t h a t  c o n s i d e r a t i o n  o f  
v a r i o u s  u s e s  would r e s u l t  i n  s i m i l a r  q r o u p i n g s  o f  r e q u i r e m e n t s .  Also,  even w i t h i n  a  
r e a s o n a b l y  i n c l u s i v e  group such  a s  i n o r q a n i c s ,  ex t reme  v a r i a t i o n s  a r e  known t o  o c c u r  
i n  d u r a t i o n  o f  b i o l o q i c a l  e f f e c t  a s  e r e s u l t  o f  r e r y c l i n q  pathways,  b ioaccumule t ion  
and p h y s i c a l  o r  chemica l  a l t e r a t i o n .  The same may be assumed f o r  g roups  o r  
c h e m i c a l s  n o t  ye t  c o n s i d e r e d  o r  even s y n t h e s i z e d .  Fur the rmore ,  t h e  p a t t e r n  o f  
f l u c t u a t i o n  i n  c o n c e n t r a t i o n  w i t h  t i m e  w i t h i n  a  c l a s s  o r  f o r  a s i n g l e  compound, is 
e x t r e m e l y  v a r i t i b l e  between p o i n t s  o f  i n t r o d u c t i o n  where c r i t e r i a  may be  of  v a l u e .  
Th i s  is a l s o  t r u e  f o r  major  env i ronmenta l  v a r i a b l e s  such  a s  d i s s o l v e d  oxygen, 
t e m p e r a t u r e ,  s a l i n i t y  and pH v a l u e .  I n  g e n e r a l ,  t h e  y r e a t e r  t h e  temporal  v a r i a t i o n ,  
t h e  g r e a t e r  t h e  o b l i g a t i o n  t o  t e s t  u s i n g  a  m u l t i - f a c t o r i a l  approach  a p p r o x i m a t i n g  
t h e  ex t reme  limits o f  l o c a l  v a r i a t i o n  o f  e a c h  f a c t o r ,  a s  w e l l  a s  t h e  obse rved  l o c a l  
r a t e s  of f l u c t u a t i o n .  I t  s h o u l d  be  borne  i n  mind t h a t  t h e  most common a p p e a r a n c e  o f  
most c o n t a m i n a n t s  is PS a  component o f  a  m i x t u r e  o f  which t h e  t o t a l  e f f e c t  is o f  
concern .  C o n s i d e r a t i o n  of  t h e  components o f  t h e  m i x t u r e  is  l i k e l y  t o  i n d i c a t e  t h e  
complex i ty  of  p r o c e d u r e s  r e q u i r e d  f o r  d e v e l o p i n g  c r i t e r i a .  

3 . 2  A p p l i c a t i o n  of c r i t e r i a  f o r  t,he p r o t e c t i o n  of ecosys tems  

I t  h a s  been assumed above t h a t  t h e  obse rved  e c o s y s t e m s '  r e s p o n s e  i s  t h e  b e s t  
measure o f  whether  t h e  d e g r e e  o f  p r o t e c t i o n  b e i n q  offr-rt>d is a d e q u a t e .  The 
d i f f i c u l t i e s  no ted  h e r e  i n  measurement and s i q n i f i r a n c e  o f  r e s p o n s e  a r e  n o t  nove l  
and run d i r e c t l y  p a r a l l e l  w i t h  t h e  r e s p o n s e  of  s i n ~ l e  o r o a n i s n s .  Death o f  a n  
organism/ecosystem is a d m i t t e d l y  u n d e s i r a b l e ,  b u t  t h e  s i g n i f i c a n c e  o f  b e h a v i o u r a l ,  
hormonal and enzymat ic  a l t e r a t i o n s  becomes p r o q r e s s i v e l y  l e s s  c l e a r .  A t  w h ~ t  p o i n t  
d o e s  a d a p t a t i o n  become a  l i a b i l i t y ?  The development  'bf c r i t e r i ~  t o  p r o t e c t  a 
s p e c i f i c  ecosystem shou ld  be s u b j e c t  t o  t h e  same a p p r o a c h e s  b e i n g  a p p l i e d  t o  s i n q l e  
s p e c i e s .  That is, a  dose - response  r e l a t i o n s h i p  c a n  be deve loped  i n  which t h e  
r e s p o n s e  b e i n g  d e s c r i b e d  is a  f u n c t i o n  ( u s u a l l y  a  d e s i r a b l e  one i n  t e rms  o f  human 
v a l u e ) .  



- f l -  

Perhaps  i t  c a n  b e  s e e n  from t h e  f o r e g o i n g  t h a t  development  o f  c r i t e r i a  f o r  t h e  
p r o t e c t i o n  o f  ecosys tems  is  n o t  e s s e n t i a l l y  d i f f e r e n t  from d e v e l o p i n g  o t h e r  
c r i t e r i a .  I t  d o e s  d i f f e r  i n  t h e  p h y s i c a l  s c a l e ,  c o s t  and d i f f i c u l t y  o f  measurements 
which must. h e  conduc ted ,  a s  we l l  a s  i n  o u r  r e l a t i v e  i n e x p e r i e n c e  i n  pe r fo rming  and 
i n t e r p r e t i n g  them. 

4. HUMAN H E A L T H  

I n  thp  i n t r o d u c t o r y  p a r t  o f  t h i s  r e p o r t ,  a  d e f i n i t i o n  o f  c o a s t a l  w a t e r  q u a l i t y  
c r i t e r i a  h a s  been g i v e n  i n  t h e  most q ~ n e r a l  terms a c c e p t a b l e  t o  t h e  Group. C r i t e r i a  
f o r  c o a s t a l  w a t e r s  i n  r e g a r d  t o  humen h e a l t h  s h o u l d  i d e a l l y  be  sets o f  q u a n t i t a t i v e  
exposure - response  r e l a t i o n s h i p s  between v n v i r o n m m t a l  e x p o s u r e  f a c t o r s  and e f f e c t s  
on t h e  p o p u l a t i o n  g roups  exposed.  When d e a l i n g  w i t h  human s u b j e c t s ,  i t  is o f t e n  
d i f f i c u l t  t o  e s t a b l i s h  even a  b a s i c  c a u s e - e f f e c t  r e l a t i o n s h i p ,  and even more 
d i f f i c u l t  t o  o b t a i n  a  g raded  r e s p o n s e .  

Acute e f f e c t s  o f  e x p o s u r e  t o  h i g h  l e v p l s  o f  c h e m i c a l s  o r  pa thogens  a r e  more 
e a s i l y  l i n k e d  t o  human r e s p o n s e  t h a n  a r e  e f f e c t s  o f  c h r o n i c  exposure  t o  t h e  low 
l e v e l s  s o  o f t e n  t y p i c a l  o f  t h e  e n v i r o n m m t .  A t  t h e  lower end o f  t h e  r e s p o n s e  
spec t rum,  sub-cl  i n i c a l  chanqes  i n  hehnv jour  o r  enzyme a c t i v i t y  ( t h e  b i o l o g i c a l  
s i g n i f i r a n c e  of  which is  d i f f i c u l t  t o  a s s e s s )  have been d e t e c t e d  down t o  t h e  
' 'no-effect  l e v e l " ,  i .e .  below t h e  exposure' l e v e l  a t  which no g r o s s  p a t h o l o g i c s l ,  
p h y s i o l o g i c a l  o r  m e t a b o l i c  impairment h a s  been d e t e c t e d .  

The obse rved  n o - e f f e c t  l e v e l  is  o f  c o u r s e  r e l a t e d  t o  t h e  c h o i c e  of  t h e  
i n d i c a t o r ( s )  of r e s p o n s e  and t h e  s m s i t i v i t y  o f  t h e  methods a v a i l a b l e  o r  adop ted  f o r  
its measurement.  The same c a n  be s a i d  f o r  t h e  i d e n t i f i c a t i o n  and measurement o f  t h e  
exposure .  Unless  e v i d e n c e  is a v a i l a b l e  t h a t  such  s u b - c l i n i c a J  changes  c h a n g e s  a r e  
s imply  a d a p t i v e ,  and do n o t  p r e j u d i c e  s u r v i v a l ,  r e p r o d u c t i o n  o r  o r  q u a l i t y  of  l i f e ,  
t h e y  must be  assumed t o  be  d p t r i r n e n t a l .  There  a r e ,  however,  well e s t a b l i s h e d  
p r i n c i p l e s ,  such  a s  t h o s e  e n u n r i a t ~ d  hy Bradford  Hi1 1 (19651,  which s h o u l d  b e  used 
f o r  t e s t i  nq t h e  s i g n i f i c a n c e  o f  cause -e f  f w t  r e l a t i o n s h i p s  d e r i v e d  from 
e p i d e m i o l o g i c s l  d a t a .  

4 . 1  F i s h  and s h e l l f i s h  

F a c t o r s  o t h e r  t h a n  w a t e r  p o l l u t i o n  may i n f l u e n c e  t h e  m i c r o b i o l o g i c a l  and 
h y n i e n i c  q u a l i t y  of  f i s h e r y  p r o d u c t s .  C a t c h i n q ,  h a n d l i n q ,  p r o c e s s i n g ,  s t o r a g e ,  
m a r k e t i n g  and t h ~  way t h e  p roduc t  is p r f ~ p a r e d  may a f f e c t  t h e  t r a n s m i s s i o n  o f  d i s e a s e  
by such p r o d u c t s ,  and o c c a s i o n c l l y  f a l s e l y  i n d i r a t ~  i n f e r i o r  w a t e r  q u a l i t y .  These 
f a c t o r s  shou ld  n o t  i n f l u e n c e  t h e  r o l e  of  c r i t e r i a  f o r  q u a l i t y  o f  t h e  w a t e r  where 
f i s h  and s h ~ l  l f  i s h  a r e  grown. 

The i n f l u m c e  o f  t h e  p h y s i c a l ,  chemical  and b i o l o g i c a l  q u a l i t y  of  f i s h -  and 
s h e l l f i s h - g r o w i n g  w a t e r s  may e x t e n d  beyond t h e  e f f e c t s  on mar ine  o rgan i sms  
themse lves .  E f f e c t s  on consumers  i n c l u d e :  v i r a l  and b a c t e r i a l  i n f e c t i o n s  and 
i n t o x i c a t i o n s ;  p a r a s i t i c  d i s e a s e ;  t o x i n ;  a l l e r q i c  r e a c t i o n s ;  r e s p o n s e s  o f  
undetermined e t i o l o g y ;  and o f f e n s i v e  f l a v o u r  r e u s i n g  nousea o r  more a c u t e  i l l n e s s  
due t o  t a i n t i n q  o f  t h e  p r o d u c t .  E f f e c t s  on non-consumers i n c l u d e :  o c c u p a t i o n a l  
d i s e a s e s  such a s  secondary  b a c t e r i a l  s k i n  i n f e c t i o n s ,  b i t e s ,  s t i n g s ,  and a l l e r g i c  
r e a c t i o n s  due t o  c o n t a c t  w i t h  she1 l f i s h  o r  q e o r .  

T a h l e  1 ,  d e r i v e d  from T ~ b l e s  1 and 2 o f  WHO (19741,  summarizes t h e  p r i n c i p a l  
b a c t e r i a l ,  p a r a s i t i c  and v i r a l  d i s p o s e s  i n  mpn which a r e  t r a n s m i t t e d  by f i s h e r y  
p r o d u c t s  . 



Table J : Characteristics of principal bacterial and viral 
fish- and shellfish-borne diseases in man 

Principal aquatic of 
Etiological food animals ~ ~ ~ ~ ~ ~ ~ t y  Mode of transmlsalon ~ ~ ~ $ s ~ ~ ~ ~ ~ , , n  
Aoent involved as source ~ ~ i ~ ; " t i c  

of infection food animal manifestations 

Bacterial Salmonella spp. fish or shellfish a) human faeces and nonpathogenic Ingeftlon of raw Or a) typhoid and para- 
Infection a) S fyphi, secondarily con- waters contaminated ~nsufflclently cooked typhoid fever, 

S. paratyphl taminated through by human faeces contaminated fish or tepticaemla 
0)  other spe- polluted waters or b) human shellfish b) salmonellQSls : 

Cms (e 9.. through improper faeces, poll,,ted 
S typhf- handling gastroenteritis 
murlum, S. waters 
enteritidis) 

Vibrio pars- marlne fish and organism occurs may cause usually through con- diarrhoea, abdominal 
hae~0lytkus shellfish naturally In the marine death of sumption of raw or pain 

enn:ironment shrimps and Inadequately cooked 
crabm ; experi- fish or shellfish that 
mentally patho- has not been property 
genic for fiah rsMoerated 

-- 

Bacterial Clostridlum fermented, salted, sediment, water, toxin can kill Ingestion of improperly botulism : neuro- 
intoxication botullnum and smoked fish animal faeces fish processed fish or logical aymptoms 

shellfish with high me-fatality 
rate 

Staphylmoccus fish or shellfish man-nose and throat nonpathogenic Ingestion of fish or staphylococcal Intoxi- 
aureus secondarily con- discharges, akin shellfish cross- cation : nauaea, 

laminated through lesions contaminated after vomitlng, Ã§bdomlna 
Improper handling cooking pain, prostration 

Bacterial Clostridium fish or shellfish polluted waters, nonpathogenic Ingeatlon of cooked diarrhoea, abdominal 
Intravltal 1)  perfrinatns secondarily con- human and animal fiÃ§ or shellflch that pain 
Intoxication tsminated through feÃ§ces sediment fmÃ not been properly 

polluted waters or refrigerated 
through Improper 
handling 

Bacterial 
skin 
Infection 

irys'pelofhrit flsh, pÃ§rtlcularl 
insidiosa spiny ones (e.g., 

searoblns, redflah) - orcanism la 
present In fiah 
slime and meÃ§ 

- -- 

nonpathogenic through skin leslons- er Ipelold-severe 
uaua~~y an occwmtiona~ ~ n & n m ~ o n  of 
disease superflclal cutaneous 

wound8 

Viral virua of shellflah human f ~ c n  and nonpathooÃ§d Inoeatlon of raw or 
Infactlon 

lnfecHom h*pt*(l> 
Inlectloua water polluted by l n u t o a i n k l ~  cxUMd 
hepÃ§lltl human faeces conlaminated ah*MIsh 

1 )  Intoxication by toxin produced in the body by bacteria present in heavily 
contaminated foods 



Principal aquatic 
Etiological food animals Pathogenicity Mode of transmission Disease in man 
agent involved as source Life cycle of parasite for aquatic to man 

and most common 

01 infection food animal manifestations 

Clonorchis 
Parasitic 

freshwater flsh- 1st intermediate host : 
sinensis Cyprinidae family snail 

infection (Chinese liver (em.. carp, roach. 2nd intermediate host: 
fluke) dace) fish - trematodes Definitive host : man, 

dog, cat, other fish- 
eating mammals 

Opidhofchis freshwater flsh- 1st lnt. h o d :  snail 
felineus Cyprinidae family 2nd int. host : fish 
0. vivwrlni (e.9.. whitefish, Def. host : man, dog, 

carp, tench, fox, cat, other fish- 
bream, barbel) eating mammals 

muscle cyst ingestion of raw or clonorchiasis : signs 
infection insufficiently cooked, and symptoms related 

Infected fish (dried. to liver damage 
salted or pickled fish 
may be involved) 

muscle and ingestion of raw or opisthorchiasis : 
subcutaneous insufficiently cooked, cirrhosis of the liver 
cyst infection infected fish 

Hetwoptins freshwater or 1st Int. host: snail encyst in Ingestion of raw or heterophyiasis : 
helerophyes brackish-water 2nd int. host : fish muaclis and insufficiently cooked, abdominal pain, 

fish Def. host: man, dog, skin Infected fish (ire- mucous diarrhoea ; 
cat, other fish-eating fluently salted or egga may be carried 
mammals, fish-eating dried fish) to the brain heart,, 
birds etc.. causing atypical 

signs 

MfUoonimus freshwater fish 1st int. host: snail 
Y ~ C X U W ~  (e.g., trout. sweat- 2nd int. host : flsh 

flah, due*, white- Dof hoot. man dog, 
b*W pig,cut. flsh-odlng 

bird* 

encyst In gills, ingestion of raw or 
fin or tail lnaufficiently cooked, 

infected flsh 

Parwonismus freshwater crab 1st Int. host : mai l  
westermuil and crayfish 2nd Int. host: crab, 
P. rlngwl 
(Oriental lung 
fluke) 

GPE'at : man, dog, 
pig, wild carnivores 

encyst in gills. Ingestion of raw or 
muscle, heart. Insufficient) cooked 
liver Infected craba or cr& 

fish or ingestion of 
water contaminated by 
metacercariae that 
haw e*cÃ§pe from a 
crab or crÃ§Ãˆfl 

metagonimlasia : 
uaually mild diarrhoea 

para on lmi r is  : 
uaudly chroniccough 
and h n m o o t v r  from ~.-  - 

flukes localized in the 
lungs ; f luke may 
Invade other organs 

- ceatodea E9A%m fmshwater flsh 1st Int. host : copepod lerocorcoid ingestion of raw or 
(0.0.. pike, trout, 2nd Int. boat: flsh larvae Infection Inaufflclently cooked, 
turbot) D d .  hoat : man dog. of musdea and flsh (frequently Inade- 

cat. pig, fox polar other organs quately pickled flsh) 
bear, other hsh-mtlng 
mammals 

dlphyllobothriasia : 
dlseuo may be mild 
or Inapparent ; may 
see signs of gastro- 
enterltls. anaemia. 
weakness 

internal l a w n  usually from Ingestion 
infection of raw or partially- 

cooked, pickled or 
smoked herring 

AnQiOSUWWlus frÃ§*hÃ‘t ahrlmp, 1st Int. host : slug. 
canttwensis land crab, possibly land snall 

ortain nurtn* flsh Dof. hoat : rat 
Pwatenic hosts : 
ahrlmp. land crab 

Ingestion inadequately of raw cooked or 
eosinophilic 
meningitis 

shrimp or crabs 
(sometimes pickled) 

Table I (cont'd) Characteristics of principal perasitic fish- and shellfish-borne 
diseases in man 



The adequacy of t h e  b a s i s  f o r  c r i t e r i a  s h o u l d  be  token  i n t o  accoun t  when 
c o n t e m p l a t i n g  c o n t r o l  a c t i o n ,  which c o u l d  i n v o l v e ,  f o r  example ,  t h e  c l o s u r e  o f  
f i s h i n g  g rounds ,  r e q u i r e m e n t s  f o r  t h e  r ~ d u c t i o n  o f  i n p u t  o f  p o l l u t a n t s  ond t h e  
r e s t r i c t i o n  o f  consumption o f  con tamina ted  f i s h e r y  p r o d u c t s .  Such a c t i o n s  c a n  a l s o  
b e  s u p p o r t e d  by s a n i t a r y  s u r v e y s .  P a r t i c u l a r  a t t e n t i o n  s h o u l d  h e  g i v e n  t o  mol luscan  
s h e l l f i s h  which may be v e c t o r s  f o r  v i r a l  h e p a t i t i s .  M o l l u s c s  may a l s o  s e r v e  a s  one  
of t h e  r o u t e s  by which m e t a l s  end o t h e r  b ioaccumula ted  m a t e r i a l s  r e a c h  p r e d a t o r s ,  
i n c l  uding man. 

4.2 B a t h i n a  w a t e r s  

Sea w a t e r s  n e a r  some b e a c h e s  a r e  becoming i n c r e a s i n g l y  c o n t a m i n a t e d  c h e m i c a l l y  
and m i c r o b i o l o g i c a l l y  and may be a  h e a l t h  h a z a r d  f o r  man. One o f  t h e  s c i e n t i f i c  
approaches  t o  d e m o n s t r a t i n g  t h e  r e l a t i o n s h i p  between w a t e r  q u a l i t y  and d i s e a s e  is 
t h e  e p i d e m i o l o g i c a l  su rvey .  

For w a t e r b o r n e  d i s e a s e s ,  such  a s  typho id  f e v e r  o r  c h o l e r a ,  t h e  l i n k  between 
d i s e a s e  and d r i n k i n q  w a t e r ,  o r  b ~ t w e e n  d i s e a s e  and s h e l l f i s h - e n t i n g ,  h a s  been f i r m l y  
e s t a b l i s h e d ,  whereas  f o r  d i s e a s e s  o c c u r r i n g  a t  t h e  s e a s i d e ,  t h e  l i n k  w i t h  be thin^ is 
more d i f f i c u l t  t o  e s t a b l i s h .  Moni to r ing  of  w a t e r  q u a l i t y  is one of  t h e  means o f  
a s s e s s i n g  t h e  p o t e n t i a l  r i s k .  However, t h e  r e c o v e r y  of  pa thogens  from b a t h i n g  
w a t e r s  d o e s  n o t  n e c e s s a r i l y  i n d i c e t e  t h a t  t h e  i n c i d e n c e  of  d i s e a s e  w i l l  be. 
s i g n i f i c a n t l y  i n c r e a s e d .  

In p r a c t i c e ,  t h e  r o u t i n e  m o n i t o r i n g  f o r  p a t h o g e n s  p r e s e n t s  v a r i o u s  
d i f f i c u l t i e s .  Recovery o f  pa thogens  from b a t h i n q  watvr  is n o t  normal ly  done f o r  
r o u t i n e  s u r v e i l l a n c e  a s  t o  b a c t e r i o l o g i c a l  q u a l i t y .  E n t e r i c  d i s e a s e s  c a n  o r i g i n a t e  
from d r i n k i n g  w a t e r  con tamina ted  be e x c r e t e  from i n f e c t e d  humans o r  a n i m a l s .  I t  
t h e r e f o r e  seems i m p o r t a n t  t o  u s e  f a e c a l  o rqan i sms  a s  i n d i c a t o r s  of  w a t e r  q u a l i t y .  

Although t h e r e  is no demons t rab le  c o r r e l a t i o n  between f a e c a l  i n d i c a t o r s  and 
p a t h o g e n s ,  e x c e p t  f o r  S a l m o n e l l a ,  s e v e r a l  c o u n t r i e s  have i n t r o d u c e d  norms o f  
b a c t e r i o l o g i c a l  q u a l i t y  b a s e d  upon t h e  f a e c a l  c o l i  i n d e x .  A f t e r  a  l o n g  d i s c u s s i o n  
abou t  t h e  l i n k i n g  o f  f a e c a l  i n d i c a t o r s  w i t h  t h e  p r e s e n c e  of pa thogens  end a b o u t  t h e  
dose - response  r e l a t i o n s h i p  f o r  p a t h o g e n s  o c c u r r i n g  i n  s e a w a t e r ,  t h e  Group wished t o  
emphasize  t h a t  c r i t e r i a  f o r  b a t h i n g ,  l i k e  t h o s e  f o r  o t h e r  u s e s  s u c h  a s  f i s h e r i e s ,  
s h o u l d  i d e a l 1  y  h e  besed  upon w e l l  founded dose - response  r e l f i t  i o n s h j ~ s .  
N e v e r t h e l e s s ,  a t  t h e  p r e s e n t  s t a t e  of  knowledge and under  c e r t a i n  c i r c u m s t a n c e s ,  an 
i n d i c a t o r  organism c h a r a c t e r i s t i c  o f  t h e  c o n t a m i n a t i o n  by sewaqe o f  human o r  an imal  
o r i g i n  may be used t o  i n d i c a t e  a  p o t e n t i a l  h a z a r d  t o  human h e a l t h  b e c a u s e  o f  t h e  
p o s s i b l e  p r e s e n c e  o f  humnn pa thogens ,  e x p e c i a l l y  a n t i b i o t i c - r e s i s t a n t  s t r a i n s .  To 
meet t h i s  s i t u a t i o n ,  WHO h a s  recommended g u i d e l i n e s  f o r  a c c e p t a b l e  b e t h i n q  w a t e r  
qua1 i t y  (WHO, 1975) .  I t  s h o u l d  b e  b o r n e  i n  mind, however, t h a t  any dose - response  
r e l a t i o n s h i p  would v a r y  a s  t h e  s u s c e p t i b i l i t y  o f  t h e  p o p u l a t i o n  changes .  

The p r i n c i p l e  o f  r e v i e w i n g  t h e  v a l i d i t y  of  c r i t e r i a ,  i n  t h e  l i g h t  o f  
e x p e r i e n c e  and t h e  a c q u i s i t i o n  o f  new knowledqe, a p p l i e s  t o  h e a l t h  c r i t e r i a  a s  much 
a s  i t  does  t o  t h e  o t h e r s  c o n s i d e r e d  h e r e .  

4 . 3  A e s t h e t i c s  

The enjoyment  o f  a m e n i t i e s  is h e a v i l y  dependen t ,  n o t  mere ly  on t h e  
a v a i l a b l i l i t y  of  a n  a c t i v i t y ,  b u t  on t h e  a e s t h e t i c  s a t i s f a c t i o n  which i t  a f f o r d s .  
A e s t h e t i c  s a t i s f a c t i o n  can  b e  a  v e r y  p o s i t i v e  f o r c e  i n  promoting p u b l i c  h e a l t h  and 
wel l -be ing .  I t  is e x p e r i e n c e d  th rough  t h e  s e n s e s  o f  s i g h t ,  s m e l l ,  t a s t e  and touch .  

I n  s e e k i n g  c r i t e r i a  t o  p r o t e c t  a ~ s t h e t i c  q u a l i t y ,  one  r e w i r e s ,  i d e a l l y ,  a  



knowledge o f  t h e  r e l a t i o n s h i p s  be tween  wntf-r  q u a l i t y  and  o t h e r  e n v i r o n m e n t ~ l  
f a c t o r s ,  its d e t e c t a b i l i t y  by  t h e  sense ' s ,  and t h e  d e g r e e  o f  a s s o c i a t e d  a d v e r s e  o r  
f a v o u r a b l e  r e a c t i o n .  I n  a t t e m p t i n g  t o  d e r i v e  s u c h  i n f o r m a t i o n ,  i t  is o b v i o u s 1  y  
n e c e s s a r y  t o  e n s u r e  t h a t  t h e  p o p u l a t i o n ,  whose r e a c t i o n  is t o  b e  a s s e s s e d ,  is 
r e a s o n a b l y  r e p r e s e n t a t i v e  o f  t h o s e  whose i n t e r e s t s  t h e  c r i t e r i a  a d o p t e d  a r e  i n t e n d e d  
t o  p r o t e c t .  I n  many c o a s t a l  a r e a s ,  t h i s  may i n v o l v e  o b t a i n i n g  a p r o p e r  b a l a n c e  of  
r e a c t i o n s  o f  r e s i d e n t s  a n d  n o n - r e s i d e n t s  whose r e q u i r e m e n t s  and  s e n s i t i v i t y  may 
d i f f e r .  

D e t e r m i n a t i o n  o f  t h e  a s s o c ~ t i o n  be tween  a e s t h e t i c  r e a c t i o n s  and w a t e r  q u a l i t y  
p r e s e n t s  c o n s i d e r i i b l e  d i f f i c u l t i e s ,  b e c a u s e  i t  is r a r e l y  p o s s i b l e  t o  e x p o s e  p e o p l e  
i n  B c o n t r o l l e d  n a n n w  t o  a  r a n g e  o f  c o n d i t i o n s  i n  c o a s t a l  w a t e r s  t h e m s e l v e s ,  t hough  
some g u i d a n c e  c e n  b e  o b t a i n e d  f rom a s s e s s m e n t  o f  e x p e r i e n c e  a t  d i f f e r e n t  sites, 
where d i f f e r i n g  c o n d i t i o n s  e x i s t ,  o r  a t  t h e  some  sit^, b e f o r e  and  a f t e r  a  c h a n g e  i n  
c o n d i t i o n s .  Because  o f  t h e s e  d i f f  i c u l t i e s ,  s u c h  i n f o r m a t i o n  w i l l  i n  p r a c t i c e  need  
t o  be  s u p p l e m e n t e d  by a s s e s s m e n t s  o f  t h e  r e a c t i o n  o f  p e o p l e  t o  w a t e r  q u a l i t y  
c o n d i t i o n s  c r e a t e d  a r t i f i c i a l l y  i n  t h e  l a b o r a t o r y .  Such l a b o r a t o r y  a s s e s s m e n t s  
would p r o b a b l y  b e  most  r e l e v ~ n t  i n  t h ~  c a s e  o f  t a s t e ,  which  is un l  i k e l y  t o  b e  
~ r e a t l y  a f f e c t e d  by t h e  c i r c u m s t a n c e s  i n  which  p e o p l e  a r e  e x p o s e d ,  and p e r h a p s  l e a s t  
r e l e v a n t  i n  t h e  c a s e  o f  r e a c t i o n s  t o  c e r t a i n  v i s i b l e  m a n i f e s t a t i o n s  o f  p o l l u t i o n ,  
s u c h  a s  t h e  a p p e a r a n c e  o f  a  s l i c k ,  which  is d i f f i c u l t  t o  s i m u l a t e  r e a l i s t i c a l l y  i n  
t h e  l a b o r a t o r y .  

A s  a  g e n e r a l  p r i n c i p l e ,  i t  w i l l  b e  i m p o r t a n t  t o  nuke  e v e r y  e f f o r t  t o  e s t a b l i s h  
t h e  r e l i a b i l i t y  and  r e l e v a n c e  o f  t h e  c r i t e r i a  i n  o r d e r  t h a t  t h e  d e s i r e d  d e g r e e  o f  
p r o t e c t i o n  o f  t h e  wplerst u s e  con  b e  a c c o m p l i s h e d  w i t h  c o n f i d e n c e  a t  minimum c o s t .  
T h i s  is e s p e c i a l l y  i m p o r t a n t  where  i t  is  n e c e s s a r y  t o  r e l y  h e a v i l y  on  r e a c t i o n s  
o b s e r v e d  u n d e r  I p b o r a t o r y  c o n d i t i o n s .  

T h e r e  is a l s o  8 prob lem i n  d e c i d i n q  on o d e q u a t e  m e a s u r e s  o f  a ~ s t h ~ t i c  
s a t i s f a c t i o n  and  i n  s t a n d a r d i z a t i o n  o f  t h e i r  u s e  s o  t h a t  r e l i a b l e  d a t a  c a n  b ~  
a t t a i n e d .  Among m e a s u r e s  t h a t  might  h e  a p p l i c a b l e  i n  d i f f e r e n t  s i t u a t i o n s ,  t h e  
f o l l o w i n g  come i m m e d i a t ~ l y  t o  mind: v e r b a l  o r  w r i t t e n  e x p r e s s i o n s  o f  o p i n i o n  i n  
g r a d e d  c a t e g o r i e s  a s  d e t e r m i n e d  by i n t e r v i e w  o r  q u e s t i o n n a i r e ;  t r e n d s  i n  t h e  r a t i o  
o f  numbers o f  v i s i t o r s  t o  a   sit^ and t h e  accomoda t ion  a v a i l e b l e ;  t r e n d s  i n  t h e  p r i c e  
o f  p r o p e r t y ;  o r  e x p r e s s e d  w i l l i n g n e s s  t o  pay f o r  m e a s u r e s  d r s i g n ~ d  t o  r e d u c e  
e f f e c t s .  These  r n o t t e r s  r e q u i r e  f u r t h e r  s t u d y .  

The p r o b l e m s  e n c o u n t e r e d  would b e  s i m p l i f i e d  i f  i t  were t o  b e  a c c e p t e d  t h a t  
one  u s u a l  and  p r o p e r  o b j e c t i v e  o f  d e s i g n e r s  o f  d i s p o s a l  schemes  is t o  p r e v e n t  any  
unwelcome a e s t h e t i c  e f f e c t s .  I n  d e v e l o p i n g  a e s t h e t i c  c r i t e r i a ,  i t  is t h e n  m a i n l y  
n e c e s s a r y  t o  a s s e s s  t h e  l e v e l s  o f  c o n t a m i n a t i o n  a t  wh ich  s u c h  e f f e c t s  j u s t  become 
d e t e c t a b l e .  I t  is c o n s i d e r ~ d  t h a t  a t t e n t i o n  s h o u l d  hp i n i t i a l l y  c o n c e n t r a t e d  on t h ~  
l i r n i t ~ d  o b j e c t i v e  o f  o h t a i n i n q  s u c h  i n f o r m a t i o n .  T h i s ,  combined w i t h  o u r  more 
f r a q n ' e n t a r y  knowledge o f  t h e  & t a i l e d  r e s p o n s e  o f  i n d i v i d u a l s  t o  c o n t a m i n a t i o n ,  
might  well b e  a d e q u a t e  f o r  most d e c i s i o n s .  The v i s i b l ~  e f f e c t s ,  whose t h r e s h o l d s  o f  
d e t e c t i o n  a r e  r e q u i r e d ,  p r i n c i p a l l y  i n c l u d e  a p p e a r a n c e  o f  f l o a t i n g  o r  s u s p e n d e d  
d e b r i s ,  t u r b i d i t y ,  foams,  s l i c k s  and  c o l o u r .  

D e t e r m i n i n g  t h r e s h o l d s  o f  s e n s i b i l i t y  p r e s e n t s  a  v a r i e t y  o f  d i f f i c u l t i e s .  I n  
c e r t a i n  i n s t a n c e s ,  t h e s e  c o u l d  b e  o b v i a t e d  by t a k i n g  i n t o  a c c o u n t  t h e  f a c t  t h a t  
a s s e s s m e n t  o f  d e t e c t a b i l i t y  i n  a  c o m p r e h e n s i v e  s c i e n t i f i c  manner would b e  e x p e n s i v e ,  
and t h a t  i t  migh t  h e  p o s s i b l e ,  i n  c a s e s  where  m a t e r i a l  which  c a u s e s  o f f e n c e  c a n  be  
e a s i l y  and c h e a p l y  e l i m i n a t e d ,  t o  make 8 p r a q m a t i c  d e c i s i o n  t h a t  n o  m a t e r i a l  o f  t h i s  
k i n d  s h o u l d  b e  r e l e a s e d .  However, i t  seems q u i t e  f e a s i b l e  t o  d e v e l o p  m e a n i n g f u l  
r e l a t i o n s h i p s  be tween  amoun t s  o f  s u b s t a n c e s  p r e s e n t  and s e n s o r y  p e r c e p t i o n  o f  
t u r b i d i t y ,  d u e  t o  s u s p e n d e d  m a t t e r  r e l e a s e d  i n  w a s t e  w a t e r s ,  o r  r e c o g n i t i o n  o f  



c o l o u r ,  foams, and s l i c k .  Some p r o g r e s s  toward t h i s  end h a s  a l r e a d y  been r e p o r t e d  
(Newton, .1975; S e l l e c k ,  1 9 7 5 ) .  Developing such  c r i t e r i a  f o r  t u r b i d i t y ,  which 
r e s u l t s  from t h e  growth o f  o rgan i sms  induced  by p o l l u t i n g  d i s c h a r g e s ,  a l s o  seems 
f e a s i b l e  i n  p r i n c i p l e ,  though more d i f f i c u l t  i n  p r a c t i c e .  

Development o f  c r i t e r i a  f o r  odour  p r e s e n t s  t h r  d i f f i c u l t y  of  e s t a b l i s h i n g  e 
r e l e v a n t  test .  There  is no problem i n  d e t e r m i n i n g  t h e  l e v e l  of  d i l u t i o n  of  a  
p o l l u t i n g  d i s c h a r g e ,  o r  one o f  its c o n s t i t u e n t s  which, when a l l o w e d  t o  e s t a b l i s h  
e q u i l i b r i u m  w i t h  a  s t a n d a r d  volume o f  a i r ,  c a n  j u s t  be  d e t e c t e d  by smell. More work 
is r e q u i r e d ,  however,  t o  e s t a b l i s h  t h e  way i n  which r e s u l t s  of  s u c h  a  t e s t  c o u l d  be  
r e l a t e d  t o  t h e  d e g r e e  o f  o f f e n c e ,  which would a c t u a l l y  o c c u r  i n  open c o a s t a l  a r e a s ,  
owing t o  t h e  p r e s e n c e  o f  p o l l u t i n g  m a t t e r  a t  t h e  minimum d e t e c t a b l e  l e v e l  o b t a i n e d .  

5 .  L I V I N G  RESOURCES 

5.1 F i s h e r i e s  

The s e c t i o n s  d e a l i n g  w i t h  e c o s y s t e m s  end t h e  impac t  of  t h e  e c o l o g i c a l  c o n c e p t s  
on t h e  development of  p r i n c i p l e s  f o r  w a t e r  q u a l i t y  c r i t e r i a  a r e  p e r t i n e n t  t o  
c r i t e r i a  f o r  f i s h e r y  r e s o u r c e s .  A f i s h e r y  is n e c e s s a r i l y  i n  a  s t a t e  o f  dynamic 
e q u i l i b r i u m ,  e.g.  where a  s u s t a i n e d  y i e l d  is  b e i n g  o b t a i n e d ,  and any change i n  t h e  
b a l a n c e  caused  by a l t e r e d  c h e m i c a l ,  p h y s i c a l  and b i o l o g i c a l  f a c t o r s  is n o t  
n e c e s s a r i l y  i n c o m p a t i b l e  w i t h  t h e  u s e  o f  i t s  r e s o u r c e s .  

I n  e s t a b l i s h i n g  c r i t e r i a ,  it s h o u l d  be r e c o g n i z e d  t h a t  a  s u c c e s s f u l  f i s h e r y  
depends  upon s e v e r a l  e s s e n t i a l  r e q u i r e m e n t s ,  i n c l u d i n g  t h e  s u c c e s s f u l  c o m p l e t i o n  of  
a l l  s t a g e s  i n  t h e  l i f e  c y c l e s  o f  t h e  f i s h  and t h e i r  food  o rgan i sms .  I t  a l s o  depends 
upon t h e  absence  of  c o n d i t i o n s  t h a t  would c a u s e  f i s h  t o  a v o i d  a  r e g i o n  where they  
would o t h e r w i s e  be  p r e s e n t ,  o r  t o  c o n g r e g a t e  i n  a  r e g i o n  where imminent danger  
e x i s t s ,  food is l a c k i n g ,  o r  s u b s t a n c e s  a r e  p r e s e n t  which cou ld  t a i n t  t h e  f l e s h  of  
f i s h  o r  g i v e  r i s e  t o  t h e  accumula t ion  o f  s u b s t a n c e s  t o  l e v e l s  harmful  t o  t h e  f i s h  o r  
t o  t h e  consumer.  

The c r i t e r i a  s h o u l d ,  i f  n e c e s s a r y ,  i n c l u d e  s e p a r a t e  c o n s i d e r a t i o n  o f  
commercial  and s p o r t  f i s h e r i e s ,  of  s p e c i e s  and r a c e s  o f  d i f f e r e n t  s u s c e p t i b i l i t y  and 
of  r e g i o n a l  d i f f e r e n c e s  o f  h a b i t a t .  They s h o u l d  make a l l o w a n c e  f o r  t i m e s  when 
v u l n e r a b l e  s t a g e s  o f  o rgan i sms  a r e  f o u n d ,  and f o r  t h e  e f f o r t s  o f  s e a s o n ,  t e m p e r a t u r e  
and w a t e r  q u a l i t y .  

I d e a l l y ,  t h e  c r i t e r i a  shou ld  r e l a t e  a l l  t h e s e  f a c t o r s  t o  t h e  p r o b a b l e  impact 
on t h e  f i s h e r y  of  impairment o f  e a c h  p a r t  o f  t h e  l i f e  c y c l e .  T h i s ,  a s  e l r e a d y  
d i s c u s s e d ,  is d i f f i c u l t  because  of  o u r  l a c k  o f  knowledge and u n d e r s t a n d i n g .  
C r i t e r i a  may be e x p r e s s e d  i n  p h y s i c a l ,  chemica l  and b i o l o g i c a l  t e rms .  

D i f f i c u l t i e s  a r i s e ,  however,  i n  t h e i r  f o r m u l a t i o n  because  of  t h e  wide ly  
d i f f e r e n t  p a t t e r n s  o f  f l u c t u a t i o n s  i n  e n v i r o n m e n t a l  q u a J i t y  end t h e  d e a r t h  of  
l a b o r a t o r y  e x p e r i m e n t s  s i m u l a t i n g  t h e s e  c o n d i t i o n s .  Fur the rmore ,  f i e l d  d a t a  a r e  
g e n e r a l l y  i n a d e q u a t e  i n  t h a t  e i t h e r  t h e  f i s h  p o p u l a t i o n s  p r e s e n t ,  o r  t h e  reg ime  o f  
env i ronmenta l  q u a l i t y ,  a r e  p o o r l y  d e s c r i b e d .  

\ 

5.2 F i s h i n q  a c t i v i t i e s  

Commercial and r e c r e a t i o n a l  f i s h i n g  can  be  a f f e c t e d  by p h y s i c a l  c o n d i t i o n s  i n  
t h e  w a t e r  and on t h e  bot tom.  F l o a t a b l e s ,  r a n g i n g  from l o g s  t o  f r a g m e n t s  o f  p l a s t i c ,  



may i n t e r f e r e  w i t h  u s e  o f  n e t s  and o f  hook and l i n e .  Large f l o a t i n g  o b j e c t s ,  s u c h  
a s  submerged l o q s  j u s t  below t h e  w a t e r  s u r f a c e ,  p r e s e n t  a  c o l l i s i o n  h a z a r d  t o  
f i s h i n g  v e s s e l s ,  w h i l e  p l a s t i c  s h e e t s  c a n  g e t  sucked  i n t o  s e a w a t e r  c o o l i n g  s y s t e m s  
and pose a t  l e a s t  a  n u i s a n c e ,  i f  n o t  c a u s i n g  o u t r i g h t  damage t o  a n  e n g i n e .  F l o a t i n g  
o i l  is a  n u i s a n c e  i n  f i s h i n g  a c t i v i t i e s ,  b e c a u s e  o f  i t s  tendency  t o  f o u l  f i s h i n g  
g e a r  and v e s s e l s .  Moreover,  t h e  l i g h t e r  r e f i n e d  pert .roleum p r o d u c t s ,  such  a s  
g a s o l i n e  and k e r o s e n e ,  c a n  b e  a  s e r i o u s  f i r e  h a z a r d  t o  f i she rmen .  

T u r b i d i t y  and d i s c o l o u r a t i o n  can  modify f i s h i n g  e f f e c t i v e n e s s  w i t h  hook and 
l i n e  because  o f  t h e  r e d u c t i o n  o f  underwate r  v i s i b i l i t y .  For  r e c r e a t i o n a l  s p e a r  
f i s h i n g  w i t h  SCUBA, reduced v i s i b i l i t y  is a  d e f i n i t e  problem. However, i t  s h o u l d  b e  
no ted  t h a t  many e s t u a r i n e  r e g i o n s  a r e  a l r e a d y  h i g h l y  t u r b i d  a s  a  r e s u l t  o f  i n f l o w  of  
s i l t y ,  muddy r i v e r  w a t e r ,  which c a n  hp a g g r a v a t e d  by bad a g r i c u l t u r a l  p r a c t i c e s  and 
o t h e r  l and  a c t i v i t i e s .  

A t  l e a s t  two t y p e s  o f  p o l l u t a n t s ,  sewage and r a d i o a c t i v e  w a s t e ,  have a  
p s y c h o l o g i c a l  impact  on f i s h e r m e n ,  even though t h e r e  is u s u a l l y  no p h y s i c a l  harm t o  
t h e  f i s h e r m a n ,  h i s  g e a r  o r  h i s  c a t c h .  

The c h a r a c t e r  o f  t h e  bot tom may b~  modi f i ed  t o  such  a n  e x t e n t  by dumped s o l i d  
w a s t e s ,  bo th  c o n t a i n e r i z e d  and i n  b u l k ,  t h a t  commercial  bot tom t r a w l i n g  is s e r i o u s l y  
a f f e c t e d .  Indeed ,  r e c r e a t i o n a l  f i s h i n g  w i t h  hook and l i n e  c o u l d  a l s o  h e  a d v e r s e l y  
a f f e c t e d ,  b u t  such  m a t e r i a l s  a r e  u s u a l l y  dumped i n  deep w a t e r  f a r  enough from s h o r e  
a s  t o  b e  o u t  o f  t h e  r a n g e  o f  most s p o r t s  f i she rmen .  Dumped s o l i d  w a s t e s  may c o v e r  
o r  d e s t r o y  b e n t h i c  communit ies ,  i n t e r f e r e  w i t h  t h e  food  c h a i n  and s e r i o u s l y  a f f e c t  
t h e  q u a l i t y  o f  bot tom f i s h e s .  

C o n t a i n e r i z e d  w a s t e s  o f  v a r i o u s  k i n d s  have been r e c o v e r e d  by t r a w l  f i s h e r m e n ,  
and t h e s e  c a n  damage f i s h i n g  g e a r ,  a s  w e l l  a s  pose  a  h a z a r d  t o  f i s h e r m e n  when 
brought  on deck.  Such w a s t e s  c a n  i n c l u d e  nox ious  c h e m i c a l s ,  r a d i o a c t i v e  s u b s t a n c e s  
of  low and i n t e r m e d i a t e  l e v e l ,  and m i l i t a r y  m a t e r i a l s ,  i n c l u d i n g  n e r v e  g a s e s ,  a l l  o f  
which have been dumped i n  t h e  s e a .  Water-logged wood, somet imes e s c a p i n g  from booms 
of  l o g s  towed i n  c o a s t a l  w a t e r s ,  p r e s e n t s  o c c a s i o n a l  bu t  sometimes s e r i o u s  problems 
i n  c e r t a i n  l o c a l  a r e a s .  

C r i t e r i a  f o r  s e a w a t e r  q u a l i t y  and bot tom c h a r a c t e r i s t i c s ,  a s  t h e y  a f f e c t  
fish in^ a c t i v i t i e s ,  canno t  be  deve loped  i n  t h e  wey normal ly  f o l l o w e d  f o r  o t h e r  u s e s .  
G u i d e l i n e s  f o r  c o n t r o l  of  dumping of s o l i d s  and c o n t a i n e r i z e d  w a s t e s  a r p  d e a l t  w i t h  
i n  t h e  r e c e n t  i n t e r n a t i o n a l  c o n v e n t i o n s  on dumping o f  w a s t e s  a t  s e a  (U.K., 19721,  
and on t h e  p r e v e n t i o n  o f  p o l l u t i o n  from s h i p s  ( I M C O ,  1973) .  The s c i e n t i f i c  c r i t e r i a  
f o r  t h e  s e l e c t i o n  of  s i t e s  f o r  dumping o f  w a s t e s  i n t o  t h e  s e a  have  been c o n s i d e r e d  
by t h e  GESAMP Working Group on t h e  S c i e n t i f i c  B a s i s  f o r  D i s p o s a l  of  Wastes  i n t o  t h e  
Sea (GFSAMP, 1975) .  - 
5.3 Aauacu l tu re  

There is i n c r e a s i n g  p r o d u c t i o n  o f  s e a f o o d  t h r o u g h  mar ine  aquaculture, 
p a r t i c u l a r l y  i n  d e v e l o p i n g  c o u n t r i e s .  The p r a c t i c e  is c a r r i e d  o u t  e i t h e r  on an 
i n t e n s i v e  ( h i g h  d e n s i t y ,  c l o s e 1  y  r o n t r o l l e d )  o r  e x t e n s i v e  ( low d e n s i t y ,  
s e m i - n a t u r a l )  s c a l e .  Water q u a l i t y  f o r  i n t e n s i v e  a q u a c u l t u r e  under  conf inement  i n  
somewhat a r t i f i c i a l  c o n d i t i o n s  must b e  h i g h  t o  compensate  f o r  t h e  stresses from 
crowding,  unba lanced  d i e t s  and i n c r e a s e d  w a s t e  p r o d u c t s .  Food used i n  such  c u l t u r e  
must meet t h e  same h i g h  s t a n d a r d ,  a l t h o u g h  i t  is r e c o g n i z e d  t h a t  sewage e f f l u e n t .  is 
s u n - e s s f u l l y  used  f o r  c a r p  ponds i n  p a r t s  o f  Europe,  and p i g  and p o u l t r y  manure a r e  
pu t  i n t o  f i s h  ponds i n  Hong Konq and China.  The t h r e a t  o f  d i s e a s e  is e v e r - p r e s e n t ,  
and i t  must b e  r e c o g n i z e d  t h a t  l a t e n t  f i s h  p a t h o g e n s  c a n  be  s t i m u l a t e d  i n t o  a c t i v e  
d i s e a s e  o u t b r e a k s  by t h e  stress o f  i n f e r i o r  w a t e r  q u a l i t y  which l o w e r s  t h e  f i s h ' s  
r e s i s t a n c e .  



Extens ive  aquacu l tu re ,  be ing  l e s s  conf ined  than  t h e  i n t e n s i v e  form, h a s  fewer 
r i s k s  from d i s e a s e s  and poor water  q u a l i t y .  However, t h e  p r a c t i c e  is h igh ly  
dependent on t h e  c o a s t a l  marine environment, and is, t h e r e f o r e ,  vu lne rab l e  t o  
i n fus ion  of p o l l u t e d  water  from g r e a t  d i s t a n c e s .  Being dependent f o r  food on t h e  
i n f l u x  of p l ank ton ic  organisms wi th  t h e  s e a  water ,  i t  can a l s o  s u f f e r  from extreme 
f l u c t a t i o n s  i n  food supply end q u a l i t y  t h a t  may be r e l a t e d  t o  water  q u a l i t y .  

I t  is c l e a r  t h a t  h igh ly  c o n t r o l l e d  water  q u a l i t y  is requ i r ed  f o r  aquacu l tu re ,  
bu t  t h i s  can vary  wi th  spec i e s .  For example, salmon r e q u i r e  a  much h igher  water  
q u a l i t y  than  mu l l e t .  I t  must a l s o  be noted  t h a t  c u l t u r e d  organisms a r e  e s s e n t i a l l y  
c a p t i v e  and cannot escape  a  t o x i c  water  mass. While t h e  bioaccumulat ion o f  c e r t a i n  
subs t ances ,  such a s  me ta l s  and organochlor ine  compounds, can be c o n t r o l l e d  through 
use of c a r e f u l l y  s e l e c t e d  prepared food,  i t  is known t h a t  some of t h e s e  subs t ances  
can e n t e r  f i s h  d i r e c t l y  from t h e  water  through t h e  g i l l s  o r  a c r o s s  d i g e s t i v e  
membranes. 

Some of t h e  more widely p r a c t i s e d  forms o f  aquacu l tu re  a r e  involved i n  t h e  
r e a r i n g  of s h e l l f i s h ,  p a r t i c u l a r l y  o y s t e r s  and mussels.  Water q u a l i t y  is e s p e c i a l l y  
important  f o r  t h e s e  b i v a l v e s  because of t h e i r  tendency t o  accumulate subs t ances  such 
a s  micro-organisms and me ta l s  from t h e  water .  Moreover, they a r e  sometimes e a t e n  
raw o r  p a r t i a l l y  cooked. This  r e q u i r e s  good s a n i t a r y  p r a c t i c e s  i n  r e a r i n g  and 
handl ing  f o r  t h e  p r o t e c t i o n  of t h e  consum~r  . 

Par t  o f  t h e  world human popula t ion ,  e s p e c i a l l y  i n  Japan, u t i l i z e s  c u l t u r e d  
seaweeds f o r  a  po r t i on  of its d i e t .  This  aga in  demands good q u a l i t y  water  f o r  
product ion of an accep tab l e  product .  Excessive t u r b i d i t y ,  f o r  example, could r e t a r d  
photosynthes is ,  and t h e  presence  of d i s so lved  noxious subs t ances  could be not  on ly  
hazardous but might a l s o  impart  an unacceptable  f l avour .  

Development of c r i t e r i a  f o r  aquacu l tu re  which have much i n  common wi th  t hose  
f o r  f i s h e r i e s  should i nc lude  c o n s i d e r a t i o n  o f :  environmental s t a b i l i t y ;  cont inuous  
c o n t r o l  of those  f a c t o r s  desirable f o r  hea l thy  and vigorous s t o c k s  of  orqanisms; 
prevent ion  of d e l e t e r i o u s  chemical ,  phys i ca l  and b i o l o g i c a l  cond i t i ons ;  avoidance of 
i n t r o d u c t i o n  of p a r a s i t e s  and d i s e a s e s ;  and prevent ion  of environmental c o n d i t i o n s  
favourable  f o r  development of d i s e a s e s .  

5.4 Others ,  i nc lud ino  wi l d l i f e  

Other na tu re1  l i v i n g  marine r e sou rces  which must be taken i n t o  account i n  
developing c o a s t a l  water  q u a l i t y  c r i t e r i e  i nc lude  seaweeds, bo th  f o r  t h e i r  
commercial va lue  and f o r  t h e i r  c o n t r i b u t i o n  t o  t h e  ecosystem t h a t  suppor t s  o t h e r  
p l a n t  and animal communities. I t  i s  w ~ l 1  known, f o r  example, t h a t  t h e  d i s cha rge  of 
sewaqe o f f  t h e  coas t  of s o u t h ~ r n  C a l i f o r n i a  has  been accompanied by a  d e c l i n e  of t h e  
g i a n t  ke lp  beds. 

A major component of  t h e  l i v i n g  marine r e sou rces  i n  c o a s t a l  waters ,  o u t s i d e  of  
t h e  f i s h e r i e s ,  is w i l d l i f e .  Water fowl a r e  vu lne rab l e  t o  such s e a  s u r f a c e  
p o l l u t a n t s  a s  o i l .  F ish-ea t ing  b i r d s  a r e  t o p  p r e d a t o r s  and t h e r e f o r e  a r e  h igh ly  
s u s c e p t i b l e  t o  adverse  e f f e c t s  of  bioaccumulated subs t ances ,  such a s  me ta l s  and 
p e r s i s t e n t  o rgan ic s .  The problem of eggshe l l  t h inn ing  caus ing  r ep roduc t ive  f a i l u r e  
i n  r a p t o r i a l  b i r d s ,  a s  a  r e s u l t  of DOT and i ts  me tabo l i t e s  i n  t h e  environment, is 
cons idered  a s  an example i n  s e c t i o n  R .  

Although l i t t l e  is known about t h e  r e l a t i o n s h i p  of  water  q u a l i t y  t o  s u r v i v a l  
of o t h e r  s p e c i e s  of  mammals such a s  whales ,  porpoises ,  narwhals ,  s e a l s  and p o l a r  
b e a r s ,  some a t t en t . i on  should be  pa id  t o  t h e  e f f e c t s  of  c o a s t a l  water  p o l l u t i o n  on 



t h e s e  a q u a t i c  an imals ,  p a r t i c u l a r l y  i n  t h e  A r c t i c  where degrada t ion  of o rgan ic  
subs t ances  is slow. The presence  of o i l  i n  "b rea th ing  holes"  used by s e a l s  i n  
ice-covered a r e a s  could be p a r t i c u l a r l y  unfavourable.  

Marine mammals, because they a r e  a i r -h ree th ing ,  p r e sen t  a  s p e c i a l  problem i n  
o i l  p o l l u t i o n  and i n  o t h e r  sur face-contaminat ing  phenomena. The s e a  o t t e r ,  and 
presumably a l s o  t h e  f u r  s ~ a l ,  r e q u i r e  c l e a n  water  f o r  p r o t e c t i n g  t h e  i n s u l a t i n g  
q u a l i t y  of t h e i r  f u r .  The sea  o t t e r  i n  c a p t i v i t y  r a p i d l y  succumbs t o  i l l n e s s  and 
e v e n t u a l l y  d i e s  when i ts  f u r  becomes matted. 

6. OTHER ASPECTS 

The Group recognized t h a t  environmental q u a l i t y  c r i t e r i a  have t o  be developed 
f o r  o t h e r  u s e s  of  t h e  c o a s t a l  zones. These range from underwater marine parks  and 
p re se rves  f o r  which maximum p r o t e c t i o n  is  r equ i r ed ,  t o  seabed mining and 
t r a n s p o r t a t i o n  r e q u i r i n g  minimal environmental q u a l i t y .  The Group f e l t  t h a t  i t  
lacked e x p e r t i s e  t o  d e a l  wi th  any of t he se  o t h e r  u se s  i n  any d e t a i l ,  bu t  cons idered  
i t  might be  worthwhile t o  d i r e c t  a t t e n t i o n  t o  Q number of s p e c i f i c  u s e s  where 
c o a s t a l  water q u a l i t y  is v i t a l .  

6.1 Desa l ina t ion  

The growing need f o r  f r e s h w a t e r  i n  many p a r t s  of  t h e  world r e q u i r e s  looking  t o  
t h e  s ea  a s  a  source .  The u s e s  of  d e s a l t e d  water  may range  from d r ink ing  t o  
i n d u s t r i a l  p rocess ing .  In  t h e  c a s e  of  d r i n k i n g  water  and poss ib ly  t h a t  of 
i r r i g a t i o n ,  t h e  q u a l i t y  is r e l e v a n t  t o  p u b l i c  h e a l t h .  The po tah l e  product  must meet 
s t a n d a r d s  s e t  by p u b l i c  h e a l t h  a u t h o r i t i e s  and, t h e r e f o r e ,  s e a  water  used f o r  t .h i s  
purpose must a l s o  be of  reasonably h igh  q u a l i t y .  The degree  of  contaminat ion that.  
could be t o l e r a t e d  would depend a l s o  i n  p a r t  on t h e  p roces s  used i n  d e s a l i n a t i o n .  
In gene ra l ,  t h e  r e l a t i o n s h i p  between c o n c e n t r a t i o n s  o f  subs t ances  be fo re  and a f t e r  
t rea tment  has  t o  be e s t a b l i s h e d  a s  p a r t  of t h e  development of c r i t e r i a ;  i n  t.he 
p a r t i c u l a r  c a s e  of evapora t ive  p roces se s ,  f o r  example, a t t e n t i o n  would have t o  be 
focussed on v o l a t i l e  c o n s t i t u e n t s .  

6.2 Food-processing water  

Coas ta l  water  contaminated by sewage can p r e s e n t  a  s e r i o u s  economic problem i n  
f i sh-process ing  because of  h e a l t h  r i s k s .  Water i n t a k e s  may have t o  be extended o r  
a l t e r n a t i v e  sou rces  found. C r i t e r i a  f o r  q u a l i t y  of  food-processing water  may be  a s  
demanding a s  those  f o r  d r i n k i n g  water .  

6.3 Ex t r ac t ion  of  chemica ls  from s e a  water  

A c e r t a i n  degree  of  water  q u a l i t y  c o n t r o l  must be maintained i n  p l a n t s  u s ing  
s e a  water  f o r  e x t r a c t i o n  of  such chemica ls  a s  bromine and magnesium. However, t h e  
contaminants  which have t o  be guarded a g a i n s t  depend on t h e  ma te r i a l  e x t r a c t e d  and 
on the  p roces s  used. Undoubtedly, o i l  may p r e s e n t  a problem i n  a l l  such e x t r a c t i o n  
ope ra t ions .  The i n d u s t r y  of e x t r a c t i o n  of  pharmaceut ica ls  from marine organisms is 
dependent on t h e  maintenance of water  q u a l i t y  s u i t a b l e  f o r  t h e i r  growth. 

6.4 Indus t r i a l - coo l inu  water  

The main c h a r a c t e r i s t i c  of s e a  water  d e s i r e d  f o r  coo l ing  purposes i n  thermal  



power p l a n t s ,  n u c l e a r  r ~ a c t o r s  and o t h e r  i n d u s t r i a l  s y s t e m s  is low t ~ m p e r a t u r o .  
T h e r e f o r e ,  c o o l i n g  i n t a k e s  a r e  u s u a l l y  se t  a t  a  d e p t h  where  t h e  c o l d e s t  w a t e r  c a n  b e  
o b t a i n e d .  A l though  o t h e r  c h a r a c t e r i s t i c s  o f  t h e  w a t e r  may n o t  b e  t o o  i m p o r t a n t ,  o i l  
and suspended  m a t t e r  drawn i n t o  t h e  c o o l i n g  s y s t e m  c a n  p r e s m t  p rob lems .  

7.  SUGGESTED PROCEDURE F O R  ESTABLISHING CRITERIA 

( 1 )  C r i t i c a l l y  r e v i e w  t h e  r e l e v a n t  l i t e r a t u r e .  

( 2 )  D e t e r m i n e  p h y s i c a l ,  c h e m i c a l  and b i o l o g i c a l  c h a r a c t e r i s t i c s ,  i n c l u d i n q  
v a r i a b i l i t y  i n  s p a c e  and time, which i n f l u e n c e  t h e  d e s i r e d  u s e  o r  p r o p e r t y  o f  t h e  
e n v i r o n m e n t .  T h i s  c a n  h e  p a r t i a l l y  a c h i e v e d  by p r e l i m i n a r y  f i e l d  o b s ~ r v a t i o n s  end 
1  a b o r a t o r y  e x p e r i m e n t s .  Such d a t a ,  t o g e t  h e r  w i t h  j u d i c i o u s  USP o f  m a t h e m a t i c a l  
m o d e l l i n g  t e c h n i q u e s ,  w i l l  J i m i t  t h e  number o f  v a r i a b l e s  t o  b e  c o n s i d e r e d .  

( 3 )  E s t a b l i s h  t h e  r e l a t i v e  i m p o r t a n c e  o f  e a c h  c h a r a c t e r i s t i c  - u s u a l l y  
w i t h i n  a n  o r d e r  o f  maqn i tude .  T h i s  a g a i n  c a n  b e  a c h i e v e d  i n  b o t h  t h e  f i e l d  
l a b o r a t o r y  and w i l l  f u r t h e r  l i m i t  t h e  number o f  v a r i a b l e s  t o  b e  c o n s i d e r e d .  

t o  
and 

(4) D e t e r m i n e  t h e  amount o f  s tress b e i n g  a p p l i e d  t o  t h e  w a t e r  mass t o  b e  
p r o t e c t e d  ( o r  c h o s e n  f o r  s t u d y ) .  T h i s  s h o u l d  b e  e x p r e s s e d  i n  a p p r o p r i a t e  u n i t s  
( e . g .  c o n c e n t r a t i o n ,  mass ,  volume, e n e r g y ,  number o f  o r q a n i s m s ) .  T h i s  w i l l  h e J p  
d e f i n e  t h e  m a g n i t u d e  o f  t h e  problem.  

( 5 )  Dete rmine  t h e  c h e m i c a l  and p h y s i r a l  f a t e  and d i s t r i b u t i o n  o f  t h e  stress 
i n  t h e  s y s t e m  t a k i n g  i n t o  a c c o u n t  t i m e  f a c t o r s .  T h i s  w i l l  r e q u i r e  c h e m i c e l ,  
p h y s i c a l  and /o r  b i o l o g i c a l  a n a l y s e s  o f  v a r i o u s  compar tmen t s  i n  t h e  sys t em a s  well a s  
h y d r o l o g i c a l  d o t e .  

( 6 )  Dete rmine  t h e  p o r t i o n s  o f  t h e  p o p u l a t i o n  o r  u s e  i n  t h e  a r e a  t o  be 
p r o t e c t e d  ( o r  c h o s e n  f o r  s t u d y )  t h a t  a r e  s u b j e c t  t o  path o f  s e v e r a l  d i f f e r e n t  
d e g r e e s  o f  r i s k .  T h i s  i n f o r m a t i o n  w i l l  h e  n r e d e d  when d e r i v i n c  s t a n d a r d s  f rom 
c r i t e r i a ,  end r e q u i r e s  e s t i m a t i o n  o f  t h e  r a t e s  o f  i n p u t  t o  d e f i n e d  p o r t i o n s  o f  t t l e  
s y s t e m .  

( 7 )  D e t e r m i n e  t h e  e x p o s u r e / r e s p o n s e  r e l a t i o n s h i p  which  h o l d s  f o r  t h e  l o c a l  
s y s t e m  i n  q u e s t i o n .  T h i s  is  a  f u n d a m e n t a l  and n e a r l y  u n i v e r s a l l y  a p p l i c a b l e  
p r o c e d u r e  and w i l l  i n v o l v e  d e t e r m i n a t i o n  o f  t h e  most v u l n e r a b l e  p o i n t  i n  t h e  s y s t e m  
( e . g .  t o p  p r e d a t o r ,  man, f i s h ,  l i f e  s t a g e ,  r e q u i r e d  food  o r q a n i s m ,  enzyme s y s t e m ,  
p h y s i o l o g i c a l  p r o c e s s ) .  

( G )  E x p e r i m e n t a l  e x p o s u r e s  i n  t h e  l a b o r ~ t o r y  ond /o r  f i e l d  s h o u l d  h e  made 
whenever  p o s s i b l e  t o  e s t a b l i s h  a  f a m i l y  o f  e x p o s u r e / r e s p o n s e  c u r v e s  r e f l e c t i n g  t h e  
e f f e c t s  o f  e x p e c t e d  v a r i a t i o n s  i n  c o n d i t i o n s  and p o l l u t a n t  i n p u t  on o b s e r v e d  
r e s p o n s e .  An a t t e m p t  s h o u l d  b e  made t o  cover t h e  f u l l  r a n g e  from s t i m u l a t o r y  t o  
t o x i c  l e v e l s ,  p a r t i c u l a r l y  f o r  b i o l o g i c a l l y  e s s e n t i a l  s u b s t a n c e s .  I t  is e x p e c t e d  
t h a t  v a r i a t i o n s  i n t r o d u c e d  w i l l  c o v e r  t h e  r a n g e  o f  a m b i e n t  c o n d i t i o n s  e n c o u n t e r e d  i n  
the r e g i o n  and t h a t  t h e  t e s t  s y s t e m s  c h o s e n  w i l l  a p p r o x i m a t e  t h e  e x p e c t e d  o r  a c t u a l  
n a t u r e  o f  t h e  e n c o u n t e r  o f  t h e  t a r g e t  w i t h  t h e  stress. F a c t o r s  a f f e c t i n g  t h i s  
e n c o u n t e r  i n c l u d e  c h e m i c a l  a 1  t e r a t i o n s  o f  t h e  t o x i c a n t ,  t v a r i a h i l  i t  y  o f  e x p o s u r e  and 
r o u t e  o f  a d m i n i s t r a t i o n .  I t  is e x p e c t e d  t h a t  a s  f a r  a s  p o s s i b l e  t h e  p a r a m e t e r s  
b e i n g  measured  w i l l  r e f l e c t  r e s p o n s e  a t  t h e  most  v u l n e r a b l e  l e v e l  o f  t h e  t a rqc ' t .  
T h i s  l e v e l  may n o t  b e  t h e  same a t  a l l  d e g r e e s  o r  d u r a t i o n s  o f  e x p o s u r e .  T h i s  w i l l  
p r o v i d e  one  o f  t h e  b a s e s  f o r  s e l e c t i n g  a  p a r t i c u l a r  e x p o s u r e  o r  r e s p o n s e  a s  a  
c r i t e r i o n  i n  f o r m u l a t i n g  a  s t a n d a r d .  



(9)  Es t imate  t h e  e f f e c t s  o f  s e v e r a l  deg rees  of  t a r g e t  response on t r o p h i c  
l e v e l s  immediately above and below t h e  t a r g e t .  This  w i l l  p rovide  a  f i r s t  e s t i m a t e  
of  t h e  p r o b a b i l i t y  o f  remote e f f e c t s  i n  t h e  ecosystem and r e q u i r e s  c o n s i d e r a t i o n  of 
p a t t e r n s  of b iomagni f ica t ion .  

8. EXAMPLES OF APPL Y ING PRINCIPLES 

The re levance  and a p p l i c a t i o n  of t h e  p r i n c i p l e s  has  a l r eady  been cons idered  t o  
some e x t e n t  i n  r e l a t i o n  t o  c r i t e r i a  f o r  ecosystems,  but  a  more d e t a i l e d  a p p r a i s a l  is 
d e s i r a b l e .  In  choosing o t h e r  t o p i c s ,  a t t e n t i o n  was g iven  t o  t hose  t h a t  could  be 
t ack l ed  reasonably thorouahly i n  t h e  t ime a v a i l a b l e  and a l s o  t o  t hose  t h a t  miqht 
r evea l  some of t h e  s t r e n g t h s  and weaknesses of  t h e  approach developed t o  d a t e .  Some 
important  t o p i c s ,  however, such a s  t h e  e f f e c t  of  me ta l s  on f i s h e r i e s  and human 
h e a l t h  would c l e a r l y  demand cons ide rab l e  e f f o r t  i n  reviewing t h e  a p p r o p r i a t e  
l i t e r a t u r e  wi th  t h e  thoroughness cons idered  necessary .  One s u b j e c t ,  t h e  e f f e c t  of 
DDT i n  c o a s t a l  waters ,  was chosen because i t  appeared t o  be  more amenable t o  s tudy ,  
s i n c e  t h e r e  was a  s u b s t a n t i a l  amount of 'well-founded' d a t a  a v a i l a b l e ,  and 
fur thermore  was of i n t e r e s t  because t h e  chemical was syn thes i zed  and in t roduced  i n t o  
t h e  environment by man. DOT can he used t o  i l l u s t r a t e  most f a c e t s  of t h e  
a p p l i c a t i o n  of p r i n c i p l e s  t o  develop c r i t e r i a  f o r  p r o t e c t i o n  of d i f f e r e n t  components 
of  t h e  ecosystem. Another s u b j e c t ,  c o a s t a l  water  amenity,  i n  c o n t r a s t  t o  DDT, was 
of i n t e r e s t  p a r t l y  because of t h e  lack  of q u a n t i t a t i v e  d a t a  a v a i l a b l e .  

8.1 DOT a s  an examole 

In terms o f  b i o l o g i c a l  e f f e c t s ,  chemica ls  such a s  DOT can be taken  up d i r e c t l y  
from t h e  water  and e x e r t  a t o x i c  e f f e c t  on marine organisms;  t h e s e  chemicals  may 
a l s o  be bioaccumulated and adverse ly  a f f e c t  p r eda to r s .  In a d d i t i o n ,  c e r t a i n  
r e g u l a t o r y  bodies ,  through concern about  p o s s i b l e  h e a l t h  hazards ,  have s p e c i f i e d  
maximum pe rmis s ib l e  l e v e l s  i n  e d i b l e  f i s h  products .  I f  t h e s e  a r e  exceeded, t h e  
commercial e x p l o i t a t i o n  can be  adverse ly  a f f e c t e d .  Therefore ,  c r i t e r i a  a r e  r equ i r ed  
t o  r e l a t e  body burden t o  aqueous c o n c e n t r a t i o n s  o r  o t h e r  environmental l e v e l s .  

8.1.1 Data base  

DDT is probably one of  t h e  
b r i e f  summary can inc lude  on 
fo l lowing  d i scus s ion  a t t empt s  t o  
c r i t e r i a ,  r a t h e r  t han  t o  provide  

most s t u d i e d  chemical p o l l u t a n t s .  Consequently, a 
l y  a  smal l  p o r t i o n  of t h e  a v a i l a b l e  r e f e r ences .  The 

i l l u s t r a t e  a  b a s i s  f o r  s e l e c t i o n  of  water  q u a l i t y  
a  comprehensive c r i t i c a l  review of l i t e r a t u r e .  

( i )  Acute t o x i c i t y  

Laboratory t e s t s  l a s t i n g  48 t o  96 hours  show t h a t  DDT is a c u t e l y  t o x i c  t o  
organisms t h a t  l i v e  i n  c o a s t a l  wa te r s  (NAS-NAE Committee on Water Q u a l i t y  C r i t e r i a ,  
1973). The 96 hour LC50 I/ f o r  p ,p '  DDT i n  s t a t i c  t e s t s  ranged from 0.4 t o  69 UQ/J 
f o r  seven e s t u a r i n e  f i s h e s  ( E i s l e r ,  1970) and from 0.6 t o  6.0 ug/1 f o r  t h r e e  s p e c i e s  
of c rus t aceans  ( E i s l e r ,  1969). The 48 hour LC50 i n  uq/1 i n  flow-through t e s t s  was 
0.4 f o r  Muqil curema, 5.5 f o r  Fundulus similis, 10 f o r  C a l l i n e c t e s  s ap idus  and 1.0 - 
f o r  Penaeus az t ecus ,  and from 7 t o  9 up/] reduced t h e  growth of  Cras sos t r ea  

I/ Concent ra t ion  l e t h a l  t o  5R per  c e n t  of t e s t  organisms i n  96 hours .  - 



v i r g i n i c a  by 50 p e r  c e n t  ( B u t l e r ,  1963) .  The 96 hour  LC50 i n  f low-through tests f o r  
 zone s a x a t i J i s  was 0.53 ug/1 (Korn and E a r n e s t ,  1 9 7 4 ) .  I n  a  t e s t  i n  which t h e  
a c t u a l  c o n c e n t r a t i o n  o f  DDT i n  w a t e r  was measured by chemica l  a n a l y s i s ,  t h e  96 hour  
LC50 t o  P. a z t e c u s  was P.13 ug/1 ( S c h i m e l ,  u n p u b l i s h e d  d a t a ) ,  which is a l m o s t  an 
o r d e r  of magni tude lower  t h a n  t h a t  found i n  t h e  t e s t  r e p o r t e d  by B u t l e r  (1963) .  

( i i )  Chron ic  t o x i c i t y  

The long- term t o x i c i t y  o f  DOT h a s  b e m  s t u d i e d  u s i n g  j u v e n i l e  o r  a d u l t  sh r imp 
(Nimmo, Wilson and Blackman, 19701, c r a b s  (Lowe, 1 9 6 5 ) ,  o y s t e r s  (Lowe et a l . ,  1970)  
and f i s h e s  ( B u t l e r ,  1969) ;  however,  no l a b o r a t o r y  d a t a  a r e  a v a i l a b l e  on e f f e c t s  o f  
DOT on t h e  e n t i r e  l i f e  c y c l e  o f  c o a s t a l  o rgan i sms .  I n f o r m a t i o n  on t h e  e f f e c t  o f  DDT 
on e n t i r e  l i f e  c y c l e s  of  c o a s t a l  a q u a t i c  s p e c i e s  is n e c e s s a r y  i f  s c i e n t i f i c a l l y  
d e r i v e d  a p p l i c a t i o n  f a c t o r s  r e l a t i n g  t o  a c u t e  and e n t i r e  l i f e - c y c l e  t o x i c i t y  d a t a  
( E a t o n ,  19731,  r a t h e r  t h a n  a r b i t r a r y  a p p l i c a t i o n  f a c t o r s  (NAS-NAE Committee on Water 
Q u a l i t y  C r i t e r i a ,  1 9 7 3 ) ,  a r e  t o  b e  used t o  e s t i m a t e  w a t e r  q u a l i t y  c r i t e r i a  t h a t  
would be e x p e c t e d  t o  p r o t e c t  t h e s e  s p e c i e s  from c h r o n i c  e f f e c t s  o f  DOT. 

( i i i )  B ioaccumula t ion  

The p r e s e n c e  o f  DDT i n  c o a s t a l  w a t e r s  and o t h e r  env i ronments  may a f f e c t  f i s h  
and b i r d s  by i t s  a d v e r s e  e f f e c t s  on r e p r o d u c t i o n .  Also ,  DOT may a f f e c t  a  commercial  
f i s h e r y  because  o f  e x c e s s i v e  c o n c e n t r a t i o n s  i n  t i s s u e s  o f  o rgan i sms  t h a t  a r e  
consumed by humans. E x c e s s i v e  c o n c e n t r a t i o n s  o f  DOT i n  gametes  o f  s p o t t e d  s e a t r o u t ,  
Cynoscion n e b u l o s u s ,  were assoc ia t . ed  w i t h  a d e c l i n e  i n  numbers of  j u v e n i l e  s e a t r o u t  
( B u t l e r ,  C h i l d r e s s  and Wilson,  1972) .  S i m i l a r  q u a n t i t i e s  o f  DDT i n  e g g s  o f  l a k e  
t r o u t ,  S a l v e l i n u s  namaycush, a d v e r s e l y  a f f e c t e d  t h e i r  r e p r o d u c t i o n  (Burd ick  et a l . ,  
1964) .  D e c r e a s i n g  p o p u l n t i o n s  o f  r a p t o r i a l  and f i s h - e a t i n o  b i r d s ,  s u c h  a s  e a g l e s ,  
o s p r e y s ,  p e r e g r i n e  f a l c o n s  and brown p e l i c a n s ,  have been a s s o c i a t e d  w i t h  t h e  u s e  o f  
DCT ( P l u s  et a l . ,  1972; Hickey and Anderson, 196G). 

8.1.2 Examples of p o s s i b l e  a p p r o a c h e s  t o  development o f  w a t e r  q u a l i t y  c r i t e r i n  

Probab ly  no s i n g l e  number s h o u l d  b e  used a s  a  p e r m i s s i b l e  c o n c e n t r a t i o n  o f  DDT 
f o r  a l l  u s e s  i n  a l l  c o a s t a l  w a t e r s .  C u r r e n t l y  a v a i l a b l e  d a t a  on t h e  d i r e c t  t o x i c i t y  
o f  DOT i n  w a t e r  and i ts  b i o m a q n i f i c a t i o n  i n  f i s h e s  t o  c o n c e n t r a t i o n s  t h a t  a d v e r s e l y  
a f f e c t  r e p r o d u c t i o n  o f  p i s c i v o r o u s  b i r d s ,  o r  cou ld  a f f e c t  a  f i s h e r y  a s  a  food s o u r c e  
f o r  humans, s u p p o r t  t h e  u s e  of  t h e s e  d a t a  t o  c a l c u l a t e  p e r m i s s i b l e  c o n c e n t r a t i o n s .  
The f o l l o w i n g  d i s c u s s i o n  shou ld  be  c o n s i d e r e d  a s  an e x m p l e  of  a method o f  approach  
t o  t h e  d e r i v a t i o n  of  a  c r i t e r i o n  and n o t  a s  p r e s e n t i n g  c r i t e r i a  f o r  DOT approved by 
t h i s  Group. 

8.1.2.1 A p p l i c a t i o n  f a c t o r s  w i t h  a c u t e  t o x i c i t y  d a t a  

DOT is a c u t e l y  t o x i c  t o  many c o a s t a l  f i s h e s  and c r u s t a c ~ a n s  a t  c o n c e n t r a t i o n s  
less t h a n  I ug/1,  w i t h  t h e  lowcxst 96 hour  LC50 b e i n g  0 .13 ug/l  (brown shr imp) .  No 
s c i e n t i f i c a l l y  d e r i v e d  a p p l i c a t i o n  f a c t o r s  f o r  DDT a r e  a v a i l a b l e  f o r  c o a s t a l  
o rgan i sms ,  and i f  c r i t e r i a  a r e  t o  b e  d e r i v e d  e t  a l l ,  a r b i t r a r y  f a c t o r s  have t o  be  
used t o  e s t i m a t e  t h e  e x p e c t e d  c h r o n i c  e f f e c t s  o f  p e r s i s t e n t  c h e m i c a l s .  In  t h e s e  
c i r c u m s t a n c e s ,  i t  might be  b e t t e r  t o  u t i l i z e  a p p l i c a t i o n  f a c t o r s  d e r i v e d  from 
e x p e r i m e n t a l  d a t a  on p h y l o g e n e t i c a l l y  s i m i l a r  s p e c i p s  t h a n  t o  u s e  a n  e n t i r e l y  
a r b i t r a r y  f a c t o r  such  a s  C . 1  o r  C1.01. 

\ 

P.1.2.2 Rioaccumii la t ion and a d v e r s e  e f f e c t s  on b i r d s  

A w a t e r  q u a l i t y  c r i t e r i o n  f o r  DOT, b a s e d  on b i o a c c u m u l a t i o n  p o t e n t i a l s  from 
w a t e r  t o  f i s h  t o  p r e d a c i o u s  b i r d s ,  must u s e  d a t a  t h a t  c o n t r a s t  c o n c e n t r a t i o n s  i n  



water ,  i n  prey- f i sh  and adverse  e f f e c t s  on b i r d s .  Because c r i t i c a l  d a t a  a r e  
miss ing ,  c e r t a i n  assumptions become necessary  about  t h e  comparab i l i t y  of  f i e l d  and 
l a b o r a t o r y  d o t e  and about t h e  responses  of  d i f f e r e n t  s p e c i e s .  The Group cons idered  
a l t e r n a t i v e  approaches i n  r e l a t i o n  t o  b i r d  reproduct ion  u t i l i z i n g  t h e  fo l lowing  
seven s p e c i f i c  s e t s  of  in format ion .  

1. Water-to-fish b ioconcen t r a t  ion  f a c t o r s  ( E s t u a r i n e  and 1 abora tory  ) 

Water-to-fish b ioconcen t r a t i on  f a c t o r s  o f  10,000 t o  41,000 have been found i n  
l a b o r a t o r y  s t u d i e s  (Hansen and Wilson, 1970) and i n  an e s t u a r y  (Woodwell, Wurster 
and Isaacson,  1967). 

2. Water- to-f ish b ioconcen t r a t i on  f a c t o r s  (Freshwater )  

The above e s t ima ted  of b ioconcen t r a t i on  f a c t o r s  from water  t o  f i s h  of  10,000 
t o  41,000 a r p  probably conse rva t ive ,  and a l though l a b o r a t o r y  s t u d i e s  us ing  
f reshwater  f i s h e s  a l s o  suppor t  f a c t o r s  of  t h i s  magnitude, d a t a  from t h e  Great Lakes 
i n d i c a t e  t h a t  environmental accumulat ion f a c t o r s  may be a s  g r e a t  a s  2 m i l l i o n  
( R e i n e r t ,  1970). One reason f o r  t h i s  d i f f e r e n c e  may be t h a t  t r o p h i c  l e v e l s  a r e  
involved i n  f i e l d  exposures.  Also t h e  concen t r a t i on  f a c t o r s  c a l c u l a t e d  from t h e  
da t a  of Moodwell, Wurster and Isaacson (1967) may he t oo  low, because t h e  
concen t r a t i on  of DOT i n  water  was not  measured and mey have been over-est imated.  

3 .  E f f e c t  of DDE i n  food on reproduct ion  of b i r d s  (Labora tory)  

l a b o r a t o r y  s t u d i e s  have shown t h a t  dosages of 3 uq/q of DDE i n  t h e  food 
adve r se ly  a f f e c t e d  reproduct ion  of ma1 1  a r d s  (Heath,  Spann and K r e i t z e r ,  19691, b lack  
ducks (Lonqcore, Samson and Whit tenrial e ,  l W l ) ,  k e s t r e l s  (Wiemey~r and P o r t e r  , 1970) 
and screech  owls (McLane and Hall , 1972). 

4. Water-to-bird-egg b ioconren t r a t i on  f a c t o r  (Es tua ry )  

Woodwell, Wurster and Isaacson (1967) obta ined  d a t a  on DOT i n  b i o t a  from en 
e a s t  c o a s t  e s t u a r y .  They es t imated  t h a t  t h e  concen t r a t i on  i n  water  was 0.05 ug/1 
end measured 7.13 uq/q i n  t e r n  eqqs which would g ive  a  concen t r a t i on  f a c t o r  of 
143,000. 

5. Food-to-bird-egg b ioconcent re  t ion  f a c t o r  (1 aborat.ory) 

l abora tory  s t u d i e s  wi th  b lack  clucks (Lonqcore, Samson and Whi t t e n d a l e ,  ( l 9 7 l ) ,  
and Coturnix q u a i l  (Bitman, Fec i l  and F r i e s ,  197P) i n d i c a t e  t h a t  DDT accumulated i n  
eggs a t  6 t o  10 t imes t h e  amount i n  food. 

6 .  Ef fec t  of DOT i n  bird-egg on reproduct ion  of b i r d s  ( F i e l d  Data) 

A concen t r a t i on  of P.5 uq/q i n  ' p e l i c a n  eq9s does  not a f f e c t  reproduct ion  
(Blus e t  e l . ,  1972). 

7. I n f e r r e d  e f f e c t s  of DOT on reproduct ion  of b i r d s  ( F i e l d  Data)  

DOT and i t s  primary breakdown product ,  DDE, have been impl ica ted  i n  adverse  
e f f e c t s  on reproduct ion  of n a t u r a l  popu la t i ons  of  r e p t o r i a l  and f i sh -ee t inq  b i r d s ,  
but monitoring proqrarnmes q e n e r a l l y  have not  determined t h e  q u a n t i t i e s  o f  DOT i n  
water t h a t  produced food cha in  e f f e c t s  on b i r d  reproduct ion .  DDT measured i n  t h e  
P a c i f i c  Ocean i n  t h e  C a l i f o r n i a  Current  system ranged from 0.0023 t o  0.0056 ug/1 
(Cox, 1971 ). Concent ra t ions  i n  r i v e r s  e n t e r i n g  some e s t u a r i e s  a long  t h e  P a c i f i c  
Ocean and Gulf of Mexico ranged from P.OP5 t o  0.Ofi uq/1 (Maniqold and Schulze,  1969) 



end l a r g e  lakes may con ta in  o n l y  a few p o r t s  per t r i l l i o n  ( p a r t s  i n  1 0 )  o f  DOT 
(Re iner t ,  1970). Although the q u a n t i t y  o f  data should be greater ,  whet i s  a v a i l a h l v  
suggests t h a t  on l y  a few p e r t s  per  t r i J l i o n  o f  EDT i n  water have produced se r ious  
reproduct ion  damage t o  c e r t a i n  r a p t o r i a l  and p i sc i vo rous  b i r d s ,  through 
b ioconcent ra t ion  and convers ion t o  DDE. 

Considerat ion o f  t h i s  i n fo rma t ion  and var ious combinations can lend  t o  severa l  
conclusions about the  e f f e c t s  on b i r d  reproduct ion  expected a t  var ious  aqueous 
concentrat ions,  as shown i n  Table 2. 

Table 2 : Summary o f  r e s u l t s  o f  d i f f e r e n t  approaches 
t o  assess the  e f f e c t  o f  DOT on b i r d  reproduct ion  

Concentrat ion o f  DOT Expecta t ion  o f  Type o f  evidence u t i l i z e d  
DOT i n  water ( n g / l )  adverse e f f e c t s  from sec t i on  P.J.2.2 

High 

Low 

* 1 Water- to- f ish b ioconcent ra t ion  f a c t o r s  (Estuar ine  and Laboratory)  
2 Water- to- f ish b ioconcent ra t ion  f a c t o r s  (Freshwater) 
3 E f f e c t  o f  DDE i n  food on reproduct ion  o f  b i r d s  (Laboratory)  
4 Water-to-bird-egg b i  oconcentrat  i o n  f a c t o r  (Es tuary)  
5 Food-to-bird-eqg b ioconcent ra t ion  f a c t o r  (Laboratory ) 
6 E f f e c t  o f  DDT i n  b i rd-egg on reproduct ion  o f  b i r d s  ( F i e l d  Data) 
7 I n f e r r e d  e f f e c t s  o f  DDT on reproduct ion  of b i r d s  ( F i e l d  Data) 

Manipu la t ion  o f  i n p u t  data o f  t h i s  k i n d  and i n  t h i s  way can produce values 
which i n d i c a t e  the  order o f  magnitude o f  concent ra t ions  t h a t  might a f f e c t  b i r d  
reproduct ion,  bu t  the  l ack  o f  data on any one species i n  any p a r t i c u l a r  environment 
prevents the  establ ishment o f  p rec i se  l i m i t s  below which the re  a re  no adverse 
e f fec ts .  Th is  example i l l u s t r a t e s  some o f  t h e  d i f f i c u l t i e s  o f  e s t a b l i s h i n g  water 
q u a l i t y  c r i t e r i a  occasioned by the  l ack  o f  r e l e v a n t  data  which necess i ta tes  making 
assumptions about the  comparab i l i t y  o f  f i e l d  and labo ra to ry  data and o f  the  
responses o f  d i f f e r e n t  species. Moreover, t he  output  data have been developed 
assuming a steady s t a t e  s i t u a t i o n ,  and t h e  r e l a t i o n  between e f f e c t s  caused by t h i s  
c o n d i t i o n  and those caused by a mean concent ra t ion  i n  the environment w h e r ~  the 
l e v e l s  may f l u c t u a t e  widely, i s  uncer ta in .  

8.1.2.3 Bioaccumulat ion i n  seafood 

I f  t.he water - to - f i sh  b ioconcent ra t ion  fac to r  i s  'Â¥ x lf16 (on l y  the  e d i b l e  
p o r t i o n  i s  considered here) ,  and i f  1 uq/q i n  e d i b l e  t i s s u e  i s  deemed the h ighest  
acceptable by a regu la to ry  agency, then the  water concent ra t ion  would have t o  be 
l e s s  than 0.5 ng/ l .  



R.1.3 C o n c l u s i o n s  

From t h e  example,  i t  is obv ious  t h a t  any group which p r o p o s e s  t o  d e v e l o p  w a t e r  
q u n l i t y  c r i t e r i a  f o r  DPT must c o n s i d e r  s e v e r a l  p r i n c i p l e s  e s  a l r e a d y  d i s c u s s e d .  

( 1 )  C r i t e r i a  s h o u l d  h e  deve loped  u s i n g  t o x i c i t y  d a t a  on o rcan i sms  from t h e  
l o c a l i t y  t o  which t h e  c r i t e r i e  a p p l i e s  and ,  i d e a l l y ,  s h o u l d  i n c l u d e  l i f e - t i m e  
t o x i c i t y  tests. 

( 2 )  I n  t h e  a b s e n c e  o f  l i f e - t i m e  s t u d i e s ,  it may be  n e c e s s a r y  t o  u t i l i z e  
a p p r o p r i n t e  d a t a  on t h e  r e l a t i o n s h i p  between a c u t e  and l i f e - t i m e  s t u d i e s  o f  
p h y l o q r n e t i c a l l y  s i m i l a r  c o a s t a l  o rqan i sms .  Such a  p r o c e d u r e ,  w h i l r  no t  i d e a l ,  
cou ld  be p r e f e r a b l e  t o  u s i n g  a r b i t r a r y  appl  i c a t  i o n  f a c t o r s .  

( 3 )  Thorough c r i t i c a l  r ev iews  o f  t h e  l i t e r a t u r e  s h o u l d  he  made t o  d e t e r m i n e  
i f  a d d i t o n e l  c o n c e n t r a t i o n  f a c t o r s  d e r i v e d  from env i ronmenta l  m o n i t o r i n g  con be  
o b t a i n e d .  P r o d u c t i o n  o f  such  d a t a  may require1 improvements i n  a n a l y t i c a l  
s e n s i t i v i t y .  

( 4 )  When d e v e l o p i n g  c r i t e r i a ,  a d d i t i o n a l  a s s u m p t i o n s  which may be n e c e s s a r y  
s h o u l d  he  r i g o r o u s l y  t ~ s t e d  wherever  p o s s i b l e .  

A p p l i c a t i o n  o f  t h e  g e n m a l  p r i n c i p l e s  i n  t h e  development o f  c r i t e r i a  f o r  t h e  
p r o t e c t i o n  of  a e s t h e t i c  enjoyment o f  a m e n i t i e s  r e q u i r e s  f u r t h e r  c o n s i d e r a t i o n  o f  t h e  
form o f  c a u s e - e f f e c t  r e l a t i o n s h i p s  t h a t  would be  of  most u s e .  The i s s u e s  a r i s i n ~  
a r e  i l l u s t r a t e d  by r e f e r e n c e  t o  forms o f  c r i t e r i a  t h a t  might b e  a p p r o p r i a t e  i n  
r e l a t i o n  t o  t h e  i n f l u e n c e  of  p o l l u t i o n  on t h e  c l a r i t y  o f  c o a s t a l  w ~ t e r s .  The 
e f f e c t s  of  i n t e r e s t  a r e  t h o s e  v i s i b l e  t o  humans i n  t h e  env i ronment .  

Having a t t e m p t e d  t o  d e v e l o p  t h e  example o f  c r i t e r i a  f o r  a e s t h e t i c  s a t i s f a c t i o n  
w i t h  r e g a r d  t o  w a t e r  c l a r i t y ,  i t  soon becomes a p p a r e n t  t h a t ,  w h i l e  t h e  v a r i o u s  
f a c t o r s  c o n t r i b u t i n g  t o  l i g h t  p e n e t r a t i o n  a r e  w e l l  known and numer ica l  r e l a t i o n s h i p s  
between c o n c e n t r a t i o n s  o f  p o l l u t a n t s  and changes  i n  l i g h t  p e n e t r a t i o n  can r e a d i l y  be 
o b t a i n e d ,  no q u e n t i t n t i v e  r e l a t i o n s h i p s  have  y e t  been d e r i v e d  between t h e  d e g r e e  of  
a p p r e c i a t i o n  o f  c l a r i t y  and such  o b j e c t i v e  measurements.  I t  was a l s o  r e c o g n i z e d  
t h a t  t h e  d e g r e e  o f  a p p r e c i a t i o n  would v a r y  w i t h  t h e  s u b j e c t  p o p u l a t i o n ,  and w i t h  any 
change i n  b a l a n c e  between c o n t r i b u t i o n s  by v a r i o u s  f a c t o r s  a f f e c t i n g  c l a r i t y .  I t  is 
t h e r e f o r e  judged n e c e s s a r y  a t  t h e  p r e s e n t  time t o  r e l y  on a  t h r e s h o l d  v a l u e  of  
p e r c e p t i o n  i n  o r d e r  t o  a s s u r e  p r o t e c t i o n  o f  t h i s  a s p e c t  o f  a m e n i t i e s .  A s  n o t e d  
e a r l i e r  i n  t h i s  r e p o r t ,  i f  c o n t r o l  of  w a t e r  c l a r i t y  a t  t h i s  l e v e l  a p p e a r s  
i m p r a c t i c a l ,  i t  w i l l  t h e n  b e  n e c e s s a r y  t o  e s t a b l i s h  e x p o s u r e - e f f e c t  r e l a t i o n s h i p s .  
Fur the rmore ,  s u c h  an approach  w i l l  be  n e c e s s a r y ,  i n  o r d e r  t o  p e r m i t  a  r a t i o n a l  
s e t t i n g  of s t a n d a r d s  i n v o l v i n g  c o s t - b e n e f i t  a n a l y s i s ,  t o  a s s e s s  b o t h  t h e  c o s t  o f  
remedial  measures  and t h e  v a l u e  of  t h e  ameni ty .  

9 .  RECOMMENDATIONS 

The Working Group must c o n c l u d e  t h a t  i t  h a s  n o t  c o m p l e t e l y  f u l f i l l e d  t h e  t e r m s  
of  r e f e r e n c e  a s s i g n e d  t o  i t .  Once t h e  Group ' s  programme was i n i t i a t e d ,  i t  soon 
became c l e a r  t h a t  i t  c o u l d  n o t  embark a t  a l l  on a c t u a l l y  f o r m u l a t i n g  c r i t e r i a  and 
t h a t  i ts  major  g o a l  would be  t h e  c o n s i d e r a t o n  and e n u n c i a t i o n  o f  p r i n c i p l e s .  The 



Group f e e l s  t h a t  i t  h a s  a c h i e v e d  t h a t  g o a l ,  and i n  s o  d o i n q ,  h a s  f o r n u l o t ~ d  u 

c o n s t r u c t i v e  approach  t o  t h e  f i r s t  and second terms o f  r e f e r e n c e  concerned  
r e s p e c t i v e l y  w i t h  e v a l u a t i n g  t h e  n a t u r e  and e x t e n t  o f  problem a r e a s  and w i t h  t h e  
d a t a  r e q u i r e d  f o r  t h e  f o r m u l a t i o n  o f  c r i t e r i a .  Fur the rmore ,  i t  h a s  p r o v i d e d  an 
e x t e n s i v e  framework w i t h i n  which f u r t h e r  e f f o r t  c o u l d  be d i r e c t e d .  S p e c i f i c  
recommendations f o l l o w  abou t  t h e  way any f u r t h e r  e f f o r t  might b e  c o n t i n u e d .  

( 1 )  T h i s  r e p o r t  s h o u l d  be  used  a s  a  b a s i s  upon which p r i o r i t i e s  c a n  be  
a s s i g n e d  t o  c o a s t a l  w a t e r  q u a l i t y  c h a r a c t e r i s t i c s  f o r  t h e  f o r m u l a t i o n  o f  c o a s t a l  
w a t e r  q u a l i t y  c r i t e r i a .  

( 2 )  S p e c i a l i z e d  g r o u p s  s h o u l d  be  set up t o  f o r m u l a t e  t e n t a t i v e  env i ronmente l  
q u a l i t y  c r i t e r i a  f o r  c o a s t e l  w a t e r s .  The a d o p t i o n  o f  t h e  p r i n c i p l e s  and p r o c e d u r e s  
o u t l i n e d  i n  t h e  p r e s e n t  r e p o r t  s h o u l d  be  o f  v a l u e  i n  h e l p i n q  them t o  f o r m u l a t e  t h e  
c r i t e r i a ,  and a t  t h e  same time f a c i l i t a t e  i d e n t i f i c a t i o n  o f  g a p s  i n  knowledge and 
t h e r e b y  e n a b l e  them t o  make recommendations on r e s e a r c h  needs .  

( 3 )  The g r o u p s  s h o u l d  be s o  c o n s t i t u t e d  t h a t  e a c h  is concerned  w i t h  o n l y  p a r t  
o f  t h e  whole s u b j e c t  a r e a ,  namely one r e l a t e d  t o  a p a r t i c u l a r  u s e ,  e . g . ,  b a t h i n g  and 
human h e a l t h ,  ameni ty ,  o r  f i s h e r i e s ,  which i n  some c a s e s  s h o u l d  be c o n f i n e d  t o  a 
p a r t i c u l a r  g e o g r a p h i c a l  a r e a .  The main r e a s o n s  a r e  f i r s t l y ,  t h a t  t h e  amount o f  work 
invo lved  would be v e r y  l a r g e ,  and s e c o n d l y ,  t h a t  t h e  c r i t e r i a  w i l l  d i f f e r  between 
u s e s  i n  a  g i v e n  a r e a ,  and between a r e a s  f o r  a  g i v e n  u s e .  I t  s h o u l d  be r e c o g n i z e d  
t h a t ,  w h i l e  f o c u s s i n g  on p a r t i c u l e r  p o l l u t i o n  p rob lems ,  t h p  membership s h o u l d  
i n c l u d e  t h o s e  q u a l i f i e d  t o  i n t e r a c t  a d e q u a t e l y  t o  cover  a l l  i n p u t s  c a l l e d  f o r  i n  - 
s e c t i o n  7. The Working Group s e e s  a d v a n t a g e  i n  c o n s t i t u t i n g  any new subgroups  on on 
i n t e r n a t i o n a l  b a s i s .  

(4) Having chosen  ameni ty  a s  a n  example,  t h e  Group wcommcnds s p e c i f i c a l l y  
t h a t  i n  t h e  development of  c r i t e r i a  t o  p r o t e c t  a e s t h e t i c  s a t i s f a c t i o n ,  pendinq 
f u r t h e r  i n f o r m a t i o n  on t h e  n a t u r e  and e x t e n t  of  t h e  p rob lems ,  p r i o r i t y  s h o u l d  he 
g i v e n  t o  t h e  e s t a b l i s h m e n t  of  t h r e s h o l d  l e v e l s  o f  a c c e p t a b i l i t y  f o r  t u r b i d i t y  , 
c o l o u r ,  s l i c k s  and o d o u r s ,  d e r i v e d  from sewaae and o t h e r  w a s t e s .  I d e a l l y ,  t h e w  
l e v e l s  o f  a c c e p t a b i l i t y  s h o u l d  t a k e  account  of  t h e  e x t e n t  and d u r a t i o n  o f  t h e  
e f f e c t .  Fur the rmore ,  o b j e c t i v e  a s  w e l l  a s  s u b j e c t i v e  measures  o f  a c c e p t a b i l i t y  
s h o u l d  h e  deve loped .  Such measures  would q r e a t l y  a s s i s t  t h e  e x e c u t i o n  o f  
b e n e f i t - c o s t  a n a l y s e s  which may be n e e d d  t o  a i d  d e c i s i o n  [raking i n  c a s e s  w h e r ~  
c o n t r o l  t o  t h r e s h o l d  l e v e l s  a p p e a r s  i m p r a c t i c a l .  
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