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PREFACE

A lth o u g h  th e  id e a  o f  sum m arizing th e  s ta te  o f  m a n n e  po llu tion  m  th e  w o rld  o c e a n i is 

p ro b a b ly  m u c h  o ld e r  th a n  o n e  m ig h t una& inc, th e  sp e c ify  id e a  o f  rev iew ing  th e  h e a lth  o f  vhc 

o cean s  seem s to  h av e  firs t arisen  in  th e  r e p o n  o f  d ie  A C M R R /S C O R R /W M O  J o in t  W ork ing  

P a r ty  o n  G lo b a l O ce an  R esearch  (P onza a n d  R om e, 29 A p n l -  7 M ay  1969).

T h is  id e a  w as ta k e n  up  by  th e  A C M R R /S C O R /A C O M R /G K S A M P  J o in t  W o rk in g  P a r ty  

o n  th e  G lo b a l  In v es tig a tio n  o f  P o llu tion  in  th e  M a rin e  E n v ironm en t (S a n  M a rc o  iii C a ste llab a te  

a n d  R o m e, 11-18 O c to b e r  1971).

T h e  A c tio n  P la n  a d o p te d  a t  the U n ited  N a tio n s  C onference on  th e  H u m a n  E n v ironm en t 

(S to c k h o lm . 5-1 f> lim e  1972) recom m ended  th a t  G E S A M P  sh o u ld  assem ble  sc ien tific  d a ta  a n d  

p ro v id e  adv ice  on  scientific aspec ts  o f  m a rin e  p o llu tio n  especially  th o se  o f  a n  in te rd isc ip lina ry  n a 

ture.

T h e  IO C  In te rn a tio n a l C o -o rd in a tio n  G ro u p  fu r  G IP M L  a t  its  f irs t session  (L o n d o n , 2-6 

A p ril I97>) recom m ended  th a t  IO C  reta in  a  c o n su lta n t tn  bring  to g e th er th e  av a ila b le  d a ta  in to  a 

re p o r t  o n  th e  H e a lth  o f  th e  O ceans. P ro fesso r E. D . G oldberg  w as asked  to  d o  th is  w o rk , a n d  his 

r e p o r t  w as pub lished  by  C N k S C O iu  I976 .1

T he f iftee n th  session  o f  th e  In te r-S e c re ta ria t C om m ittee  on  Scientific P ro g ram m es R e la tin g  

to  O c e a n o g ra p h y  (IC S P R O ). recom m ended  . . . th a t  G E S A M P  sh o u ld  be in v ited  to  adv ise  agencies, 

a n d  U N E P  w as ask ed  to  ta k e  th e  in itia tive, in  c o n su lta tio n  w ith  o th e r  agencies, fo r  th e  p re p a ra tio n  

o f  a d e ta iled  re q u e s t to  G E S A M P  for a c ritica l exam ina tion  o f  p resen t a n il p la n n ed  m e th o d s  by 

w h ich  lo  g e n e ra le  a  c o n tin u o u s  au th o rita tiv e  rev iew  a n d  assessm en t o f  th e  h e a lth  o f  th e  oceausN  

T h e  in itia tiv e  req u ested  o f  U N E P  w as ta k e n  u p  a t  th e  m eeting  o f  th e  G E S A M P  J o in t  S ecreta  nar 

(G e n ev a , 4 -5  J u n e  1977) w hen  it w as decided  th a t  th e  p re p a ra tio n  o f  "period ic review s o f  th e  s ta te  

o f  »he m a rin e  en v iro n m en t a s  reg a rd s m a rin e  p o llu t io n ' sh o u ld  becom e o n e  o f  th e  m a in  te m is  o f 

re feren ce  fo r  G E SA M P.*

1 G o ld b e rg , t .  D . (1976) T h e  HeaJUi o f  th e  O cea n s . U N E S C O , Pari«.
2 T h e  Jo in t  C ro u p  o f  E xperts o n  Ui i  Scientific A spects o f  M drinc  |*olkU on (O T S a M P )  »  a n  adv iso ry  b o d y  in  the

o f  e igh t o rgan iza tion?  o f  l i e  U nited  N a tio n s  S v«« in  (U N . U N E P . frA O , U nesco , W H O , W \ 1 0 ,  iM O . a n d
L \ E A ) .
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Page 1

e x e c u t i v e  S u m m a r y

1 . I n  19&9 m a n ’s  f in g e rp r in t  to  fo u n d  e v e ry w h e re  in  D ic o c e a n » . C h e m ic a l  c o f i tw ro n a tio n  a n d  l i t t e r  c a n  

b e  o b se rv e d  f ro m  th e  p o le s  t o  th e  t r o p ic s  a n d  f ro m  b ra c h e s  l o  a b y s s a l  d e p th s . B u t  c o n d i t io n s  m  t h e  m a r in e  e n 

v ir o n m e n t  v a ry  w id e ly .

2 .  T h e  o p e o  s e s  i s  s t i l l  r d a l i v d y  c le a n .  J ,o w  levels o f  le a d , s y n th e tic  o r g a n ic  e r a p n u n d s  a n d  a r tif ic ia ]  

r a d io n u c l id e s , th o u g h  w id e ly  d e te c ta b le ,  a r e  b io lo g ica lly  h s i g r d t k a n t .  O il  4 i d a  a n d  l i t t e r  a r c  c s n m o n  a lo n g  

s e a  la n e s , b u t  a r e ,  a t  p r e s e n t ,  o f  m io o r  c o n s e q u e n c e  t o  c o n n a u m lie s  o f  o rg a n is m s  l iv in g  in  o p e n .o c e a n  n a i a -*.

3 .  I n  c o n t r a s t  lo  th e  o p u i  o c e a n ,  th e  m a rg in s  o f  t h e  s e a  a r e  a f fe c te d  b y  m a n  a lm o s t  e v e ry w h e re , a n d  

e n c r o a c h m e n t  o n  c o a s ta l  i n u  e e n l ia u c »  w o rld w id e . H a b i t a t s  a r c  b e in g  lo s t  i r r e tr ie v a b ly  t o  t h e  c o n s tru c tio n  

o f  h a r b o u r s  a n d  in d u s tr ia l  in s ta l la t io n s ,  t o  t h e  d e v d o p m e n l o f  to u r is t  f a c i l i t ie s  a n d  rn a r ic u l tn r e , a n d  t o  th e  

g r o w th  o f  s e t t l a n c n l s  e n d  c itie s , A J th o i^ h  d if f ic u lt  lo  q u a n t i f y ,  d e s t ru c t io n  u f  b e a c h e s , c o r a l  r e e fs  a n d  w e tla n d s , 

in c lu d in g  m a n g ro v e  fo re s ts , n s  w efl a s  in c r e a s in g  m e d o n  o f  th e  s h o rv , a r c  e v id e n t  a l l  o v e r  th e  w o rld . l í  u n 

c h e c k e d , t h i s  t r e n d  w í l  le a d  t o  g lo b a l  d e te r io r a t io n  to  t h e  q u a l i ty  a n d  p ro d u c tiv ity  o r  t h e  m a r in e  e n v iro n m e n t.

4 .  I  h e  g r o w in g  e x p lo ita t io n  o f  th e  c o a s t  i s a  re f le c tio n  o f  p o p u la tio n  in c re a se , a c c e le ra t in g  u r b a n is a t io n ,  

g r e a t e r  a f f lu e n c e  a n d  fa s te r  t r a n s p o r t  -  t r e n d s  th a t  WUI c o n t in u e  th r o u g h o u t  t h e  w o r ld . C o n tro l l in g  c o a s ta l 

d e v e lo p m e n t a n d  p r o te c t in g  h a b i t a t s  w ill  r e q u ire  c h a n g e s  m  p la n n in g  b o th  in la n d  a n d  o n  th e  c u a s i ,  o f te n  in 

v o lv in g  p a in fu l  s o c ia l  a n d  p o litic a l ch o ic e s .

5 .  A  w id e  r a n g e  o f  a d iv iC ics  o n  la n d  c o n t r ib u te s  t o  t h e  r e le a s e  o f  c o n ta m in a n ts  t o  t h e  s e a  e i th e r  d irec tly  

o r  c a r r ie d  b y  r iv e rs  u d  th e  a tm o s p h e re , w h ile  s e a -b o rn e  a c t iv i t ie s  m a h e  a  m in o r  a d d it io n . O n ly  a  sm a ll  p a r t  

o f  th o s e  c o n ta m in a n ts  h a s  sp re a d  b e y o n d  th e  N inii*  o f  th e  c o n t in e n ta l  s b d f .  T h e  b u lk  re m a in s  in  c o a s ta l  w a te r s  

a n d ,  in  p la c e s ,  p a r t ic u la r ly  in  p o o r ly  f lw h e d  a r c a s , I n  b u il t  u p  t o  u g m f R a n t  le v e ls . O u r  v ie w s  o n  th e s e  c o n 

t a m in a n t s  a r e  s u m m a r iz e d  b e to w  to  w h a t  to  Ju d g e d  a s  l h r i r  c u r r e n t  o rd e r  o f  im p o r ta n c e .

6 .  T h e  r a t e  o f  in tro d u c tio n  o f  n u t r ie n ts ,  ch iefly  n i t r a te s  b u t  so m e tim e s  p h o s p h a te s , i s  in c re a s in g , a n d  

a r e a s  o f  e u t ro p h ic a t io n  a r e  e x p a n d in g ,  d o n g  w ith  e n h a n c e d  f re q u e n c y  a n d  s c a le  o f  u n u s u a l  p l a a k to a  b ln n m s a n d  

e x c e s s iv e  s e a w e e d  g ro w th . T h e  tw o  m a jo r  s o u rc e s  o f  n u t r ie n ts  t o  c o a s ta l  w a te r s  a r e  s e w a g e  d isp o sa l a n d  a g r i 

c u l tu r a l  r u n - u f f  f ro m  fe rtil iz e r-  t r u s te d  fie ld s a n d  f ro m  in te n s iv e  s to c k  r a is in g .  T h e  d e g re e  o f  d a m a g e  v a r ie s  fro m  

a r e a  t o  a r e a ,  r e f le c tin g  s i te  c o n d it io n s  a n d  n u tr ie w t lo a d , N u ü iu u t  c u n ta r a in a l iu n  is  c o s t ly  io  te rm »  o f  k e i  r e 

s o u rc e s  a n d  sp o ile d  a m e n ity  b u t  c fT c v lh c  re m e d ia l  a c t io n  to  d if f ic u l t .  I t  w ill invo lv e  l a r g e  in v e s tm e n ts  in  t r e a t 

m e n t  p l a n t s  a n d  in  s lu d g e  a n d  e f f lu e n t d isp o sa l, a n d  m a jo r  ( d u n g s  in  a g r ic u l tu ra l  p r a c t ic e s .  I t  b  a l s o  d ifficu lt 

l o  r e l a t e  t h e s e  in p u t s  t o  t h e  o c c w r e o c e  o f  b lo o m s  b e c a u s e  t h e  q u a n t i ta t iv e  r e la t io n s  b e tw e e n  n u t r ie n t  in p u t  an d  

e u t r o p h ic a t io n  a r c  u n c h a r  a n d  b e c a u s e  o f  t h e  c o n fo u n d in g  r o le  o f  o th e r  e c o lo g ic a l f a c to r s  a n d  o f  e h m a t k  v a r i 

a t io n s .

7 .  M ic ro b ia l  c o n ta m in a t io n  f ro m  s e w a g e  c a u s e s  m a n y  h u m a n  A s e a s e s ,  in c lu d in g  c f ro k r a  a n d  h e p a t i t is  

A . C o n t r o l  r e q u ire s  p ro p e r  d e s ig n  a n d  s i r in g  o f  o u tf a l ls ,  c o u p le d  w i th  r ig o ro u s  su rv e il la n c e  o f  s h c d f iA  b e d s  a n d  

t h e i r  m a r k e te d  p ro d u c to , a n d  t h e  t im e ly  h a n n to g  o f  c o n la m fe ta le d  s e a fo o d . M ic ro b ia l  c o n ta m in a t io n  o f  s e a  w a te r
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u n f i t  f o r  h u m a n  c o n s u m p tio n . H o w e v e r , c o a s ta l  n u r s e ry  g n w m b  a n d  ¿ t a l lo w  w a te r s  a r c  l ir in g  in c re a s in g ly  d e- 

g r a d e d ,  a n d  m a r in e  re so u rc e s , b o th  w ild  a n d  f a rm e d , rrsild e v e n tu a l*  b e  d a m a g e d  o n  a  g lo b a l  v a l e .  I n  a d d it io n , 

t h e  e x p lo i ta t io n  o f  liv in g  m a r in e  n s o t r r e *  m ay  d e g r a d e  th e  e n v iro n m e n t b y  d a m a g in g  h a b i t a t s  a n d  a l te r in g  food  

w e b s , w h t t t  tn w fw u k u f« , w M cb  to  v a p id ly  e x p w id ta g ,  g e n e ra te »  i t s  o w n  l o c i  p o llu tio n  a n d  m a y  u p s e t  t h e  e c o 

lo g ic a l  b a la n c e  b y  th e  in tro d u c tio n  o f  e x o t ic  sp e c ie s  a n d  d iscu ses .

15. T h e s e  a r c  p ro b le m s  u n  w h ic h  a c t io n  c a n  b e  id e n tifie d  n o w . T  h e re  a r e  a d d i t iu n a l  is su e s  th a t  e a n iw t 

a t  p r e s e n t  b e  fu lly  a s se sse d  in  r e la t io n  to  th e  s e a s , n a m e ly , th e  e f fe c ts  o f  c l im a te  c h a n g e ,  in c lu d in g  a  p o ss ib le  r is e  

in  s e a  le v d  r e s u l t in g  f ro m  g lo b a l  »  a rm in g  d u e  t o  in c re a s e s  ín  g re e n h o u se  g a s e s , a n d  tire  im p a c t  o f  a  r e d u c tio n  

o f  s t r a to s p h e r ic  i t tn n e , w h ich  m a y  a f fe c t m a r in e  re so u rc e *  th r o u g h  in c re a se d  e x p o s u re  tu  u l t ra v io le t  r a d ia tu s» .

16. A  n u m b e r  o f  in te r n a t io n a l  a g r e e m e n ts  n o w  su p p le m e n t n a t io n a l  r e g u la t io n *  a im e d  a t  p r o te c t in g  tire  

s e a s ,  t h e y  c u n c u n i m a in ly  p o llu tio n  f ro m  se a -b o rn e  s o u rc e s  a n d  h a r e  p la y e d  a  r o te  In  r e d u c in g  m v a a  poH u tio n , 

p a r t i c u la r ly  by o il  re s id u e s . H o w e v e r , m u c h  r e m a in s  t o  b e  d o n e  t o  c o n tro l  la n d -b a se d  so u rc e s , th e  m a in  c o n 

t r ib u t o r s  t o  c o n ta m in a t io n  o f  t h e  sea .

1 7 . W e  c o n c lu d e  (h u t ,  a t  I h e  e n d  o f  th e  Î9JKK, th e  m a jo r  c a u se s  o f  im m e d ia te  c o n c e rn  in  t h e  m a r in e  

e n v iro n m e n t  o n  a  g lo b a l  b a s is  a r e  co ac ta}  d e v e lo p m e n t a n d  th e  a t t e n d a n t  d c s i r u d io n  o f  h a b i t  a K e u t r o p l i i c a t iu n ,  

m ic ro b ia l  tn o ta m in u ik in  o f  s e a fo o d  a n d  b e a c h e s , fo u lin g  n f  th e  s e u  b y  p la s tic  l i t t e r .  p ro g re s s iv e  b u ild -u p  o f  

c h lo r in a te d  h y d fo c a r t« o n s , e sp e c ia lly  in  th e  tro p ic s  a n d  th e  su b tro p ic « , a m ! a c c u m u la t io n  o f  t a r  o n  b e a c h e s . 

H o w e v e r , c o n c e r n s  m a y  d if fe r  f ro m  re g io n  t o  r e g io n ,  x u flee tin g  lo c a l  s i tu a t io n s  a n d  p r iu r i t ie s .  F u r th e rm o re ,  

T h ro u g h o u t t h e  t* « r id , p u b lic  p e rc e p tio n  m a y  » till a c c o rd  g r e a t e r  im p o r ta n c e  to  o t h e r  c o n ta m in a n ts  % d i  a s  

r a d io n u c l id e s , t r a c e  d e m e n t s  a n d  o il . T h e *  w e r e  h ig h lig h te d  in  th e  1982  G E S A M P  R eview  a n d  a r c  c o n s id e re d  

a g a in  in  t h e  p re v e n t  r e p o r t ,  h u t  w e  n o n  r e g a r d  th e m  a s  b e in g  o f  te & c r  c o n c e rn .

1 8 . W h i le  n o  a r e a s  o f  I h r  o re a n  a n d  n o n e  o f  i t s  p rin c ip a l r e s o u r c e  a p p e a r  t o  h e  irre v o c a b ly  d a m a g e d , 

m id  m o s t  a r e  s till u n p o l lu te d , w h ile  th e r e  a r e  e n c o u ra g in g  s ig n s  th a t  in  so m e  a r c u s  m a r in e  c o n ta m in a t io n  is 

d e c re a s in g ,  w e  a r e  c o n c e r n a i  t h a t  to o  tittle  is  b e in g  d o n e  t o  c o r re c t  o r  a n tic ip a i« : s i tu a t io n s  t h a i  ra JI  f<e a c t io n . 

T h a t  n o t  e n o u g h  c o n s id e ra t io n  is  b e in g  g iv en  to  t h e  c o n s e q u e n c e  Tor th e  o c e a n s  o f  c o a s ta l  d e v e lo p m e n t, a n d  th a t  

a c t iv i t ie s  o n  l a a d  c o n t in u e  w i th  l i t  i l e  r e g a r d  tn  th e i r  e f fe c ts  io  lu a s ta l  w a te r s .  W e  f e a i ,  e sp e c ia lly  in  v iew  o f  th e  

c o n t in u in g  g ro w th  n f  h u m a n  p o p u la t io n s , t h a t  th e  m a r in e  e n v iro n m e n t c o u ld  d e te r io r a te  s ig n if ic a n t ly  In  th e  n e x t 

d e c a d e  u n le s s  s t r o n g ,  c o o r d i n a t e d  n a t io n a l  a n d  in te r n a t io n a l  a c tio n  is  ta k e n  n o w . A t  th e  n a t io n a l  level in  p a r 

t i c u la r ,  t b e  c o n c e r te d  a p p lic a tio n  o f  m e a s u re s  t o  r e d u c e  w a s te s  a m ! t o  c o a s e r r e  r a w  m a te r ia l s  will b e  e s se n tia l. 

T h e  e f fo r t s  w ín  b e  g r e a t  a n d  t h e  c o s ts  h ig h , b u t  n o th in g  le s s  n i l  e n s u re  th e  e o n l iu u e d  h e a l th  o f  th e  s e a  a n d  th e  

m a in te n a n c e  o f  i ts  re so u rc e s .



P a g e  5

5. T h e  b io lo g ica l im p a c t o f  m a n 's  ac tiv itie s  is  considered , p a rticu la rly  th e  effects o f 

w a s te w a te r  d ischarges o a  h u m a n  h ea lth , a n d  th e  ch a n g e s  o f  in sh o re  ecosystem s cau sed  by  n u tr ie n t 

in p u ts . T h e  iuc rcasing  lo ss  o f  n a tu ra l  c o a s ta l h a b i ta ts  a ro u n d  th e  w orld  is d o cum en ted , w ith  sp e

cial re feren ce  to  w etlan d s  such  a s  m an g ro v e  fo rests , to  seag rass bed s a n d  to  th e  v e ry  sensitive co ra l 

ecosystem s. L onger-term  p ro b lem s Include th e  possib ility  o f  su b tle  effects o f  p ers is ten t lo w  levels 

o f  c o n ta m in a tio n , a s  well a s  th e  effects o f  a n  in c reased  u ltra v io le t flux d u e  to  d ep le tio n  o f  the 

s tra to sp h e r ic  o zo n e  lay er, a n d  th e  co nsequences o f  inc reases  in  th e  "g reenhouse" gave* w h ich  are 

ex p ec ted  to  p ro d u c e  a  rise  iu  se a  level a n d  a  ch a n g e  in  c lim a te  p a t te rn s  w ith  u n k n o w n  effects o n  

m a rin e  cc n  systems.

6. T h e  increasing  w orld  p o p u la tio n , its  p re fe ren tia l se ttlem en t in  th e  c o a s ta l z o n e  a n d  th e  

re su ltin g  in d u stria liza tio n  o f  th a t  a rc a  will o n ly  e x a ce rb a te  th e  p ro b lem s a t  th e  m arg in s o f  th e  seas, 

io  c o n t r a i l  to  th e  o p en  oceans. T h ese  p ro b lem s arise a t  a  tim e  o f  inc reasing  en v iro n m en ta l 

aw aren ess , a n d  i t  is im p o rta n t th a t  a  b ro a d  a n d  b a lan ced  view  b e  ta k e n  o f  h o w  b e s t to  p ro te c t th e  

en v iro n m en t. T h e  essen tia l linkage betw een  te rre s tr ia l, a q u a tic  a n d  m arine  co m p artm e n ts  sh o u ld  

b e  reco g n ized , a n d  a l l  av a ila b le  o p tio n s  considered .

7. A t  th e  sam e tim e i t  is im p o r ta n t to  d is tin g u ish  betw een  perceived a n d  rea l p ro b lem s, re 

cog n iz in g  th a t  th e  assessm en t o f  a n  issue by  th e  sc ien tific  co m m u n ity  m ay d iffer fro m  th a t  o f  th e  

g en e ra l p u b lic  W hile pub lic  p ercep tions , h o w ev er in su b s tan tia l, m u st b e  ta k e n  seriously , a n d  

w h ile  it is  en tire ly  p ro p e r  th a t  po litica l a c tio n  sh o u ld  ta k e  a c c o u n t o f  th em , e ffo rts  sh o u ld  be m ad e  

t o  p ro v id e  ra tio n a l e x p lan a tio n s  a n d  ensu re  th a t  th e  p u b lic  is well in form ed a b o u t  th e  s ta te  o f  th e  

c u r re n t know ledge . I t sh o u ld  a lso  b e  recogn ized  th a t  w h a t is  possib le  a n d  in d eed  m a n d a to ry  for 

a n  in d u s tria liz ed  co u n try  m a y  n e e d  \ o  b e  v iew ed i n  a  ¿ i ii  e r e n i  lig h t in  th e  d eve lop ing  w orld.

8. A g a in s t th is  b ack g ro u n d , th e  re p o r t  co n s id ers  th e  ex isting  m echan ism s f o r  p ro tec tin g  the 

m urine  e n v iro n m en t a n d  con tro lling  p o llu tio n . I t refers to  th e ir  n a tio n a l a n d  in te rn a tio n a l aspec ts  

a o d  co n c lu d es w ith  a n  overview  o f  th e  m o s t im p o r ta n t p ro b lem s fac ing  th e  seas.

y. A lm o st te n  year* h av e  n o w  p assed  since U H S A M P  p resen ted  i u  firs t r e p o n  o n  th e  H e a lth  

o f  th e  O ceans. I t  is  re levan t to  n o te  briefly so m e o f  th e  ch an g es th a t  h av e  ta k e n  p lace  in  th a t  

deca d e . A n a ly tica l tech n iq u es h av e  bee n  im proved , sa tellite  o b se rv a tio n s  h a v e  co m e in to  u se  fo r  

la rg e  scale  s tud ies , te ch n iq u e s  fo r  p rocess c o n tro l a n d  p o llu tio n  ab a te m e n t h av e  b een  lu r tk e r  de

v e lo p ed , n ew  n a tio n a l leg isla tion  a n d  reg u la tio n s  h av e  b een  in tro d u ced , a n d  in te rn a tio n a l agree

m e n ts  rea ch ed  o n  a  w ide ran g e  o f  en v iro n m en ta l issues. S ign ifican t changes h av e  occu rred  in  th e  

p a t te r n  o l energy  use , w ith  asso c ia ted  red u c tio n s  in  th e  a m o u n t o f  oil tra n sp o r te d  a t  sea. F inally , 

th e re  h a v e  b een  so m e m a jo r acciden ts involv ing  sh ipp ing , th e  chem ical in d u s try  a n d  n u c le a r  in 

s ta lla tio n s . T h e  scientific l ite ra tu re  o n  m a rin e  p o llu tio n  h a s  m creascd  by  a t  le a s t 50  p e r  c e n t  A 

g re a te r  d eg ree  o f  p u b lic  in te rest a n d  sensitiv ity  to  th e  en v iro n m en t h as  developed , raising  expec

ta t io n s  a n d  causing  chaoges in  p rio ritie s f o r  ac tio n . T h ese  are reflected  in  th e  d iscussions th a t  

follow .
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I. H U M A N  ACTIVITIES AFFECTING THE SEA

12. I n  d iscussing  th e  M ate n f  th e  o cean s  it is a p p ro p ria te  to  fo cu s o n  th o se  h u m a n  activ ities 

th a t  a re  likely to  affec t th e  m a n n e  env ironm ent. T h is c h a p te r  exam ines th e  m o s t im p o r ta n t o f  

th e m . F o r  so m e th e  im p a c t is  a m a tte r  o f  im m edia te  co n cern , p a rticu la rly  w here h u m a n  h e a lth  is 

invo lved , a n d  p ro m p t a c tio n  is requ ired . F o r o th e rs , th e re  will b e  consequences on ly  m  th e  m e

d iu m  o r lo n g  te rm , b u t  i t  is n o n e  th e  less im p o rta n t to  recognize p ro b lem s a s  early  a s  p o ss ib le  so 

th a t  effec tive  m easu res  c a n  be in itia ted  befo re  d am ag e  occurs.

A . DEVELOPM ENT O F COAS TAI. AREAS

13. T h e  co as tlin e  is a com plex  reg ion  com prising  b ay s , es tuaries, a n d  la rge  sem i-enclosed  

a rc a s  w h ere  h u m a n  p o p u la tio n s  a n d  industria l d ev e lo p m en t a re  co n cen tra ted . I t  is th e  f in  us for 

c o n ta m in a n ts  fro m  in la n d  areas a s  well a s  fro m  developm ents a lo n g  its  leng th . M o st o f  th e  sources 

o f  c o n ta m in a tio n  d iscussed  in  th is  ch ap te r c o n trib u te  d irectly  o r ind irectly  to  p ro b lem s in  th e  im 

m e d ia te  c o a s ta l zo n e , a n d  a rise  fro m  activ ities specifically lo c a te d  there.

Id . A lth o u g h  a  re la tio n sh ip  betw een  h u m a n  p o p u la tio n  increase  a n d  en v iro n m en ta l c h a ra e  

h a s  lo n g  b e e n  recogn ized , a t te m p ts  hove b een  m ad e  on ly  recen tly  to  assess th e  cum ula tive  im pacts 

o f  la n d  deve lopm en t in  th e  c o a s ta l zo n e  by  reco rd ing  the ir physical, chem ica l a n d  b io lo g ica l con

sequences, 'IT»is req u ires  know ledge o f  tre n d s  in  » a t e r  q u a lity , a n d  a n  u n d erstan d in g  o f  th e  m a n 

a g e m e n t o f  a q u a tic  h a b ita ts . E qually  im p o rta n t is  th e  econom ic  ana lysis o f  d am ag e  to  n a tu ra l 

reso u rces  a n d  h u m a n  h e a lth  ag a in s t w hich  th e  c o s t o f  co n tro l m easu res  w ill n eed  to  b e  justified. 

M a n y  o f  th e  im p a c ts  reco rd ed  a re  co m m o n  to  m o s t c o a s ta l deve lopm en ts, b u t i t  is u se fu l to  c o n 

s id e r in d u s tr ia l a n d  rec re a tio n a l activ ities separately .

15. The deve lopm en t a n d  m a in ten an ce  o f  p o r ts  a n d  h a rb o u rs  is o f  p rim e c o n c e rn  to  h u m a n  

p o p u la tio n s . W a te r  exchange in  th e se  a re a s  is o ften  lim ited  a n d  sh ip p in g  ac tiv itie s in tro d u c e  

c o n ta m in a n ts ,  in c lu d in g  oilv w astes, cargo  escapem en t a n d  h u m a n  w astes released fro m  sh ip b o a rd . 

ITiese a re  su b je c t to  n a tio n a l a n d  in te rn a tio n a l regu la tions, b u t c o n ta m in a tio n  a t  p o r ts  is  d id ic u lt 

to  c o n tro l s ince  i t  e n te rs  th e  soa b y  m a n y  ro u te s , including d ischarges fro m  p ipes, ru n -o f f  from  

s tre e ts , ro o fs  a n d  p a rk in g  a reas , a n d  in p u ts  from  th e  a tm o sp h e re . A lso , h a rb o u rs  a rc  ih c  firs t p o in t  

o f  c o n ta c t  w ith  th e  sea  fo r  m a o y  rivers, w h ich  a d d  a  w ide v arie ty  a n d  la rg e  q u a n lily  o f  lan d -d e riv ed  

m ateria l.
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a rc a s , b u t  aw aren ess , re so u rces  a n d  p o litica l w ill a ie  needed i f  th e  h ea lth  o f  th e  resid en t a n d  the 

tra n s ie n t  p o p u la tio n s , th e  su rv ival o f  m a rin e  wildlife a n d  th e  fu n c tio n a l in teg rity  o f  th e  v ita l land- 

sc a  in te rface  a re  to  b e  m ain ta ined .

B. D ISCH ARG E O F W ASTEW ATERS

22. C o n ta m in a n ts  f ro m  la n d  re a c h  th e  m a rin e  e n v iro n m en t by  a varie ty  o f  pathw ays. 

C o a s ta l  o u tfa lls  d ischarge d irectly  to  es tu a rie s , in sh o re  w a te rs , bay s a n d  o p en  co a s ta l areas. 

S to rm -w a te r  flow s m a y  b e  to o  g rea t fo r  d ra in ag e  a n d  tre a tm e n t fac ilities and , w h e n  ru u -o ff  is too  

fa s t, m a y  exceed th e  assim ila tive  c a p a c ity  o f  th e  receiv ing w ate rs . R iv e n  a c t  a s  large-scale co llec

to r s  a n d  ca rrie rs  o f  w astew ate rs  from  d iv erse  sources w ith in  th e ir  d ra in ag e  b asin?  a n d  offload them  

to  th e  sea . T h u s , rivers ca n  b e  reg a rd ed  a s  m a jo r  p o in t  sources o f  m ixed  c o n ta m in a n ts , the in p u ts  

o f  w h ich  d epend  on  th e  c o n ta m in a n t lo a d  o f  th e  rivers a n d  o n  th e  physico -chem ica l a n d  biological 

tra n s fo rm a tio n s  ta k in g  p lace  in  th e  riv e r itself, a n d  espec ia lly  in  th e  estuaricv  a  a d  th e  near-sh o re  

zone .

23. N o n -p o in t sources d ra in in g  to  c o a s ta l w a te rs  in c lu d e  surface ru n -o ff  fro m  agricu ltu ral 

a re a s , w ash -o u t o f  ag rochem icals, a n d  tra n s p o r t  o f  sed im en t d u e  to  co a s ta l e ro sio n  o r  to  

d e fo re s ta tio n  a n d  d ese rtif ica tio n  in  th e  h in te r la n d . L and  m a n ag e m en t p rac tice s  la rge ly  determ ine 

th e se  v ario u s influxes.

24. R iv e r  in p u ts  a n d  n o n -p o in t so u rces  a re  d iscussed  elsew here (sec tio n  I I  A ), T h is c h a p te r  

fo cu ses o n  d irec t d isch arg es fro m  p o in t  so u rces a lo n g  th e  coastline. Tw o a r c  p red o m in an t: d o 

m e s tic  sew age a n d  in d u s tria l effluen ts. I n  u rb a n  a re a s  b o th  w aste  s trea m s a r e  o fte n  m ixed in 

sew erage system s a n d  reach  th e  sea  to g e th e r  a s  m u n ic ip a l w astew ate r. T h is th e n  c o n ta in s  m ateria l 

o f  d o m e stic  o rig in  a s  well a s  a  v a rie ty  o f  in d u stria l a n d  o th e r  effluen ts w ith  h ig h e r co n c en tra tio n s  

o f  c o n ta m in a n ts  w h ich  h a v e  b een  d isch arg ed  to  th e  co m m u n ity  sew erage system s.

25. C o n ta m in a n ts  fro m  th e se  so u rces ca n  b e  g ro u p ed  a s  follow s:

-  m ic ro -o rgan ism s

• o rg an ic  m a te ria l affec ting  oxygen  balance

-  n u tr ie n ts

-  tra c e  elem ents

• sy n th e tic  o rgan ic  co m p o u n d s

• p e tro leu m -re la ted  co m p o u n d s

• p a rticu la te s /sed im en ts

• h e a t

I t  sh o u ld  b e  em p h asized  th a t  effluen ts u sua lly  c o n ta in  a  m ix tu re  o f  t h e « ,  th e  co m p o sitio n  varying
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ing  o f  chem ica l po llu tion .

31. I n  th e  p as t, m o st p o llu tio n  co n tro l s tra teg ie s  h ad  b een  p ro m p te d , u su a lly  p o a  hoc, by  

ev id en t effects o f , f o r  exam ple , excessive o x y g en  d em an d , o r  o f  d ischarges o f  n u tr ie n ts , m e ta ls  a n d  

p a th o g e n ic  o rgan ism s, b u t  recen t a n d  c u rre n t po lic ies try  to  fo re s ta ll effects b y  co n tro llin g  inpu ts , 

defin ing  p o te n tia lly  h az a rd o u s  su b stan ces a n d  s tringen tly  lim iting  th e ir  d isposa l. H ow ever, 

to x ic o lo g ic a l in fo rm atio n  b y  i ts e lf  c a n n o t b e  th e  basis  o f  co n tro l. K now ledge o f  d isch arg e  load ing  

a n d  d ilu tio n  ra te s , a s  w ell a s  ev idence o f  effects o n  specific o rgan ism s, is req u ired .

32. F ew  m o o ic ip a l w astew a te r  tr e a tm e n t p la n ts  h an d le  dom estic  sew age a lo n e ; m o s t h av e  

a n  in d u s tr ia lly  co n trib u ted  lo a d  Íq  add ition , re stric tin g  th e  o p tio n s  fo r  effic ien t w aste  tre a tm e n t a n d  

s ludge  u tiliza tio n . T he  degree o f  c o n ta m in a n t rem o v a l a n d  th e  n a tu re  o f  th e  effluen t d ischarge 

d e p e n d  u p o n  th e  ty p es o f  su b stan ces re leased  fro m  iodustry , th e  tre a tm e n t p ro c e ss  techno logy  

u se d , th e  des ign  o f  th e  tre a tm e n t p la n t, a n d  its  o p e ra tio n a l efficiency. M o s t o f  th e  la rge  

u rb a n /in d u s tr ia l  cen tres in  d eve lop ing  c o u n trie s  h av e  n o  effective w astew a te r  tr e a tm e n t system , 

a n d  th e  s itin g  a n d  des ign  o f  th e ir  ou tfa lls  o ften  do  n o t  p ro v id e  a d e q u a te  d ilu tio n  a n d  d ispersion , 

th u s  p o te n tia lly  endangering  h u m a n  h e a lth  a n d  resources.

33. E v e n  in  developed  co u n trie s , la rge  p o p u la tio n  ce n tre s  a re  still likely sources o f  co n ta m 

in a n ts  th r o u g h  th e ir  u o tre a te d  dom estic  effluents. T h u s , w hile  M arse illes, F ra n c e , h a s  very re 

c e n tly  se t u p  a m o d e rn  sew age tre a tm e n t p la n t, a  n u m b er o f  la rge  cities o n  th e  industria lized  

n o r th e rn  sh o re  o f  th e  M e d ite rran e an  a n d  its h in te rlan d  still la ck  one . E v e n  w h en  facilities a re  

av a ila b le , th e y  m a y  b e  in a d eq u a te  w h e n  lo a d  is  h ig h  ow ing  t o  seasona l increases. I n  th e se  cases 

a d d itio n a l tr e a tm e n t f o r  p eak  lo a d  c a p a c ity  c a n  be co s tly  t o  p ro v id e , a n d  overflow  re lease  m a y  be 

p re fe rre d  in  th e  sh o rt te rm , b u t  a p p ro p r ia te ly  sited  o ffsho re  o u tfa lls  a re  n eed ed , a n d  th e se  requ ire  

su rv e illan ce  to  e n su re  th a t  th e y  are , a n d  c o n tin u e  to  b e , effective.

34. i n  tro p ic a l a n d  su b -tro p ica l ocean ic  a reas w h ere  lo n g  s tre tch e s  o f  th e  co a s t m a y  be 

r a th e r  sp a rse ly  p o p u la ted , m o s t o f  th e  sew age f ro m  sm all co m m u n ities  e ith e r  d o e s  n o t  re a c h  th e  

sea  o r  is to o  d ilu ted  o n  d ischarge to  c a u se  de lec tab le  h a rm . N o ta b le  ex cep tio n s a re  p o p u la tio n  

c e n tre s  in  co a s ta l a reas a n d  es tu a rie s  in  L a tin /C e n tra l A m erica , S o u th -E a s t A s ia  a n d  W e ste rn  

A fric a  a n d  so m e sm all b u t  densely  p o p u la te d  ocean ic  islands. D u rin g  s to rm s , d o m e stic  a n d  in 

d u s tr ia l w astew ate rs  fro m  large m e tro p o lita n  a rc a s  o fte n  re a c h  th e  sea  th ro u g h  s to rm -w a te r  over

f lo w  a n d  o p e n  canals , receiv ing n o  tre a tm e n t. S eafood  h arv es ted  in  th e se  p la ce s  co n s titu te s  o n e  

o f  t h e  m a jo r  p u b lic  h e a lth  h a z a rd s  re la te d  t o  th e  m a rin e  env ironm ent.
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sea d isp o sa l is co n c en tra ted  a t  a  single s ite  o r  rep e a te d  a s  a  cyclic o p e ra tio n  over a m o re  ex tensive  

a re a . C y c lin g  w ill b e  m o re  dam ag in g  i f  th e  ca p ac ity  o r tim e  scale f o r  recovery  o r rec o lcn iz a tio n  

o f  a s low -grow ing  co m m u n ity  is  exceeded b y  to o  frequen t d ischarges.

40. M in e  ta ilings a re  o f  p a r tic u la r  co n cern . I t  h a s  b e e n  a  co m m o n  p rac tice  a t  c o a s ta l m ines 

to  d isp o se  o f  w aste  m ateria ls  to  th e  sea  e ith e r  directly o r b y  dum ping  in to  n v crs  fro m  w h ere  the 

w a s je s  a rc  period ically  sw ep t to  th e  sea  d u ring  flooding. S om e effluen ts a re  chem ically  in e ri , for 

exam ple  f ro m  ch ina-c lay  m in ing , a n d  th e  env iron  m en ta l effect is largely  d u e  to  physical b lanketing . 

F o r  m e ta l o re  m in ing , o n  th e  o th e r  h a n d , o p e ra tio n s  ex te n d  fro m  in itia l e x tra c tio n -c o n ce n tra tio n  

ac tiv itie s  t o  th e  final sm elting-refin ing  p rocedures. T he  resu lting  w in e s  a re  to x tc , p a rticu la rly  

th o s e  f ro m  th e  la te r  stage?, since th e  re fined  p ro d u c t o fte n  c o m a  fro m  k i ie n s is  e  c h e n i  cal t r e a t

m e n t d es ig n ed  to  iso la te  m e ta ls  a n d  th e ir  co m pounds. T he  m a in  m utai p ro d u c ts  f ro m  co a sta l 

m in es a n d /o r  p rocessing  facilities are a lum in ium , copper, iro n , lead , m ercury , m o ly b d en u m , tin , 

a n d  /in c .

2 . in d u s tr ia l  w a s te \  u n d  se w a g e  s ludge

41. In d u s tr ia l w astes d u m p ed  a t  sea  c a n  p resen t m uch  m ore  varied  a n d  in tra c ta b le  prob lem s. 

'I h ey  m a y  b e  bighlv  acid ic o r alkaline; liqu id  o r  largely  p a rticu la te , a n d  a n y th in g  fro m  relatively  

in e rt to  ex trem ely  toxic. T hey  in c lu d e  w astes  fro m  th e  chem ical, petrochem ica l a n d  p h a rm a c e u 

tic a l in d u strie s , f ro m  p u lp  a n d  p a p e r  p ro d u c tio n , from  sm elters, f ro m  th e  fo o d  in d u stry , from  

flu e -g as w ash in g s  a n d  fro m  m ilita ry  ac tiv ities. P re -tre a tm e n t o f  w astes a t  in d u s tria l s ites b c lo rc  

d isp o sa l is  ju d g e d  to  b e  essen tial in  a n  inc reasing  n u m b er o f  coun tries. T.DC reco rd s sh o w  th a t  in 

th e  p e r io d  1970-1985 th e  la rg est a m o u n t o f  in d u stria l w aste  d u m p ed  a t  sea w a s  17 m illion  to n n e s  

Ín 1982, a n d  th e  sm allest, 6  m illion  to n n e s  in  1984.

42. T h e  m on ito ring  te ch n iq u e s  u sed  in  assessing the im p ac t o f  w aste  d isposal to  (he  sea  in 

vo lve p h y s ic a l o r chem ical te s ts  a n d  species-dtversiry  stud ies, b u t so m e a rc  p ro ced o  rally  com plex 

a n d  co s tly , a n d  a ll a re  difficult to  in te rp re t i f  n o t  p roperly  p la n n ed  a n d  ca rrie d  o u t. M a n y  o l th e  

d a ta  a re  n o t  co m p arab le  betw een  sire* o r  s tud ies b ecau se  o f  th e  specificity  o f  d ischargev, d isp o sa l 

r ile s  a n d  ta rg e ts ,  a n d  b ecau se  s ta n d a rd  p ro ced u res  are n o t ro u tin e ly  used . K arlicr s tud ies a re  no t 

a lw a y s  o f  d irec t p rac tica l u s e  in  en v iro n m en ta l fo recasting  fo r  neis developm ents. C u rre n t m o n i

to r in g  s tra teg ie s  a n d  p rac tices in  re la tio n  to  th e  d isposal o f  in d u s tria l w astes  a t  sea  sh o u ld  be re 

view ed to  a ssess  th e ir  effectiveness. G u idelines should  be deve loped  to  e n su re  th a t  a ll re lev an t 

v a r ia b le s  a n il only th e  re levan t on es a re  m o n ito red ,

43. T h e  sludge a n s in g  fro m  th e  tre a tm e n t o f  sew age cari b e  u sed  a s  fertilizer o n  agricu ltu ra l 

la n d  o r  f o r  la n d  rec lam a tio n , w h en  i t  is n o t  co n tam in a te d  w ith  h igh  levels o f  m e ta ls , o ils a a d  o r 

g a n ic  c h e n  lica fo  H ow ever, in  so m e  cases i t  m a y  h e  m o re  ec o n o m ic  a n d  en v iro n m e n ta lly  p z e fc r a b k  

to  d isp o se  o f  it a t  sea. M un ic ipa l sew age sludge no rm ally  does n o t  co n ta in  co n ta m in a n ts  in  high 

c o n c e n tra tio n s , b u t  execs rive d u m p in g  m a y  h av e  harm fu l effects such  a s  oxygen  d ep le tio n  a n d
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48. O n  ava ilab le  evidence, th e  en v iro n m en ta l im p lica tions o f  in c in e ra tio n  a t  sea ca n n o t be 

reg a rd ed  a s  m o re  significant th a n  th o se  o f  in c in e ra tio n  o n  land . T h e re  a re  lim ita tio n s a n d  risks 

a s so c ia te d  w ith  e ith e r  choice. I n  p rac tice , th e  cho ice  w ill d ep e n d  o n  a  ca re fu l ana lysis o f  techn ical, 

social, a n d  po litica l a s  w ell a s  en v iro n m en ta l fac to rs . P end ing  th e  o u tc o m e  o f  th e  1992 L D C  as

sessm en t. so m e coun tries, fo r  in s tan ce  sm all is lan d  co u n tries , m a y  fin d  in c in e ra tio n  a t  sea  to  b e  th e  

p re fe rred , o r  ev en  th e  on ly , o p tio n  fo r  th e  d isp o sa l o f  c e r ta in  w astes. F o r  th e se  rea so n s , G F.SA M P 

co n s id ers  i t  a p p ro p r ia te  to  review  th e  en v iro n m en ta l a sp ec ts  o f  th is  te ch n o lo g y  a t  a n  early  date ,

D. D ISPO SAL O F PLASTIC LIT TER

49  T h e  sea  is inevitably  the rec ip ien t o f  solid m a tte r, in te n tio n a lly  disposed o f  o r acci

d e n ta lly  lo r i .  T h is  c a n  im e r  fe re  w ith  fishing, sh ip p in g  a n d  o th e r  m a rin e  a c tiv itie s , b u t  ca n  also 

su p p o r t h ie  in  th e  « a  hy provid ing  ad d itio n a l surfaces f o r  en c ru s tin g  o rg an ism s a n d  sh e lte r fur 

m o b ile  species. I n  th e  p as t, m uch  o f  such  solid m a tte r  d is in teg ra ted  qu ick ly , b u t  res is tan t syn the tic  

su b s tan ce s  h a v e  b een  rep lacing  m a n y  n a tu ra l, m ore  deg rad ab le , m a te ria ls  a n d  th is  trend  is c o n 

tin u in g .

.50. T h e re  is  n o w  grow ing  co n cern  am o n g  fisherm en, sc ien tists , seafarers, conservation ists, 

a n d  to u r is ts  a b o u t  th e  inc reasing  a m o u n ts  o f  p lastic  m a te r ia l fo u n d  a t  sea a n d  on  beaches. Such 

litte r  o r ig in a te s  fro m  b o th  la n d -b ased  a n d  se a -b o rn e  sources. M o st b each es n ea r  p o p u la tio n  

cen tres a r e  litte red  by  a  m u ltitude o f  p lastic  residues w ashed  up  fro m  th e  sea , c o n tr ib u te d  by  rivers, 

sh ip s a n d  ou tfa lls , d u m p ed  by  illegal refuse o p era to rs , o r left b eh in d  by  b e a c h  users.

51. S ince m u s t .synthetic m ateria ls  a re  b u o y a n t a n d  p e rs is te n t, th e y  p re s e n t a th re a t lo  living 

o rgan ism s a n d  th e  n a tu ra l env ironm en t. P lastic  d eb ris  ca n  b e  loosely  classified  in th ree  group '.: 

( 1)  f ish ing  g ea r  a n d  eq u ip m en t, such  a s  n e ts  a n d  bnes; (2 )  p ac k in g  b a n d s , s tra p s  a n d  synthetic  

ro p e s ; a n d  (J 'l p lastic  litter, including b ag s , b o ttle s , sh ee tin g , p ack ag in g  m a te r ia l a n d  sm all pellets 

f ro m  w h ic h  u se r’  p lastics a re  m a n u fa c tu re d . S uch  debris h a s  b e e n  reco rd ed , som etim es in  large 

q u a n titie s , in  th e  oceans, inc lud ing  th e  p o la r  reg ions, a n d  fro m  in te r tid a l a re a s  t o  abyssal dep ths.

52. F irs t, debris fro m  fishing vessels causes a  p a rtic u la r  p ro b lem . N e ts  w h ich  a re  d iscarded  

o r  lo s t c a n  co n tin u e  lo  c a tc h  o r en tang le  m arine  life a n d , being  n o n -d eg rad ab le , th e y  m ay a c t  in  

th is  w ay  fo r  y ears  (ghost-fish ing). T hey t a u  t r a p  m arine  o rgan ism s w h en  f lo a tin g  o n  th e  surface, 

w h en  sn ag g ed  o n  th e  b o tto m , o r w h en  d rifting  a t  som e in te rm ed ia te  level. M a rin e  m am m als, fish, 

sea  b ird s  a n d  tu rtle s  are a m o n g  th e  an im als a t  risk . T h e re  is a lso  a degree o f  h u m a n  risk  to  w orkers 

u n d e rw a te r  w ho m a y  becom e en tang led  in  a b a n d o n ed  n e ttin g . D eb ris  c a n  a lso  seriously affect 

sh ip p in g  by  fo u ling  propellers, dam ag in g  drive shafts  a n d  clogging vca in ta k es  a n d  ev ap o ra to rs . 

T h e  lo ss  in  p ro d u c tiv e  tim e a t  sea a n d  th e  costs  o f  rep a ir  rep re se n t a  c lea r econom ic  detrim en t to  

m a ritim e  in d u strie s , a n d , m  th e  case o f  fish ing  vessels, c a n  red u ce  e a rn in g s  significantly . A  1975
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m od ified  b y  th e  P ro to c o l o f  1978 re la tin g  ih c rc lo  (M A R P O L  73 /78), íd  its A n n e x  V , con tain s 

reg u la tio n s  fo r  th e  p rev en tio n  o f  p o llu tio n  b y  garb ag e  fro m  sh ips, w h ich  en te red  in to  fo rce  in  D e 

cem b er 1988. T h ese  Include p ro h ib itio n  o f  d ischarge lo  the sea o f  a ll p lastic s, such  a s  syn thetic  

ro p e s , f ish ing  n e ts  a n d  p la s tic  bags. G u idelines fo r  th e  im p lem en ta tio n  o f  A n n e x  V  to  th e  C o n 

v e n tio n  req u e s t g o v ern m en ts  t o  c o n s id e r  a series o f  m easu res , inc lud ing  rep o rtin g  system s, reco rd  

b o o k s  o n  b o a rd  sh ips, co m p lian ce  incen tive  system s a n d  ed u ca tio n a l p rog ram m es.

59. T h e  ab an d o n m e n t o f  tra sh  such  a* w o rn  vehicle ty res, d iscarded  dom estic  equ ipm en t, 

c a n s  a n d  c ra te s  co n trib u tes  to  th e  unseem ly  asp ec t o f  m a n y  sh o res , especially  th o s e  close to  u rb an
i

a re a s . I n  so m e in stan ces, ev en  m edical a n d  surg ical e q u ip m en t h as  b een  re p o rte d  o n  beaches.

60 . K duca tiona l ca m p a ig n s  w ill b e  a .  pow erfu l to o l  in  b ring ing  ch an g es in  pub lic  a ltitu d e s  

to w a rd s  th e  en v iro n m en t, a n d  such  ca m p a ig n s  h av e  in d eed  b een  in tro d u c ed  since 1988 by  m any  

c o n tra c tin g  p a r tie s  to  th e  c o n v e n tio n s  o r p ro to co ls  fo r  th e  p rev en tio n  o f  m a rin e  p o llu tio n  by  

d u m p in g  o f  w astes. N ev erth e less , m o re  e ffo rt sh o u ld  be d irec ted  to w ard s  conv incing  th e  pub lic  

a n d  th e  a u th o r i tie s  o f  th e  v a lu e  a n d  sm a ll p erso n a] co s t o f  keep ing  th e  en v iro n m en t clean -  a t  sea 

a n d  o n  th e  b each es a s  m u c h  a s  a lo n g  riv ers , inside cities a n d  o n  m o u n ta in  slopes.

E. M A N IPU LA TIO N  O F HYDROLOGICAL CYCLES

61. M  aj o r  changes in  th e  p a t te m  o f  river flow s th a t  a re  o f  sign ificance to  m a rin e  ecosystem s 

c a n  ta k e  p la c e  a s  a  resu lt o f  n a tu ra l  cau ses . T h e  Y ellow  R iv er in  C h in a , f o r  exam ple , h a s  m ade 

severa l ra d ic a l a lte ra tio n s  o f  c o u rse  d u r in g  th e  p a s t  4,000 y ea rs , en tering  th e  Y ellow  S ea a t  p o in ts  

v a ry in g  b y  a s  m u c h  a s  800  k m . T h e  ch a n g e s  in tro d u ced  by  th e  deliberate  ac tio n s  o f  m a o  in  d irectly  

ex p lo itin g  r iv e r  h y d ro lo g y  m u s t b e  v iew ed in  th is  perspective.

62. M a n -in d u c ed  a lte ra t io n s  o f  riv e r flow  d a te  b ack  to  an c ie n t civ ilizations, b u t  m a jo r  d am  

b u ild in g  d id  n o t  beg in  u n til th e  ea rly  tw e n tie th  ce n tu ry . T h e  bu ild ing  o f  g rea t m u ltip u rp o se  dam s 

h a s  ac ce le ra ted  sioce  th e  1950s w ith  a d v a n ce s  in  engineering techno logy , p a rticu la rly  in  th e  use o f  

co n c re ic . In  th e  1960s, 40  to  55  d a m s w ere com ple ted  each  year, a n d  recen tly  th e  n u m b e r  o f  such  

schem es h a s  in c reased  su b stan tia lly . I n  A frica  a n d  N o rth  A m erica  a t  least 20  p e r  c e n t o f  ru n -o ff  

o r ig in a te s  fro m  im p o u n d m en ts ; in  E u ro p e  a n d  A s ia  15 a n d  14 p e r  cen t; in  A u s tra la s ic a  a n d  Souch 

A m eric an  a re a s , 4  a n d  6  p e r  ce n t, respectively .

63. R ivers  c a rry  la rg e  a m o u n ts  o f  d isso lved  a n d  p a r tic u la te  m a te ria l t o  th e  sea. T h e ir  d is

c h a rg es  a rc  h igh ly  variab le, b e in g  d e te rm in e d  by  chem ical, physical, a n d  b io lo g ica l fac to rs  m  th e  

r iv e r b as in . T h e  g lo b a l a m o u n t o f  sed im e n t reach in g  th e  oceans is 13.5 10^ M t y *  b u t  th e  

p a u c ity  o f  a c c u ra te  d a ta , th e  d ifficu lty  o f  m easu rem en ts  d u ring  H ood co n d itio n s  a n d  th e  degree o f  

e x tra p o la tio n  needed  m a k es  e s tim a te s  u n c e rta in . T h e  m a jo r  p h y sic a l a n d  chem ica l in fluence o f  

r iv e r d isch arg es in  th e  c o a s ta l receiv ing  w a te rs  d ep en d s  o n  th e ir  flow , w hich  w ill b e  a lte red  sub-
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en tire ly  h e ld  b ac k . T h e  effect on  fisheries* h a s  b een  d ram atic . S h rim p  fisheries declined  a n d  th e  

Sardinella  y ie ld  o f  18,000 tonnes in  1962 d ro p p e d  to  2,000 to n n e s  in  1967 a n d  rem a in ed  betw een 

2 ,000 a n d  3 ,000 toorves un til 1983, T h e re  a rc  n o *  signs th a t  th e  y ie ld  is r is ing  aga in , possib ly  in 

re sp o n se  to  in c reased  n u tr ie n t in p u ts  p ro v id ed  b y  d ra in a g e  w ate rs  fro m  th e  irrig a tio n  o f  ag ricu l

tu ra l  a re a s  in  th e  d e lta  a n d  im proved  fish ing m e th o d s. M a jo r  c o a s ta l dev e lo p m en ts  h av e  aiso 

fa r-reach in g  effects o n  the species c o m p o s itio n  o f  ad jac en t w ate rs  {e.g. th e  o p en in g  o f  th e  S u e / 

C a n a l o n  M e d ite rran e an  species) o r  o n  th e  n a tu re  o f  th e  ecosystem  (e.g. tid a l dam s a n d  barrages). 

O th e r  ty p e s  o f  b a rrie rs  p laced across riv ers , such  a s  tid a l co n tro l g a tes , c a n  lead  t o  local m orta lity  

in  d o w n s tre a m  co a sta l shellfish bed s a n d  suspended  fish  cu ltu re  cages d u n n g  h ig h  flows.

69. I n  conclusion , m an ip u la tio n  o f  hy d ro lo g ica l cycles o n  la n d  c a n  h a v e  ad x c rsc  effects in  

th e  m a rin e  e n v iro n m en t b y  changing  th e  s tru c tu re  o f  ecosystem s, d im in ish ing  th e  yield o f lis h c n e s  

a n d  a lte r in g  coastlines. C learly , w hile dam s a n d  d iversions a re  p la n n ed  to  b en e fit agrie ul tu rc  or 

o th e r  h u m a n  activ ities, a  b a lan c e  m u s t be s tru c k  betw een  th e  po sitiv e  gam « ex p ec ted  a t  a  lo  tu i 

level a n d  th e  p ro b a b le , b u t m ore  rem ote , adverse  effects o q  th e  overa ll env ironm ent

F. LAND-USF. PRACTICES

70  W h ile  w a te r  d iversion  a n d  d a m  bu ild ing  in  in la n d  a re a s  h av e  p ro fo u n d  effects o n  the 

c o a s ta l z o n e  by  a ltering  in p u ts  o f  fre sh  w a te r  a n d  sed im en ts a o d  by  ch ang ing  th e  physical ch a ra c 

te ristic s o f  th e  coastline , a n u m b er o f  o th e r  ac tiv itie s co n d u c ted  well in la n d  a lso  affeoc the sea  a n d  

its  re so u rce s  O n e  o f  th e  m o st im p o r ta n t o f  these  is th e  in tensive  u se  o f  p ers is ten t agrochem ical«, 

b u t  d e fo re s ta tio n , affo resta tion , irrig a tio n  a n d  several o th e r  land -use  p rac tices a re  a lso  significant. 

T h e ir  im p a c t o n  th e  coast sh o u ld  b e  ta k e n  in to  co n s id e ra tio n  a t  th e  p lan n in g  stage.

71. W hile  i t  is a p p a re n t th a t  large-scale clearing  o f  fo re sts  a n d  o f  g rasslands generally  resu lts  

in  m o re  ra p id  ru n -o f f  leading t o  so il e ro sio n  a n d  increased  se d im e n ta tio n  in  c o a s ta l a reas , th e  in 

flu en ce  o f  tre e s  varies w ith  local to p o g rap h y , ra in fa ll a n d  soils. 1.a rg e-scale a ffo re s ta tio n  in 

te m p e ra te  c lim ates h a s  led  to  reduced  n v e r  d ischarges by  increasing  é v a p o tran sp ira tio n , a n d  to  

ch an g es in  d ra in ag e-w ate r q ua lity , a l th o u g h  th e  effect m ay  b e  d iffe ren t in  d iffe ren t edaph ic  a n d  

c lim a tic  co n d itio n s. A dverse effects a lso  resu lt fro m  in tensive  farm in g  p rac tices . F o r  exam ple, 

in tensive  livestock  rea ring  leads to  h igh  a m m o n ia  em issio n s w ith  p o te n tia l fo r  so il ac id ification  and  

m o re  acid ic d ra in ag e; overgrazing  increases so il ero sion , p a rticu la rly  in  a rid  areas; d isp o sa l o f  a n i

m a l w a s te s  b y  la n d  m an u rin g  o r  th ro u g h  sew ers increases th e  o rg an ic  lo a d  d isch arg ed  to  co a s ta l 

a rcas .

72. T h e  w orld-w ide p ressu re  to  io c rease  irr ig a tio n  in  a r id  a rc a s  h a s  o ffen  led  to  adverse  ef

fec ts  a n d  w ill a lso  h av e  co nsequences in  th e  lo n g  te rm  fo r  th e  m a rin e  en v iro n m en t. F o r  exam ple, 

ir r ig a tio n  w a te r  is o ften  en tire ly  co n su m ed  befo re  reach in g  th e  co ast, a n d  a n y  d ra in a g e  fro m  irri-
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w a te rs  a n d  m o re  h o stile  en v iro n m en ts . W ith  (be  m o v e  to w ard s  s tab iliza tio n  o f  p rices a t  low er 

levels in  1986. th e  tre n d  io  co n su m p tio n  h a s  ag a in  b een  upw ard .

77. T h e  g en e ra l p ic tu re  in  th e  decade u p  t o  1986 is o f  a  d ra m a tic  d ro p  o f  25 p e r  ce n t in  th e  

a m o u n t  o f  o il m o v ed  b y  sea . 431 m illion  to n n e s  less ín  1986 th a n  in  1977. T h is  re d u c tio n  to o k  

p la c e  a lm o s t en tire ly  in  th e  M iddle E a s t, th e  1986 ex p o rts  f ro m  th a t  a re a  b e in g  on ly  53  p e r  ce n t 

o f  th e  1977 figures, a  re d u c tio n  o f  485  m illion  to n n es. T he  m a in  im p o rtin g  a re a s  w ere  still W este rn  

E u ro p e  f irs t ,  th e  U .S .A . second  a n d  Ja p a n  th ird , b u t  o v e r  th e  d ec ad e  th e ir  im p o rts  w ere  reduced  

b y  34, 32, a n d  25  p e r  ce n t, respectively . A n o th e r  n o ta b le  tre n d  h a s  b een  th e  s te ad y  increase  in  th e  

t r a n s p o n  o f  f in ish ed  p ro d u c ts  (m o stly  n o n -p e ra s ie n l)  i s  c o n tra s t t o  c ru d e  oil. I n  1977 th e  tra n s 

p o r t  o f  f in ish ed  p ro d u c ts  rep resen ted  15 p e r  c e n t o f  to ta l  ex p o rts  b u l  th e  figure h ad  in c reased  to  

25  p e r  c e n t b y  th e  fo llow ing  year, a n d  c ru d e  oil ex p o rts  w ere 33 p e r  ce n t less.

78. A sso c ia te d  w ith  th e  red u ced  tra n sp o rta tio n , th e  n u m b e r  o f  o il sp illages a t  sea  reco rd ed  

b y  th e  In te rn a t io n a l T a n k e r  O w ners P o llu tio n  F e d e ra tio n  h a s  declined  stead ily  in  th e  la s t decade, 

f ro m  a n  a n n u a l  average  o f  670  even ts in  th e  firs t five y ears  to  173 in  th e  la s t  five. F o r  m a jo r  a c 

c id en ts  w ith  o v e r  5 ,000 b arre ls  (725 to n n e s)  sp illed , th e  co rresp o n d in g  av e rag es a r e  2 0  a n d  seven 

ev en ts . I t  is p a r tic u la r ly  encou rag ing  th a t  decreases occurred  n o l  on ly  in  th e  a b so lu te  n u m b e rs  

o f  ac c id en ts  b u t a lso  in  th e  ra te . A n  analysis o f  ca su a lty  r e p o r ts  in  L lo y d 's  R eg iste r o f  S h ipp ing  

sh o w s t h a t  th e  n u m b e r  o f  se rious casualties in  ta n k e rs  o v e r  6 /100  g ro ss  reg is te red  to n s  (g rt)  average  

2  5 p e r  h u n d re d  sh ip s i n  th e  period  1977-198! b u t on ly  1.8 in  th e  period  1982-1986. H ow ever, 

n u m b e r  is n o t  th e  o n ly  a sp e c t o f  casua ltie s th a t  m u s t b e  considered , th e ir  m a g n itu d e  a n d  th e  c ir

cu m s ta n c e s  in  w h ich  th e y  o c c u r  a re  a s  im p o r ta n t (see  section  I  J ) .

79. T h e  re d u c tio n  in  th e  a m o u n t o f  oil ca rrie d  a t  sea  h a s  n o t  o n ly  d ecreased  p o llu tio n  b e 

c a u se  o f  th e  d im in ish ing  n u m b e rs  o f  acciden ts, i t  h a s  a lso  c u t  o p e ra tio n a l in p u ts  o f  o il a n d  th is  h as  

b een  a id e d  b y  th e  e n try  in to  force o f  M A R P O L  73/78 . A n n e x  I  o f  th is  C o n v e n tio n  requ ires , 

a m o n g  o th e r  th in g s , th a t  a  g rea te r n u m b e r  o f  ta n k e rs  be fitted  w ith  seg reg ated  b a lla s t a n d  crude 

o il w ash in g  system s, a n d  th a t  a ll m u st h av e  effective o il/w â te r in te rfa c e  d e tec to rs  a n d  o v erb o a rd  

d isch arg e  m o n ito rs . A lso , a ll vessels o f  10,000 g rt m u s t b e  f itte d  w ith  o ti-w a te r s e p a ra to rs  a n d  oil 

d isc h a rg e  m o n ito rin g . I n  a d d itio n , special a re a s  h av e  b een  d es ig n ated  (M e d ite rra n e a n  Sea, Black 

S e a . B a ltic  Sea, G u l f  A re a , R ed  S ea and , s ince  1988, th e  G u lf  o f  A d en ) w h ere  th e re  is to ta l  p ro h i

b i t io n  o f  a l l  d isch arg es f ro m  sh ip s  o th e r  th a n  c lean  w ater.

80. T h e se  reg u la tio n s  h av e  resu lted  io  a  m a jo r  re d u c tio n  o f  o p e ra tio n a l p o llu tio n , n o t only 

f ro m  ta n k e rs  b u t  a lso  f ro m  all o th e r  ty p es o f  v e s se l T here  h a v e  b een  p ara lle l n a t io n a l  a n d  in te r

n a t io n a l  im p ro v e m en ts  in  sh ip  safe ty  requ irem en ts  a n d  in  tra ffic  se p a ra tio n  schem es in  a re a s  o f  

h ig h  tra ffic  d en s ity . In  re c e n t y ears  th e re  h as  b een  a  m a jo r  stren g th en in g  o f  en fo rcem en i p ro c e 

d u re s  a n d  vessel in sp ec tio n s, p a rticu la rly  b y  s ta te s  th a t  a re  m a jo r  im p o rte rs  o f  oil.
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d iv e rs ity  o f  clim ates. D rillin g  o p era tio n s  a re  now' co n d u c ted  ev en  in  such  h o stile  en v iro n m en ts  as 

th e  G ra n d  B anks, p a r ts  o f  th e  G eorges B ank a n d  th e  B eau fo rt Sea.

85. E n v iro n m en ta l im p a c ts  a re  possib le  a t  all s tag es  o f  o il ex p lo ita tio n . D u rin g  th e  in itia l 

su rv ey s  t o  lo c a te  reserves, th e  explosives used ca n  kill fish , a n d  o th e r  seism ic survey  technique», 

in te rfe re  w ith  com m ercial fish ing . W h e n  a  field h as  b e e n  iden tified , assessm en t o f  its p o te n tia l in 

vo lves e x p lo ra to ry  drilling fro m  ships o r  te m p o ra ry  p la tfo rm s , w h ich  p ro d u c e  th e  sam e im p ac t a s  

a n y  la rg e  vessel an cho red  fo r  a n  ex tended  p e r io d  T he  d ischarges o f  d rilling  m u d  m a y  ca u se  add i

t io n a l  p ro b lem s. O nce th e  presence o f  hyd rocarbon*  in  com m ercia l q u a n titie s  h a s  b een  d em o n 

s tra te d , p ro d u c tio n  facilities a re  set u p . T h ese  m a y  invo lve g ravel is lands c re a te d  fro m  dredged 

m a te r ia l fro m  n ea rb y  b o rro w  p its  o r fro m  onsh o re  g ravei deposits , w ith  m a te r ia l tru c k e d  to  th e  

is la n d  site o v e r  su b stan tia l causew ays. S u ch  islands cau«e m u ltip le  im pacts b o th  b y  th e  associa ted  

d re d g in g  a n d  dum ping  a n d  by  physical a l te ra t io n  o f  c o a s ta l processes.

86. T h e  m o st co m m o n  m e th o d  o f  e x p lo ita tio n  is f ro m  steel o r co n c re te  p ro d u c tio n  p la tfo rm s 

w h ic h  m a y  w eigh  m any  th o u sa n d s  o f  to n n es. T he  im p a c ts  o f  these  s tru c tu re s  s tem  p a r tly  from  

o p e ra tio n a l  releases a n d  p a rtly  fro m  acciden ts, 'l  o  som e e x te n t th e  la tte r  c a n  be av o id ed  by  good  

sa fe ty  p rac tice . O p era tio n a l d ischarges a re  f o r  th e  m o s t p a r t  reg u la ted  by  in te rn a tio n a l agree

m en ts . I n  th e  N o rth  Sea, fo r  exam ple , o il in  w a te r d isch arg es is lim ited  to  40  p p m . B oth  ex p lo 

ra t io n  a n d  p ro d u c tio n  in s ta lla tio n s  use drilling m uds, w hich  m a y  o r  m a y  n o t co n ta in  significant 

a m o u n ts  o f  o il, a n d  p ro d u ce  la rg e  q u a n titie s  o f  cu ttin g s, ro c k  frag m en ts  derived f ro m  th e  drilling. 

T h e  cu ttin g s , sep ara ted  a s  m u c h  a s  p o ss ib le  fro m  th e  drilling  m uds (w hich  b ec au se  o f  th e ir  h igh  

c o s t a re  reco v ered  a n d  re-used  a s  freq u en tly  a s  possib le) a re  d isposed  o f  over th e  side o f  th e  p la t

fo rm . T h e y  ac cu m u la te  o n  th e  b o tto m  a n d  m a y  affec t a n  a rc a  o f  u p  to  3 k m  ra d iu s  a ro u n d  th e  

p la tfo rm , a n d  cause  obvious ch an g es in  th e  h en th ic  com m un ities th e re . T h e  im p a c t o f  no rm al 

o p e ra tio n s  is the re fo re  sign ifican t b u t localized . F o r  in s tan c e , on ly  a b o u t 0 1  p e r  ce n t o f  th e  N o rth  

S ea  is ex p o sed  in  th is  w ay. A lso , o ffsho re  wells c a n  b e  a  ta rg e t fo r  m ilita ry  ac tio n , a s  show n  by 

re c e n t ev e n ts  in  th e  G u lf  a re a , o r sa b o ta g e , w ith  c o n seq u e n t po llu tion  o f  th e  n e ig h b o u rin g  w aters.

87. I n  ad d itio n  to  these  en v iro n m en ta l effects, o il e x p lo ita tio n  h a s  o th e r  im p acts . T he  

p re se n c e  o f  rigs a n d  p ipelines c re a te s  exc lu sion  zones fo r  fish ing  vessels a n d  o th e r  sh ipp ing , w hile 

th e  d eb ris  asso c ia ted  w ith  o ffshore oil o p era tio n s  c a n  d am ag e  fishing gear o r  en tan g le  sh ips ' 

p ro p e llo rs . I n  th e  N o rth  Sea, n ea rly  six  m illion  p o u n d s  s te rlin g  b a r e  b e e n  p a id  o u t  in  co m p en 

s a t io n  f o r  lo ss  o f  fishing g ea r  by  N o rw e g ian  fisherm en  a n d  a b o u t  1,200 c la im s h av e  b e e n  m ad e  by  

U .K . fislxcnncn over th e  p a s t 10 y ears  fo r  lo ss  o f  g ea r  a n d  fish ing tim e . A n  o p e ra tio n  over e igh t 

y e a rs  to  re m o v e  1,600 to n n e s  o f  debris fro m  6,300 k m ^  o f  $ea-bed iu  th e  N o rw e g ia n  se c to r  o f  the 

N o r th  S ea h a s  co s t a n  e s tim a te d  3 m illion  p o u n d s  sterling . T h is c lean -u p  in  th e  N o rw e g ian  sector 

h a s  b e e n  su p p o rted  by  im proved  ch a r tin g  o f  th e  seabed , by  se rious a t te n tio n  b y  th e  oil com pan ies 

to  p re v e n t d eb ris  beiog  d u m p ed , a n d  by  s tric te r n a tio n a l regu la tions.

88. A  fu rth e r  p rob lem , on ly  now  em erg ing , is th e  q u e s tio n  o f  decom m ission ing  a n d  d isposal 

o f  oil in s ta lla tio n s . In som e p a r ts  o f  th e  w orld  p la tfo rm s a rc  reach in g  th e  e n d  o f  th e ir  usefu l lives
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cia! is lan d s  in  sha llow  w ater.

01. E ffects w ill d epend  o n  th e  m e th o d  o f  m in ing , th e  ty p e  o f  o re  a n d  th e  ch a rac te ris tic s  o f  

th e  m in e  site , w here d is tu rb an ce  w ill b e  cau sed  in  th e  w a te r  c o lu m n  a n d  o n  th e  sea-bed . I n  th e  

w a te r  c o lu m n , su rface  tu rb id ity  p lum es a re  c re a te d  b y  th o se  system s designed to  p u m p  o re  in  a 

slu rry  t o  a  su rface  vessel, a n d  a lso  o cc u r close to  th e  sea  d o o r  i f  fine  m a te ria l is p ro d u ced  o r is al

re a d y  p re se n t in  th e  b o tto m  d e p o s it  T h e  m a in  d is tu rb a n ce s  a re  o n  th e  sea  flo o r in  th e  p a th  of th e  

co llec tio n  m ach in e ry , a n d  ad d itio n a l d is tu rb a n ce s  b y  n o ise  a n d  ev en  lig h t a re  possible.

92. E ffec ts  m a y  be tn  th e  n e a r  o r  th e  f a r  field. N ear-field  effects a re  th o se  lim ited  to  the 

m in e  s ite  a n d  th e  period  o f  ac tiv e  m iniog. T h e re  w ill inev itab ly  b e  lo c a l im p a c t o n  th e  b o tto m . 

Im m o b ile  a n d  slow -m oving  b cu th ic  species a n d  th e ir  h a b ita ts  a re  affected , a n d  spaw n ing  g ro u n d s 

o f  o th e r  spec ies  a re  dam aged  by  th e  m in ing  m achinery . O n  a  sea-bed  sub jected  to  w av e  ac tion , 

sh a llo w  tre n c h e s  in  sand  f la tten  in  h o u rs  o r m o n th s  b u t  in  g rave l, p its  m ay  t a l c  25 y e a rs  o r  m ore  

t o  fiU. S u ch  tren ch es, p its  a n d  m o u n d s  ca n  ca u se  p ro b lem s fo r  fisherm en  u s in g  b o tto m  g ea r in  the 

a re a , a s  c a n  exposed  o r d isp laced  b o u ld e rs  o r  d iscarded  m ining gear. S and  a n d  g ravei m in ing  arc 

effec tive ly  reg u la ted  in  som e coun tries.

93. F ar-fie ld  effects a re  likely to  b e  o n  th e  sca-bcd , su rface  a n d  m id -w ater effects being  

m in im al. T h e  tw o  m a in  fac to rs  a re  tu rb id ity  a n d  sed im en tation .

94. T h e  d irec t physical e/Teci o f  sé d im en ta tio n  is  m o i t  im p o r ta n t, a lth o u g h  m a n y  b u rrow ing  

o rg a n ism s  a r e  ab le  t o  w ork  th e ir  w ay  o u t a s  m ateria ) is deposited . H ow ever, th e  scale  a n d  fre

q u en c y  o f  sed im en t d ischarge m a y  exceed  th e  ca p ac ity  o f  b en tb tc  com m unities t o  su rv ive o r  re 

cover. S om e organism s such  a s  c o ra ls  a n d  b o tto m -sp a w n in g  fish , w hich  requ ire  d e a r  w a te r  arc 

p a r tic u la rly  a t  r isk  fro m  increased  se d im en ta tio n . O th e r  com m u n ities , f o r  exam ple th e  cohb le-kclp  

c o m m u n ity  in  th e  A rctic , a n d  d eep -sea  en v iro n m en ts  w hich  a re  slow  to  b e  reco lon ized , a r e  also 

p a r tic u la rly  vulnerab le. T ox ic  su b stan ce s  in  th e  o rig ina l sed im en ta  a rc  unlikely  t o  b e  a p ro b lem  m  

th e  f a r  field.

95. I n  conc lu sion , w hile m in e ra l ex p lo ita tio n  in  th e  sea  d o e s  h av e  m e asu rab le  im p a c t o u  th e  

en v iro n m en t, th is  is íifccfy to  be lim ited  t o  th e  site a n d  th e  tim e o f  che o p era tio n , a n d  c a n  b e  r e 

d u ced  b y  c a re fu l p lan n in g  a n d  a t te n t io n  t o  o p e ra tio n a l p ro ced u res . W id esp read  a d o p tio n  o f  re 

cogn ized  s ta n d a rd s  a n d  c r ite r ia  fo r  th e se  p ro ced u res  w o u ld  b e  use fu l. S tan d a rd isa tio n  o f  sam pling , 

a n a ly se s  a n d  rep o rtin g  o f  en v iro n m en ta l in fo rm atio n  is  des irab le  to  o b ta in  d a ta  th a t  c a n  be app lied  

in  d iffe ren t g eo g ra p h ic  o r te m p o ra l co n tex ts . S uch  d a ta  a re  req u ired  b e fo re  th e  com m encem ent 

o f, d u r in g , a n d  a f te r  th e  co m p le tio n  o f  m in e ra l recovery  o p era  lion  s so  a s  to  fo recast a n d  assess 

im pacts.
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I. EXPLOITATION O F LIVING M ARINE RESOURCES

102. ) h e  firs l G E S A M P  re p o r t on  th e  H e a lth  o í th e  O cean s re ferred  to  th e  g lobal fisheries 

y ield , n o tin g  th a t  th e  1979 c a tc h  o í 71.3 m illion  to n n e s  rep re se n ted  a n  in c rease  o f  a b o u t I m illion  

to n n e s  o v e r  th e  prev ious y e a r  a n d  th a t  an n u a l inc reases  w ere ru n n in g  a t  o n ly  1-2 p e r  cen t, m u c h  

lo w er th a n  th e  0-7 p e r  ce n t increases o f  earlier decades. H ow ever, since 1979, the overa ll tre n d  hus 

b een  s tro n g ly  u p w ard s, w ith  an n u a l inc reases  a g a in  in  th e  reg ion  o f  7  p e r  cen t. T he  m ost recen tly  

re p o r te d  c a tc h , fo r  1987, ach ieved  a n ew  reco rd  o f  92.7  m illion  to n n e s , a n d  p re lim inary  figures for 

1988 in d ic a te  a  fu rth e r  increase  to  94  m illion  to n n e s . I t is n o w  expected  th a t  th e  figure o f  100 

m illion  to n n e s , w hich  m a n y  believed  to  b e  the m ax im u m  susta inab le  g lo b a l yield o f  conven tional 

fisheries, will b e  reached  well befo re  th e  e n d  o f  the ce n tu ry . H ow ever, th is  progressive increase 

c o n c ea ls  g re a t v ariab ility  o f  n a tu ra l resources a n d  m a o v  problem s.

103. A  m a] o r p a r t  o f  th is  v ariab ility  is  due to  n a tu ra l cause  v, no  t  least to  E l N iño - type e \  cn  is 

(see  section  1 J )  w hich re su lt  Ín ch an g es in  th e  d is trib u tio n  a n d  ab u n d a n ce  o f  th e  s to c k s  o f 

a n c h o v e ta  a n d  sm all pelag ic fish , a n d  a lte r  th e  fish ing p a tte rn s  o f  several c o u n trie s  th a i  co n trib u te  

sign ifican tly  io  th e  g lobal ca tch . In  g eneral, n a tu ra l  f lu c tu a tio n s  a rc  n o t  clearly  u n d ers to o d  and  

th e ir  causes n o t know n. C om bined  w ith  excessive e x p lo ita tio n , th e  co nsequences for fisheries o f  

these  n a tu ra l  even ts seem  to  b e  m uch  m ore im p o rta n t th a n  a n y  k n o w n  p o llu tio n  effect in  open

w ater.

I»4. A  la rge n u m b er o f  stocks, especially th o s e  m o st v a luab le  com m ercia lly , are fished  at 

o r  b e y o n d  th e ir  m ax im um  susta inab le  y ield , a n d  ra tio n a l m an ag em en t is com plicated  by  changes 

in  th e  d y n am ic  b a lan ces betw een  species. P ressu re  o n  s to c k s  is increased  by new  techno logy  - the 

c o n tin u e d  deve lopm en t o f  b e tte r  vessels, im proved  fish-findiug tech n iq u es , new  gear, advanced  

h an d lin g  a n d  freezing facilities. D rift n e ts  o f  m o n o filam en t ny lo n , f o r  exam ple , a re  now  used on 

a  la rge  scale  in  th e  o p en  ocean . I n  th e  S o u th  Pacific a lleet of* 100 b o a ts  ad o p ted  th is  technique 

in  1988, a n d  se ts  o u t e a c h  n ig h t over 60  k m  o f  n e ttin g , 60  m  in  d ep th , fro m  e a c h  b o a t fo r  lu n a . 

A  c o m p a ra b le  o p e ra tio n  ta k e s  p lace  in  th e  N o rth  Pacific fo r  sa lm on  These n e ts  c a tc h  dolphins, 

w hales, tu r tle s  a n d  seals a s  well a s  th e  (a rge l species a n d , used o n  a  la rge  scale, (hey represen t a 

f ish ing  e ffo rt th a t  h a s  n o t p rev iously  b een  (b o u g h t possib le  in  th e  o p en  ocean.

105. S ince (he  13th cen tu ry , w hale rs h av e  b een  ab le  to  im p ro v e  (h e ir  ca tch  b y  tak ing  ad* 

v a n ta g e  o f  ad v an c in g  techno logy  to  ex p lo it m ore  a n d  m o re  species, w orld-w ide. B ecause w hales 

a re  o fte n  d ispersed  th ro u g h  ex tensive sea  a re a s  a n d  lim n ed  to  slow  ra te s  o f  rep ro d u c tio n , the 

n u m b e r  o f  b reed ing  am m aJs w ith in  som e o f  th e  m o s t h eav ily  ex p lo ited  species is  critical. W hile 

th e re  is n o  firm  evidence th a t  a n y  w h ale  species h a s  b een  lo s t, co n cern  is  expressed  fo r  species such 

as  th e  R ig h t W h a le  in  th e  n o r th e rn  hem isphere , a n d  th e  ea s te rn  P acific  G ra y  W hale . F orm erly ,
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tr ia l  f ish e rie s  f o r  sm aQ species a n d  th e  juven iles o f  larger ones.

110. H u m a n  a tte m p ts  t o  m a n a g e  n a tu ra l  p o p u la tio n s  c a n  h a v e  o th e r  effects. F o r  exam ple, 

c o n s e rv a tio n  m easu res  to  p ro te c t  sea l s to c k s  b y  p rev en tin g  h u n tin g  a n d  culling  m a y  increase  th o r  

n u m b e rs , re su ltin g  in  overcrow ding  a n d  disease a t  h au l-o u t sites a n d  increased  com p etitiv e  p res

su re  o n  fishery  resou rces. I n  a d d itio n , se a ls  a re  h o s ts  t o  p a ra s ite s , p a r t  o f  w h o se  life cycle is 

co m p le te d  in  che flesh  o f  co m m erc ia l fish , a n d  in  several p a r ts  o f  th e  w orld  fisherm en  co m p la in  th a t  

in c re ase d  s e a l p o p u la tio n s  resu lt ín  p a ra s ite  levels in  fish  so  h igh  th a t  th e  c a tc h  becom es 

u n m a rk e tab le .

I l l -  A lth o u g h  liv ing m a rin e  reso u rces a re  h arv es ted  largely  fo r  fo o d , so m e species a re  u ti

lized  fo r  o th e r  p u rp o ses . T h e  ex p lo ita tio n  o f  livm g co ra la , co ra llin e  a lg ae  a o d  so m e m o llu scs for 

c o n s tru c tio n  m a te r ia l c a n  severely  d am ag e  b io log ica l com m unities. T h e  inc reasing  im p o rtan ce  a n d  

u s e  o f  p h a rm a ce u tic a l p ro d u c ts  fro m  m a rin e  o rgan ism s h a s  resu lted  in  sm all-scale harvesting  o f  

r a r e  o r  u n c o m m o n  species.

112. M a ric u ltu rc , w h ich  is rap id ly  ex p a n d in g  w orldw ide (25-30 p e r  c e n t p e r  y ea r  in  som e 

c o u n trie s ) , c a n  a lso  h av e  su b s ta n tia l, i f  lo c a l, effects o n  th e  en v iro n m en t. I f  co n d u c ted  o n  a  la rge  

e n o u g h  sc a le  a t  a  sing le site , i t  ca u se s  e u tro p h ic a tio o , reduces v isual am en ity , a n d  ca n  in terfere 

w ith  o tb e r  u s e s  o f  th e  sea. I n  p a r tic u la r , cag e  c u ltu re  b rings to g e th e r  la rge  n u m b e rs  o f  fish b  a 

re la tiv e ly  sm all space, roi casing  s u b s ta n tia l q u an titie s  o f  u  a c a te n  fo o d , a n d  o f  faeces a n d  o th e r  

ex c re ta . Lä ss  ev iden t p ro b lem s a sso c ia te d  w ith  m aricu ltu rc  a rc  posed  b y  th e  u s e  o f  g row th- 

e n h a n c in g  a n d  th e ra p e u tic  ag e n ts , a n d  p igm ents. O f  th e  v itam ins, h io tin  a n d  BÍ 2 h av e  a  sh o rt 

half-life  in  th e  sea  b u t  m a y  s tim u la te  p la n t g ro w th  briefly- L ittle  is k n o w n  a b o u t  th e  fa te  o f  dosed 

p ig m e n ts  a n d  an tib io tics.

113. A n o th e r  c o n c e rn  is  th e  u s e  o f  an tifo u la o ts  to  p ro te c t th e  n e ts , cages a n d  o th e r  s tru c 

tu re s  o f  f ish  farm s. F o r  exam ple , o r g a n o tb  co m p o u n d s h av e  b eeo  fo u n d  a s  c o n tam in an ts  o f  the 

e n v iro n m e n t a ro u n d  m a ricu ltu re  e s tab lish m e n ts  b  N o rth  A m erica  a n d  th e  U .K . a n d  have m arked  

e ife c ts  o n  n o n - ta rg e t o rg an ism s. O th e r  b ioc ides recen tly  b tro d u c e d  to  p ro te c t sa lm on from  

e c to p a ra s ite s ,  such  a s  d ich lo rv o s * a n  c rg a n o p h o sp h o ru s  c o m p o u n d  • a rc  a  cause  o f  concern .

114. H ow ever, th e  m o s t w id esp re ad  p o llu tio n  effects f ro m  cag e  cu ltu re  a re  d u e  to  o rgan ic  

e n r ic h m e n t genera ted  a ro u n d  sea  cages w h ere  th e  o rgan ic  co n te n t o f  sed im en ts ca n  b e  up  t o  20 

t im e s  h ig h e r th a n  in  m o re  d is ta n t ,  u n affec ted , a reas . T h is resu lts  f irs t b  reduced  species diversity , 

a n d  in  ex tre m e  cases th e  b e n tb ic  b v e r te b ra te s  in  th e  im m edia te  v icin ity  o f  th e  cages are  to ta lly  

e lim in a te d , w ith  hypox ic  co n d itio n s  ex ten d in g  in to  th e  w a te r co lum n,

115. C o m p arab le  e ffec ts  a rise  fro m  m ollusc (e .g . m ussels) cu ltu re  even w h en  ad d itio n a l food  

is n o t  su p p lied . O n  a  g lo b a l scale , th e  im p a c t is sm all a n d  th e  affec ted  a rc a s  c a n  b e  reduced  by  

c a re fu l s i te  se lec tio n  a n d  th e  u s e  o f  im p ro v ed  cu ltu re  system s, such  a s  ho ld ing  fac ilities w hich allow  

w a s te  c o n ta in m e n t. H ow ever, w h ere  th e re  is  b te n s iv e  cu ltiv a tio n  a n d  th e  availab le sites are lim 

ite d , th e  lo c a l effect ca n  b e  se n o u s , a n d  severa l governm en ts h av e  in tro d u ced  licencing  a n d  o th e r
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b ea ch e s  a n d  m an g ro v e  s ta n d s  w ere a lso  severely  affected.

119. A p a r t  fro m  d is tu rb an ces d u e  to  such  re la tive ly  fre q u en t ev en ts , there  a rc  m a jo r  a n o m 

alies  o f  th e  a tm o sp h e re  a n d  ocean  c ircu la tio n  th a t  c a n  ca u se  w idespread  ad v e rse  effects. I b e  b es t 

k n o w n  ex a m p le  is Cl N ifio. A s  a  resu lt o f  a  sequence  o f  com plex  m e teo ro lo g ica l and  

o c e a n o g rap h ic  even ts o rig inating  in  th e  tro p ic s  a n d  recu rring  a t  irreg u la r in te rv a ls , w arm  (28-30° 

C ) w a te rs  flow  in to  th e  S ou th  E as t P acific  O cean , especially  o f f  th e  co a s t o f  E c u a d o r, P eru  a n d  

C hile. T h e  1982/83 E l N iñ o  w as o n e  o f  th e  m o s t severe recorded  a n d  its  co n seq u en ces  w ere d ra 

m atic , In  1983, th e  yearly  rainfall in  C o lo m b ia  w as tw ice th e  average. I n  J u n e  o f  th e  sam e year, 

ra in fa ll w a s  40  tim es th e  m o n th ly  average  a t  G u a y a q u il (E c u a d o r)  a n d  340 lim es th e  m o n th ly  av

e rag e  a t  P a ita  (P eru ). R ivers sw elled a n d  landslides d es tro y e d  en tire  slopes o f  th e  A n d ea n  ridge«. 

P o p u la te d  a re a s  a n d  ag ricu ltu ra l la n d  w ere sw ep t by  to rre n tia l w a te r  a n d  m u d  flow s, w ith  m ajo r 

lo ss  o f  h u m a n  life. S ea level ro se  b y  a s  m u c h  a s  40  c m  a n d  la rge  swells s trik ing  th e  S o u th  A m eri

c a n  sh o re  cau sed  a  re tre a t o f  th e  c o a s t, in u n d a ted  low lands a n d  d es tro y e d  fish ing  a n d  a q u a c u ltu re  

in s ta lla tio n s . T h e  inflow  o f  w arm  w ate rs  led  to  th e  im m ig ra tio n  o f  tro p ic a l fish  a n d  th e  d isap 

p e a ra n c e  o f  co m m erc ia l endem ic species, h a ltin g  d ie  o p e ra tio n  o f  fish ing flee ts , w ith  a to ta l loss 

t o  th e  fish in g  in d u stry  in E cu a d o r a n d  P e ru  in  excess o f  U SS200 m illion ,

120. R ecu rrin g  n a tu ra l d is tu rb a n ce s  a re  w ell d o cu m en ted  a lso  a t  th e  b io log ica l level, w ith 

m a n y  re c o rd s  o f  red  tides, excep tional a lg a l b lo o m s, a n d  p o p u la tio n  ex p lo sio n s o f  a  n u m b e r  o f  

a n im a l species, including jellyfish in  th e  Black S ea a n d  th e  A d ria tic ; th e  ree f-b u rro w in g  sea u rch in  

E ch inom etra  m athaei in  K enya  a n d  K uw ait; th e  co ra l-ea tin g  g a s tro p o d  D rupella  in  th e  Philipp ines, 

J a p a n  a n d  O k in aw a , a n d  th e  c ro w n -o f-th o rn s  s ta rfish  A canthaster p lanci i a  m a n y  a ieas . 

P o p u la tio n  dec lines a re  a lso  rep o rted , such  a s  m ass m o rta litie s  of th e  sea  u rc h in  E chinothrix  in  

H aw aii a n d  th ro u g h o u t th e  C arib b ean . O n m o re  lo c a l scales, th e re  a re  m a n y  reco rd s o f  m o rta litie s  

o f  m a rin e  o rg an ism s such  a s  ü ie  sea-b irds io  th e  Irish  S ea in  1969, a n d  o f  fish  a n d  in v e rteb ra te s  

o f f  th e  N o r th  E as t co a s t o f .N o rlh  A m erica in  1976 a n d  o f f  N o rw a y  in  1988, som etim es associa ted  

w ith  u n u s u a l p h y to p la n k to n  b loom s. In  a d d itio n , a  viral ep idem ic h a s  b een  k illing  th o u sa n d s  o f  

co m m o n  seals in  th e  N o rth  S ea since early  1988. P aradox ically , so m e lim ited  b u t recu rring  n a n n a i  

d is tu rb a n c e  w ill, in  m a n y  ecosystem s, h e lp  m a in ta in  th e  eco log ical balance,

2. Accidents

121. I n  several o f  d ie  fo regoing  sections, reference h a s  b een  m ad e  lo  acc id en ts , b o th  a sh o re  

a n d  a t  sea , a s a  sou rce  o f  m arine  po llu tio n . T h e  effects even o f  th e  m o st d ra m a tic  acc id en ts  o c 

cu rring  w ell in land , such  a s  the C h ern o b y l ac c id en t (  1986) a n d  th e  Basel fac to ry  f ire  (1986), w hich 

po llu ted  th e  riv e r R h ine, Were n o t,  o r  bare ly , de tec tab le  in  th e  sea. T h e  acc id en ts  n f  g rea te s t m a

r in e  sign ificance are m ore  likely to  be th o se  w h ich  o cc u r a t  in s ta lla tio n s  d irec tly  o n  th e  co ast, o r 

o n  sh ip s o r  rigs a t  sea. W hile a  g rea t diversity  o f  chem icals  m a y  b e  involved , in  th e  la s t decade 

m o s t o f  th e  acc id en ts  h av e  boon asso c ia ted  w ith  oil. I l e  lo ad in g  a n d  u n lo a d in g  o f ca rg o es  a n d  fuel, 

tank«  resu lt in  freq u en t, b u t  usually  sm all, spills a t  p o r ts , te rm in als  a n d  s to rag e  fac ilities, b u t the
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I!. MARINE CONTAMINANTS: LEVELS AND DISTRIBUTION

A. TRANSPORT AND FLUXES

126. 'I h e re  is a  w ide d iversity  o f  p a th w ay s by  w hich  co n ta m in a n ts  /e a c h  th e  m arine  env i

ro n m e n t . O v e r 40,000 km  o f  actively  d ivergen t p la te  b o u n d a rie s  lie b e n e a th  th e  w orld  oceans. 

N o t  o n ly  a re  th e  ac tiv e  a re a s  a  c o n tin u o u s  m ajo r sou rce  o f  h e a t, b u t  in te rm itte n t e jec tio n  o f  

m o lte n  m a g m a  tic  a n d  h y d ro th e rm a l fluids p ro d u ce  m assive u n d e rw a te r  clouds o f  su lphur a n d  m e

ta llic  co m p o u n d s  a t  h igh  te m p era tu re . S uch  c louds o r  p lum es w ith  d im ensions m easured  in  ten s 

o f  k ilo m e tre s  h av e  b een  observed  f o r  exam ple in  th e  v icin ity  o f  th e  E xp lo rer R idge oil* B n u sh  

C o lu m b ia  a n d  th e rm al ven ts  h av e  b een  detec ted  in  m a n y  o c e a n  a reas . F ew  q u an tita tiv e  d a ta  are 

y e t av a ila b le  on  these  n a tu ra l  in p u ts , b u t th e ir  m ag n itu d e  im plies th a t  th e y  a re  significant o n  a 

g lo b a l bas is . H ow ever, th e  tw o  d o m in a n t p a th w ay s by  w hich  p o te n tia l p o llu ta n ts  reach  th e  oceans 

fro m  th e  c o n tin e n ts  a re  rivers a n d  th e  a tm osphere . I f  these  in p u ts  to  th e  oceans a re  to  h e  c o n 

tro lle d , a t te n t io n  sh o u ld  be d irec ted  to  th e  processes by w hich  co n ta m in a n ts  in itia lly  becom e e n 

tra in e d  in  rivers a n d  a tm o sp h e re , l o  judge th e  need lo r , a n d  v a lu e  of, su c h  co n tro ls , som e 

as se ssm e n t o f  th e  re la tive  im p o rta n c e  o f  each  pa thw ay  is required .

I .  R iv e r  in p u l to  th e  sea

127. T h e  iand -sea  flu x  f ro m  rivers c a n  b e  considered  a s  m ad e  u p  o f  th e  g ro ss  flux, i.e. th e  

r a te  o f  c o n ta m in a n t tr a n s p o r t  to  th e  sea  from  w ith in  th e  riv e r ca tc h m e n t itself, a n d  th e  n e t  flux,

i.e . th e  flu x  o f  river-derived  m a te r ia l th a t  escapes fro m  th e  n e a rsh o re  a n d  e s tu a r in a  reg ion  a n d  is 

t r a n s p o r te d  to  th e  o p en  ocean ,

128. T h e  m u st rea so n ab le  w ay  o f  es tim ating  th e  g lo b a l gross flu x  fro m  rivers to  o cean s  is 

t o  e x tra p o la te  flux d a ta  o b ta in ed  fro m  rivers rep resen ting  a  ra n g e  o f  clim atic , geological, b io logical 

a n d  d e m o g ra p h ic  regim es fo r  w hich  re liab le  d a ta  a re  ava ilab le . A t p resen t, th is  is  possib le  fo r  only 

a  sm a ll n u m b e r  o f  r iv e r system s a n d  a  few  co n tam in an ts . In  d ea lin g  w ith  n u tr ie n ts , fo r  exam ple, 

a  v a rie ty  o f  r iv e r  system s h as b e e n  s tud ied  a n d  th e  resu lts  e x tra p o la ted  to  p rov ide a n  estim ate  o f  

th e  to ta l  g lo b a l g ro ss  riv e r in p u t,  giv ing ligu res fo r  th e  n a tu ra l  fluxes o f  d issolved n itrogen , 

p h o sp h o ru s  a n d  silicon a n d  fo r  th e  fluxes o f  suspended  n itro g e n  a n d  p h ospho rus.

129. T h e  fluxes resu ltio g  f ro m  h u m a n  activ ities h av e  a lso  been es tim a ted  by  a  varie ty  o f  

o th e r  a p p ro a c h e s , in d u d io g  c o m p ariso n  o f  p ris tin e  a n d  p o llu ted  rivers, h is to rica l ev o lu tio n  o f
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a m o u n ts  en te r in g  d irectly  in  gas a n d  p a r tic u la te  p h a se s  (d ry  d ep o s itio n )  a n d  o f  th o s e  falling  ou t 

a s  ra in  a n d  sn o w  (w et d eposition ). I t  is difficult to  o b ta in  a n  a c c u ra te  es tim a te  o f  either. E ven  

w h en  co n tam in an t-fre e  sam ples o f  p re c ip ita tio n  a re  ava ilab le , a n d  th is  is p a rticu la rly  difficult to  

ach ieve o v e r  th e  nceaos, in te rp re ta t io n  o f  th e  d a ta  is co m p lica ted  b e c a m e  chem ica l com position  

varies w ith  differences in  vertical d is trib u tio n , d u ra tio n , in te n s ity  a n d  d ro p le t sixc o f  th e  precip i

ta tio n . E ven  g rea te r difficulties a re  e n c o u n te re d  in  m ak in g  d irec t m e asu rem en ts  o f  "dry" 

p a r tic u la te  deposition . F inally , tech n iq u es a rc  n o t  a t  p re se n t ava ilab le  to  m a k e  d irec t m easu re

m e n ts  o f  th e  re levan t g as  fluxes ac ro ss  th e  a ir-sea  interface.

135. B ecause o f  th e se  p ro b lem s, in d ire c t m e th o d s  h a v e  b e e n  d ev e lo p ed  Coi t h e  es tim a tio n  

o f  c o n ta m in a n t fluxes. M o st estim ate«  a re  o f  g ro ss  ra th e r  th a n  n e t  flux , since som e chem icals en

te ring  th e  o c e a n  fro m  th e  a tm o sp h e re  c a n  bo  re-in jected  to  th e  a tm o sp h e re  v ia  b u rs tin g  bubbles 

o r g as  ex ch an g e  U nless th is  recycled m a te ria l c a D  be ta k e n  in to  a c co u n t, th e  ca lcu la ted  deposition  

m a y  b e  an o m alo u sly  h igh. E xisting  d a ta  b ases  su itab le  fo r  c s rim a tin g  th e  a ír-sea  flux vary in  s i/e  

a n d  q u a lity , a n d  few  a rc  ex tensive  en o u g h  in  tim e  a n d  space to  ta k e  a c c o u n t o f  th e  v a n a b ib ty  in 

a tm o sp h e ric  (a n d  w ater) co n c en tra tio n s  a n d  d ep o s itio n  ra te s , a l th o u g h  th is  is im prov ing  in  som e 

o c e a n  b as in s , particu la rly  th e  N o rth  A tla n tic  a n d  N o r th  Pacific.

136. S om e d a ta  a re  ava ilab le  f ro m  th e  N o r th  Sea, th e  B altic Soa a n d  th e  w estern  

M e d ite rra n e a n , a s  weU a s  fro m  a re a s  o f  th e  Pacific a n d  A tla n tic  O ceans. E x tensive ev a lu a tio n  o f  

d a ta  fxom  th e s e  a n d  o th e r  sites in d ica tes  th a t  a tm o sp h e ric  fluxes o f  m a n y  m e ta ls  (excluding m er

cu ry i to  th e  N o rtb , B altic a n d  M e d ite rran e an  S eas a re  th ic c  to  10 tim es h ig h e r th a n  th o se  to  the 

o p en  N o r th  A tla n t ic  F luxes to  these  reg io n a l seas a re  10 t o  100 tim es h igher th a n  th o se  to  the 

tro p ic a l N o rth  Pacific, w hile fluxes to  ih e  S o u th  P acific  are  low er th a n  th o se  to  th e  N o rth  Pacific 

by  a  f a c to r  o f  five to  ten . T hese flux d ifferences a re  co n s is te n t w ith  th e  inc reasing  d is tances from  

c o n tin e n ta l sources, b o th  n a tu ra l  a n d  a n th ro p o g e n ic . M ercu ry  show s relatively  sm all flux differ

ences b ecau se  it is fo u n d  in  tile  a tm o sp h e re  prim arily  to  ih e  g as p h a s e  a s  e lem en ta l m ercury , w hich  

h a s  a  re la tive ly  long  a tm o sp h e ric  life tim e a n d  th e re fo re  a re la tive ly  h o m o g e n eo u s  geograph ic d is

tr ib u tio n .

137. S im ilar a tm o sp h e ric  flu x  e s tim a te s  h a v e  b een  m ad e  f o r  som e h igh  m o le cu la r  w eight 

o rg a n ic  co m p o u n d s  such  a s  PC B s, D D 1  a n d  H C H  to  th e  E u ro p e a n  reg io n a l seas a s  well a s  the 

o p en  A tla n tic  a n d  Pacific O ceans A lth o u g h  th e re  a rc  even g re a te r  u n ce rta in ties , a  tre n d  o f  de

creasing  a titio sp h eric  fluxc« ca n  b e  seen  betw een  th e  reg ional seas a n d  th e  n o r th e rn  hem isphere 

o p en  o cean s  o f  rough ly  a fac to r  o f  tw o  to  five, w ith  fluxes to  th e  so u th e rn  h em isp h e re  oceans 

g en e ra lly  a fa c to r  o f  tw o  to  five low er still. T he  overall doorcases in  flu x  a re  less th a n  fo r  m o st o f  

th e  m e ta ls  s tud ied  because, like m ercu ry , th e  o rg an ic  co m p o u n d s a re  fo u n d  p red o m in an tly  ín  th e  

g as p h a s e  a n d  h av e  a looger a tm o sp h e ric  resid en ce  tim e  th a n  m eta ls  asso c ia ted  w ith  ae roso l p a r 

ticles.

138. F in a lly , th e  fluxes o f  fixud n itro g e n  species sh o w  th e  sa m e  ty p e  o f  g rad ien t fro m  d ie 

re g io n a l se as  t o  th e  S o u th  Pacific , b u t  th e  g ra d ie n t «  a g a in  less m a sk ed  th a n  fo r  m e ta ls , d esp ite  th e
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fro m  30  to  200  p p m  in  m o st sam ples, o f  w h ich  five to  10 p p m  a re  a t tr ib u ta b le  t o  k n o w n  c o n ta m 

in a n ts  su c h  a s  D D T , PCBs, d iox ins a n d  ch ln ro p h en o ls . T he  re s t (u p  to  95  p e r  ce n t)  is  u n ac co u n ted  

fo r. P ossib le  so u rces  m a y  b e  low -m olecu lar-w eigh t co m p o u n d s from  p u lp  m ills, f ro m  a lu m in iu m  

a n d  m ag n esiu m  sm elter«, a n d  fru m  th e  b u rn in g  o f  ch lo rine-con ta in ing  m ateria ls . C learly , m u c h  

m o re  n ee d s  to  be k n o w n  a b o u t th e  life h is to ry  o f  ch lo rin a ted  co m p o u n d s  re leased  to  th e  en v iro n 

m en t.

143. C h lo rin a te d  h y d ro c a rb o n  pestic ides a n d  PC B s {polychlorinated  b ip h en y ls) are a  sou rce  

o f  specia l c o n c e rn  b ecau se  o f  th e ir  pers is tence  in  th e  env ironm en t, th e ir  c o n c e n tia tio n  a lo n g  food  

ch a in s  a n d  th e ir  lo n g -lastin g  s to rag e  a n d  accu m u la tio n  in  th e  fa tty  tissues o f  an im als, reach in g  th e  

h ig h e s t levels in  ra p to rs  a n d  m a rin e  m am m als . T hese su b stan ces , a fte r reach in g  th e  sea  m o stly  

th ru  u g h  th e  a tm o sp h e re , becom e a d so rb e d  to  suspended  p a rtic le s  a n d  lend  to  se ttle  in  sed im ents. 

T hey  will re m a in  th e re  un til m ob ilized  by  d is tu rb an ces o i th e  sea  flo o r a n d  so  possib ly  re

in tro d u c e d  in to  th e  food  cha in , regard less o f  w h e th e r  the ir use h a s  b een  d isco n tin u ed  on  land.

144. D a ta  o n  p ro d u c tio n  a n d  u \c  o f  pestic ides a n d  PC B s a rc  lack ing  fo r  m o s t p a r ts  o f  the 

w o rld . I n  m o s t coun tries  in  th e  te m p e ra te  la titu d e s  ch lo rin a ted  pesticides h av e  been b a n n e d  a n d  

a re  b e in g  rep la ce d  by  less p ers is ten t p ro d u c ts . PC B s h av e  b een  u sed  since th e  1930$ fo r  a  n u m b e i 

o f  p u rp o se s  • a s  dielectrics in  tran sfo rm ers  a n d  ca p ac ito rs , fu rm  w hich they  ca n  n o rm ally  b e  re

co v ered  w ith o u t loss, a n d  a s  h y d rau lic  a n d  h ea t- tran sfe r  fluids a s  well a s  co m p o n en ts  o f  a  n u m b er 

o f  p ro d u c ts  su c h  a s  p a in ts  a n d  lu b rica tin g  oils. W h en  n o t u sed  in  s tn c tly  co n tro lled  c lo sed  sys

te m s, ihcy  c a n  sp read  a n d  even tua lly  re a c h  th e  sea. D esp ite  th e  phas ing  ou t o f  th e ir  u se  in  n o n -  

c lo scd  sy stem s m  a  n u m b er o f  co u n tries , they  co n tin u e  to  b e  released to  th e  en v iro n m en t, for 

in s ta n c e  f ro m  d u m p s  a n d  landfills I n  low er la titu d es, en v iro n m en ta l m easu rem en ts  in d ica te  th a t  

c h lo r in a te d  p estic ides, including D D T  a n d  IIC11 (hexacido rohexane) a r e  w idely app lied , a n d  sug

gest th a t  th e  u se  o f  PC B s is increasing . A s a  resu lt, D D T , H C H  a n d  PC B s a rc  n o w  clearly  m e a s

u ra b le  e v e n  in  th e  A n ta rc tic  en v iro n m en t, th o u g h  a t  levels low er th a n  in  te m p era te  la titudes,

145. W h ile  globa! tim e  tren d s in  th e  c o n c en tra tio n s  o f  these  su b stan ces a re  n o t  k n o w n  b e 

c a u se  im p ro v e d  ana ly tica l tech n iq u es m ak e  it d ifficult to  co m p are  p a s t a n d  p rese n t resu lts , th e re  

is s tro n g  ev idence th a t  ocean  su rface  w a te rs  h av e  h ighest co n c en tra tio n s  in  th e  n o r th e rn  te m p e ra te  

la titu d e s  a n d  low est n e a r  th e  po les. L ikew ise, specim ens o f  m a rin e  m am m als fro m  th e  n o rth e rn  

h em isp h e re  h a v e  h igher levels o f  P C B s in th e ir  I a t  t i ta n  th o se  fro m  th e  so u th e rn  hem isphere , I he 

la titu d in a l d ifference is less fo r  D D T .

146. T h u  b ioc idal p ro p e rtie s  o f  o rg an o tin  co m pounds, especially  tr ib u ty ltin  (T B T ) w eie  re 

co g n ize d  in  th e  ea rly  1950s. In itia lly , these  su b stan ces w ere used a s  fungicides, b ac te ric id es  a n d  

p rese rv a tiv e s  l o r  w o o d s, tex tiles a n d  p ap e r , a n d  fo r  electrical in su la tion , T B I w as first in tro d u ced  

a s  a n  a n tifo u lm g  ag en t in  ra a n n e  p a in ts  in  th e  m id-1960s. I t a lso  e n te rs  th e  m a rin e  e n v iro n m en t 

a s  a  re su lt  o f  a  v a rie ty  o f  o th e r  uses. F o r  in s tan c e , i t  is, o r h a s  been , ap p lied  in  an tifo u lm g  p re p 

a ra tio n s  o n  th e  n e t cages u sed  Ín sa lm on  farm «, a n d  ¡1 Ís used in  som e coun tries  o n  lo b ste r p o ts  

a n d  p o u n d s  fo r  keep ing  fish  a n d  shellfish. I t  w as k n o w n  to  b e  h igh ly  effective, a n d  la b o ra to ry  te s ts
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areas. T h e  experience o f  D D T  suggests th a t  a  w a tc h  sh o u ld  be c o n tin u ed  on  T B T  uses a n d  fate , 

a s  well a s  o n  th e  possib le  effects o f  its  substitu tes.

2 . R a d io n u c lid e s

152. R ad io ac tiv e  su b stan ces a rc  p re se n t n a tu ra lly  io  o c e a n  w ate rs . A m o n g  these  are 

rad io iso to p e s  o f  p o ta ss iu m , rub id ium , th o r iu m  a n d  u ran iu m , th e  la s l  tw o  alw ays accom pan ied  by 

th e ir  rad io a c tiv e  d is in teg ra tio n  p ro d u c ts . O th e r  rad ioac tive  su b stan ces , 3H  a n d  14 C . o rig ina te  in 

th e  a tm o sp h e re  th ro u g h  th e  in te rac tio n  o f  cosm ic rad ia tio n  fro m  o u te r  space a n d  th e  co n stitu en ts  

o f  th e  a ir , a n d  c a n  a lso  b e  p ro d u ced  ín  th e  cou rse  o f  b u in a n  activ ities.

153. T h e  firs t g ro u p  reaches th e  oceans m ostly  a s  a  resu lt o f  ru n -o f f  fro m  w ea thered  rocks 

o r , in  th e  ca se  o f  th e ir  d is in teg ra tio n  p ro d u c ts , by  decay  o f  th e  p rim o rd ia l su b stan ce s  in  th e  w ater 

itself. I n  c o n tra s t,  cosm ogen ic  rad ioac tive  su b stan ces a re  d ep o s ited  o n  th e  su rface  o f  th e  ocean 

by  p re c ip ita tio n . B oth  ca tegories o f  su b stan ces a r e  th e n  d is trib u ted  th ro u g h  th e  w a te r  co lum n by 

physical, chem ica l a n d  b io logical p rocesses, a n d  subsequen tly  d ep o s ited  in  th e  o c e a n  sedim ents. 

T he  in v e n to ries  o f. e .g ., l^ C , *11, ^ K ,  a n d  22&U in  ocean  w ate rs  h av e  b een  es tim a ted  to  b e  8 0 

10*. 8 5  IO2 , 1.6 IO7 , a n d  5 .6  IO4  PBq (pclabcequcrc ls), respectively,

154. H u m a n  ac tiv itie s a d d  to  th e  inventory ' o f  ocean  rad ionuc lides . N atu ra lly -occu rring  

rad io n u c lid e s  a re  leached fro m  m in e  ta ilin g s a n d  m illing w astes  b u t  g ive r ise  to  m easu rab ly  in 

c reased  levels on ly  c lo se  t o  th e ir  sources. E lsew here, th e ir  c o n tr ib u tio n  is  neglig ib le o r  a t  least n o t 

m easu rab le .

155. N u c le a r  w eap o n s te s ts  h av e  in tro d u ced  artific ia l rad io n u c lid es  in to  th e  environm ent. 

M o st o f  th e se  h a v e  arisen  fro m  te s ts  in  ih e  a tm o sp h e re  a n d  fa lleo  o u t  th ro u g h  d ry  a n d  especially 

w e t d ep o s itio n . A rtificia l rad iouuc lides p ro d u ced  b y  su c h  tests  in c lu d e  *4C , ^ 7Cs,-*H, a o d  ^ S r ,  

a s  w ell a s  p lu to n iu m  a o d  o th e r  tra n su ra n ic  e lem ents. R o u g h  es tim a tes  o f  th e  in p u ts  o f  these  

rad io n u c lid es  to  tb c  o cean s  b av e  b een  derived fro m  in fo rm atio n  review ed b y  th e  U o ited  N a tio n s  

C o m m itte e  o n  th e  E ffects o f  A to m ic  R a d ia tio n  (U N S C E A R ) in  it* 1982 re p o r t. T he  es tim a tes  o f  

in p u t w ere  6.1 IO2,  1.5 10^, g .2  a n d  3.7 IO2  P B q fo r  l2 7 C s, 2H , 239 ,240pu  a n ¿  9 0 s f ï ^  n o l 

less th a n  4 0  PBq fo r  ,4 C , respectively.

156. T he  in p u ts  to  th e  oceans in  th e  so u th e rn  hem isphere  h a v e  b een  h a l f  o f  th o se  in  the 

n o r th e rn  h em isphere . R ecen tly  a n  IA E A  E x p ert G ro u p  h a s  o b ta in ed  sligh tly  h igher estim ates o f  

th e  ocean  in v e n to ries  o f  th e se  rad ionuc lides nn  th e  b as is  o f  m e a su re d  co n c en tra tio n s . F all-ou t 

f ro m  n u c le a r  te s ts  h a s  b e e n  th e  on ly  so u rc e  o f  world* w ide rad ioac tive  c o n ta m in a tio n  o f  th e  ocean«. 

H o w ev er, its  w idespread  d ispersal h as  re su lted  in  low*level am b ie n t c o n c en tra tio n s  a n d  hence  in  

neglig ib le a d d itio n s  to  th e  exposu re  fro m  n a tu ra l background .

157. O p era tio n a l d ischarges o f  e fflu en ts  c o n ta in in g  rad io a c tiv e  m a te r ia l f ro m  n u c le a r  reac* 

to r s  a n d  rep ro cessin g  p la n ts  m ak e  a n  ad d itio n a l c o n tr ib u tio n  to  th e  rad io n u c lid e  inven to ry . T he
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b , n o tw ith s tan d in g  (he  very  sm all risk io  individuals, (he  agg regate  ex p o su re  o f  th e  g lobal 

p o p u la tio n  fro m  I un g d iv cd  co m p o n en ts  o f  th e  d u m p ed  w aste  im ply th a i  th e  to ta l  casualties 

re s  ui tin  g  f ro m  p a s t d u m p in g  m ay b e  u p  to  a b o u t 1.000 cases sp read  over the n e x t 10, VIO year« 

o r  so. 'I h e  d o m in a n t p a th w a y  fo r  th is  exposure w ou ld  n o t be via shellfish co n su m p tio n , bu i 

a s so c ia te d  w ith  th e  co n su m p tio n  o f  food  p ro d u ced  on  land . T he  rea so n  fo r  th is  is (h a t the 

m a in  c o n tr ib u to r  to  th e se  casua ltie s ( n r  to  rhe  collective do se  co m m itm en t, a s  i t  is know n 

techn ica lly ) is th e  iso to p e  w hich  h as a ba lP lifc  (Le. tim e  req u ired  lo i its ac tiv ity  to  de

c re ase  by  50  p e r  c e n t)  o f  5 ,700 years. O ver such  a  period  m u c h  o f  it w ou ld  escap e  from  the 

o c e a n  a s  gaseous c a rb o n  dioxide a n d  sp read  th ro u g h o u t th e  w orld . I f  ^ C ,  a n d  a  few  o ther 

long -lived  rad ionuclides, w ere to  be rem oved  Irom  the w aste  befo re  d isp o sa l in  (he  ocean , the 

co llective do se  co m m itm en t fro m  fu tu re  d u m p in g  o p era tio n s  w ould  h e  very m uch  reduced, 

a l th o u g h  i t  sh o u ld  h e  ap p rec ia ted  th a t  o th e r  m eans o t d isposal o f  m ight carry risks 

c o m p a ra b le  to  rh o se  asso c ia ted  w ith  sea  dum ping!

c th e  in c rem en ta l dove from  p as i dum ping  to  ind iv idual m arine  o rg an ism s o n  th e  sea ( lo o t 

a t  th e  d u m p  s ite  o r  n e a rb y  will be sign ifican tly  less th a n  th e  do se  (h a t th e  o rgan ism s receive 

f ro m  n a tu ra lly -o ccu rrin g  rad ionuclides, a n d  hence  is n o t expected  to  ca u se  a n y  d e tec tab le  e f

fects o n  p o p u la tio n s  o f  o rganism s,

160. R ad ionuc lides  in  th e  sea  m ax c o n tr ib u te  to  in te rnal o r ex te rn a l ex p o su re  o f  o rganism s, 

in c lu d in g  m a n , th io u g h  several pa thw ays. Ih o s c  re la ted  to  in te rn a l ex p o su re  are th e  co n su m p tio n  

o f  v a r io u s  ty p e s  o f  seafood  a n d  th e  in h a la tio n  o f  a irb o rn e  p a rticu la te s  a n d  m a rin e  ae roso ls . Ex

te rn a l e x p o su re  m ay o cc u r d u rin g  sw im m ing, b o a tin g  a n d  o th e r  beach  ac tiv itie s . I t m a y  a lso  resu lt 

f ro m  th e  h a n d lin g  o f  c o n ta m in a te d  fish ing gear. S om e pathw ays, w hile  o f  sc ien tific  in te rest, do  

n o t  lead  to  significant exposu re  from  radionuclide«. F o r  in s tan c e , b u b b le  scaveng ing  in  the w a te r 

c o lu m n  co u p led  w ith  d ro p le t ejection  fro m  b u b b le s  b u rs tin g  a t  th e  surface m »v b e  a m echan ism  

fo r  T ransfer o f  rad ionuc lides a n d  heavy m e ta ls  from  sea to  a ir  a n d  subsequen tly  to  U nd . Ib is  h as  

b een  d e m o n s tra te d  fo r  p lu to n iu m  a n d  am eric ium  in  th e  Irish  Sea, b u t  th e  ra d ia tio n  do se  fro m  largo 

d rop let«  in tro d u ced  in  th e  surf zo n e  Is negligible co m p ared  w ith  th a t  received by  th e  critical g roup  

f ro m  seafood  co n su m p tio n . H ow ever, sm all d ro p le ts  generated  by  b u b b le  b u rs tin g  m ay m ak e  a 

m e a su ra b le  c o n tr ib u tio n  to  levels o f  p lu to n iu m  n ea r  th e  coast.

161. N 'liclear acciden ts h av e  n o t  co n trib u ted  sign ifican tly  to  (he  o c e a n  in v en to ry  o f  

rad ionuclide*  o n  a  g lo b a l scale. A lth o u g h  th ree  m ajo r n u clea r accident« (W indsca le , U .K ., 1957; 

T h re e  M ile b la n d ,  U .S .A ., 1979 a n d  C hernoby l, U .S .S R .. 1986) h av e  re su lted  in  rad io n u c lid e  re

leases t o  th e  en v iro n m en t, th e  m a jo r  p a th w a y s  lead ing  to  m a n  w ere no ( m arine . In  th e  W imi scale 

a c c id en t, (he  p rincipal ro u te  fo r  irra d ia tio n  o f  m a n  wav rad io io d in e  in  m ilk . A t C h e ly a b in sk  ex- 

p o 'u r e  resu lted  m ostly  fro m  ^ S r  -  co n tam in a te d  milk and  fro m  ex te rn a l ir ra d ia tio n . A t ITiree 

M ile Is la n d  m o st o f  (he  release consisted  o f  rad ioac tive  n o b le  gases, especially  * ‘X e. T h e  releases 

fro m  th e  C h e rn o b y l acciden t gave rise to  w idespread  c o n ta m in a tio n  o f  th e  environm ent, th ro u g h 

o u t E u ro p e  a n d  to  ex p o su res  o f  th e  p o p u la tio n  m ain ly  fro m  gam m a em itte rs  d ep o s ited  o o  the
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reco g n isab le . T h is m ay accouQ t a( le a s t p a rd y  fo r  th e  c o n c e rn  still w idely expressed  a b o u t  it a s  a 

m a rin e  co n ta m in a n t. 'I h e  m a jo r  source o f  in p u t to  th e  ocean« is from  sh ipp ing , w inch  is d e a lt  w ith  

in  se c tio n  I < i. Spills in  restric ted  areas have d ra m a tic  lo c a l im p a c t, a s  d iscussed  in  se c tio n  I J .  T h is 

s e c tio n  discusses a n  asp ec t w hich  is causing  p ro b lem s a ro u n d  (he  w orld , p o llu tio n  from  th e  m o st 

p e rs is te n t frac tio n , oil ta r . -Thia orig ina tes w h en  ev a p o ra tio n  o f  th e  lig h t frac tio n s o f  h y d ro c a rb o n  

c o m p o u n d s  re leased  to  th e  sea  leaves Hakes, lum ps o r balls w h ich  f lo a t a n d  a ie  d is tr ib u ted  widely 

b y  w in d s a n d  cu rren ts . A b o u t one p e r  cen t o f  o il re leased  to  th e  sea fo rm s floa ting  ta r ,  a n d  m uch 

o f  thi« o rig in a tes  from  ta n k e r  sludges, b u t  a v a rie ty  o f  o th e r  sources co n trib u te , f a r  even tua lly  

d r if ts  o n  t o  b each es a n d  accum ulates there.

168. I n  som e p a r ts  o f  th e  w orld  w here sh ipp ing , p a rticu la rly  ta n k e r  traffic, is h eav y , espe

cially  in  sem i-enclosed  seas, th e  effect on  b cacb cs ca n  b e  d ram a tic . In  th e  R ed  S ea , f o r  exam ple, 

a n d  in  th e  K u w a it/O h w ii  a re a , wliicii p ro b a b ly  receive m o re  oil p o llu tio n  th a n  an y w h e re  cl «c in th e  

w o rld , t a r  ab u n d a n ce  o n  beaches is som etim es a s  m u c h  a s  100 tim es h igher th a n  in  o th e r  region«. 

W e ig h t s o f  1 k g  in* ̂  o f  coas tline a rc  c om m on  in  th is  rcgi o n , a n d  val ucs o  f  u p  to  30 k  g m* 1 occ ur. 

In  p lace«, w ea th ered  oil pavem ents m a n y  cen tim e (res th ic k  b la n k e t sandy  b each es a n d  rocky  

p ro m o n to r ie s  a n d  cover th e  aeria l ro o ts  o f  m angroves. These a rc  ex trem e co n d itio n s, b u t th e  s it

u a tio n  in  m a n y  o th e r  p a r ts  o f  th e  w orld  a lso  gives ca u se  f o r  co n cern . F o r  exam ple, in  th e  w ider 

C a r ib b e a n , w hich  is a reg ion  o f  very significant h y d ro c a rb o n  p ro d u c tio n , oil ¡s a n  u b iq u ito u s  m a 

r in e  c o n ta m in a n t, dam ag in g  th e  im p o rta n t to u r is t  industry . I t  Is es tim ated  th a t  th e  u se  o f  beaches 

b y  (ou ris t*  is adversely affected  w hen ta r  levels reach  10 g  m** o f  b e a c h  f ro n t. M a n y  b ea ch e s  in 

th e  C a rib b e a n  have average  co n c en tra tio n s  tn  excess o f  100 g  m*I ,  a  level a t  w hich  b each es becom e 

v ir tu a lly  Uii u sab le  fo r  rec reation , A  co m p arab le  s itu a tio n  is fo u n d  for Indonesia  a n d  the 

1 'h ihpp ines, in  Ind ia  (particu larly  its W est c o a s t)  a n d  P ak istan , in  p a r ts  o f  W est AI n e a  a n d  the 

M e d ite rra n e a n , a n d , a l th o u g h  w ith  lc*s im p a c t, a t  m o s t w indw ard  b each es in  o th e r  p a r ts  a I the 

n o r th e rn  hem isphere . By co n tra s t, m any  b each es m  th e  so u th e rn  hem isphere  a re  re la tive ly  u n 

spoiled .

169. T h e re  is b ro ad  ag reem ent, confirm ed b y  m a n y  surveys, th a t  since J 979 th e re  h a s  been 

a sign ifican t red u c tio n  in  b each ed  r a r  a ro u n d  th e  w orld. In  som e c o u n trie s  th is  c a n  in p a r t be a c 

c o u n te d  fo r  by  system atic  a n d  regu la r clean ing  o f  beaches. T w o  m o re  gen e ra l fa c to rs  a re  (he  re

d u c tio n  in  m a rin e  tra n sp o rta tio n  o f  o il fo llow ing  th e  p rice  crisis o f  1979 a n d  (ho e n try  in to  force 

in  1978 o f  (he  1969 am endm en t to  (he  in te rn a tio n a l co n v e n tio n  O IL P O L  54. Ih i*  am en d m en t

p e rm its  (he  re lease  o f  oil from  tankers  on ly  in  re s tr ic ted  a rc a s  a n d , even th e re , on ly  u i c e r ta in  ra le s  

a n d  q u a n titie s  F u rth e r, M A R P O L  73/78 , w in ch  rep laces th e  O IL P O L  C o n v en tio n , m  its  A n n ex  

1 (w h ich  en te red  in to  fo rce  in  1985) prov ides fo r  (he  d es ig n a tio n  o f  "special a r e a s ' w ith in  w hich  

tig h t c o n tro l o f  poll uii on  is req u ired , a n d  th is h a s  b een  ad o p te d , fo r  exam ple , in th e  M e d ite rran e an  

Sea. T h e re  is, how ever, no  cause  fo r  com placency . M a n y  b each es rem a in  spoiled by  ta r ,  a n d  a 

m u re  s tr in g e n t en fo rcem ent o f  th e  re lev an t regu la tion«  is desirable.
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co n s is te n t a n d  co m p arab le  result« . T he  value o f  a n d  necessity  fo r  th e se  exercises h av e  b een  well 

d e m o n s tra te d , a n d  it is recom m ended  (h a t they  he con tin u ed  a n d  extended.

H 5 -  In ev itab ly , th e  p o o r  co m p arab ility  o f  ea rlier d a ta  lim its  th e ir  use . O ften  resu lts  h av e  

n o t  b een  screened  befo re  s to rin g  in  d a ta  banks a n d  th e  p ro p a g a tio n  a n d  u s e  o f  invalid  d a ta  is a 

c a u se  fo r  s e n n i«  concern , i t  is  recom m ended  th a t  regional o r g lobal d a ta  b a n k s  sh o u ld  co n ta in  

on ly  v a lid a te d  d a ta  co llected  f a r  a  defined purpose, a n d  th a t  th e  p u rp o se  sh o u ld  b e  clearly  s o tc d .  

I n  a ll cases  (h e ir  quality  sh o u ld  be ind icated , a n d  it sh o u ld  a lw ays b e  possib le  to  link  th e  recorded  

d a ta  w ith  d e ta iled  in fo rm a tio n  o n  m e th o d s  u f  handling a n d  a n a l i s « ,  q u a lity  a s su ra n ce  p rocedures 

a n d  o th e r  in fo rm a tio n  re lev an t to  assessing  d a ia  qualitv .

2 . C o n c e n tra tio n s  in  w a te r

a . O ptn-ocean  waters

176. O f  the m eta ls  se lec ted  fo r  review , m ercury  do cs n o t  d isp lay  a n y  d istinctive d ep th  dis* 

tr ib u tio n  in  (he  oceans, a t  least o n  th e  b as is  o f  th e  d a ta  ava ilab le . M easu red  c o n c en tra tio n s  in 

ocean  w a te rs  ran g e  fro m  0.37 t o  7 ,0  ng  1*1 th o u g h  rep resen ta tiv e  levels te n d  to  b e  a round

i  n g  1*1. I n  d ie  n o rth w est A tla n tic  c o n c en tra tio n s  are a b o u t tw ice th o se  o f  the n o r th e a s t Pacific, 

w h ile  in  th e  w estern  P acific  th e re  is som e evidence th a t  m ercury  decreases a lo n g  a  n o rth -so u th  

g rad ie n t, possib ly  a s  a  resu lt o l a tm o sp h e ric  tran sp o rt fro m  th e  co n tin en ts  a n d  d ep o s itio n  via rain- 

W ith  re g a rd  t o  sem i-enclosed a re a s , m ercu ry  co n cen tra tio n s in  th e  N o rth  S ea a n d  the Baltic Sea 

a ie  s im ilar lo  th o se  in  the n o r th  A tlan tic ; ciris m ay a lso  be tru e  o f  th e  M ed ite rran ean , a lth o u g h  

re liab le  d a ta  a re  few,

177. F o r  cadm ium , re p o r te d  co n cen tra tio n «  in su rface  w ate rs  a re  m ore variab le , from  0 .2  to  

200  n g  T V T h e  k w t s t  c o n c c m m io n s  (u p  to  10 ng  arc fo u n d  in  t a t  o p en  ocean , particularly  

in  th e  su b tro p ic a l a n d  cen tra l gyres, w ith  h igher levels (u p  to  2(10 ng  I*1)  in  enclosed seas, such  a« 

th e  B altic a n il (he  N o rth  Sea, e n h a n ce d  by ris 'cr in p u ts . R iver in p u ts  a rc  a lso  p roposed  to  explain 

a  s ig n ifican t in sh o re-o ffsh o re  g rad ien t fro m  22  to  0 .22 to  ng  H  in  th e  north*w est A tlan tic , w hile 

in  th e  n o r th  Pacific th e  h ig h e r in sh o re  values a re  a ttr ib u te d  to  upivcllm g. U nlike m ercurv . 

c a d m iu m  show s a  n u trien t-lik e  d is trib u tio n , being low  in  su rface  w ate rs  a n d  increasing  w ith dep th .

178. T h e  c o n c en tra tio n s  of lead  in  th e  u p en  n o r th  A tla n tic  a n d  n o r th  Pacific oceans ran g e  

f ro m  5 to  50  n g  H  in  su rface  sam ples. It« vertical d is trib u tio n  - e ig h t tn  IO tim es g rea te r a t  the 

su rface  th a n  in  d eep er layers •  differ« fro m  tlia t o f  cadm ium , a n d  is a ttr ib u te d  m ainly  to  a tm o 

sp h e ric  in p u ts  arising  from  em issions fru rn  sm elters a n d  c o m b u s tio n  u f  leaded petro l. Ihcxc 

p ro b a b ly  d e te rm in e  th e  la titu d in a l d is trib u tio n , acco u n tin g  f o r  d ic  th reefo ld  h igher levels in  the 

n o r th  A tla n tic  co m p ared  w ith  th e  n o r th  Pacific, a n d  1er th e  e igh t to  10 tim es h igher values in  these  

n o n h e m  a rc a s  co m p ared  w ith  th e  so u th  Pacific. 'H e re  is su m e evidence th a t  le ad  levels in  the 

o p e n  n o r th  A tla n tic  a re  d ec reas in g  in  resp o n se  to  a general re d u c tio n  u i th e  u se  o f  leaded pe tro l 

In N o r th  A m erica  over the la s t 10 years.
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187. C h lo rin a  led  h y d ro ca rb o n s in  c o a s ta l w ate rs  h av e  th e ir  h ig h e s t levels in  industrialized  

? o n e s , rea ch in g  370 ng  T* for l*<.'Ik in  th e  Seine e s tu ary , b u t values a rc  u sua lly  m u c h  low er else

w h ere , in  th e  range 1 to  IO ng  1*1. D D T  residues a rc  generally  b e lo w  5 ng  W  in  co a s ta l w aters, 

a lth o u g h , aga in , m u c h  h ig h e r levels h av e  b e e n  re p o rte d  n ea r  sources,

188. C o a s ta l o r sem i-enclosed  m a rin e  w a te rs  are ch a rac terized  b y  en h an ced  levels o f  the 

n u tr ie n ts  n itro g e n  a n d  p h o sp h o ru s , a s  well a s  dissolved a n d  p a r tic u la te  ca rb o n , Ih is  con trasts  

w ith  th e  levels o f  (hese n u tn e n ts  in  o p en  oceans, w hich  a re  u su a lly  c lo se  (o  levels o f  ro u tin e  de

te c tio n . P h o sp h o ru s  occur* in  b o th  p a r tic u la te  a n d  collo idal s ta te s , a s  weO as  d issolved a s  in o r

ganic a n d  o rg an ic  p h o sp h a te  com pound* . C o n c e n tra tio n s  o f  p h o sp h a te  in  in sh o re  w a te rs  range 

f ro m  I H  P  /P O ^  in  û tiç cn to p h ic  a re a s  o f  th e  M c ih lc rran e an  to  a b o u t  IO p g  H  in  the 

e u iro p h ic  n o r th e rn  sector o f  th e  A dria tic . Levels o f  20 t o  30 ^ 8  I”* a rc  re p o rte d  fo r  th e  period 

1980-84 in  th e  Skagerrak.

189. N ilro g en  occurs a s  d isso lved  io  o rgan ic  n itra te , m o lecu lar n itro g e n , n itr ite  a n d  

a m m o n iu m , a n d  a s  organic n itro g e n  (e .g . u rea , am in o  acids). C o n c e n tra tio n s  o f  n itro g e n  in  the 

M e d ite rra n e a n  a re  rep o rted  a s  14 p g  H  N  /N 0 3  a n d  in  th e  n o r th e rn  A d ria tic  70  p g  I**. V alues 

f ro m  10 t o  2 0 0  p g  1*1 occur in  th e  S k ag en a k .

190. I here is evidence f ro m  es tim a tes  o f  d ischarge lo ad s , a s  well a s  fro m  m easu red  concen

tra t io n s , th a t  levels o f  n itro g e n  a n d  p h o s p h o ru s  h av e  risen  ín  th e  p a s t 20  to  3(1 y ea rs . I n  th e  Baltic 

S ea , fo r  in s tan c e , d ischarge h a s  increased  by  fac to rs  o f  fo u r  fo r  n h ro g e n  a n d  e igh t fo r  p h o s p h o ru s  

While se a -w a te r  c o n c en tra tio n s  liave in c reased  tw o- o r  th ree fo ld  fo r  b o th . I n  th e  so u th e rn  N o rth  

Sea, b o th  a re  considered  to  b e  a b o u t  tw ice b ackg round’'  co n c e n tra tio n s . T h e  ex ten t to  which 

Ihese c o n c en tra tio n s  w ill b e  re flec ted  in  o p en -o c can  s itu a tio n s  is de term in ed  b y  th e  physical dif* 

furi on  a n d  d ilu tio n  o f  n u tr ie n ts  a s  w ell a s  b y  th e  u p ta k e  b y  o rgan ism s.

2 . C o n c e n tr a tio n s  in  s e d im e n ts

191. C o n ta r tu n a a t co n c e rr íra titín í in  re d im e n tt  reflec t b o th  lo c a l m in era lo g y  a n d  îb c  n a  Jure 

a n d  o rig in  o f  th e  sed im ents (e.g. g ra in  size, clay  a n d  o rgan ic  co n ten t) . S ed im en t he terogene ity  and  

th e  la rg e  v a ria tio n s  In m easurem ent»  o f  c o n ta m in a n t c o n c en tra tio n s  in  sed im ents m ak e  d a ta  in 

te rp ré ta tio n  difficult,

192. In fo rm a tio n  o n  deep-sea  sed im en ts  is sp a rse  b u t  th e re  a lso  th e  ra n g e  is  considerable. 

M crcu rv  m easu rem en ts  in  sed im ents fro m  th e  deep n o r th  A tlan tic , f o r  exam ple , ran g e  fro m  0.01 

to  0 .6  p p m , a l th o u g h  levels m a y  be ev en  h ig h e r  in  a rcas sub jec t to  v o lcan ic  o r  te c to n ic  a c m  i tv, 

C a d m iu m  in  deep-sea sedim ent* is u sua lly  less th a n  0.5 p p m  a n d  le ad  ranges from  3 to  60  ppm . 

T h e  d a ta  fo r  ch lo rin a ted  h y d ro ca rb o n s  in  d eep  o p e n  ocean  sed im en ts are  sparse , being  ap p aren tly  

lim ited  to  sam ple* ta k e n  d u ring  a series o f  cro ises in  th e  M e d ite rran e an  w here values rep o rted  

ra n g e d  fro m  0 .6  to  8.9 p p b  m  1975 -77, a n d  to  a  single c o re  fro m  th e  S arg asso  S ea in  1974 .
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4 . C o n c e n tr a tio n s  in  o rg a n ism s

198. M crcurv  a n d  cad m iu m  h a v e  b een  m easu red  extensively in  m ixed Z o o p lan k to n  sam ple« 

f ro m  th e  M ed ite rran e an , w h ere  c o n c en tra tio n s  are a ro u n d  0.1 a n d  2  p p b , respectively . I  here 

m e rc u ry  levels in  k rill (euphauxiids) a re  sim ilar to  th o se  in  m ixed  Z o o p la n k to n , b u t  cad m iu m  c o n 

c e n tra tio n s  a rc  m u c h  less. B en tho -pclag ic  ocean ic  ra t- ta il  fish  (Coryphenoiäes a rm a tu i)  from  the 

n o r th  A tla n tic  a n d  (he  n o r th  Pacific h av e  very sim ilar levels o f  cadm ium  (0.025 • 0 .027 p p m ) a n d  

le ad  ( 0 0 1 2  -  0 .0 1 6  ppm ). K or m ercury , ana ly ses  o f  recen tly  cau g h t deep-sea fish co m p ared  w ith  

th o se  o f  m u se u m  specim eus co llected  in  (he  1880s suggest th a t  no  significant in c rease  h a s  ta k e n  

p lace  d u rin g  th e  p a s t century '. Ih u s  th e re  is n o  ev idence th a t  th e  m ercu ry  fouQ d  m  d ee p -«ca fish 

is re la te d  t o  h u m a n  activ ities.

199. A rsen ic is p re se n t in  m a rin e  algae , typically  a t  10 to  100 p p m , a b o u t  th ree  o rd ers  o f  

m a g n itu d e  a b o v e  levels m  sea  w ate r. I t is p re se n t in  b o th  water* a n d  lip id -so lub le  fo rm s a n d  oc

cu rs  a s  a rse n o b e ta in e  in  p la n k to n  a n d  b en th o s , f ro m  w hich  it is transferred  vra th e  food  c h a in  to  

m o llu scs  ( I  to  25 p p m  wet w eigh t) a n d  shrim ps (1 to  50  p p m  w et w eigh t) a o d  ev e n tu a lly  to  m an . 

In  sh rim p s, m u c h  o f  th e  re ta in e d  ar«em c is  in  th e  exoskcîc ton , a n d  is lo s t a t  m o u h . Pacific fish 

h a v e  0.3 (o  11.5 ppm  w et w eigh t a n d  A tla n tic  fish  I to  9 p p m  D a ta  fo r  m a n n c  b irds a n d  m am m als 

a rc  few, b u t  sh o re  b irds h av e  0.01 (o  1.5 p p m  w et w eight. T h u s  th e re  is n o  ev idence o f 

b io m a g m fica tio n  th ro u g h  th e  food  chain.

2U0. S elen ium  displays beh av io u r s im ilar (o  th a t  o f  n u trien ts . I t  is selectively assim ila ted  

by  ph> to  p la n k to n  a n d  is fu rth e r  accu m u la ted  by  m a rin e  organism s th ro u g h  fo o d  u p ta k e . In  u n 

co  n ta m m a te d  a reas , co n cen tra tio n *  in  m o llu scs a rc  0 .4  p p m  w et w eigh t (M ytilu s)  a n d  3 ,5 ppm  

(O strea), a n d  0,2 to  2 .2  p p m  in  c ru s ta ce an s . Levels in  fish a re  variab le , 0 .2  to  1 p p m  w et w eight, 

w ith  la rg e  p re d a to rs  h av in g  c o n c e n tra tio n s  as h ig h  a s  4.3 p p m  in  m uscle, a n d  even h ig h e r  in  th e  

live r (13 .5  p p m ). M a n n c  m am m al* m ay a lso  h av e  h igh  levels in  livers, 46  tu  400  p p m , b u t  m usc le  

tis su e  h a s  m u c h  low er co n c en tra tio n s , a b o u t 0 ,5  ppm .

201. D a ta  o n  c h lo rin a te d  h y d ro c a rb o n s  in  o p en -o cean  p la n k to n  a r e  sparse , i n  th e  ca se  o f  

K ib * ,  v a ria b ility  is h igh, c o n c en tra tio n s  in  A tla n tic  sam ples being  tw o  o rd ers  o f  m ag n itu d e  h igher 

( a b o u t 4 0 0  p p b )  thaQ  th o se  in  Pacific sam ples (less th a n  2 p p b )  a n d  a lm o st a n  o rd e r  o f  m a g n itu d e  

h ig h e r  th a n  in  th e  M e d ite rran e an  (a ro u n d  7  p p b ). T h e  A tla n tic  m easu rem en ts , how ever, w ere 

m a d e  in  th e  ea rly  70s a n d  th e  re p o rte d  levels m a y  m erely reflec t th e  h ig h e r in p u ts  in to  th e  w ater* 

th a t  w ere  p rev a len t in  th o se  years.

202. O b serv a tio n s  o n  ra t-(a il fish  co llec ted  a t  3,000 m  d ep th  in  th e  n o r th  A tla n tic  sh o w  

c lea rly  th a t  c h lo rin a te d  h y d ro ca rb o n s  (P C B s, D D T  a n d  d eg ra d a tio n  p ro d u c ts , b u t  a lso  

h cx a e h lo ro h e x a n e , to x a p h c n c  a n d  ch lo rd an c) h av e  rea ch ed  th e  d eep  ocean , d em o n stra tin g  tran sfe r 

th r o u g h  f o o d  chaios.

203. C o n c e rn  h a s  deve loped  recen lly  in  S candinavia a n d  N o rth  A m erica  a b o u t  th e  presence 

o f  c h lo r in a te d  d ib c ii/o -p -d io x in s a n d  d íb en zo -p -fu rao s  in  o rgao ism s living in  th e  v icin ity  o f  p u lp
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v a ria b ility  in  a ll region* i« la rg e , o fte n  b y  u p  to  th re e  o rd ers  o f  m ag n itu d e . T h is fa c t a lo n e  severely 

lim its  in tra -  a n d  in te r-reg io n a l com parison* .

2fi9. A  strik ing fe a tu re  o f  recen t d a u  is th e  c o n tin u ed  w idespread  occu rrence  o f  1)1)1 resi

d u es a n d  P C B s in  m a rin e  o rgan ism s. 'I h c  h ig h e s t values a re  found  in  o rgan ism s fro m  a re a s  w ith  

k n o w n  in d u s tria l a n d  a g ric u ltu ra l in p u ts  {e.g. B uzzards B ay a n d  B edford  H a rb o r  in  th e  U .S .A .. (he 

e s tu a ry  o f  th e  S t, l.aw rcn ce  in  C a n a d a  a n d  O saka H a rb o u r  in  J a p a n ) , a n d  th e  low est b  organism s 

fro m  less c o n ta m in a te d  a re a s  su c h  a s  th e  A ra b ia n  S ea a n d  th e  cen tra l co a s t o f  Brazil. M o st o f  the 

d a ta  rev iew ed h ad  b e e n  g en e ra te d  d u rin g  th e  1980s, i.e. long  a f te r  res tric tio n s  h a d  b een  p laced  on  

th e  u s a  o f  D D T  a n d  PC B s in  deve loped  coun tries.

210, A lth o u g h  c o n tin u e d  a n d  c o n s is te n t rim e series a re  difficult to  o b ta in , a recen t ana lysis 

o f  th e  re su lts  o f  d iffe ren t U .S . m o n ito rin g  p ro g ram m es carried  o u t  th ro u g h  th e  1970s to  th e  80s 

p rov ide*  *urne in d ica tio n  o l trend« . In  th e  S o u th ern  C a lifo rn ia  B ight, P C B  levels in  D o v e r  sole 

(S o lea  so lea)  fell by  m o re  th a n  a n  o rd e r  o f  m ag n itu d e  {from  a b o u t  1 to  0.03 p p m ) b e tw e en  1972 

a n d  1981. Likewise, levels in  m u sse ls  n e a r  th e  L os A ngeles C o u n ty  sew er ou tfa ll d ec reased  ten fo ld  

( f ro m  2,5 to  0 .24 p p m ) b e tw e en  1971 a n d  1978 b u t ro se  a g a m  to  0.56 p p ra  in  1979. A n 

a p p ro x im a te  a n d  co n s is te n t th ree fo ld  decrease in  PC B s betw een  th e  mi<l-70s a n d  th e  early 1980« 

Ín sam p les  o f  w a te r , p u rü cu la lc*  a n d  organism s from  a  single su e  in  th e  no rthw este rn  

M e d ite rra n e a n  h a s  b een  observed  b y  th e  sam e an a ly s t u s in g  th e  sam e m e th o d  th ro u g h o u t the 

w h o le  p e rio d  o f  m onitoring .

211- C onv inc ing  ev idence o f  decline in  th e  regional use o f  o rg a n o th lo n n e  co m p o u n d s b e 

tw e e n  th e  1970s a n d  th e  1980s co m es, f o r  exam ple, fro m  stud ies o l A rc tic  seals. I n  seals from  th e  

C a n a d ia n  e a s t coast D D T  residue*  dec lined  th ree - to  fivefold betw een  th e  early  o r mid*70s a n d  

1982, w h e re a s  PC B s fell by  a b o u t  h a l f  o v e r  th e  sam e in te rv a l In  A rc tic  ringed  seals from  ih c  w e t  

c o a s t  o f  C a n a d a , P C B  levels declined  by  a b o u t  tlic  saíne fac to r. D D T  level*, how ever, changed  

lit tle  d u r in g  (he  sam e p erio d , su g g estin g  th a i  c o n tin u ed  u se  o f  (he  pesticide m a in ta in ed  a n  inpu t 

to  th e  w e s te rn  A rctic.

212, W hile  th e  declin ing P C B  levels a re  co n cu rren t w ith  th e  b a n  o n  th e  m a n u fa c tu re  o f  these 

c o m p o u n d s  in  th e  ea rly  1970s, D D T  is  likely to  h av e  b een  tra n s p o n e d  by  th e  a tm o sp h e ric  rou te  

to  th e  A rc tic  f ro m  p a r ts  o f  A s ia  w h ere  it is k n o w n  to  have b een  u sed  extensively  un til a t  least the 

la te  1970s.

b . C o n c lu s io n s

213. R ela tive  co n cen tra tio n «  in  d iffe ren t ecological co m p a rtm e n ts  {w ater co lum n , sed im ents, 

o rg an ism s) a re  v a luab le  b  d eve lop ing  m ode ls  o f  tran sfe r fro m  source to  ta rg e t, in  estab lish ing  

sp a tia l a n d  te m p o ra l tren d s , a n d  possib ly  in  iden tify ing  a  m echan ism  for tox ic  ac tio n . A nalyse* 

of e n v iro n m e n ta l sam ple* a re  o ften  u se d  in  m on ito ring  p ro g ram m es to  vignai c o n ta m in a tio n  by 

p o te n tia lly  h a z a rd o u s  ag en ts . I t m u s t b e  em phasized , how ever, th a t  th e se  d a ta , in  them selves, do
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III. BIOLOGICAL EFFECTS

217. 'I h is  c h a p te r  discusses so m e o f  th e  m u s t c ritica l to p ics  fu r  (he  a ssessm en t o f  th e  s ta te  

o f  m a rin e  ecosystem s a n d  o f  h u m an  h e a lth  in re la tio n  to  th e  m a rin e  en v iro n m en t. A  b r ie f  re fe r

en ce  is a lso  n w d e  to  b io logical d a ta  q u a lity  a s su ra n ce  a s  w as d o n e  ea rlie r  (sec tio n  I I  C ^) in  th e  

field o f  chem ica l analysis, fo r  w hich  th e  needs fo r  q u a lity  c o n tro l, d a ta  v a lid a tio n  a n d  good  m a n 

a g e m e n t a re  b e tte r  recognised. T here  a re  c o m p a ra b le  needs u i b io lo g ica l s tud ies b u t  r ig o ro u s  

q u a lity  c o n tro l is o ften  n o t  sufficiently  practised .

A. HUMAN HEALTH EFFECTS

21 B. A lth o u g h  th e  sea provides a n  im p o r ta n t sou rce  o f  h u m a n  food  a n d  a n  a t tra c tiv e  e n v i

ro n m e n t f o r  rec rea tio n , sea  w a te r c o n ta in s  a  w ide varie ty  o f  ag e n ts , b io lo g ica l a s  w ell a s  o rgan ic  

a n d  in o rg an ic , a ll o f  w hich  ca n  b e  a h a z a rd  to  h u m a n  h ea lth . U se  o f  the soa a n d  its  living re

so u rces determ ine* (he  e x te n t to  w hich  h e a lth  is affected.

219. R apid ly  expand ing  and , in  m a n y  cases, seasonally  in c reased  c o a s ta l com m un ities a n d  

d isch arg es fro m  rivers d ra in ing  ag ricu ltu ra l a n d  in d u stria l a rc a s  are th e  p rim e source o f  

a n th ro p o g e n ic  co n ta m in a n ts  in  (he  n ea rsh o re  m a rin e  en v iro n m en t. The p rin c ip a l p ro b lem  to r 

h u m a n  h e a lth  o q  a  w orld-w ide scale is th e  ex istence o f  p a th o g en ic  o rg an ism s d ischarged  w ith  d o 

m estic  sew age to  co a s ta l w aters, e s tu a rie s  o r  n v e rs  a n d  d ra in ag e  ca n a ls  th a t  c a rry  th e se  o rgan ism s 

to  th e  sea,

220. B a th in g  in  w ate rs  receiving such  inpu rs , a n d  consum ing  c o n ta m in a te d  fish a n d  shellfish, 

a re  th e  ca u se s  o f  a  varie ty  o f  in fections. C hem ical co n tam in a tio n  o f  sea w a te r  is  a lso  a  p o te n tia l 

th re a t  to  h u m a n  hea lth , w hile  ta in tin g  a n d  spoilage o f  seafood  is o f  ec o n o m ic  concern . I t sh o u ld  

be em p h asised , how ever, th a t  th e  p ro b lem s a rc  n o t entirely  m an -m ad e . N a tu ra lly  occu rring  

a q u a tic  b io to x m s  a re  a lso  a  h e a lth  h az ard , p a rticu la rly  in  th e  tro p ic a l a n d  sub tro p ica) w ate rs  o f  th e  

Pacific a n d  C a rib b e a n  Regions.

221. Several b ac te ria  (e.g. halophilae v ib rio s)  p a th o g en ic  to  m a n  a re  ind igenous to  e s tu a rin e  

a n d  sea  w a te rs . M a n  is a lso  ex p o sed  to  p a ra s ito se s  from  th e  co n su m p tio n  o f  fish  in fested  by  

w o rm s such  a s  A nisakis  th a t  have a co m p lex  lile cycle th ro u g h  m a rin e  m am m a ls  a n d  sea birds.
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c o n ta m in a te d  w a te r  a re  very  effective ea rn e rs  o f  th e  viruses,

226. T h e  p rev a len ce  o f  these  in fec tio n s is la rge ly  de term in ed  by  cu ltu ra l h a b i ts  govern ing  th e  

c o n su m p tio n  o f  shellfish. G astro -in te s tin a l in fections, a n d  cases  o f  d ia rrh o e a  a n d  viral h ep a titis  

h a v e  b e e n  re p o rte d  f ro m  m uch  o f  th e  W e st A fric an  coastline , th e  A sian  seas, th e  Pacific a n d  th e  

C a rib b e a n . M a n y  in v e s tig a tio n s  h av e  show n  h ig h  coun ts  o f  in d ic a to r  o rgan ism s ( to ta l  a n d  faecal 

co lifo rm s) a s  w ell a s  o f  b a c te ria l a n d  viral p a th o g en s in  sea w a te r , in  b ivalves a n d  in  sedim ents.

227. M assive  o u tb rea k s  o f  in fec tious h ep a titis  a n d  ch o le ra  associa ted  w ith  th e  co n su m p tio n  

o f  ra w  shellfish  lia rvcstcd  from  w astew ater-po llu ted  co a s ta l a re a s  h av e  b ro u g h t p u b lic  a t te n tio n  to  

(h is  p ro b lem . S tric t s ta n d a rd s  f o r  shellfish a n d  shellfish g row ing  w ate rs  h a v e  n o w  b een  w idely e s

ta b lish e d  b u t on ly  a  sm a ll frac tion  o f  th e  inc iden ts a re  reported .

228. R e ce n t s tud ies suggest th a t, even in land , a  su b stan tia l p ro p o rtio n  o f  a ll cases  o f  

endem ic  in fec tio u s h e p a tit is  is asso c ia ted  w ith  th e  co n su m p tio n  o f  ra w  b ivalves including , in  so m e 

cases , th o se  h a rv es ted  u n d e r  w h a t are cu rren tly  considered  ac ce p ta b le  san ita ry  co n d itio n s. A n in 

v e s tig a tio n  in  o n e  E u ro p e a n  co u n try  h as detec ted  a  h igh  level o f  en te ric  v irus c o n ta m in a tio n  in  

shellfish  sam ples fro m  a  m a jo r  u rb a n  m arke t. T h e  n ew  findings raise im p o r ta n t q u es tio n s a b o u t  

th e  a d e q u a c y  o f  cu rren t shellfish  san ita ry  p ractices, inc lud ing  h an d lin g  a n d  vturagc, a n d  p o in t to  

th e  n eed  fo r  a  ca re fu l rc -cv a lu a tio n  o f  ex isting  s tan d ard s a n d  regu la tions.

229. I n  conc lusion , th e  p re se n t s ta te  o f  know ledge ind icates th a t  th e  m o st clearly  identified 

h e a lth  risk  asso c ia ted  w ith  co a s ta l m arine  po llu tion  by  u rb a n  w astew a te r  is th e  tran sm iss io n  o f  

d isease  by  th e  co n su m p tio n  o f  ra w  shellfish harvested  in  co n tam in a te d  areas. M o n ito rin g  a n d  

c o n tro l o f  th e  w ho lesom eness o f  m a rk e tab le  shellfish should  th e re fo re  b e  fu rth e r  s tren g th en ed , e f

fec tive  d e p u ra tio n  m e th o d s  em ployed  consisten tly , th e  co n d itio n s  o f  shellfish bed s supervised  m o re  

effectively  a n d  beds exposed  to  sew age-con tam inated  w ate rs  excluded  from  h arv e s tin g

2 - C h e m ic a l c o n ta m in a n ts

230. C h em icals  w ith  a p o te n tia l to  ca u se  h a rm  to  h u m a n  h e a lth  i f  ingested  w ith  se a fo o d  are 

p re se n t n a tu ra lly  in  sea  w a te r  a n d  th e ir  c o n c en tra tio n s  ca n  b e  increased  by  m a n 's  ac tiv ities. N a 

tu ra l  levels in  sea  w a te r  a r e  u sua lly  low  (m o stly  ng  1**), b u t th e  relatively  e lev a ted  co n c en tra tio n s  

o f  m e rc u ry  (p g  1*1) in  p red a  ta ty  fish  in  th e  M e d ite rran e an  a n d  in  th e  Seychelles Islands, a n d  o f 

c a d m iu m  in  c ra b s  fro m  th e  O rkney  Islands n ff  S co tlan d  a n d  c o p p e r  in  th e  e s tu a rin e  fa u n a  o f 

C o rn w a ll a re  s tr ik in g  exam ples o f  geologically  asso c ia ted  c o n tam in a tio n . S tud ies in th e se  reg ions 

h a v e  show n  th a t ,  a l th o u g h  exposu re  levels a re  m u c h  h igher th a n  elsew here, n o  clin ical effecta h av e  

b e e n  d e tec ted  a m o n g  consum ers. I n  general, th e  risk  fro m  exposu re  to  n a tu ra lly  occu rring  ch em 

ica ls  is co n s id ered  to  b e  low'.

231. A n th ro p o g e n ic  in p u ts  o f  chem ical co n tam in an ts , m ainly  o rig in a tin g  fro m  in d u stria l 

d isch arg es to  e s tu a rie s  o r  co a s ta l w aters, ca o  resu lt in  locally  m u c h  h ig h e r  c o n c en tra tio n s  a n d
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shellfish in  m a n y  coun tries  I h e  c o n ta m in a tio n  o f  shellfish w ith  d ia rrh o e ie  tox ins (o k ad a ic  acid, 

d in o p h y sis to x in s a n d  pccccnotoxins) causes severe g as tro -in testin a l d is tu rb a n ce s  b u t  n o  fatalities 

h av e  b een  rep o rted , 'fh e  d ino  flagell a res responsib le  c a n  c o n tam in a te  shellfish a t  low* eel) d e n s itie s  

well below  th o se  w hich a l te r  th e  c o lo u r o f  th e  w ate r, so  p h y to p la n h to n  m o n ito rin g  is necessary.

23fi. D inoflagella ta? th a t  p ro d u c e  ciguatox in s c o n tam in a te  a v a rie ty  o f  tro p ic a l and  su b 

tro p ic a l g raz in g  f iih , p a rticu la rly  in  th e  so u th e as t A sian  seas a n d  th e  Pacific, w here th e  h u m an  

disease c ig u a te ra , ch arac terised  b y  neu ro log ical, cardio* v ascu lar a n d  g a s tro - in testin  aí sym ptom s, 

h as  em erged  a s  a  m a jo r  c o n s tra in t to  fisheries developm ent. H u m a n  ex p o su re  occu rs  th rough  

ea tiu g  p re d a to r  fish  tlia l feed o n  th e  g razers . A s  m a n y  a s  50,000 ind iv iduals m a y  be po isoned  a n 

nually , w u h  fa ta lity  ra te s  fro m  0,1 to  4 .5  p e r  cen t. T em p era te  c o u n trie s  a re  involved th ro u g h  im 

p o r ts  o f  tro p ic a l fish. T he  an n u a l c o s t to  fisheries in  F lo rida , th e  C a rib b ean  a n d  H aw aii fro m  lost 

business, exclusive of* legal ac tio n s , is es tim a ted  a t  L SS  IO m illion . A p p ro x im ate ly  2,300 cases 

o cc u r in  th e  U .S .A . a iu l C a n a d a  e a c h  year, cos ting  u p  to  USS 20 m illion , m ain ly  due to  tim e o ff  

w ork a n d  h o sp ita lisa tio n . N o  effective m o n ito rin g  p ro g ram m e h a s  y e t b een  developed,

237. A p a r t fro m  dinoflagellaccs, o ilie r flage lla te  g roups, o f te n  sm all species in  th e  size range 

10-20 p m  h av e  recen tly  b een  im plica ted  in  tox ic  ep isodes, a n d  m a jo r  p ro b lem s a re  rep o rted  in  b o th  

b rac k ish  a n d  sea  w ater, p a rticu la rly  fro m  Isra e l a n d  Ja p a n , *lhc full ex ten t o f  rhe  th re a t from  

a q u a tic  b io to x in s  is n o t a t  p re se n t well u n d e rs to o d  a n d  th e  possib ility  o f  en co u n te rin g  unexpected 

s itu a tio n s  o r even new  b io to x in  « is well illu s tra te d  by  a recen t ev en t in  C a n ad a .

23d. H h is  concerned  a n  o u tb re a k  o f  shellfish p o ison ing  resu lting  from  e a tin g  b lue m ussels 

c o n ta m in a te d  w ith  th e  n eu ro to x in  d o m o ic  acid  produced  by  th e  d ia to m  Alu s c h ia  pungens. I t  is 

referred  lo  a s  am nesic  shellfish p o iso n in g  a n d  cau sed  neuro log ical sy m p to m s, inc lud ing  m em ory 

loss, a n d  h u m a n  fata lities, a n d  led  to  th e  c lo su re  o f  shellfish beds. W hile  a  p a rtic u la r  co n cern  at 

the tim e w as th a t  th e  p ro d u c tio n  o f  d o m o ic  ac id  w as p rev iously  u n k n o w n , su b se q u en t w ork 

suggests th a t  th is  to x in  is a  re la tive ly  c o m m o n  p ro d u c t o f  ¡ \itz sd u a  pungens  b u t w as detected  only 

w h en  th e  in c id en t o f  a c u te  shellfish p o iso n in g  occu rred  in  1987.

4 . C o n c lu s io n s

23d. C ases  a n d  o u tb re a k s  o f  g a s tro -en teric  diseases o cc u r in  E u ro p e  a n d  N o rth  a n d  South  

A m erica , b u t th e  tropical a n d  su b tro p ic a l w a te rs  o f  S o u th  a n d  L as t A sia  a n d  th e  Pacific a re  th e  

m a in  fuci o f  these  public h e a lth  hazard s. I h c  o th e r  bcsch -linked  diseases, how ever, are com m on 

to  a l l  crow ded  beaches, especially  th n re  exposed  to  nearby  sew age discharges. S uccessful breaking 

o f  th e  faeca l-o ra l transm ission  ro u te  inux t include th e  co n tro l o f  sew age a n d  p a th o g e n  discharges 

to  c o a s ta l w a te rs  o r , in  th e  sh o r t te rm , res tric tio n s  on  th e  use o f  p o llu ted  b each es a n d  in  the c o n 

su m p tio n  o f  co n tam in a te d  seafood . M u c h  rem ain s to  he d o n e  in  th is  resp ec t, particu la rly  in  the 

densely  p o p u la te d  developing c o u n trie s  b o rd erin g  th e  trop ica! a n d  su b -tro p ica l reas.
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sive d iffu s io n , a n d  is rap id ly  elim ina led. L ong-lived ocean  fish  h av e  h ig h  levels o f  m e rc u ry  in  

m u sc le , b u t  fish  m  enclosed  seas o r c o a s ta l w a te rs  m a y  h av e  residues u p  to  a  th o u sa n d  tim es 

h ig h e r. T h ese  h ig h  m usc le  co n c en tra tio n s  a rc  p red o m in an tly  o f  n a tu ra l o rig in , a* a co n seq u en ce  

o f  n e t  a c c u m u la tio n  th ro u g h  a  long  life h is to ry . T here  is n o  evidence th a t  these  ac c u m u la te d  re s 

id u e s  h av e  p ro d u c e d  a n y  e ilec t o n  fish.

24b. P re d a to rs  o f  lU h, such a s  sea b ird s  a n d  m am m als, ac cu m u la te  o rgan ic  (m e th y l)  m ercury' 

ín  tis su e s  t o  exceed  th e s e  o f  fish, th o se  feeding in sh o re  hav ing  h ig h e r levels th a n  th o s e  feed ing  in  

o p en  oceans. T h e re  is lit tle  ev idence th a t  h igh  tissue  co n c en tra tio n s  ( in  livers o r  fea th e rs  o f  sea

b ird s) a r c  d am ag in g , possib ly  because o f  a n  asso c ia ted  a n d  an tag o n is tic  u p ta k e  o f  selenium . 

H o w ev er, dec lin ing  n u m b e rs  o f  fish-eating  osp reys a n d  sea  eagles h av e  b e e n  a sso c ia te d  w ith  tissue  

levels o f  u p  to  50  ppm .

247. A t  M in a m a ta , J a p a n , m ercury  p o ison ing  from  th e  co n su m p tio n  (20-50  j ig  d*^) o f  lo 

ca lly  c o n ta m in a te d  se a fo o d  caused  2,000 cases o f  in to x ica tio n  betw een  1930 a n d  1908, w ith  43 

d e a th s  rec o rd e d  f ro m  1953. T h a t d isaste r led  to  tb e  a d o p tio n  o f  recom m ended  in te rn a tio n a l lim its  

f o r  levels o f  m e rc u ry  in ta k e  in  th e  d ie t (0 ,3  p g  w k '1 o f  to ta l  m ercu ry ) a n d  fo r  se a fo o d  co n c en 

tra tio n s ,

248. T h e re  is d ispu ted  ev id en t*  o f  accu m u la tio n  o f  cad m iu m  in  m a rin e  w ate rs  th ro u g h  the 

fo o d  ch a ii) , a l th o u g h  it is evidently tak en  up  by  p h y to p la n k to n , Z o o p la n k to n  a n d  filter feeder« 

d ep e n d e n t o n  p h y to p la n k to n  h av e  body  b u rd en s  o f  a  few p p m  b u t  som e ocean ic  tish  h av e  on ly  

0 .0 3  p p m  (d ry ). A lth o u g h  cad m iu m  is n o t  considered  a n  essen tial e lem ent, c o n c e n tra tio n s  u p  to  

100 j ig  I* i  h av e  en h an ced  p h y to p la n k to n  g ro w th  in  la b o ra to ry  experim en ts. N o  effects a re  r e 

p o r te d  fo r  a lg ae , m o llu scs a n d  crustaceans w ith  levels o f 0 ,4  p g  1*1 m  sea  w ate r. T h e se  " n o  eflect" 

levels a re  sign ifican tly  h ig lic r th a n  general b ac k g ro u n d  levels in  o c e a n  o r  c o a s ta l w a te rs  (a b o u t 

0.001 to  0 .2  p g  H )  b u t  m a y  b e  exceeded in  so m e in sh o re  areas.

249. T here a p p e a rs  to  be little  d irec t accu m u la tio n  o f  cad m iu m  fro m  sed im en ts  by  b e e th ic  

o rg an ism s, a n d  it is generally  th o u g h t to  b e  ta k e n  u p  fro m  w ate r. C a d m iu m  is tran sfe rred  from  

m a rin e  a lg ae  to  m o llu scan  herbivore« a n d  th ro u g h  th e m  to  p re d a to ry  ca rn iv o re s  w h ere  it is 

seq u este red  a s  m e ta llo th lo n e in  (e .g . iu  molluscum k id n ey  tissues, o r  fish  liver a n d  gills).

2.50, M a n n e  o rgan ism s ta k e  u p  le ad  fro m  sed im ents o r  in sh o re  w a te rs  w ith  h ig h  in o rg an ic  

le ad  c o n c e n tra tio n s , u p ta k e  by  m ussels a p p e a rs  to  b e  linear w ith  tim e  o f  ex p o su re . L ike cadm ium , 

lo w  levels o f  le ad  (SOO p g  H  ), en h an ce  g row th  o f  so m e p h y to p la n k to n  species, possib ly  in  resp o n se  

t o  a c c o m p an y in g  n itra te  an io n s ; in  o th e r  species n o  elTccts w ere fo u n d  a t  UM) p g  H .  A dverse 

(g ro w th ) effects a r e  rep o rted  a t  300 |tg  I- '  fo r  so m e p ro to z o a , a n d  100 p g  I’ l  p ro d u ce d  to ta l 

m o rta lity  o l th e  c ru s ta c e a n  G am m arus locusta. A c u te  m o rta lity  o f  m o llu scan  em b ry o s occu rs  a t  

500  p g  H  b u t a d u lts  a re  m o re  res is tan t w ith  su b -le th a l effects occu rring  a t  h ig h e r co n c en tra tio n s . 

T h e se  effec t levels" a re  o rd ers  o f  m ag n itu d e  h ig h e r  th a n  sea -w a te r c o n c e n tra tio n s  (  less th a n  

0.01 p g  1*^). T h e re  liavc b een  cases o f  lead  p o ison ing  o f  a q u a tic  bird.* feeding in  sea  a n d  fresh  w a te r
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3 , P e tro le u m  h y d ro c a rb o n s

255. H y d ro c a rb o n s  from  oil ex p lo ita tio n  a n d  u se  a rc  p re se n t in  th e  o p e n  N o rth  Sea a t  c o n 

ce n tra tio n «  o |  I to  3 p g  I** and  a t  low er co n c en tra tio n s  in  th e  o p en  ocean , l.ev c b  o f  

h y d ro c a rb o n s  a n  o rd er o f  m ag n itu d e  h igher o cc u r c lo se  to  oil p la tfo rm *  a n d  in  es tu a rie s  w ith  sig

n ific an t sh ip p in g , o ffload ing  a n d  refin ing  ac tiv ities. S edim ents h av e  5  to  160 p p m , bu t th is  m ay  

rise to  m o re  th a n  1,000 ppm  in po llu ted  estuaries. E ffects rep o rted  o n  liv ing o rgan ism s n ea r  oil 

rigs o r ac c id en t spill sites, include h igh  tissue levels o f  in d u ced  enzym e ac tiv ity  (e .g . m ixed function  

ox idase) m  m olluscs, reduced  g row th  in  sea  grass, bc liav ioura l ch a n g e  a n d  rec ru itm en t failu re in 

c ra b s , a n d  successtonal changes in  sm all b en tb ic  c ru s ta ce an s . H ig h er oil residues have al«o been 

re p o rte d  in  th e  livers o f f is h . A  sea*w atcr c o n c e n tra tio n  o f  50  |ig  H  o f  th e  a ro m a tic  frac tion  o f  

o il. co m p ared  w ith  th e  n a tu ra l b ac k g ro u n d  o f  on ly  1 p g  H ,  w ou ld  n eed  to  persis t over a  w ide area 

b e fo re  sign ifican tly  affec ting  th e  larval s tages o f  fish.

4 . C o n c lu s io n s

256. T h is  b r ie f  review  show s th a t ,  w ith th e  possib le  ex c ep tio n  o f  m ercury , trac e  m etals are 

p re se n t in  su c h  low  d issolved co n c en tra tio n s  in  o c e a n  w ate rs  a n d  ev en  in  m ovt coasta l w aters th a t 

th e y  d o  n o t c o n s titu te  a h a z a rd  to  m a rin e  organism s. *lhc accu m u la tio n  o f  o rg an ic  m ercury  resi

du es is a s so c ia te d  w ith  dam age to  fish -ea ting  b irds, a n d  th e  risk  o f  m ercu ry  p o ison ing  o f  m a n  ju s 

tifies cunero  I m easures to  lim it th e  d ie ta ry  in tak e  th ro u g h  seafood. I t  is n o t know n , how ever, 

precisely h o w  sca-w a te r co n c en tra tio n s  re la te  t o  m ercu ry  levels in  fish. C ad m iu m , a l th o u g h  in 

cluded  a m o n g  th e  “b lack  list* su b stan ces co n tro lled  by  in te rn a tio n a l ag reem en t because o f  its 

possib le  effects o n  m an , a p p e a rs  to  p resen t n o  h a z a rd  to  m a rin e  o rg an ism s o r to  m a n  t i a  seafood. 

S im ilarly , arsen ic  ac cu m u la ted  by  m a rin e  o rgan ism s a p p e a rs  to  h av e  n o  adverse  effects a t  presen t 

levels.

257. H a lo g e n a te d  h y d ro ca rb o n s po se  a d em o n strab le  h a z a rd  to  to p  p red a to rs  w hich  accu 

m ula  te  res id u es  io  fa tty  tissues; th e  risk  is  m o re  sign ifican t w here su c h  o rgan ism s are living near 

h o t  sp o ts  o f  c o n ta m in a tio n , such  a s  sew age d u m p  sites a n d  in d u s tria l d ischarges. O il, w hile a 

s ig n ifican t p o llu ta n t affect m g am en ity  w h en  p re se n t a s  slicks o r  ta r  balls, seem s o therw ise n o t to  

po se  a  se rious h a z a rd  fo r  m a n n c  organism «. except a t  th e  s ite  o f  o il spills, o r o f  co n tin u o u s  releases 

tro m  refineries a n d  a t  o th e r  industria l sites. H ow ever, so m e h ab ita is , p a rticu la rly  in p o la r  regions 

a n d  in  th e  tro p ic s , a re  particu la rly  v u ln erab le  a n d  in  enc losed  c o a s ta l w a te rs  even spil b  o f  a ro u n d  

100 to n n e s  h av e  cau sed  g rea t dam age to  sensitive specie«, such  a s  m urine  b trd s  a n d  m am m als.

25K. W ith in  th e  m a iin e  ecosystem , m a n y  n a tu ra l  a n d  m a n -m ad e  fueiur«  in te rac t in a  com 

p lex  way. A n u m b e r  n f  a p p ro a ch es  h av e  b een  developed  to  p ro v id e  so m e m easu re  o f  th e  tu  tai 

effec t o f  th e se  co n d itio n s  o n  b io logical ta rge ts. A m o n g  th e  physio log ical responses to  adverse 

co n d itio n s  a re  an o m alies  o f  g ro w th , fecund ity  a n d  deve lopm en t; b iochem ica l indices, have also 

been  u sed  T he  lim ita tio n s , a s  well a s  th e  s tren g th , o f  such  a n  in te g ra te d  a p p ro a ch  need to  be
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sp h eric  dcp u ritio n .

263. G lobally , p re se n t in p u ts  o f  n u tr ie n ts  fro m  rivers d u e  to  m a o 's  ac tiv itie s a re  a t  least as 

g re a t ax  th o se  from  n a tu ra l  p rocesses. T h e  in p u ts  in  d iffe ren t localities vary widely, d epend ing  on  

a  ra n g e  o f  fa c to rs  ioc lud ing  p o p u la tio n  density , la n d  use , effluen t tre a tm e n t, e s tu a rin e  to p o g rap h y , 

d isp e rsa l r a te s  a n d  n a tu ra l  m a rin e  sources o f  th e  n u trien ts . I n  som e en c lo sed  w a te rs  a n d  co a s ta l 

seas th e se  in p u ts  h av e  led to  clearly  de tec tab le  a n d  su sta in ed  increases in  n u tr ie n t co n c en tra tio n s  

in  th e  w ate r. T h e  arca*  thux  affec ted  a rc  n u m e ro u s  a n d  geographically  w id esp read  b u t  a il liave th e  

c o m m o n  fea tu re  o f  lim ited  w a te r  exchange w ith  th e  open  sea.

264. T here  is n o  ev idence o f  co m p arab le  su sta in ed  inc reases  in  o p e n -sh e ir  w a te rs  o r  open- 

o c e a n  a re a s  a n d  th e re  seem s little  like lihood  th a t  th is  cou ld  o cc u r w ith  th e  p re se n t ra te  o f  input«  

since 80  t o  90  p e r  c e n t o f  th e  n u tr ie n t in p u t b  ta k e o  u p  b y  prim ary ' p ro d u c tio n  w ith in  estuarine  

a n d  n e a rsh o re  w a te rs  (see C h a p te r  11), A  sign ifican t observable effect o f  excessive n u tr ie n t in p u ts  

c a n  th e re fo re  be expected  in sh o re , a n d  th is  is indeed  m an ifest in  th e  fre q u en t o ccu rren ce  o f  algal 

b lo o m s a n d  th e  increased  b io m ass  o f b e ru h te  algae a n d  a q u a tic  v ascu la r p lan ts . L im ited  m ercases 

m a v  h a v e  des irab le  co nsequences m  te rm s o f  en h an ced  p ro d u c tio n , b u t la rge  in p u ts  will degrade 

th e  en v iro n m e n t in  a  n u m b e r  o f  w ays, especially i f  th e  oxygen dem an d  o f  th e  decaying  p la n t m a 

te r ia l  f ro m  la rg e  b lo o m s leads t o  h y p o x ia  a n d  th e  d e a th  o f  sensitive o rgan ism s w ith  h igh  oxygen 

re q u irem en t, such  a s  fish.

265 In  th e  Baltic; S ea , system atic  m o n ito rin g  since 1980 h a s  p ro d u ce d  ev idence o f 

e u tro p h ic a tio n , a s  seen  in  p rogressively  decreasing  oxygen c o n c en tra tio n s  a n d  inc reasing  levels o f 

n u tr ie n ts .  R eco rded  b io log ica l effects o v e r  th e  sam e period  in d ica te  h igher sum m er ra te s  o f  pri

m a ry  p ro d u c tio n  and , since 1980, o f  in c reased  p ro ductiv ity , inc lud ing  th a t  o f  fish , b u t excepuonal 

a n d  u n w elco m e b lo o m s o f  p la n k to n  a lg ae  h a v e  a lso  occurred . A lth o u g h  i t  is  recogn ised  th a t  som e 

even ts a re  re la te d  to  c lim a to log ical a n d  hyd ro log ical v a ria tio n s  in  th e  B altic, th e  d o cu m en ted  in 

c reases  in  n u tr ie n t  in p u ts  to  th is  enclosed sea  a re  a m a tte r  o f  m a jo r  concern .

266. P ossib ly  re la ted  to  lugber n u tr ie n t in p u ts  w as th e  u n u su a l b lo o m  th a t  occu rred  along  

th e  c o a s ts  o f  D en m ark , N u rw ay  a n d  S w eden  in  1988. T he  alga responsib le  w a s  th e  sm all flagellate 

C hrysochrom ulina polylepis w h ich  rea ch ed  m ax im um  co n c en tra tio n s  o f  50-100 m illion  cells per litre. 

T he  b lu u in  d id  g rea t d am ag e  to  seaw eeds, in v e teb ra te s  a n d  fish  in  c o a s ta l w a te rs  b e tw e en  0  a n d  

12 m  d e p th  a lo n g  a  200 km  s tre tch , a n d , th ro u g h  a n  un iden tified  to x in , a lso  affec ted  farm ed 

sa lm o n , c o s tin g  th e  N o rw e g ian  fish ing in d u s tjy  o v e r  U SS10 m illion . A lth o u g h  th e  to x in  do es no t 

a c cu m u la te  in  fish flesh, It h a s  been found  in  b lue m ussels {M yu lu s  edulis) b u t  th e re  w ere n o  rep o rts  

o f  illnesses in  m an . T he  rem a rk a b le  fea tu re  w as th a t  th is  species h a d  n o t  b een  reco rd ed  previously  

a s  p ro d u c in g  la rg e  b lo o m s in th e se  w ate rs  a n d  w as n o t know n lo  b e  tu  xi c.

267. O ff  th e  D u tc h  c o a s t  n itro g e n  in  sea w a te r increased  by  a fa c to r  o f  fo u r  a n d  p h o sp h o ru s 

by  a  fac to r  o f  tw o  o v e r  th e  p e rio d  fro m  1930 to  1980, I n  th e  in sh o re  w a te rs  o f  th e  G erm a n  Bight 

th e  inc reases  w ere by  fac to rs  o f  1.7 a n d  1.5, respectively, over 23 years. P h y to p lan k to n  b in  m ass 

in c reased  d ram a tic a lly  d u rin g  th e  sam e p e rio d  a n d  flagella tes o v erto o k  d ia to m s in  ab u n d a n ce  in
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272. E xperience h as show n  th a t  it is possib le  to  c o n tro l a n d  reverse eu tro p h ica tio n  by  re

d u c in g  d isch arg es o f  n u tn e n ts  a n d  o rgan ic  ca rb o n . T here  a re  w ell d o cu m en ted  cases o f  recovery  

o f  fish ing g ro u n d s  dam aged  by  n u tr ie n ts  f ro m  sew age sludge a f te r  dum ping  h a s  s to p p ed , f o r  

specific p o in t  sou rces, it ca n  h e  sufficient to  d isch arg e  effluen t fu rth e r  o ffsho re  to  a u  a re a  o f  g rea ter 

w a te r  m o v e m en t, since adverse en rich m en t is less hkely  i f  th e  n u tr ie n ts  a re  a d e q u a te ly  d ilu ted  a n d  

d ispersed . I n  a re a s  w ith  restric ted  c ircu la tio n , rem oval o r  d iversion  o f  a  su b stan tia l p a r t  o f  th e  

n u tr ie n t lo a d  (p articu la rly  n itrogen ) a n d  its  re lease  to  su itab le  a re a s  sh o u ld  b e  considered . Effec

tive  te ch n iq u e s  a r e  ava ilab le  fo r  n u tr ie n t s trip p in g  b u t th e  co s ts  a re  h igh  and , w h ere  th e  m ain  

sou rce  o f  n u tr ie n ts  is ag ricu ltu re , m a jo r  ch an g es in  fa n n in g  p ro ced u res  o r in ten sity  w ou ld  be e n 

ta ile d  f o r  effective red a c tio n  o f  discharges.

273. i n  in te rp re tin g  d a ta  o n  eu tro p h ica tio n  a n d  in  fo recasting  effects, it m u s t b e  recognised  

th a t  th e  m a rin e  en v iro n m en t show s ill-u n d e rs to o d  sh o r t- te rm  flu c tu a tio n s  a n d  ev en  less well- 

u n d e rs to o d  lo n g -te rm  ch an g es d u e  to  n a tu ra l  cau ses . M oreover, it is difficult to  p red ic t effect« in 

la rge  g eog raph ica ! a reas to  w hich a v arie ty  o f  so u rces p rov ide in p u ts , e a c h  o f  w h ich  by itse lf  m ight 

n o t  b e  sign ificao t, b u t  w hich to g e th e r  m ig h t h av e  a  cum ula tive  effect o n  ex tensive a rc a s  such as 

th e  N e w  Y o rk  B ight, th e  Baltic Sea o r  th e  c o a s ta l  z o n e  o f  th e  s o u th  ea s te rn  N o r th  Sea. H ow ever, 

it sh o u ld  b e  possib le, a t  least o n  a  local scale , to  iden tify  a rc a s  o f  restric ted  w a te r  exchange such 

as  la g o o n s , in le ts , fjo rds a n d  enc losed  bay s w h ich , i f  sub jec t to  e n h a n ce d  n u tr ie n t in p u t, m igh t be 

ex p ec ted  to  sh o w  adverse  effects, a o d  to  a ffo rd  th e se  a re a s  a  g re a te r  degree o f  p ro te c tio n  o r c o n 

tro l.

D. ECOLOGICAL EFFECTS

/ .  G e n e ra l c o n s id e ra tio n s

274. L o n g -te rm  effects o f  c o n tam in an t ex p o su re  o f  p o p u la tio n s  o r  co m m u n ities  a rc  difficult 

to  d is tin g u ish  f ro m  n a tu ra l changes. R eliab le  o b se rv a tio n s  o f  p o p u la tio n  ch a n g e s  o v e r  sufficient 

tim e (d ecad es) a re  largely  lim ited  to  so m e co m m erc ia l species, o c e a n  p la n k to n  a n d  a  few  in sh o re  

b e n th o s  co m m u n ities . S ta tistica! an a ly sis  o f  th e  d a ta  is  n o t  a lw ays convincing . I n  a d d itio n , the 

ca u se  o f  th e  ch a n g e  is  n o t  alw ays recogn ized  a n d  it needs to  be su p p o rte d  b y  rea lis tic  lab o ra to ry  

a n d  field  experim en ts. T h is m ay leave a  tre n d , ev en  th o u g h  s ta tis tica lly  es tab lish ed , 'lo o k in g  for 

a  cause".

275. T h e  es tab lishm en t o f  a  re la tio n sh ip  b e tw e en  a  tox ic  ag en t a n d  th e  freq u en cy  o r in te n 

s ity  o f  effects o n  a  ta rg e t req u ires  th a t  th e  do se  a n d  th e  m o d e  o f  ex p o su re  b e  defined  a n d  th a t  th is 

b e  in te rp re te d  in  te rm s o f  w ild p o p u la tio n s  ra th e r  th a n  o f  ind iv iduals  u se d  in  la b o ra to ry  o r  field 

to x ic ity  te s tin g . T h e  effects o f  ex p o su re  w ill v a ry  n o t o n ly  betw een  d iffe ren t p o llu ta n ts  ( o r  m ix-
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charac teristic* . C h an g es in  tem p era tu re , dissolved oxygen a n d  suspended  sed im en t lo a d s  a re  o ften  

s ig n ifican t d e te rm in a n ts  o f  chem ical fo rm  a n d  ava ilab ility , so  th a t  b io log ica l resp o n se  is m o d u la ted  

b y  in te rac tio n s  b e tw e en  co n ta m in a n ts  a n d  n a tu ra l  variab les , a s  well a s  by  b io log ica l factors.

282. I f  a  p o p u la tio n  do es decline, re laxation  o f  in terspecific co m p e titio n  leads to  a  changed  

c o m m u n ity , in  th e  firs t in s ta n c e  b y  a  localised change  in  species d o m in an ce  o r  lo ss . T h is  w ill be 

irreversib le  i f  rec ru itm en t f ro m  ad jac en t p o p u la tio n s  c a n n o t occu r. T he  tim e-sca le  o f  recovery  a n d  

th e  d eg ree  to  w h ic h  p o p u la tio n  changes ca n  b e  reversed  a n d  species o r  com m un ities re s to re d  a re  

u n c e r ta in  since th e y  are c ritica lly  dependen t on  (he  specific cond itions a t  th e  d am ag e d  site, a s  well 

a* on  th e  p o te n tia l  f o r  rep lacem ent. T he  s tu d y  o f  these cond itions a lo n g  c o n c e n tra tio n  g rad ien ts  

f ro m  p o in t  so u rces o f  a  p o llu ta n t, a n d  follow ing acciden ta l releases, a s  well a s  tlic  su b se q u en t re

co v e ry  o f  d a m a g e d  h a b i ta ts  a n d  com m unities a re  o f  considerab le  p rac tica l value.

283. T h e  d ifficu lty  o f  m o n ito rin g  b io log ica l change, g iven  its lo n g -te rm  a n d  ex tensive  ge

o g ra p h ic  v a r ia tio n , a n d  th e  p ro b lem  o f  in te rp re ting  th e se  ob se rv a tio n s in  th e  lig h t o f  th e  resu lts  

o f  ex p e rim en ta l ex p o su res  o f  a  few  species lo  a  few  k n o w n  c o n tam in an ts , a r e  n o t  easily  resolved. 

W h e re  ch a n g e s  a rc  expected , f o r  exam ple io  a rc a s  receiving d ischarges, m o n ito rin g  p ro g ram m es 

m a y  b e  in itia ted , b u t th e y  m ay involve a n  expensive a n d  lo n g -te rm  co m m itm en t o f  resou rces, o ften  

u n p o p u la r  w ith  fund ing  agencies, co n tro l a u th o ritie s , a n d  ev en  w ith  sc ientists. I n  a d d itio n , it is 

o f te n  ch arg ed  th a t  irreversib le  dam age will ensue before th e  resu lts  o f lo n g -te rm  p ro g ra m m e s a rc  

ac c u m u la te d  a n d  analysed .

284, I t  fo llow s th a t  lo n g -te rm  field observ a tio n s se ldom  prov ide early  w arn ing  o f  significant 

effects a t  p o p u la tio n  level, n o r  do  th e y  by  them selves iden tify  the p rin c ip a l o r  ev en  im p o rta n t 

c a u sa tiv e  ag e n ts . A side  f ro m  c a ta s tro p h ic  events, i t  is usually  difficult to  d is tin g u ish  betw een  n a 

tu ra l  a n d  m a n -m a d e  causes o f  b io logical change. T he  careful an a ly sis  o f  n a tu ra l p h en o m en a  (e.g. 

£1 N iñ o ) , o r  o f  ch an g es in  b io log ica l com m unities follow ing accidca ts, o r  a lo n g  a  g rad ien t f ro m  a 

p o llu ta n t  source , seem s t o  offer ilic b e s t d irec t evidence fo r  p o p u la tio n  resp o n se  t o  n a tu ra l  even ts 

o r  h u m a n  ac tiv itie s . T h ese  field  investiga tions ca n  b e  e n h a n ce d  b y  s tud ies o f  b io log ica l a n d  

chem ica l m ech an ism s a n d  p rocesses, a n d  b y  th e  developm ent o f  m odels to  ex tra p o la te  re levan t 

find ings to  p o p u la tio n s . A n  in d ire c t assessm en t m a y  b e  m ad e  fro m  th e  co m b in a tio n  o f  ( a )  d a ta  

o n  p o p u la tio n  d ynam ics , (b )  p rocess s tud ies o f  c o n tam in an t im pact, a n d  (c ) know ledge  o f  spa tia l 

a n d  te m p o ra l d is tr ib u tio n  o f  th e  co n tam in an t.

285, T o  illu s tra te  th e  p ro b lem s in h e ren t in  th e  d e tec tion  o f  lo n g -te rm  effects a t  low  c o n 

c e n tra tio n s  o f  c o n ta m in a n ts , o r w h ere  a  su spec ted  cause  h a s  n o t  b een  id en tified , a  v a rie ty  o f  ex

am p les  o f  b io lo g ica l ch a n g e  a ttr ib u te d  to  n a tu ra l p h en o m en a  a n d /o r  t o  h u m a n  ac tiv itie s is  g iven  

in  th e  fo llow ing  p a ra g ra p h s .
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B ohuslatxd  (B altic ) h e rr in g  sh o w s a  period ic ity  o f  a b o u t  U O  y  e a ts ,  a n d  a lte rn a te s  w ith  t h a t  o f  th e  

N o r th  S ea  sp ring -spaw n ing  herring , a ll th e  o th e r  stocks sh o w  sim ilar p a tte rn s  o f  g o o d  a n d  bad  

y ea rs . I n  th e  ca se  o f  th e  N o r th  S ea herring , these  reflect th e  period ic ity  of* ice co v e r n o r th  o f  

Ice lan d . S im ilarly  tim ed  ch an g es in  th e  w idely se p a ra te  s to c k s  o f  A dria tic , C a lifo rn ian  and  

J a p a n e s e  sa rd in e  a re  considered  in d ica tiv e  o f  w idespread  c lim a tic  change. A  sh o rte r- te rm  cycle is 

t h a t  o f  th e  P eru v ian  an ch o v y , w hich  is m fluenced  by  th e  osc illa tion  o f  h y d ro g rap h ic  conditions 

k n o w n  a s  E l N iñ o  (see  p a ra g ra p h  119), T h is reg u la r  re d u c tio n  o f  co a s ta l upw ellíng  In th e  easte rn  

P ac ific  leads lo  red u ced  p ro d u c tiv ity  a n d  to  a  lim ited  d is trib u tio n  o f  th e  a n c h o v y , w hich  rem ain  

a b u n d a n t o n ly  in  a re a s  w h ere  p ro d u c tiv ity  is  m a in ta in ed .

b. Ternperature effects

2S9. T em p era tu re  p ro d u ce s  sign ifican t d irec t a n d  in d ire c t effects a t  a l l  levels u f  biological 

o rg a n iz a tio n . Point* sou rce  d ischarges a t  h igher th a n  am b ie n t te m p era tu re , in  c o n tra s t,  a re  alm ost 

en tire ly  lo c a l m  th e ir  effect. A  loog*term  (25 y ea rs) s tu d y  o f  effects o n  th e  b en th ic  fa u n a  ad jacen t 

t o a  th e rm a l d ischarge f ro m  a  2 ,000 W  n u c le a r  p o w er p la n t (C lyde e s tu ary , U .K .)  h a s  dem on

s tra te d  f lu c tu a tio n s  in g ro w th  a u d  a b u n d a n c e  o f  th e  p rincipal m a c r o  a n d  m e io b en th ic  species, 

a t t r ib u ta b le  to  b o th  c lim a tic  a n d  th e rm a l effluen t in fluences o n  rec ru itm en t, g ro w th  a n d  m orta lity . 

In  so m e y ea rs , a  h igher th a n  av e rag e  rec ru itm en t to  th e  p o p u la tio n  w as a sso c ia te d  w ith  higher 

th a n  n o rm a l te m p era tu re s  p r io r  to  sp a tfa ll. T he  flu c tu a tio n s , how ever, a p p e a r  to  h av e  h ad  little 

effec t o n  th e  r a th e r  stab le  b en th ic  com m unity . A n o th e r  long* te rm  analysis o f  rec ru itm en t o f  ju* 

ven iles to  th e  p o p u la tio n  o f  a n  in sh o re  fish  (sa n d  sm elt, A th erin a  presbyter)  in  a n  enclosed bav 

(S o u th a m p to n  W a te r) show ed  n o  ch a n g e  in  p o p u la tio n  s tru c tu re  over a  I2*ycar p e rio d  o f  therm al 

d isch arg e  fro m  a  2 ,000 M W  fossil-fuel p o w er p la n t. T h u s , a l th o u g h  s tric tly  lo c a l a n d  sho rt-te rm  

effects o f  su c h  p o in t sou rce  d isch arg es c a r i b e  id en tified , i t  is  d ifficu lt t o  d is tin g u ish  tuAVsal 

f lu c tu a tio n  « fro m  th o se  d u e  to  h u m a n  ac tiv ities. A  w orld-w ide w arm ing  a s  a  resu lt o f  a change  in 

c lim a te  m ig h t, how ever, h a v e  m ore sign ifican t effects in  th e  m a rin e  en v iro n m en t, e.g. by  changing 

th e  e x te n t o f  h a b i ta ts  a s  a  resu lt o f  a  sea-level rise , b y  fav o u rin g  species w ith  h ig h e r tem p era tu re  

to le ra n c e  o r  by  inc reasing  th e  r a te  o f  c ritica l physio log ica l p rocesses.

e. C hanges m  corat reefs

290. O il spills, d is ru p tiv e  fish ing  p rac tices , m in ing , deve lopm en t im p a c ts  a n d  s to rm s are 

o b v io u s  ca u se s  o f  d am ag e  t o  co ra l reefs. C h a n g es  in la n d  (d e fo re s ta tio n )  have a lso  b een  correlated  

w ith  red u c ed  co ra l ru c f  co v e r in  th e  Pacific, b ecau se  o f  in c reased  sed im ent lo a d  in  th e  run-olT  w a

te rs , w h ich  is d am ag in g  t o  co ra ls . T h e re  h av e  a lso  b een  re p o r ts  o f  a t  least localized  decline, w ith 

'b le a c h in g ' d u e  to  th e  loss o f  zo o x a n th e lla e  fro m  th e  tis su es , a t tr ib u te d  to  v a rio u s co n tam in an ts  

(e.g. th e  h erb ic id e  2,4 D , o il, sew age, n u tr ie n ts )  b u t  o fte n  w ith o u t c ritica l ev idence o r te sting . A  

re c e n t r e p o r t  a rg u e s  th a t  th e  lo ss  o f  zo o x a n th e lla e  is a s so c ia te d  w ith  m eteo ro log ica l a n d  

o c e a n o g ra p h ic  even ts w h ich  h av e  resu lted  in  m ark ed  inc reases  in  su rface-w ater tem p era tu re s  in  

ex ten siv e  a rcas , lo  th is  case , n a tu ra l  cycles o f  ch a n g e  co u ld  a g a in  b e  held  responsib le.
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b ase lm e  o f  incidence o f  v a rio u s d iseases. T h is w o rk  sh o u ld  b e  encouraged .

ƒ  B ea ch ed  s e a  birds

296. S ea b irds a re  ex p o sed  to  co n ta m in a n ts  in  th e  se a  th ro u g h  p red a tio n  o n  co n tam in a ted  

m a r in e  o rg an ism s, o r  b y  d irec t c o n ta c t w ith  oil residues o r  p la s tic  d eb ris  o q  th e  sea  surface. A 

su rv e y  o f  b e a c h e d  sea  b ird s  is  m a in ta in e d  in  so m e a re a s  to  m o n ito r  th e  effects o f  m an-induced  

h a z a rd s . In  th e  a u tu m n  o f  1969, a  m assive  d isa s te r affec ted  b ird s  io  d ic  a re a  o f  th e  I r ish  Sea, w ith  

m o re  th a n  12,000 b ird s  c a s t u p  o n  th e  ad jac en t sh o res . A lm o st a ll th o se  affec ted  w ere  adu lt 

g u illem o ts  (U ria  aalge)  ju s t  p a s t  th e  m o u lt. E ffo rts  w ere m a d e  a t  th e  u m e  t o  a ssess  th e  possib le 

in f lu e n ce  o f  ep idem ic d isease , la ck  o f  food , o r accu m u la tio n  o f  p o flu tan ts . N o  d e a r  conclusion  

c o u ld  b e  d raw n , th o u g h  th e  effects o f  exposu re  to  p o llu ta n ts , inc lud ing  PCB residues, co u ld  no t 

b e  ru le d  o u t  a t  th a t  tim e.

E. RECOVERY OF DAMAGED ECOSYSTEMS AND SPECIES

297. I t  is  p e r tin e n t to  consider th e  ex ten t t o  w h ich  d am ag e d  h a b ita ts  a n d  sp e c k s  a re  ab le 

t o  re c o v e r  o n ce  p o llu tin g  in p u ts  h av e  ceased. A n  ec o sy ste m  dam aged  by  o il, n u tr ie n ts  o r  sew age 

w ill ty p ic a lly  h av e  lo w er species d iversity , sh o r te r  fo o d  ch a in s  a n d  less efficient energy  transfer 

b e tw e e n  tro p h ic  le w is  th a n  a n  un affec ted  ecosystem . T h e  sim p lest ex p ec ta tio n  is th a t  th e  p re 

im p a c t sy s tem  w ill even tua lly  b e  rc-cstab lishcd . H ow ever, since ecosystem s a re  h igh ly  dynam ic, 

o f te n  w ith  several p o ss ib le  s ta b le  sta tes, recovery  n eed  n o t fo llow  th e  sam e sequence o r tim e scale 

a s  lo ss , a n d  th e  sy s tem  w ill n o t  necessarily  revert to  its  p rev io u s  structu re .

298. T h e  effects, a n d  a lso  th e  recovery , w ill d ep e n d  o n  lo c a l cond itions. W a ste w ate r d is

c h a rg es , e v e n  i f  th e y  d o  n o t c a rry  to x ic  chem icals, m a y  still re su lt  in  a n  overall increase  o f  n u trien ts  

a s  w ell a s  in  a  change  in  th e ij b a lan ce . F o r  exam ple , m u n ic ip a l w astew a te r  d ischarge a ro u n d  

S to c k h o lm  h a s  g rea tly  increased  in  q u a n tity  since th e  b eg in n in g  o f  th e  cen tu ry , ad d in g  in  particu lar 

t o  th e  p h o sp h o ru s  lo ad in g  o f  th e  receiv ing w ate rs  a n d  resu ltin g  in  heavy  b lo o m s o f  m trogen-lix ing  

b lu e -g reen  algae , d ec reased  w a te r  tran sp a ren cy  a n d  p erio d s o f  oxygen deficiency w ith  hydrogen 

su lp h id e  g en e ra tio n . B etw een  1968 a n d  1973, b io logical a n d  chem ica l pu rifica tion  w as in troduced  

to  a ll sew age tre a tm e n t p la n ts  in  S tockho lm , a n d , a s  a  resu lt th e  p h o sp h o ru s  c o n c en tra tio n  in 

su rfa ce  w a te r  d ro p p ed  fro m  17 t o  4  p g  H ,  th e  freq u en cy  o f  occu rrence  o f  b lu e  g reens decreased, 

w a te r  tra n sp a re n c y  im proved , oxygen  c o n te n t is inc reasing  a n d  free  hydrogen  su lph ide is  n o w  sel

d o m  found .

299. A s a n o th e r  exam ple , th e  T h am es in  th e  U .K . w as r ic h  in  fish cen tu ries a g o , b u t in 

c re as in g  sew age lo a d  a n d  o th e r  d ischarges th ro u g h  th e  n in e te e n th  c e n tu ry  cau sed  su b stan tia l re 

d u c tio n *  in  d isso lved  oxygen. By th e  early  1950s, severa l m iles o f  th e  tid a l w ate rw ay  w ere 

o xygcn -dcfic ien t every  sum m er, long  stre tch es w ere w ith o u t fish  life, a n d  th e  b o tto m  fau n a  w as
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w ith  th e  re su lt  th a t  m e th y l m e rc u ry  levels in  p ik e  (E so x  lucius) d ro p p e d  sign ifican tly  a n d  a  b a n  on  

fish in g  w a s  lifted.

303. O n ce  th e  en v iro n m en ta l dangers o f  D D T  a n d  P C B  w ere d iscovered , th e ir  use w as r e 

s tr ic te d  o r b a n n e d  in  m a n y  n o r th e rn  h em isp h e re  c o u n trie s  in  th e  early  1970s, S ubsequen tly , levels 

in  th e  en v iro n m en t d ro p p ed , fo r  exam ple , in  a rc a s  o f f  th e  C a lifo rn ian  co ast, in  th e  J a p a n 's  In land  

S ea  a n d  in  th e  Baltic. A fte r  a  few  y ea rs , co n c en tra tio n s  in  liv ing o rgan ism s a lso  declined, a n d  PCH 

levels in  B a ltic  seals d ro p p e d  b y  50  p e r  cen t, Sm ce th e n , how ever, th e re  h a s  b een  n o  ev idence o f  

fu r th e r  d ecrease , a n d  a d v e n e  effects rem ain . I n  th e  ca se  o f  D D L , to ta l  res id u e  levels (consisting  

m a in ly  o f  D D E )  declined  from  th e  early  1970s and , b y  1984, w ere only IO p e r  ce n t o f  th e  ea rlier 

levels . H ow ever, residue levels increased  a g a in  a f te r  1984, a n d  th e  egg  «hells o f  fi«h-eating  b irds, 

w hich  h a d  b e g u n  to  re tu rn  to  n o rm al, h av e  recen tly  becom e th in n e r  aga in . T h u s , w hile  the ban s 

a n d  res tric tio n s  p ro d u ced  a n  in itia l d ec rease  o f  th e se  sy n th e tic  organic«, th e  do w n w ard  tre n d  h as 

n o w  h a l te d ,  possib ly  b ec au se  p a r t  c o n ta m in a tio n  b u il i  u p  p e rs is te n t residues in  sed im ents, fro u t 

w h ich  th e y  a re  n o w  stead ily  recycled.

304. T h e  b e s t d o cu m en te d  reco rd  o f  ecosystem  recovery  is th a t  fro m  oil in c id en ts , a lth o u g h  

th e  e x te n t a n d  speed o f  reco v ery  varies considerab ly . I n  so m e cases  la rge  spills seem  to  h av e  h ad  

o n ly  m in o r  im p acts , w hile in  o th e rs  sm all q u an titie s  o f  o il h av e  cau sed  co n s id e rab le  dam age. 

A p a r t  f ro m  a n y  c lean -u p  tre a tm e n t app lied , m a n y  fac to rs  a re  re levan t, inc lud ing  th e  n a tu re  o f  th e  

o il, th e  m eteo ro log ica l co n d itio n s, th e  season , th e  ch a rac te ris tic s  o f  th e  affec ted  a re a , a n d  th e  o p 

p o r tu n itie s  fo r  recoIonisatio tL  In  g eneral, pelag ic system s in  th e  o p e n  sea  a re  n o t  seriously  affec ted  

a n d  recovery  is a  m a tte r  o f  w eeks o r  a  few  m o n th s . T he  effects o n  su b tid a l co m m u n ities  a ie  m ore  

ex tre m e  a n d  recovery  ta k e s  lo n g e r  in  in te rtid a l a re a s  w h ere  th e  o il m ay h a v e  been b u ried  in the 

sed im e n t a n d  ca n  leach  o u t over a  long  p erio d , re c o v e n ' l u s  ta k e n  decades.

3ft5. E xperience h as  b een  g a in ed  o n  th e  re -es tab lis lu n cn t o f  vome im p o r ta n t tro p ic a l and  

s u b tro p ic a l  h a b i ta ts  - co ra l ree fs, m an g ro v es  a n d  sea*gr»si b ed s . I n  so m e cases  th e se  h a b i ta ts  h av e  

b e e n  d e s tro y e d  by  physical ac tiv itie s such  a s  p o r t deve lopm en ts, b n d e e  bu ild ing , o r b y  des truc tive  

c o ra l m in ing  a n d  fishing, a s  well a« hy  th e rm al d ischarges a n d  n a tu ra l  s to rm  events. C o ra ls  arc 

n o ta b ly  s lo w  to  recover fro m  d am ag e . O n ly  a  few  p e r  ce n t o f  a  re e f  is reg en era ted  e a c h  y ea r  a n d  

a  b a d ly  dam aged  re e f  m a y  ta k e  severa l d ecad es to  recover. O n  th e  o th e r  b a n d , so m e stud ies sh o w  

u p  to  89 p e r  ce n t recovery  o f  m angroves in  a  year, a n d  te ch n iq u e s  h av e  b een  deve loped  lo r r e 

p la n tin g . u sua lly  successful w h ere  com p etitiv e  v eg e ta tio n  is re s tr ic ted  in  th e  co n d itio n s  o f  v a riab le  

sa lin ity  u n d  tid a l heigh t io  w tiich  m angroves th rive . Sea-grass b e d s  h av e  a lso  b een  resto red  w ith in  

a  few  m o n th s  by  rep la o tin g , a n d  th e ir  asso c ia ted  cp ifau n a  recovered  w ith in  th e  sam e p e n o d  

H ow ever, successfu l rec o lo m za tio n  a n d  rc-estab lish m eo t w ill o cc u r only i f  th e  d eg raded  env iron 

m e n ta l  co n d itio n s  th a t  in d u ced  th e  o rig in a l p ro b lem  a re  corrected .



P ag e  75

312. W hile  b iological d a la  ca n  n ev e r a t ta in  ih e  accu racy  o f  chem ical analysis, im provem en ts  

co u ld  re su lt  from  th e  p ro m o tio n  a n d  su p p o rt o f  fu rth e r  co llabo ra tive  studies. S om e p ro g re ss  h as  

a lre a d y  b e e n  m ad e  a t  bocis n a tio n a l a n d  in te rn a tio n a l level w ith  accep tan ce  o f  ro b u s t  a n d  re liab le , 

a s  w ell a s  w idely  ava ilab le , m e th o d s  o f  sam pling . Jo in t b io logical investigations w hich  p ara lle l to  

so m e d eg ree  th e  im e rla b o ra to ry  exercises c o n d u c te d  f o r  chem ical analysis, for in s ta n c e  th e  ac tiv 

ities p ro m o te d  b y  1 0 Q G E E P , sh o u ld  b e  s trong ly  encouraged .
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317. I t  is im p o r ta n t to  n o  le  th a t  c lim ate m odels ind icate th a t  th e  increase  in  g lo b a l m ean  

e q u ilib r iu m  surface te m p e ra tu re  d u e  t o  increases o f  C O j  a n d  o th e r  g reen h o u se  gases equ iva len t 

to  a  d o u b lin g  o f  th e  a tm o sp h e re  C O 2 c o n c en tra tio n  is likely t o  b e  in  th e  ran g e  o f  1.5 to  4 .5  °C , 

m o s t p la u s ib ly  in  th e  low er h a l f  o f  th is  raoge . H ow ever, th e  observed  in c rease  in  g lo b a l m ean  

te m p e ra tu re  o f  0 .3  -  0 .7  *C o v e r  th e  la s t  h u n d red  y ears  c a n n o t b e  ascribed  in  a r ig o ro u s  m an n er 

to  in c re a s in g  c o n c e n tra tio n  o f  C O 2 a n d  o th e r  g reenhouse gases, a l th o u g h  th e  m ag n itu d e  is  w ith in  

th e  ran g e  o f  pred ic tions.

318. T h e  g lobal sea  level is es tim a ted  to  h av e  risen  so m e 12 cm  d u ring  th e  tw en tie th  cen tury . 

O n  th e  b as is  o f  th e  observed  ch a n g e s  since th e  beg inn ing  o f  th is  ce n tu ry , it is  fo re ca s t th a t  a  g lobal 

w a rm in g  o f  1.5 - 4 ,5  "C  w ill c a u se  th e  m e a n  sea  level lo  rise  b y  20 lo  140 cm , I  h c  m a jo r  c o n tr ib 

u tin g  f a c to r  t o  such  a  n s e  w o u ld  be th e  th e rm a l expansion  u f  u e c a n  w ate r. T he  ran g e  o f  th e  esti

m a te s  is a n  in d ica tio n  o f  th e b  u n ce rta in ties .

319. E x tensive re se a rch , m u c h  o f  i t  carried  o u t w ith in  th e  W orld  R esearch  C lim ate 

P ro g ram m e (W C R P ), aim s to  p red ic t c lim a te  changes fro m  n a tu ra l  a n d  m a n -m ad e  causes over the 

s h o r te r  (several y ea rs) a n d  th e  lo n g e r te rm  (several decades). T h e  rese a rch  e ffo rt fo r  th e  assess

m e n t o f  th e  sh o rte r- te rm  ch an g es is c o n c e n tra te d  in  th e  tro p ic a l reg ions w here in te r-a n n u a l vari

a t io n s  a re  ev id en t in  b o th  th e  o cean s  a n d  a tm osphere , a n d  w here w ell-know n p h en o m en a  such  a s  

E l N iñ o  h a v e  m a jo r  en v iro n m en ta l im p a c ts . In te rn a tio n a l research  w iih in  th e  W C R P  is cen tred  

o n  th e  T ro p ica! O ce an  a n d  G lo b a l A tm o sp h e re  P rogram m e ( IU G A ) ,  w h ich  focuses o n  th e  c o u 

p le d  re sp o n se  o f  tb c  la rge-scale  a tm o sp h e re  w ith  th e  tro p ic a l ocean.

320. C lim ate  p red ic tion  o n  d e c a d a l tim e scales is lim ited  by  th e  in a b ility  to  describe and  

m o d e l th e  c ircu la tio n  o f  th e  w orld  o c e a n  o n  th is scale. T bc  W C R P  h as th e re fo re  organ ized  the 

W o rld  O c e a n  C irc u la tio n  E x p erim en t (W O C E ) to  design a  rese arch  p ro g ra m m e to  develop  m odels 

u se fu l lo r  p red ic tin g  c lim ate ch a n g e  a n d  to  collect th e  d a ta  necessary  to  te s t  th em . In  th e  longer 

te rm , a  se c o n d  goal 1* to  fin d  m e th o d s  f o r  m on ito ring  th e  lo n g -te rm  ch an g es in  th e  ocean  c ircu 

la tio n ,
\

321. W O C E  will co llec t g lo b a l d a ta  se ts , including m easu rem en ts  o f  sea-su rface  tem p era tu re  

a n d  a ltim e try ; th e  d is trib u tio n s  o f  h e a t;  th e  h o rizo n ta l velocity  field  a t  o n e  d eep  level a t  lea «r. a s  

m e a su re d  b y  flo a ts ; a n d  th e  su rface  flu x es u f  m om en tum , h ea t a n d  w a te r  a s  o b ta in ed  fro m  a 

n u m b e r  o f  sa te llite -based  a n d  in s itu  m easu rem en ts  com bined  w ith  th e  an a ly sis  o f  a tm o sp h e ric  

gen e ra l c irc u la tio n  m odels. T h e  p ro g ra m m e  a lso  includes a  n u m b er o f  experim ents a im ed  a t  

m ak in g  it p o ss ib le  to  c h a rac te r ize  th o se  p rocesses th a t  a re  im p o rta n t f o r  p red ic tin g  d ecadal clim a le  

ch an g es . T h e se  experim en ts wiU b e  c o n c e n tra te d  in  th e  A tla n tic  O cean . The W O C E  In tensive  

O b se rv a tio n  P e rio d  is p la n n ed  f o r  1990-1995 a n d  tb e  p rog ram m e is now  m ov ing  to w ard s  its 

im p le m e n ta tio n  phase.

322. I he q u e s tio n  o f  th e  u p ta k e  o f  an th ro p o g en ic  C O 2 in  th e  o c e a n  h a s  b een  exam ined  

b y  th e  C o m m itte e  o f  C lim ate  C h a n g e  a n d  th e  O cean  (C O C O ), a n d  a  g lobal p rog ram m e h as been 

p ro p o se d  to  m e asu re  th e  c o n c e n tra tio n  o f  ocean ic  d issolved in o rg an ic  c a rb o n , a lka lin ity , a n d /o r
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B. SEA-SURFACE TEMPERATURE

328. A* m en tio n ed  prev iously , th e  V illach  R e p o rt h as  p red ic ted  ch an g es o f  g lo b a l m ean  

eq u ilib riu m  surface te m p era tu re  in  th e  ran g e  o f  1.5-4 .5  cl!  a s  th e  resu lt o f  th e  d o u b lin g  o f  

g ree n h o u se  gases (h a t m a y  la k e  p lace  m  (he n ex t decades. H  is expected  th a t  (here  w ill b e  w ide 

v a ria tio n s  o f  th is  te m p era tu re  change  w ith  la titu d e . In  p a r tic u la r , th e  a m p litu d e  o f  th e  changes in 

tb c  tro p ic s  is  p red ic ted  to  b e  sm all w ith  la rger ch an g es a l  m id -la titu d es a n d  still la rge r effects a t  the 

p o le s . I n  a d d itio n , i t  is p red ic ted  th a t  a t  m id -la (iiudcs th e re  will b e  a ch a n g e  o f  th e  m e a n  w ith  an  

a n n u a l cycle s im ilar to  th a t  ib u n d  a t  p resen t, l i i  co n tra s t, a t  th e  po les  th e  su m m er-tim e te m p er

a tu re  is ex p ec ted  (o  rem a in  sim ilar to  (h a t cu rren tly  observed , close to  th e  freez ing  p o in t o f  ice, 

w h ile  in  th e  w in te r  la jg c  increases in  te m p e ra tu re  a re  an tic ip a ted .

329. C h an g es in  ocean  te m p e ra tu re  a s  a  resu lt o f  th is  gen e ra l g lo b a l w a n n in g  a rc  m o s t dif

ficult io  p red ic t. N o t on ly  will th e se  a n s e  f ro m  ch an g es in  th e  local a ir te m p e ra tu re  a n d  rad ia tion  

b a lan c e , b u t  a lso  from  differences in  th e  o c e a n  c ircu la tion  d u e  to  ch an g es in  th e  large-scale forcing 

o f  th e  n c e a n  by th e  a tm o sp h e ric  w inds a n d  th e  surface fluxes o f  h e a t a n d  w a te r . T h u s , th e  ocean  

c irc u la tio n  a s  well a s  th e  w ay  it t r a n sp o r ts  h e a t  m a y  ch a n g e  sub i la n  tiallv, I t is w o rth  n o tin g  th a t 

p re se n t know ledge  o f  th e  d irec tion  o f  th e  n e t m erid ional hea( flux n  u n k n o w n  in  som e ocean 

b as in s . Im p ro v in g  know ledge in  th is reg a rd  is o n e  o f  th e  m a in  go als  o f  W O C E  b u t  g rea t progress 

to w a rd s  p ro v id in g  re liab le  estim ates befo re  th e  e n d  o f  th e  cen tu ry  is unlikely.

330. S om e ind ication  o f  the com plex ity  o f  th e  expected  ch an g es in  o c e a n  c lim a te  c a n  b í  seen 

f ro m  th e  re su lts  o f  g lobal coupled  o c e a n /a tm o sp h e re  c irc u la tio n  m odels. T h ese  m ode ls  a re  lim ited  

by c o m p u te r  pow er, h av e  p o o r  h o r iz o n ta l o ce an ic  re so lu tio n  a n d  u se  sim plified  physics fo r  a 

n u m b e r  o f  ill-u n d e rs to o d  processes. E ven  w ith  th e se  lim itation«, in itia l resu lts  sh o w  th a t ,  in  sp ite 

o f  th e  g en e ra l a tm o sp h e ric  w arm ingi th e  o c e a n  m a y  a c tu a lly  becom e coo ler in  so m e high*latitude 

reg io n s d u e  to  upw clling o f  d eep er co ld  w ater.

331. A lth o u g h  w ith in  th e  n ex t few  y e a rs  g lo b a l c lim a te  c lian g c  p red ic tion«  w ill im p ro v e , r e 

g io n a l c lim a te  p a tte rn s  will n o t  b e  fo re ca s t successfully  fo r  a  lo n g  tim e. In  co n tra s t, ro b u s t e s ti

m a te s  o f  o ce an -te m p era tu re  change w ill p ro b a b ly  b e  o b ta in e d  in itially  fo r  reg io n a l basins, m here 

th e  c h a n g e  will arise prim arily  fro m  ch a n g e s  id  th e  rad ia tio n  b a lan c e  a n d  th e  te m p e ra tu re  o f  the 

n e a rb y  la n d  m asses.

332. F o r  d ie  p resen t, studies o f  (he effects o n  th e  m a rin e  e n v iro n m en t o f  c h a n g in g  ocean 

te m p e ra tu re  d u e  to  th e  increase o f  g ree n h o u se  gases w ill b e  lim ited  to  (he  'w h a t  i f  scenarios. 

T h ese  c a n  be u sed  tu  consider th e  sensitiv ity  o f  th e  local m a rin e  e n v iro n m en t to  change*  in  tem 

p e ra tu re  a n d  c irc u la tio n  w ith in  so m e ra n g e  o f  v a lu es  th a t  m a y  ni»t yet b e  well determ ined .
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I). ENVIRONMENTAL IMPACTS

338. i he u n ce rta in ly  o f  sea  level a n d  ocean ic  tem pera  tu rc  changes m ak e  a s s e s s m e n t o f  th e  

m a g n itu d e  o f  th e  en v iro n m en ta l effects h igh ly  speculative. S om e p o te n tia l co nsequences can , 

h o w ev er, b e  identified.

339. H a lf  th e  w orld 's  p o p u la tio n  dw ells in  co a s ta l reg io n s w hich a re  a lre a d y  u n d e r g rea t 

d e m o g ra p h ic  p ressu re , a n d  exposed to  po llu tio n , Hooding, la n d  '.uhsidence a n d  co m p ac tio n , a n d  

to  th e  e ffec ts  o f  u p lan d  w ate r diversion. A  rise m  sea level w o u ld  h av e  its m o st severe effects in  

low *lying co a s ta l reg ions, b each es a n d  w etlands. In  developed  coun tries  p ro tec tio n  fo r  *om c re

g io n s will b e  possib le , w h ereas  io  developing coun tries  w ith o u t a d e q u a te  techn ica l a n d  ca p ita l re

so u rces it m a y  n o t be. T he  frequency a n d  severity  o f  f lood ing  w ould  increase , a n d  co a c ta  I 

s tru c tu re s  a n d  p o r t facilities w ould requ ire  re in fo rcem ent. A  n u m b e r  o f  Pacific a n d  In d ian  ocean  

is lan d s  w ith  a  m ax im u m  a ltitu d e  o f  a  few  m e tres  a re  especially  vu lnerab le  a n d  cou ld  becom e 

u n  in h a b ita b le  a f te r  rises o f  th e  sea level th a t  w ould hard ly  be n o ticed  elsew here.

340. N a tu ra l w etlands, o f  g rea t value a s  n u rse ry  g ro u n d s fo r  m a n y  com m ercia l fish species, 

a s  h a b iia t«  fo r  wildlife, a n d  a s  zones o f  co a s ta l p ro tec tio n  a re  a lread y  u n d e r p ressu re  w orld-w ide 

T h e y  in a )  b e  u n a b le  to  ex ten d  landw ard  a n d  m igh t be lost o r u n d erg o  su b stan tia l change«. S a lt

w a te r  in tru s io n  w ould  o cc u r m  «ome d ra in ag e  a n d  irrig a tio n  system s, g ro u n d w ate r, rivers a n d  bays.

341 M arin e  ecosystem s cou ld  be affec ted  by  increased te m p era tu re s  a n d  a lte ra tio n s  in 

c o a s ta l  c irc u la tio n  p a tte rn s , a s  well a s  by  ch a n g ed  w a ic t s tra tif ica tio n  d u e  to  in c reased  ruu-oiT  

fo llow ing  g re a te r  p rec ip ita tio n . I n  p o la r  reg ions, pack-ice co n d itio n s  cou ld  b e  g rea tly  ch an g ed , 

leav in g  so m e a re a s  o í th e  A rc tic  tcc-fruc. T h is w ould  reduce th e  a lb ed o  a n d  le ad  to  local w nrm ing, 

a ffec tin g  th e  ecosystem  as  a  w hole.
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co m m o n ly  ad o p ted  fo r  th e  c o n tro l a n d  p re v e n tio n  o f  po llu tion .

346. A  se t o f  p rincip les w ith  a n  im p o r ta n t b ea rin g  on  th is  su b je c t h a s  a lso  b een  e labo ra ted  

b y  th e  In te rn a tio n a l C om m ission  o n  R ad io lo g ica l P ro te c tio n  ( I C R P ) . T h e se  p rincip les, w hich are 

re lev an t to  reg u la tin g  a n y  o f  m a n 's  ac tiv itie s th a t  m a y  h av e  a n  im p ac t u p o n  tb c  en v iro n m en t o r 

h u m a n  h e a lth ,  a te  a s  ftM cm s

• Ju s tifica tio n . N o  p rac tice  sh o u ld  b e  a d o p te d  unless th e re  ex is t c le a r  n e t  ben efits  to  society,

i.e . th e  overall benefits o u tw eig h  th e  overa ll d e trim en ts  to  th e  soc ie ty  affected . Ju stifica tio n  

a p p lie s  to  a n  en tire  p rac tice  (e.g. th e  p ro d u c tio n , u se  a n d  f a te  o f  a  new  ag ricu ltu ra l pesticide) 

a n d  n o t  o n ly  to  ind iv idual c o m p o n e n ts  o f  th a t  p rac tice , su c h  a s  th e  d isp o sa l o f  a n y  w aste  

p ro d u c ts ;

-  C o m p lia n ce  w ith  ex p o su re  lim its. L im i!s o f  exposu re  to  p ro d u c ís , th e ir  ra w  m ateria ls  and  

a sso c ia te d  w astes by  b o th  em ployees in  re lev an t industrie s a n d  m e m b ers  o f  th e  pub lic  should 

b e  es tab lished  a n d  observed;

• O p tim iza tio n . E xposu res  to  th e  su b stan ce s  concerned  sh o u ld  b e  k e p t a s  low  as  reasonab ly  

ach iev ab le , ta k in g  techn ical, social a n d  econom ic  fac to rs  in to  a c c o u n t. T h u s , exposures 

sh o u ld  be reduced  b> techn ica l m e a n s , o r  th ro u g h  th e  u se  o f  a lte rn a tiv e  o p tio n s  fo r  th e  h a n 

d lin g  a n d  d isposal o f  p ro d u c ts  a n d  w a s te s , s o  t h a t  th e  o v era ll ex p o su re s  resu ltin g  fro m  th e  

ac tiv ity  a re  a s  low  as  econom ically  a n d  socially  justifiab le . T h e  ap p lic a tio n  o f  th is  principle 

re q u ire s  com plex  ba lanc ing  o f  sc ientific, econom ic , social a n d  po litica l fac to rs , b u t in  m any  

cases  these  b a lan ces ca n  b e  so m ew h at sim plified.

347. A  fu rth e r  co n c ep t re lev an t t o  p o llu tio n  is th a t  o f  "su sta in ab le  dev e lo p m en t" , a s  recent] v 

o u tlin e d  m  th e  R e p o rt o f  th e  W orld  C om m ission  o n  E n v iro n m en t a n d  D eve lopm en t (the  

B ru n d tla n d  R e p o rt) , T h is a p p ro a c h  is p ro p o se d  to  p e rm it ad v an ce  o r e x p a n s io n  o f  h u m an  com 

m u n itie s  w ith o u t d e trim en t t o  th e  h u m a n  co n d itio n . T h e  u n d erly in g  p rin c ip le  o f  su s ta in a b le  de

v e lo p m en t is th a t  the e x p lo ita tio n  o f  reso u rce s , th e  d irec tion  o f  in v e s tm e n t, th e  o r ien ta tio n  o f  

tech n o lo g ica l deve lopm en t a n d  in s titu tio n a l ch a n g e  should  be co n sis ten t w ith  fu tu re  a s  well a s  w ith  

p re se n t n eed s. *l"he p ro fliga te  u se  o f  en v iro n m en ta l resources sh o u ld  n o  lo n g e r be* accep tab le  and  

a c tio n  is needed  to  m ak e  econom ic  grou-rh  co m p atib le  w ith  a n  a c c e p ta b le  env ironm en t.
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3 . T h e  b e s t p ra c tic a b le  e n v ir o n m e n ta l o p tio n

3.51. T h e  b e s t p rac ticab le  env ironm enta l o p tio n  a p p ro a c h  is b ased  o n  th e  v iew  th a t  o n ce  

w a s te s  h a v e  b een  p roduced , th e  en v ironm en ta l c o s ts  o f  a ll d isposal o p tio n s  m u s t be assessed  before 

o n e  m ed ium , such  a s  th e  sea, r a th e r  th a n  a n o th e r , such  a s  th e  land , is chosen . A ir , w a te r  a n d  land  

o p tio n s  sh o u ld  h e  considered  toge ther, n o t separa te ly , w h en  so lu tions h av e  to  b e  found  fo r  th e  

u ltim a te  d isp o sa l o f  c o n tam in an ts . T he  a im  is to  ch o o se  fo r  d isp o sa l th e  least dam ag in g  o p tio n  

w ith  th e  m in im al overa ll env ironm enta l a n d  h u m a n  h ea lth  im p acts , ta k in g  in to  a c c o u n t re levan t 

po litica l, social, econom ic  a n d  legal circum stances.

4 . P re c a u tio n a r y  e n v ir o n m e n ta l p r o te c t io n

352. T h e  id e a  th a t  p rev en tio n  i« b e tte r  th a n  c u re  a n d  th a t  releases sh o u ld  b e  p rev e n ted  even 

b e fo re  ev idence o f  d am ag e , h as  been p ro p o u n d e d  fo r  m a n y  years. T h is c o n c e p t h a s  b e e n  devel

o p ed  in  th e  F ed era l R epub lic  o f  G erm a n y  a s  th e  aQ ticipatory  p ro tec tio n , o r  p rec a u tio n a ry , p r in 

c ip le  ("V o rso rg ep rin z ip - ). I t  w as in tro d u ced  in te rn a tio n a lly  a t  th e  F irs t In te rn a tio n a l C onference 

on  th e  P ro te c tio n  o f  th e  N o r th  S ea in  1984 a n d  it w as accep ted  a t  th e  S econd  C o n feren ce , in  1987, 

a s  a  p rin c ip le  fo r  th e  im p lem en ta tio n  o f  en v ironm en ta l leg isla tion  co ncern ing  th e  p ro te c tio n  o f  th e  

N o r th  S ea ecosystem .

353. T h e  p re c a u tio n a ry  princip le a rgues th a t  every  effo rt sh o u ld  be m ad e  t o  re lieve th e  p o 

te n tia l  b u rd en s  o n  th e  en v iro n m en t resu lting  from  th e  in p u t o f  fo re ign  su b stan ces . I t  is p a r t o f  a 

po licy  o f  risk  p rev e n tio n  a im ing  to  reduce p rogressively  ih e  em ission levels o f  a l l  su b stan ce s  in 

tro d u c e d  b y  m a n  in to  th e  a tm o sp h e re , w a te r a n d  soil. O n  th e  basis  o f  th is  p rinc ip le , rigo rous 

c o n tro l o f  c o n ta  m in an ts  h a s  been app lied  by  th e  F ed era l R epub lic  o f  G erm any  in  ce rta in  areas, 

d esp ite  th e  la c k  o f  ev idence th a t  en v ironm en ta l d e te rio ra tio n  w as linked to  re leases, r a d ie r  th a n  to  

o th e r  fac to rs , such  a s  n a tu ra l  changes.

354. A n tic ip a to ry  en v ironm en ta l p ro tec tio n , a s  i t  is evo lv ing , raises a n  essen tia l issue are 

th e  a c tio n s  fo r  th e  p ro tec tio n  o f  th e  env ironm en t, ta k e n  o n  tlie  b a ris  o f  o u r  p re se n t know ledge, 

sufficien t, o r  d o  w e h a v e  t o  assum e th a t  th e  fu tu re  h o ld s r isk s  w hich a rc  b ey o n d  o u r  know ledge 

a n d  th e re fo re  n eed  to  b e  ta k e n  in to  a c c o u n t in  o u r  cu rren t p o llu tio n  p rev e n tio n  strategies?
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a n d  th e se  co s ts  a re  o fte n  h idden . S ince th e  co s t o f  achieving co m p le te  p rev en tio n  o f  po llu tion  

( 'z e r o  d isch arg e") w ill generally  exceed th e  perceived benefits , th e n  so m e level o f  p o llu tio n  is o ften  

a c ce p te d  a s  a  rea so n ab le  com prom ise . H ow ever, »  is difficult lo  co m p are  ben efits  a n d  co s ts  on  

a n  o b je c tiv e  q u an tita tiv e  b a ris , ev en  w h en  th e re  is know ledge o f  th e  ex ten t, severity  a n d  tim e scale 

o f  im p a c ts  o f  h u m a n  ac tiv ities. F u rth e r , th e  b a lan c e  accep ted  b y  society  d iffers a m o n g  n a tio o s, 

reg io n s a n d  in terests .

359. Ideally , th e  a im  w o u ld  b e  fo r  a  u n iversa l ca ta logue o f  co s ts  o f  p o te n tia l p o llu ta n ts , and  

f o r  a n  in ven to ry ' o f  a ll p o llu tio n -g en era tin g  ac tiv itie s a s  well a s  o f  th e  v a lu e  o f  th e  ben efits  derived 

f ro m  th e m . H ow ever, th e re  a re  only es tim a tes  o f  so m e costs  m  som e c ircu m stan ces , a n d  som ew hat 

su b jec tiv e  v iew s o f  th e  benefits . T he  lo n g -te rm , w idespread  effects in  th e  m a rin e  e n v iro n m en t are 

n o t  a lw a y s  ev id en t, a n d  th is  h a s  led  t o  th e  still n o t  unco m m o n  p rac tice  o f  u s in g  it a s  a "free" service 

w ith  n o  d efin ed  lim it to  its  ca p ac ity  to  ac ce p t w astes.

360. l o  lim it ih a t  p rac tice , in cen tiv es  fo r  red u ced  p o llu ü o o  in p u ts , o r  im provem en ts  in  

p o llu tio n  c o n tro l c a n  b e  ap p lie d  th ro u g h  m a n y  schem es • such  a s  tax es, fuses, perm its  o r  subsidies. 

H o w ev er, th e s e  c a n  b e  ad m in istra tiv e ly  unw ieldy. A lternatively , a  specific te ch n iq u e  o f  po llu tion  

a b a te m e n t m a y  b e  p resc rib ed , w ith  th e  ob jective o fc o n lo rm in g  to  em ission  s ta n d a rd s . T h is  policy, 

how ever, m a y  b e  to o  rig id  o r in a p p ro p r ia te  in  som e cases, a n d  th u s  co s tly  in  re la tio n  lo  expected  

benefits.

361. T h e  econom ic  ana lysis o f  m a rin e  p o llu tio n  p ro b lem s is still in  its  in fancy . T he  t o s t  o f  

d a m a g e  t o  h e a lth  a n d  reso u rces  Irom  ep isodic even ts is difficult to  es tim ate , a l th o u g h  p rog ress  h as  

b e e n  m ad e  in , fo r  in s tan c e , w ork ing  o u t co m p en sa tio n  fo r  ce rta in  oil sp ills su c h  a s  th a t  o f  th e  

A m o c o  C ad iz . W hile  c ru d e  e s tim a tes  fo r  som e correc tive  m easures h a v e  b een  o b ta in e d , th e  a s

se ssm e n t o l  th e  co s ts  o f  c o n tin u ed  p o llu tio n , is ev en  m o re  difficult. T h u s, th e  co s t o f  th e  w ork  to  

ac h ie v e  re c o v e ry  a n d  p ro te c tio n  o f  th e  P o  n v e r  b as in , w hich  Is resp o n sib le  fo r  th e  m a jo r  p a r t  o f  

th e  p o llu tio n  lo a d  o f  th e  A d ria tic  Sea, h a s  b een  es tim a ted  a t  over USS 2  b illion  d u rin g  a  fo u r-y ear 

p e rio d . C ru d e  es tim a tes  h av e  a lso  b een  m a d e  fo r  the co s t o f  co n s tru c tin g  sew age trea tm e n t a n d  

d isp o sa l fac ilities fo r  th e  132 m illion  in h a b ita n ts  o f  th e  M ed ite rran ean  c o a s ta l se ttlem en ts  th a t  lack  

au ch  facilities; th e se  a m o u n t to  ap p rox im ate ly  U SS 18 billion o r  a b o u t  USS 150 p e r  caput. Ih c  

fig u re s  w o u ld  n eed  su b s ta n tia l in c rease  to  co v e t t h e  c o s ts  o f  p ro v id in g  th e  sew erage w ith o u t w h ich  

tre a tm e n t a n d  d isp o sa l w o u ld  n o t  be possib le.

362. T h ese  a re  a m o o g  th e  still le w  in s tan c es  o f  c o s t e s tim a tes  ava ilab le . G iv en  th e  m a g n i

tu d e  o f  th e  sum s involved , b e tte r  e s tim a tes  b ased  o n  so u n d  econom ics a re  needed . 1 hese  should  

Q O t o n ly  m ak e  i t  p o ss ib le  t o  ev a lu a te  d irec t co s ts , a s  in  th e  tw o  cases  a b o v e , o r  to  a w a rd  co m 

p e n s a tio n , a s  in  th e  case o f  acciden ts. T hey  sh o u ld  a lso  p ro v id e  th e  b as is  fo r  deriv ing  equ itab le  

sy stem s o f  incen tives , ta x a tio n  a n d  d isincentives th a t  m ay p la y  a  p a r t  in  en su rin g  th a t  po llu tion  

o f  th e  sea is k e p t w ith in  ac ce p ta b le  lim its.
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366. T hese co n v e n tio n s  a t te m p t to  c o n tro l th e  releases o f  substance*  lo  th e  sea on  th e  h x sh  

o f th e  h a z a rd s  ilicy  po se  to  th e  en v iro n m en t a n d  to  h u m a n  h ea lth . T h e  In te rn a tio n a l C onven tion  

f o r  d ic  P re v en tio n  o f  P o llu tio n  fro m  S h ip s  W 3 ,  «od  th e  P ro to c o l o f  1978 re la ted  there in  

(M A R P O L  73 /78), in  its  regu la tions fo r  th e  p rev e n tio n  o f  p o llu tio n  by  oil (M A R P O L  73/78 , A n 

nex  I )  re fe r  to  a  lis t o f  o ils appended  to  th e  reg u la tio n s. W ith  regard  t o  th e  c o n tro l o f  po llu tion  

b y  n o x io u s  liqu id  su b stan ces in  bu lk , th e  C o n v e n tio n  (M A R P O L  73/78 , A n n ex  J l )  relics on  sc* « ..!  

lis ts  o f  chem icals tra n sp o r te d  a t  sea  w h ich  h av e  b een  a llo ca te d  to  d iffe ren t p o llu tio n  ca ice o n e  s 

(a n d  th e re fo re  a re  subject to  different legal req u irem en ts) b ased  o n  th e ir  h az a rd o u s  p ro p e rtie s . A 

lo n g -s ta n d in g  G E S A M P  w ork ing  g roup  sp o n so red  by  IM O  a n d  U N L P  classifies a n n u a lh  the 

ch em ica ls  carried  by  sh ip s in lerm s o f  b io a cc u m u la tio n  a n d  ta in tin g , d am ag e  to  liv ing resources, 

h a z a rd  lo  h u m an  h e a lth  by  o ra l in take, sk in  a n d  ey e  c o n ta c t o r in h a la tio n , a n d  red u c tio n  o f 

am en ity . T h ese  h a z a rd  profiles a re  u sed  by  IM O  in  d e te rm in in g  ca rriag e  requ irem en t*  fo r  nox io u s 

liq u id  substances.

367. T he  dum ping  co n v en tio n s ca teg o rize  su b stan ces in to  'b la c k "  a n d  "grey '  lists. B lack list 

s u b s ta n c e s  are th o se  w h ich  arc c ith e r  sim u ltan eo u sly  to x ic , p ers is ten t a n d  b io a cc u m u la tcd . o r. 

w h ile  essen tia lly  n o n -to x ic , a re  p e n is to n i a n d  flo a t o r  rem ain  su spended  in  th e  w a te r  w here thev  

m a y  in te rfe re  w ith  leg itim ate  uses o f  th e  sea. Ih c sc  sub frances are  co n tro lled  s tr in g en tly  a n d  

c a n n o t be d u m p ed  in  th e  sea  in  a n y th in g  o th e r  th a n  tra c e  q u an titie s . G re y  lis t su b stan ces exhibit 

so m e b u t  n o t  a ll o f  th e  h az a rd o u s  ch a rac te ris tic s  o f  th o s e  in  th e  b lack  lis t, a n d  m ax b e  disposed 

o f  in  th e  m a rin e  e n v iro n m en t w ith special care.

2 . T h e  L a w  o f  th e  S e a

368. I n  1982. th e  U n ited  N a tio n s  C o n v e n tio n  on  th e  L a w  o f  th e  S ea w as ad o p te d . I ts  pro* 

X isions o n  th e  p ro tec tio n  a n d  p rese rva tion  o f  th e  m a rin e  en v iro n m en t es tab lished  a n  overall 

fram ew o rk  o f  g o v ern in g  princip les a n d  general o b lig a tio n s  -  n o ta b ly  th o se  req u ir in g  S ta tes  to  take 

a ll ncocxsHrv m easu res  to  p reven t, red u ce  a n d  c o n tro l m arine  po llu tion  from  a n y  source , a n d  lo  

c o -o p e ra tc , o n  g lo b a l a n d  reg ional bases, a s  a p p ro p ria te , in  th e  fo rm u la tio n  a n d  e la b o ra tio n  o f  

in te rn a tio n a l ru les, s ta n d a rd s  a n d  reco m m en d ed  p rac tice s  a n d  p ro ced u res  a n d  in  th e  es tab lishm en t 

o f  a p p ro p r ia te  sc ien tific  crite ria  fo r  th e se  p u rp o ses . I h c  o b lig a tio n  to  c o -o p e ra te  a lso  ex tends to  

th e  n o tif ic a tio n  o f  im m in en t o r a c tu a l d am ag e , th e  a d o p tio n  o f  con tingency  p lan s ag a in s t po l

lu i io n . a n d  th e  ca rry in g  o u t o f  research  p rog ram m es,

369. T h e  C o n v e n tio n  lays dow n th e  b a s ic  ju risd ic tio n a l regim e fo r  th e  a d o p tio n  anu  

e n fo rc e m e n t o f  law s a n d  regulation* L o r p o llu tio n  fro n t sh ip s , g lobal ru les  a n d  s ta n d a rd s  m u st 

be ap p lied . T o r o c e a n  dum ping  a n d  fo r  m arine  p u llu iio ii via th e  a tm osphere , S ta te s  a re  u rged  to  

e s tab lish  a n d  ap p ly  b o th  g lo b a l a n d  reg ional ru les. F o r  sea-bed  activ ities (w ith in  n a tio n a l ju r is 

d ic tio n ), S ta te s  a rc  req u ired  t o  a d o p t law s a n d  reg u la tio n s  n o  less effective th a n  in te rn a tio n a l ru les 

a n d  * tund ;m ls, a n d  u rg ed  to  harm o n ize  th e ir  po lic ies a t  the a p p ro p r ia te  reg io n a l level. L or land- 

b ased  sou rces. S ta tes  a re  requ ired  io  ta k e  ac co u n t o f  in tc m a tio n a lK  ag reed  ru les a n d  standards.
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374. T h u s , a p a r t  f ro m  th e  N o r th  L as t A tla n tic  a o d  th e  B altic S ea (b o th  adm in istered  by  th e  

re le v a n t C om m issions), on ly  tw o  icg io o a l seas in  th e  U N E P  R eg iona l Seas P ro g ram m e a re  p ro 

te c te d  b y  d u m p in g  p ro to co ls : th e  M e d ite rran e an  a n d  th e  S o u th  Pacific. T h is is c e rta in ly  because 

th e  L o n d o n  D u m p in g  C o n v e n tio n  is  considered  a d e q u a te  f o r  co n tro llin g  a n d  reg u la tin g  w aste  

d isp o sa l in  th e  v ario u s regions. H ow ever, i t  sh o u ld  b e  n o te d  th a t  th e  L o n d o n  D u m p in g  Conven* 

u o n  i ts e lf  d raw s a t te n tio n  to  th e  need , fo r  S ta tes  w ith  c o m m o n  in te res ts  in  p ro tec tin g  th e  m arine  

e n v iro n m e n t in  a  given geog raph ica l a rea , to  e n te r  reg io n a l ag reem en ts  co n s is te n t w ith  g lobal 

co n v e n tio n s , b u t  a lso  to  ta k e  p a r tic u la r  ac co u n t o f  th e  ch a rac te ris tic  fea tu res  o f  th e  a rea .

4 . C o n tr o l  o f  la n d -b a s e d  so u rc e s

37 5 . A c tio n  h a s  b e e n  ta k e n  t o  co n tro l th e  in p u t  o f  su b stan ces f ro m  la n d  in  on ly  a  sm all 

n u m b e r  o f  reg ions. T he  C o n v en tio n  fo r  th e  P rev en tio n  o f  M a rin e  P o llu tio n  fro m  1 .and-B ased  

S o u rces, 1974 (P a ris  C o n v e n tio n ) covering  th e  N o rth  E a s t  A tla n tic , including th e  N o r th  S ea , a n d  

th e  C o n v e n tio n  o n  th e  P ro te c tio n  o f  th e  M arin e  E n v iro n m en t o f  th e  B ah ic  Sea A re a , 1974 

(H e ls in k i C o n v e n tio n ) b o th  co v e r th e  co n tro l o f  su b stan ce s  e n te n n g  th e ir  respective  sea  arca*  from  

la n d . O n ly  tw o  o f  U N E P 's  r ig h t  R eg iona l Seas C o n v e n tio n s  h av e  b een  su p p lem en ted  b y  p ro to co ls  

o n  th e  p re v e n tio n  a n d  co n tro l o f  m a rin e  p o llu tio n  f ro m  th e se  sources. *l"hcse a r e  th e  A th e n s  Pro* 

to c o l  (  1980) t o  th e  B arcelona C o n v e n tio n  a n d  th e  Q u ito  P ro to c o l (1981) to  th e  L im a  C o n v e n tio n .

376. T he  re lu c tan ce  io  develop  a n d  a d o p t legally  b in d in g  in s tru m e n ts  o n  th e  p rev e n tio n  a n d  

c o n tro l  o f  m a rin e  p o llu tio n  fro m  la n d -b ased  sources c a n  b e  u n d e rs to o d  in  th e  lig h t o f  th e  expected  

c o s ts  th e y  w o u ld  im pose  on  in d u strie s , m unicipalities, a n d  a g ric u ltu re  o f  th e  p ro sp ec tiv e  parties, 

s ince  t ig h t  c o n tro l m easu res , s ta n d ard s , surveillance a n d  m o n ito rin g  system s w ould  h av e  to  b e  e s

ta b lish e d . T h is is a lso  th e  re a so n  w hy th e  es tab lishm en t o f  a  g lobally  ap p licab le  a n d  all-em bracing  

c o n v e n tio n  on  th e  p ro tec tio n  o f  th e  m arine  e n v iro n m en t from  land -based  so u rces  o f  p o llu tio n  

seem s un like ly , ta k in g  in to  a c c o u n t th e  m a n y  different s tag es o f  deve lopm en t in  th e  v a rio u s reg ions 

o f  t h e  w orld .

377. A ll in te rn a tio n a l in s tru m e n ts  on  th e  p rev e n tio n  a n d  c o n tro l o f  m a rin e  p o llu tio n  from  

la n d -b a se d  sources ta k e  basically  th e  sam e a p p ro a ch  a s  th e  L o n d o n  D u m p in g  C o n v en tio n  (and  

o th e r  d u m p in g  ag reem ents): releases a rc  co n tro lled  o n  th e  b as is  o f  tw 'o Lists w ith  d iffe ren t re 

q u ire m e n ts  , one m ore s tr in g e n t th a n  th e  o ther. H ow ever, a s  th e  co n v e n tio n s  fo r  th e  p rev en tio n  

o f  m a rin e  p o llu tio n  f ro m  la n d -b ased  sources deal m a in ly  w ith  ind irect d ischarges to  th e  sea , a 

co m p le te  b a n n in g  o f  a ll d isch arg es o f  substances o n  a  'b la c k  lis t"  w ou ld  b e  im possib le . T he  P aris  

a n d  H e ls in k i C o n v e n tio n s  a re  lay ing  increasing  e m p h asis  o n  th e  c o n tro l o f  n u tr ie n t  in p u ts  w hich 

a r e  n o t  in c lu d ed  in  th e se  KsU.

378. T h e  p ro g ram m es a n d  m easu res  se t o u t  in  th e  co n v en tio n s give ih c  ind iv idual C o n 

tra c tin g  P a r tie s  th e  o p p o rtu n ity  to  fix standards g o v ern in g  th e  q u a lity  o f  th e  e n v iro n m en t a n d  

s ta n d a rd s  f o r  d ischarges. T he  m a jo rity  o f  th e  P artie s  t o  th e  P a ris  C o n v e n tio n  fav o u r a  p o lic y  o f



384. R egarding la n d -b ased  sou rces, very  few  arcas a rc  covered  bv  re lev an t regional in s tru 

m e n ts  a n d  it is the re fo re  difficult to  m a k e  a n y  m ean ingfu l ev a lu a tio n  o f  cfibci ive ness.

38.S, In  m a n y  cases th e  in tro d u c tio n  o f  th e  con tro l m e asu res  se t o u t in co n v en tio n s involves 

c o s ts , som etim es considerab le. F o r  exam ple , m a n y  o f  th e  p rov is ions of M A R P O L  73 /78  h av e  had  

.substan tia l financia l im p lica tio n s  f o r  th e  sh ipp ing  in d u stry  a n d  fo r  ad m in is tra tio n s a n d  industries 

invo lved  in  recep tio n  facilities a t  po rts ,

386. A ssum ing  th a t  th e  m easu res  a rc  well dcrigned  a n d  ap p ro p ria te  to  th e  en v ironm en ta l 

ob jectives a n d  to  th e  m a rin e  a re a  in  q u es tio n , th e n  th e ir  effectiveness will depend  on  th e  ex ten t to  

w hich  they  a re  app lied . O fficial in itia tiv es  such a« th e  G o v ern m en ta l In te rn a tio n a l C onference on 

th e  P ro te c tio n  o f  th e  N o rth  S ea . a s  well a s  p ressu re  fro m  th e  env ironm enta l in te rest g ro u p s , p ro 

m o te  a t ti tu d e s  fav o u rab le  t o  en v iro n m en ta l p ro tec tio n  a n d  c o n trib u te  to  tig h te r  con tro l

F. CONCLUSIONS

387. 'I he b eh a v io u r o f  every ind iv idual co n trib u tes  to  th e  n a tu re  a n d  ex ten t o f  env iron 

m e n ta l dam age. I n  m eeting  th e  ob jectives o f  p o llu tio n  c o n tro l, a h ig h  lev cl o f  c n u ro n m e n ra l 

aw aren ess  in  th e  pub lic  is crucial. This ca n  be ach ieved by  p ro v is io n  of re levan t in fo rm ation  and  

by  th e  es tab lish m en t o f  e d u c a tio n a l p ro g ram m es. T he  n a tio n a l agencies concerned  should  m ake 

rese a rch  re m its  a n d  scientific rep o rt? , a s  well a s  d a ta  bases, availab le io  the pub lic , a n d  explain 

t lien i clearly.

388. C lose  co -o p e ra tio n  w ith  business  in te res ts  is a lso  necessary . Industry is well p laced to  

k n o w  th e  te ch n ic a l possib ilities  for reducing  a n d  avo id ing  w astes  a n d  lim iting the in tro d u c tio n  o f 

fo re ign  su b stan ce s  in to  th e  en v iro n m en t. I ts  co m m itm en t to  en v ironm en ta l p ro te c tio n , supported  

a s  n ec essa ry  by  governm en ts th ro u g h  econom ic  m eans su c h  a s  ta x  incentives, in v es tm en t aid  and  

p en a ltie s , w o u ld  en co u rag e  activ ities co n s is te n t w ith  th e  h e a lth  o f  the environm ent.

389. S ubstances in tro d u ced  in to  th e  en v iro n m en t c ro ss n a tio n a l border*  in w a te r  and  air 

a n d , i f  p e rs is ten t, ca n  sp read  worldwide* T h erefo re  n a tio n a l m easures a lo n e  a rc  n o t sufficient to  

c n n t io l  th e m . In te rn a tio n a l co -o p e ra tio n  is needed  to  a d o p t a n d  im plem ent un ifo rm  m easure« for 

th e  p rev e n tio n  a n d  c o n tro l o f  po llu tio n . I t  is th e  responsib ility  o f  industria lized  c o u n trie s  to  assist 

o th e rs  in  ach iev ing  th e se  co m m o n  goal« b u ch  c o -o p e ra tio n  is being  developed  11 trough the in te r

n a tio n a l c o n te n tio n s  re!erred  to  above .

390. A t th is  s tage it is n o t possib le  to  idcniify a n y  «ingle overa ll p rincip le w h ich , o n  a  regu 

la to ry  bas is , w ou ld  gu ide a ll a c tio n s  to  c o n tro l a n d  p reven t m a rin e  po llu tion . R a d i o f  th e  many 

a p p ro a c h e s  u sed  h as advan tage*  a n d  d isad v an tag es and , a s  a p p ro p ria te , each sh o u ld  b e  applied 

w ith in  a  com p reh en siv e  fram ew ork . T h is w ould  cover all so u rces  o f  m arine  p o llu tio n , th e  d isirib -
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VI. OVERVIEW

392, B road  generalisa tions a b o u t  th e  s ta le  o f  th e  o cean s  a r e  inev itab ly  m is lead ing  b ecau se  

o f  th e ir  w ide ex ten t, (he  d iversity  a o d  v ariab ility  o f  ecosystem s, th e  ran g e  o f  u se s  to  w h ich  th e  seas 

a te  p u t,  a n d  th e  he terogene ity  a n d  u n even  d is trib u tio n  in  space a n d  tim e o f  th e  h u m a n  ac tiv itie s 

w h ic h  affec t th e  m a rin e  en v iro n m en t. I to w c v e t, in  d iscussing  th o s e  ac tiv itie s a n d  th e ir  conse

q u e n c e s , a  c lea r d is tin c tio n  ca n  be m ad e  betw een  c o a s ta l zones a n d  sem i-enclosed  se as  o n  th e  o n e  

h a n d , a n d  th e  o p en  oceans o n  th e  o ther.

A. COASTAL ZONES AND SHELF SEAS

393. M a n 's  m arin e-re la ted  ac tiv itie s te n d  to  b e  focused  in  sha llow  w a te r  n e a r  (he  c o a s t, a n d  

th e  m a jo r  so u rc e  o f  co n ta m in a n ts  to  th e  sea  is th e  co n tin e n ta l la n d  m ass. T h e  im p a c t o f  m a n  

a lo n g  th e  edges o f  the o c e a n  is the re fo re  u n am b ig u o u s , a n d  in  p la ce s  su b s ta n tia l d e g ra d a tio n  o f  

th e  en v iro n m e n t is  ev ident.

J .  C o a s ta l  a n d  h in te r la n d  d e v e lo p m e n t

394. T h e  co a s ta l s tn p , encom passing  th e  sha llow -w ater a n d  in te r tid a l a r e a  a lo n g  w ith  th e  

im m ed ia te ly  ad jac en t land , is clearly  th e  m o st v u ln erab le  a s  well a s  th e  m o st a b u se d  m a rin e  zone. 

I ts  sensitiv ity  h  d irec tly  tied  to  th e  d iversity  a n d  in te n s ity  o f  tb e  ac tiv itie s w h ich  ta k e  p lace  (here, 

a n d  th e  th re a t  to  its fu tu re  is re la ted  to  th e  increasing  c o n c e n tra tio n  o f  th e  w o rld  p o p u la tio n  in  th is 

a te a .  T h e  co nsequences o f  co a s ta l deve lopm en t a re  th u s  o t  th e  h ighest co n cern . T h e y  a rise  n o t 

o n ly  f ro m  th e  varie ty  o f  co n tam in a tin g  in p u ts  asso c ia ted  w ith  g rea t c o n c e n tra tio n s  o f  peop le , 

co m m erce  a n d  industry , b u t  a lso  fro m  th e  a sso c ia te d  physical ch an g es in  n a tu ra l  h a b i ta ts ,  e sp e 

c ia lly  sa lt m arshes, sea-grass beds, co ra l reefs a n d  m an g ro v e  fo rests . T h e re  is fu r th e r  p re ssu re  Irom  

th e  inc reasing ly  ra p id  developm ent o f  m aricu ltu re  a ro u n d  tb e  w orld , b o th  f ro m  d irec t c o n ta m 

in a tin g  in p u ts  a n d  fro m  th e  in ten tio n a l a l te ra tio n  o f  h a b i ta ts  t o  ac co m m o d ate  fish  fa im s.

395. T h e  p ressu res ex e rted  d irectly  o n  (he  co a s ta l s tr ip  a re  ex acerb a ted  b y  ac tiv itie s in la n d  

T h e  u se  o f  rivers fo r  w aste  d isp o sa l leads to  consequence? a t  th e  co a s t o fte n  f a r  f ro m  th e  s ite  o f  

t h e  o rig ina l in p u t, a n d  th e re  is a  w idespread  n eed  f o r  im p ro v ed  trea tm e n t fac ilities in la n d , a n d  fo r  

b e t te r  c o n tro l o f  in p u ts  to  fresh  w ate r. A lso , a lte ra tio n s  m a d e , fo r  a  varie ty  o f  rea so n s , (o 

fre sh w a te r  d ra in ag e  system s o ften  resu lt in  adverse  ebaoges in  es tuaries, f o r  exam ple  in  the ir
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b y  b io to x in s , som etim es w ith  very  se rious consequences fo r  h u m an  h ea lth . I t  is se ldom  possible 

i o  c o n n e c t w ith  ce rta in ty  u n u su a l a lg a l b loom s to  e n h a n ce d  n u tr ie n t levels, a n d  detailed  studies 

o f  so m e recen t cases  h av e  n o t  show n  convincing eausc-efFect re la tio n sh ip s . T here  is clearly  a  need 

f o r  a  b e t te r  u n d e rs ta n d in g  o f  th e  dynam ic* o f  p h y to p la n k to n  g ro w th  in  co a s ta l w ater* , und  it is 

reco m m en d e d  th a t  a p p ro p r ia te  s tud ies b e  u n d ertak en .

399. C o n « d e rin g  th e  fu tu re , i t  is re lev an t (h a t th e  c u rre n t an th ro p o g e n ic  in p u ts  o f  nu trien t«  

a re  a t  le a s t c o m p a ra b le  to  th o se  fro m  n a tu ra l  sou rces, a n d  th a t  th e se  in p u ts  a re  re la ted  to  p resen t 

p o p u la tio n  densities in  c o a s ta l reg ie  os a n d  thcix h in te rland . W ith in  th e  n ex t 20 to  30 y ears  a  near 

d o u b lin g  in  h u m a n  p o p u la tio n  is pro jected , a n d  even g rea te r ra te s  o f  increase  a rc  expected  m  som e 

c o a s ta l  a rc a s . S u ch  ch an g es Will inev itab ly  b e  ac co m p an ie d  b y  inc reases  in  ag ricu ltu ra l a n d  live

s to c k  p ro d u c tio n , a n d  by  fu rth e r  expansion  o f  m aricu ltu re . T h u s, an th ro p o g en ic  inpu t*  co u ld  b e 

c o m e  severa l tim es g re a te r  th a n  th e  n a tu ra l b ack g ro u n d , a n d  th e  effect o n  co a s ta l w ater«  g lobally  

c o u ld  th e n  b e  o n  th e  scale  a t  p re se n t ro u n d  on ly  in  en c lo sed  a re a s  such  a s  th e  Baltic a n d  J a p a n 's  

In la n d  Sea.

400. G iv en  th a t  th e se  increases o cc u r p red o m in an tly  in  develop ing  c o u n trie s  w here w aste  

tr e a tm e n t  fac ilities a re  few  a n d  p o p u la tio n  g row th  is m o st rap id , a n d  assum ing  (h a t rem edial 

m e asu res  a rc  n o t (aken , th e n  a  w orldw ide p rob lem  is to  be expected . T he  m o st severe  c fîcc ts  will 

b e  fo u n d  tn  a reas w ith  dense  a n d  increasing  p o p u la tio n , o n  c o a s ts  w ith  restric ted  w ate r circu lation . 

S u ch  p a rticu la rly  sensitive location*  ca n  b e  identified now . A  m a jo r study  should  be in itia te d  by 

U N  ag e n c ie s  to  es tim a te  (he  scale a n d  severity  o f  th e se  p o te n tia l g lobal elFects, a n d  (C encourage 

a p p ro p r ia te  a n d  effective a c tio n  w h ich  m igh t in c lu d e  rad ical changes in  (eclu iiqucs fo r  sew age 

d isp o sa l a n d  in  farm in g  p rac tices  b la n d .

i

3 . S e iv a g e  c o n ta m in a tio n

401. W hile (he  in p u t o f  h u m a n  sew age t o  th e  sea  is a m a jo r  cause  o f  d eo x y g cn atio n  and  

e u tro p h ic a tio n  a n d  a  so u rc e  o f  chem ical c o n tam in an ts , i t  a lso  in tro d u c es  p a th o g en s , p o s b g  a 

m a jo r  h e a lth  n s k  to  co n su m ers o f  seafood  a n d  t o  rec re a tio n a l u se rs  o f  th e  lit to ra l zo n e . TTie c o n 

su m p tio n  o f  co n tam in a te d  seafood  is fin tilv  linked  w ith  se rious illness, inc lud ing  viral h e p a tit is  a n d  

c h o le ra . I ¿arii e r  w o rk  o n  th e  co n n ec tio n  betw een  b a th in g  a n d  d iseuse p ro d u ce d  con flic ting  o r 

a m b ig u o u s  resu lts, b u t  ep idem io log ical s tud ies h av e  now  p ro v id ed  u n eq u iv o ca l ev idence th a t 

sw im m er* in  sew age-po llu ted  sea  w a te r h av e  a h igher incidence o f  g as tric  disorder* a n d  th a t  (he 

m e t ea se  is co rre la te d  w ith  /.'nitrococcus  co u n ts  in  th e  w ater.

402. T h e  s tud ies fu rth e r  ind icate increased incidence o f  n o o -g as tr ic  d iso rders  (e a r ,  re sp ir

a to ry ' a n d  *kin in fections), b u t  in  th is case th e re  is  n o  c o rre la tio n  w ith  in d ica to rs  o f  .sewage c o n 

ta m in a tio n . I t  is c lea r (h a t c u r re n t h e a lth  s ta n d a rd s  a re  n o t  generally  ad e q u a te  a n d  o ften  a re  n o t 

p ro p e r ly  en fo rced . Im p ro v e d  c o n tro l a n d  m o n ito rin g  is th e re fo re  essen tial. A lso , b ecau se  c o n 

v e n tio n a l tre a tm e n ts  m a y  n o t  in  a ü  c ircu m stan ces b e  th e  b e s t  e i  m o s t économ ie  a p p ro a c h e s  fo r
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fish  species h a s  b een  restric ted - for exam ple  in  p a r ts  o f  th e  e a s te rn  U n ite d  S ta te s .

407. A s  a  resu lt o f  p u b lic  co n cern , th e  m a n u fa c tu re  a n d /o r  u se  o f  so m e o rg a n o c h lo n n e s  is 

b a n n e d  o r  re s tr ic ted  ia  a  n u m b e r  o f  co u n tries . C o n seq u en tly , d ew n v .a rd  tre n d s  in  co n c en tra tio n s  

in  sea  w a te r  a n d  in  th e  tissue* o f  organism s are n o w  being  reco rd ed  in  so m e p a r ts  o f  th e  n o rth e rn  

h em isp h e re , b u t  sedim ent* a re  still a  m a jo r  reservo ir fo r  su b s tan ce s  like  PC B s, w hich m ay b e  re in 

tro d u c e d  in to  b io log ica l cycles w h en  th e  soa-bed  is  d is tu rb ed . T h is w ill be a  p o te n tia l h a z a rd  for 

th e  fo re seeab le  fu tu re . I n  so m e p a r ts  o f  th e  w orld , th e  u se  o f  p ers is ten t pestic ides is s till h igh, for 

ex a m p le  in  c o u n trie s  w ith  la rge  c o ito n  p roduction .

408. E v ery  y ea r  h u n d red s  o f  n ew  chem icals a re  in tro d u c ed  to  th e  m a rk e t, m any  o f  th e m  w ith  

a c c o m p a n y in g  im purities such  a s  c h lo rin a te d  d iox ins a n d  d ib en zo fu ran s , w h ile  k n o w n  chem icals 

a r c  tu rn e d  to  new  p u rposes. T h e  u n fo re seen  dangers o f  n ew  m a te ria ls  o r  fo rm u la tio n s  a re  exem 

p lified  b y  T B T . O nly w hen  its  effect o n  n u n » ta rg c t o rgan ism s w a s  d iscovered  w as its  u s e  seen to  

b e  u n a c c e p ta b le  a n d  ac tio n  in itia ted  to  co n tro l a n d  rep lace  it .  Som e o th e r  chem icals, su c h  as 

d ic h lo rv o s , a n  o rg an o p h o sp h o ru s  c o m p o u n d  n o w  used  by  fish  farm ers , a re  new  c o n ta  m ira n  rs in 

th e  se a  a n d  a re  causing  concern . T h ese  chem icals, w hich  a im  a t  a  se lec ted  ta rg e t o r a rc  u sed  in  a 

lim n ed  lo c a tio n , a re  m ore  easily  co n tro lled  th a n  o th e rs  such  a s  pestic ides ex tensively  app lied  on  

land . H o w ev er, o n ce  a  pesticide o r  a n  in d u s tria l c o m p o u n d  is fo u n d  to  be en v iro n m en ta lly  d an 

g ero u s a n d  ís w ith d raw n , i t  is in ev itab ly  rep laced  by  an o ch er w hich  m ay ca u se  its  ow n , p crh ap *  less 

nc\l V now n, p rob lem s. T h e  fa te  a n d  effect o f  chem icals in tro d u c ed  in to  th e  m a rin e  en v iro n m en t 

?ho«dd b e  k e p t u n d e r close a n d  c o n tin u ed  review  by  a  su itab le  in te rn a tio n a l b o d y  o r program m e.

6 .  O il

409 E xcep t in  (he  im m ed ia te  v icin ity  o f  sources o r a t  th e  s ite  o f  m a jo r  oil spills, oil in  the 

sea  is generally  fo u n d  a t  c o n c en tra tio n s  to o  low  to  po se  a  th re a t  to  m a rin e  o rgan ism s. H ow ever, 

o il slicks a rc  a  significant th re a t  to  div ing b ird s , a n d  resid u a l ta r  con tinue*  to  b e  a  serious am en ity  

p ro b le m  o n  beaches, affec ting  (he  econom y  o f  m a n y  com m unities w hich  d ep e n d  o n  tourism .

7. R a d io a c tiv i ty

410. R ad io ac tiv ity  causes pub lic  eo n ecm , b u t rad ia tio n  doses fro m  artific ia l rad ioac tive  

su b stan ce s  in  th e  ocean? rem ain  extrem ely  low . a n d  th e re lo re  d o  n o t  a d d  sign ifican tly  to  th e  rad i

a t io n  b ac k g ro u n d  o f  m arine  o rg an ism s o r m a n , excep t in a  few localities w h ere  exposu re  m a y  be 

o f  th e  sam e o rd er o f  m ag n itu d e  a s  th a t  f ro m  th e  average  n a tu ra l  b ack g ro u n d . H ow ever, o f  all 

c o n ta m in a tin g  d ischarges, rad io a c tiv e  effluents fro m  peacefu l uses o f  n u c lea r energy  a rc  p ro b ab ly  

tViOfec m o s t  rigo rously  co n tro lled  a n d  m o m to ied . M a jo r  n u clea r accident*  h a v e  resu lted  in  c o n 

ta m in a tio n  o f  ag ricu ltu ra l a n d  fresh w ate r fo o d stu lls  a n d  o f  seafood  F o llu u m g  th e  C hernoby l 

a c c id e n t th e re  w as w idespread  c o n ta m in a tio n  th ro u g h o u t E u ro p e  b u t. b ec au se  th e  sou rce  w a* lo-
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B. THE O PEN  OCEAN

414. T he  m a in  co n tam in a tin g  in p u ts  to  co a s ta l region* a rc  r iv er-b o m e. I h e y  se ttle  o u t 

m o stly  in  th e  es tu a rie s  a n d  shallow  w aters, a n d  little  reach es  b ey o o d  th e  edge o f  th e  co n tin e n ta l 

sh e lf  I n  th e  o p en  ocean , in co n tra st, th e  tw o  p rin c ip a l so u rces o f  c o n ta m in a n ts  are sh ip p in g  and  

th e  a tm o sp h e re . In  a d d itio n , co n ta m in a n ts  a r c  c o n tr ib u te d  d irec tly  to  ih c  d eep  sea  b y  ab y ssa l 

te c to n ic  activ ity .

415. The sh ip p in g  in p u ts  arise m a in ly  f ro m  o p e ra tio n a l activ ities a n d  fro m  d elib era te  d is

ch arg es. O il is th e  m o st obv io u s c o n ta m in a n t, b u i b ioc ides fro m  ao tifou ling  p a in ts  Icach  in to  the 

w a te r  a lo n g  sh ip p in g  ro u ie s , a n d  recen tly  th e  a c c u m u la tio n  o f  sh ip -re la ted  p la s tic  d eb ris  h as  been 

in c reasin g . D u m p in g  a n d  acciden ts a lso  co n trib u te , b u t m u c h  less so  (han  in  sh e lf  w aters.

416. W hile  so m e o f  th e  a tm o sp h e ric  c o n tr ib u tio n  co n sis ts  o f  su b stan ces p icked  u p  fro m  the 

sea  su rfa ce  a n d  la te r  re tu rn ed  t o  it ,  c e r ta in  c o n ta m in a n ts  a r e  ca rrie d  b y  a ir  m asses fro m  th e  c o n 

tin e n ts , Ih c s c  include la rge  a m o u n ts  o f  d esert sa n d  a n d  m ateria ls  fro m  v o lcan ic  ac tiv ity  a n d  fo rest 

a n d  g ra ss lan d  fires, a s  w ell a s  c o n ta m in a n ts  reach in g  th e  a ir  fro m  ev a p o ra tio n , in c in e ra tio n  a n d  

c o m b u s tio n  p rocesses. T h e re  is  a n  o b se rv ab le  d ecrease  in  c o n c en tra tio n s  o f  these  a tm o sp h e ric  

c o n ta m in a n ts  a s  m easu rem en ts  a re  m ad e  a t  inc reasing  d is tances  fro m  co n tin e n ta l sources.

41? . C o n ta m in a tio n  do cs o cc u r in  th e  o p e n  oceans. U p tak e  o f  m e rc u ry  b y  long-lived  fish 

species ju stifies  c o n tro l m easu res  to  lim it h u m a n  d ie tary ' in ta k e , b u t  m o st o f  th e  m ercu ry  is derived 

f ro m  n a tu ra l  sources. A n o th e r  m eta l, lead, show s elevated  o ccan -w ate r c o n c en tra tio n ?  resu lting  

f ro m  h u m a n  ac tiv ities, b u t  Í» so m e arca«  levels a re  n o w  falling  w ith  th e  dec lin ing  u se  o f  lead  in  

fuels. I n  g eneral, m e ta ls  a r e  p resen t a t  sueli lo w  levels in  o c e a n  w a te r  th a t  th e y  a re  n o t  a  d e m o n 

s tra te d  h a z a rd  t o  m a rin e  o rgan ism s. S y n th e tic  o rg an ic  co m p o u n d s  a re  a lso  de lec tab le  b u t,  aga in , 

leve ls  a r e  t o o  tavr Cot effects t c  b e  expected . T h e  s tu d y  o f  n u u ie n t  tVux t o  t h e  o cean s  sh o w s th a t  

p re se n t a n th ro p o g e n ic  in p u ts  d o  n o t  h a v e  any  im p ac t b ey o n d  th e  edge o f  (he  s h d f  O il from  

sh ip p in g  is d e tec tab le  a t  th e  surface o f  th e  o p e n  sea  b u t  m ain ly  in  th e  fo rm  o f  d eg ra d ed  residues, 

w ith  lit tle  im p a c t o n  m a rin e  life, a n d  th e  re d u c tio n  in  o il-re la ted  traffic, c o m b in ed  w ith  tig h te r  

in te rn a tio n a l reg u la tio n s, h a s  red u ced  th e  ex ten t o f  th is  p rob lem .

418. A t  p resen t, ex p lo ita tio n  o f  m in era ls  a n d  en e rg y  in  the o p en  ocean  is negligible, a n d  only 

a  m a jo r  e x p a n s io n  o f  e ffo rt w o u ld  ju stify  co n cern . T h is  m ay se e m  a  f iu -o tl p ro sp ec t, h u t  devel

o p m e n ts  a re  se n s itise  to  com m odity  a n d  en e rg y  p rices, w h ich  m a y  change  qu ick ly , so com placency  

ís  n o t  ju stified . A n y  im p ac t fro m  d eep -o cean  m in ing  w o u ld  b e  m o s t likely o n  th e  sea-bad . A r 

p re se n t o u r  u n d e rs ta n d in g  o f  abyssa) eco logy  is in su ffic ien t to  p ro v id e  a re liab le  assessm en t o f  th e  

effects o f  d is tu rb a n ce  a n d  sed im en ta tion .

419. W c conc lude  th a t  in  th e  o p en  o cean , in  c o n tra s t  t o  c o a s ta l zo n es, im p a c t fro m  m a n 's  

d ire c t ac tiv ity  is s lig h t a n d , w hile c o n c e n tra tio n s  o f  so m e co n ta m in a n ts  a rc  en h a n c e d , th e y  a r e  still 

tow , a n d  m e asu rab le  effects a re  n o t  d e tec ted . H o w ev er, lead , c h lo rin a te d  h y d ro ca rb o n s  a n d  arti-
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425. S uch  ¡«sues a rc  fo r  th e  m o st p a r t re levan t to  m ed ium - o r  lo n g -te rm  u m e  scales, in  

c o n tra s t  to  m o st o f  th o se  d iscussed  so far, w hich  a re  sh o r t te rm , affecting  u s  n o w  a n d  requ iring  

a c tio n  im m ediate ly . In  p rep a rin g  th is  rep o rt, it w as decided  to  fo cu s o n  th e  sh o r t- te rm  prob lem s 

b u t .  in  r e a d in g  to  th em , to  b e  a w a re  o f  th e  o th e rs  and  to  ta k e  th e m  in to  co n sid era tio n  a s  a n d  w hen 

su ffic ien t u n d erstan d in g  develops fro m  cu rren t research .

D. PREVENTION AND CONTROL

426. M any  activ ities h av e  adverse  im p a c ts  on  th e  soa, a n d  p u b lic  aw areness o f  th e  d eg ra 

d a t io n  o f  th e  en v iro n m en t is increasing , w ith  s tro n g  a ttitu d e s  em erging in  favou r o f  its  p ro tec tio n . 

A c o n c e p t a t trac tin g  increasing  su p p o rt is the p recau tio n a ry  p rincip le  w hich, in  its o rig ina l fo r

m u la tio n  w as carefully  in teg ra ted  a s  p a r t o f  a  n a tio n a l p a c k a g e  o f  a p p ro a c h e s  to  en v ironm en ta l 

m a n a g e m e n t. T h is p rincip le p ro p o se s  a c tio n  even in  s itu a tio n *  w h ere  dam age lia s  n o t  b een  d em 

o n s tra te d , in  o rd er to  safeguard  ag a io s t possib le fu tu re  risks. H ow ever, especially f o r  w aste  d is 

p o sa l, i t  is essen tial to  ta k e  a b a la n c e d  v iew  a f te r  co n s id e ra tio n  o f  all th e  o p tio n s , inc lud ing  the 

b a n n in g  o f  w ast c-producing  activ ities. I t m u st b e  recogn ized  th a t  p rev en tio n  o f  p o llu tio n  in  one 

s e c to r  o f  th e  env ironm ent co u ld  tra n s fe r  it to  a n o th e r  w h ere  tb e  consequences cou ld  b e  m o re  se

vere o r  less p red ic tab le

427. T h u s, in co m p arin g  th e  re la tive  advan tages o f  land  o r sea  d isp o sa l, th e  possib ilities a n d  

im p lica tio n s  of, fo r  exam ple , co n tam in a tin g  g ro u n d  w ate r w ith  sew age m u st be w eighed  a g a in s t th e  

ex p ec ted  im p a c t o f  d isposal to  th e  m a n n e  env ironm ent. R eview ing th e  o p tio n s  involves m o re  th a n  

ju s t  se lec tin g  th e  a p p ro p ria te  en v ironm en ta l sec to r to  rece iv e  (he  w astes  •  a tm o sp h e re , land , fresh 

w a te r  o r  th e  sea ; th e re  a rc  a lso  issues o f  sto rag e  o r d es tru c tio n : c o n ta in m en t o r  d isp ers io n , use o f  

accessib le  o r  rem ote  sites. I n  (he  longer term , im p ro v ed  w aste  m anagem en t, w ith  e m p h asis  on  

w aste  red u c tio n , will m ake a significant co n trib u tio n  to  th e  p rev en tio n  o f  p o llu tio n  in  a l l  secto rs 

o f  th e  en v iro n m en t. O bviously , co s t co nsidera tions m u s t a lso  be re lev an t in  reach ing  decisions, 

a n d  a n  ec o n o m ic  assessm en t sh o u ld  b e  p a r t o f  a n y  process lead ing  to  them .

428. 11 i* im p o r ta n t fo r  exa m ple  to  see  h o w  th e  co s ts  o f  d am ag e  re la te  t o  th e  co s ts  o f  a c u o n  

(o  m in im ize o r av o id  po llu tio n . A dvances h av e  b een  m ad e  in  th e  techn iques for an a ly sis  o f  costs  

in c u rred  a s  a  resu lt n i m a rin e  p o llu tio n  a n d  in  th e  ev a lu a tio n  o f  th e  ben efits  o f  c o n tro l a n d  

a b a  lum en l .  Inev itab ly , how ever, th e  values a ttr ib u te d  to  a  p o ten tia lly  p o llu tin g  ac tiv ity  a o d  th e  

c o s t o f  p rev e n tin g  o r cleanm g u p  a f te r  it m u st reflec t lo c a l cond ition*  a n d  values.

429. I n  add ition , th e  d ifference in  a p p ro a ch es  a n d  languages o f  n a tu ra l  sciences a n d  ec o 

n o m ic s  m a y  lead  to  m isu n d erstan d in g s o r  even to  m isguided  decisions. In itia tiv es  a re  th e re fo re  

n ee d ed  to  im p ro v e  co m m u n ica tio n  a n d  u n d erstand ing , so  (h a t b o th  d isc ip lines t a n  be d irec ted  lo 

th e  c o m m o n  a im  o f  sa feguard ing  th e  m arine  env ironm ent.
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