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PREFACE 

[ h e  Uni ted  N a t i o n s  Conference  on t h e  Human Envi ronment .  which took  p l a c e  i n  
Stockholm, 5-16 J u n e  1972, a d o p t e d  t h e  Act ion  P l a n  f o r  t h e  Human Environment .  
i n c l u d i n g  t h e  Genera l  P r i n c i p l e s  f o r  Assessment  and C o n t r o l  o f  Marine P o l l u t i o n .  In  
t h e  l i g h t  o f  t h e  r e s u l t s  o f  t h e  Stockholm C o n f e r e n c e ,  t h e  Uni ted  N a t i o n s  Genera l  
Assembly d e c i d e d  t o  e s t a b l i s h  t h e  Uni ted  N a t i o n s  Environment  Proqramme (UVEP) t o  
' s e r v e  a s  a  f o c a l  p o i n t  f o r  e n v i r o n m e n t a l  a c t i o n  and c o - o r d i n a t i o n  w i t h i n  t h e  Uni ted  
N a t i o n s  system" ( G e n e r a l  Assembly r e s o l u t i o n  2997(XXVII) o f  1 5  December 1 9 7 2 ) .  The 
o r g a n i z a t i o n s  o f  t h e  Uni ted  N a t i o n s  sys tem were i n v i t e d  " t o  a d o p t  t h e  m e a s u r e s  t h a t  
may b e  r e q u i r e d  t o  u n d e r t a k e  c o n c e r t e d  and c o - o r d i n a t e d  programmes w i t h  r e q a r d  t o  
i n t e r n a t i o n a l  e n v i r o n m e n t a l  p rob lems" ,  and t h e  " i n t e r g o v e r n m e n t a l  and 
non-governmental  o r q a n i z a t i o n s  t h a t  have  an i n t e r e s t  i n  t h e  f i e l d  o f  t h e  
env i ronment"  were a l s o  i n v i t e d  " t o  l e n d  t h e i r  f u l l  s u p p o r t  and c o l l a b o r a t i o n  t o  t h e  
Uni ted  N a t i o n s  w i t h  a  view t o  a c h i e v i n q  t h e  l a r q e s t  p o s s i b l e  d e c r e e  o f  c o - o p e r a t i o n  
and c o - o r d i n a t i o n " .  S u b s e q u e n t l y ,  t h e  Governinq C o u n c i l  o f  UNEP c h o s e  "Oceans" a s  
o n e  o f  t h e  p r i o r i t y  a r e a s  i n  which i t  would f o c u s  e f f o r t s  t o  f u l f i l  its c a t a l y t i c  
and c o - o r d i n a t i n q  r o l e .  

The Regiona l  S e a s  Programme was i n i t i a t e d  by IJi'Ã )̂E i n  1 9 / 4 .  S i n c e  t h e n  t h e  Governinq 
Counc i l  of  UNEP h a s  r e p e a t e d l y  e n d o r s e d  a r e q i o n a l  a p p r o a c h  t o  t h e  c o n t r o l  o f  m a r i n e  
p o l l u t i o n  and t h e  manaqement o f  mar ine  and c o a s t a l  r e s o u r c e s  and h a s  r e q u e s t e d  the  
development  o f  r e q i o n a l  a c t i o n  p l a n s .  

The Heqional  S e a s  Programme a t  p r e s e n t  i n c l u d e s  e l e v e n  r e q i o n s  and h a s  o v e r  1 2 0  
c o a s t a l  S t a t e s  p a r t i c i p a t i n g  i n  it .  I t  i s  c o n c e i v e d  a s  a n  a c t i o n - o r i e n t e d  proqramme 
having  c o n c e r n  n o t  o n l y  f o r  t h e  c o n s e q u e n c e s  b u t  a l s o  f o r  t h e  c a u s e s  o f  
e n v i r o n m e n t a l  d e g r a d a t i o n  and encompassinq a  comprehens ive  a p p r o a c h  t o  combatinq 
e n v i r o n m e n t a l  p rob lems  t h r o u g h  t h e  management o f  m a r i n e  and c o a s t a l  a r e a s .  Each 
r e g i o n a l  a c t i o n  p l a n  is f o r m u l a t e d  a c c o r d i n g  t o  t h e  n e e d s  o f  t h e  r e q i o n  a s  p e r c e i v e d  
by t h e  Governments c o n c e r n e d .  I t  is d e s i g n e d  t o  l i n k  a s s e s s m e n t  o f  t h e  q u a l i t y  o f  
t h e  m a r i n e  env i ronment  and t h e  c a u s e s  o f  i ts d e t e r i o r a t i o n  w i t h  a c t i v i t i e s  f o r  t h e  
management and development  o f  t h e  m a r i n e  and c o a s t a l  env i ronment .  The a c t i o n  p l a n s  
promote t h e  p a r a l l e l  development  o f  r e q i o n a l  l e q a l  a g r e e m e n t s  and o f  a c t i o n - o r i e n t e d  
programme a c t i v i t i e s .  

By d e c i s i o n  t i ( I I )  o f  29 March 1914,  t h e  Governinq C o u n c i l  o f  UNEP d e c i d e d  t h a t  
p r i o r i t y  s h o u l d  be g i v e n ,  i n  t h e  f i e l d s  o f  o c e a n s ,  t o  r e q i o n a l  a c t i v i t i e s  and 
s t r e s s e d  t h e  i m p o r t a n c e  o f  t h e  Car ibbean  r e g i o n .  

A f t e r  a  p r e p a r a t o r y  p r o c e s s ,  which i n c l u d e d  a  number o f  e x p e r t  m e e t i n g s ,  m i s s i o n s  
and p r e p a r a t i o n  o f  s e c t o r i a l  s t u d i e s  on  r e s o u r c e s  and e n v i r o n m e n t a l  problems o f  t h e  
Car ibbean  r e q i o n ,  t h e  I n t e r g o v e r n m e n t a l  Meetinq on t h e  A c t i o n  P l a n  f o r  t h e  Car ibbean  
Environment Programme ( ~ o n t e q o  Bay, J a m a i c a ,  6  - 8 A o r i l  1 9 8 1 ) ,  a t t e n d e d  by 
r e p r e s e n t a t i v e s  o f  Governments from 2 2  S t a t e s  o f  t h e  r e q i o n ,  a d o p t e d  t h e  A c t i o n  P l a n  
f o r  t h e  C a r i b b e a n  Environment  Proqramme and t h r e e  r e s o l u t i o n s  d e a l i n g  w i t h  ( a )  
programme i m p l e m e n t a t i o n ,  ( b )  i n s t i t u t i o n a l  a r r a n g e m e n t s ,  dnd ( c )  f i n a n c i a l  
a r r a n g e m e n t s  r e l a t e d  t o  t h e  i m p l e m e n t a t i o n  o f  t h e  A c t i o n  P l a n  - . 

I /  M e d i t e r r a n e a n ,  Kuwait A c t i o n  P l a n  r e q i o n ,  West and C e n t r a l  A f r i c a ,  Wider - 
C a r i b b e a n ,  - E a s t  Asian S e a s ,  South-East  P a c i f i c ,  S o u t h  P a c i f i c ,  Red Sea and Gulf 
o f  Aden, E a s t  A f r i c a ,  South-West A t l a n t i c  and S o u t h  As ian  S e a s .  

2 /  UNEP: A c t i o n  P l a n  f o r  t h e  Car ibbean  Environment  Proqramine. UNEP R e g i o n a l  S e a s  - 
R e p o r t s  and S t u d i e s  No. 26. UNEP, 1983. 



The present  document ( i s s u e d  as UNEP/CEPAL/WG.48/Inf.4) served as  one o f  t h e  
documents prepared t o  f a c i l i t a t e  the  n e q o t i a t i o n s  wh ich  l e d  t o  t h e  adop t i on  o f  t h e  
A c t i o n  Plan.  
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1. DESCRIPTION OF 1HE REGION 

1.1 D e f i n i t i o n  of  t h e  Reqion 

The Wider Car ibbean  is d e f i n e d  f o r  t h e  purpose  o f  t h i s  overv iew a s  t h e  c o a s t a l  ana  
open w a t e r s  o f  t h e  C a r i b b e a n  Sea p r o p e r ,  t h e  Gulf o f  Mexico and a d j a c e n t  w a t e r s  o f  
t h e  A t l a n t i c  Ocean. The c o a s t a l  a r e a s  i n c l u d e d  a r e  t h o s e  o f  E a s t  Mexico, C e n t r a l  
America, Panama, t h e  Bahamas and A n t i l l i a n  A r c h i p e l a g o ,  South America from Columbia 
t o  French  Guianu and t h e  S o u t h e r n  Uni ted  S t a t e s  ( f i g u r e  1 ) .  

The Wider Car ibbean  is a semi-enc loseo  bod) o f  wate r  c o n s i s t i n g  o f  s e v e r a l  d e e p  
b a s i n s  s e p a r a t e d  by major  sills ( f i g u r e  2 ) .  The d e e p e s t  p o i n t ,  7 ,100  m e t r e s ,  is i n  
t h e  Cayman Trench;  t h e  a v e r a g e  d e p t h  is a p p r o x i m a t e l y  2,2LG m e t r e s .  The two major  
b a s i n s  a r e  t h e  Car ibbean  Sea and t h e  Gulf  o f  Mexico. J o i n t l y ,  t h e s e  two b a s i n s  have  
been c a l l e d  b)  some t h e  "American Medi te r ranean1 '  ( K  Holgson,  127312 The t o t a l  s e a  

6 s u r f a c e  o f  t h e  a r e a  i s a p p r o x i m a t e i \  '4.24 x 1 0  k m  ( 1 . W  x It; km f o r  t h e  Gulf  o f  
6  2 Mexico and 2.64 x 10 km f o r  t h e  Car ibbean  p r o p e r  - J. L .  Harding and W .  Nowlin, 

1966) .  T h e r e f o r e ,  t h e  t o t a l  volume o f  wate r  is i y ~ o x i m a t e l y  9 .3  x LC" l i t r e s .  
B} compar i son ,  t h e  M e d i t e r r a n e a n  Sea is a b o u t  3.0 x 1 0  l i t r e s .  

The dynamics o f  t h e  wate r  m a s s e s  and r e l a t e d  phenomena have been summarized i n  t h e  
supplement  t o  t h e  Report  o f  t h e  IOC/FAO/UNEP I n t e r n a t i o n a l  Workshop on Marine 
P o l l u t i o n  i n  t h e  Car ibbean  and Adjacen t  Regions  (UNESCO, 1977) a s  f o l l o w s :  

"The most s t r i k i n g  h y d r o g r a p h i c  f e a t u r e  i n  t h e  r e g i o n  is t h e  c o n t i n u o u s  
f low o f  wate r  t h r o u g h  t h e  a r e a  from e a s t  t o  wes t  i n  t h e  C a r i b b e a n  Sea 
p r o p e r ,  f o l l o w e d  by a  movement from s o u t h - e a s t  t o  n o r t h - e a s t  i n  t h e  
Yucatan B a s i n ,  and f i n a l l y ,  i n  t h e  Gul f  o f  Mexico, a  s t r o n g  f low t o  t h e  
e a s t  a g a i n  th rough  t h e  S t r a i t s  o f  F l o r i d a ,  a f t e r  an a n t i c ) c l o n i c  
movement o f  most o f  t h i s  wate r  i n  t h e  w e s t e r n  a r e a  o f  t h e  G u l f .  

"Approximate!) 3.0 x 10' c u b i c  m e t r e s  o f  wate r  p e r  second ( 9 . 4  x 1 ~ ' ~  
l / ) e a r )  p a s s  t h r o u g h  t h e  v a r i o u s  p a s s a g e s  be tween  t h e  i s l a n d s  o f  t h e  
L e s s e r  A n t i l l e s ,  t r a n s p o r t e d  t o  them by t h e  combined e q u a t o r i a l  
c u r r e n t s .  The g e n e r a l  movement o f  The g e n e r a l  movement o f  t h i s  w a t e r ,  
which is s t a b l e  a l l  t h e  y e a r  round ,  a l t h o u g h  some s e a s o n a l  c h a n g e s  c a n  
b e  found i n  t h e  v e l o c i t i e s ,  i s  shown s c h e m a t i c a l l y  i n  f i g u r e  3 i n  which 
a n  a r e a  o f  c o n t i n u o u s  f low is i n d i c a t e d  by a  d o t t e d  l i n e .  The 
v e l o c i t i e s  g i v e n  a r e  mean v e l o c i t i e s  d u r i n g  t h e  y e a r .  S e a s o n a l  changes  
c a n  b e  e x p e c t e d  however, and much h i g h e r  v e l o c i t i e s  w i l l  b e  Found, 
e s p e c i a l l y  where t h e  wate r  is f o r c e d  t h r o u g h  n a r r o w  p a s s a g e s ,  s u c h  a s  
t h e  Yucatan Channel o r  t h e  S t r a i t s  o f  F l o r i d a ;  v e l o c i t i e s  up t o  3.5 and 
4.5 km, r e s p e c t i v e l y ,  a r e  o b s e r v e d  i n  t h e  c u r r e n t  c o r e  i n  t h e s e  two 
a r e a s .  

' O u t s i d e  t h e  d o t t e d  l i n e ,  c u r r e n t s  a r e  weaker and a l s o  u n s t a b l e .  During 
c e r t a i n  months,  l a r g e  v o r t i c e s  a r e  formed o f f  t h e  c o a s t  o f  C o s t a  Rica ,  
Panama and Colombia, and s i m i l a r l y  i n  some p a r t s  o f  t h e  Gulf  o f  Mexico. 
The main c i r c u l a t i o n  i n  t h e  l a t t e r ,  a s  a l r e a d y  p o i n t e d  o u t ,  fo rms  a n  
a n t i c y c l o n i c  movement f l o w i n g  t h r o u g h  t h e  w e s t e r n  p a r t  o f  t h e  a r e a  and,  
e v e n t u a l l y ,  combines i ts f l o w  i n  t h e  S t r a i t s  o f  F l o r i d a  w i t h  t h e  water  
masses  which t u r n  a f t e r  p a s s i n g  t h r o u g h  t h e  Yucatan Channel immediately 
t o  t h e  e a s t ,  t h e  l a t t e r  movement b e i n g  more pronounced d u r i n g  t h e  
n o r t h e r n  hemisphere  w i n t e r  months. 









'The s u r f a c e  t e m p e r a t u r e  i n  t h e  t r o p i c a l  p a r t s  o f  t h e  r e g i o n  h a s  an 
a v e r a g e  v a l u e  o f  a b o u t  27OC and d o e s  n o t  v a r )  c o n s i d e r a b l )  d u r i n g  t h e  
y e a r .  The s e a s o n a l  f l u c t u a t i o n s  d o  n o t  exceed 3OC. The same h o l d s  t r u e  
f o r  t h e  sou thernmos t  p a r t  o f  t h e  Gulf  o f  Mexico. However, its n o r t h e r n  
p a r t  shows ex t reme s e a s o n a l  c h a n g e s  i n  t e m p e r a t u r e ,  from a b o u t  1 6  C i n  
w i n t e r  t o  28oC i n  summer, s o  t h a t  d u r i n g  t h e  w i n t e r  months t h e r e  is a  
s t r o n g  l a t i t u d i n a l  t e m p e r a t u r e  g r a d i e n t .  

'The c o o l i n g  o f  s u r f a c e  w a t e r s  i n  t h e  n o r t h e r n  and c e n t r a l  p a r t  o f  t h e  
Gulf o f  Mexico d u r i n g  w i n t e r  months a l s o  a f f e c t s  t h e  v e r t i c a l  
t e m p e r a t u r e  d i s t r i b u t i o n .  Whereas i n  t h e  whole Car ibbean  a r e a  and 
a d j a c e n t  s e a s  t h e  t e m p e r a t u r e  d e c r e a s e s  b) 10-15OC d u r i n g  t h e  f i r s t  200 
m beyond which d e p t h  t h e r e  i s  o n l y  v e r )  s l o w  f u r t h e r  d e c r e a s e ,  a  
t h e r m o c l i n e  l a y e r  i s  formed d u r i n g  t h e  w i n t e r  i n  p a r t s  o f  t h e  Gulf  o f  
Mexico a t  d e a t h s  t h a t  may sometimes r e a c h  1 C C  m .  

"Although t h i s  w i l l  have  some i n f l u e n c e  on t h e  m i x t u r e  o f  any p o t e n t i a l  
p o l l u t a n t  i n  t h e  a r e a ,  more i m p o r t a n t  i n  t h i s  c o n n e c t i o n  seems t o  be  t h e  
development  o f  u p w e l l i n g  which t a k e s  p l a c e ,  p a r t i c u l a r . ! . )  a l o n g  t h e  n o r t h  
c o a s t  o f  t h e  Yucatan P e n i n s u l a  from May t o  O c t o b e r ,  w i t h  a  p e a k  i n  June ,  
and o f f  t h e  n o r t h - e a s t e r n  Venezuelan c o a s t  where upwel l ing  i s  s t r o n g e s t  
between December and A p r i l  ." 

There  is a d i s t i n c t  s e a s o n a l  v a r i a t i o n  i n  t h e  s u r f a c e  s a l i n i t }  o f  t h e  Car ibbean  
( f i g u r e s  4 and 5 ) .  The r e l a t i v e l y  h i g h  s a l i n i t i e s  between January  and Ma) ( w i t h  
maxima > 56.5 i n  F e b r u a r )  and March) a r e  r e g u l a r l y  fo l lowed by lower  s a l i n i t i e s  
between June and December ( w i t h  minimal  < 34.5 i n  October  and November). The 
c a u s e  o f  t h e s e  v a r i a t i o n s  is t h e  i n f l o w  o f  low s a l i n i t }  wate r  from t h e  s o u t h - e a s t  i n  
l a t e  autumn which a r i s e s  from i n p u t  b)  t h e  Orinoco and Amazon R i v e r s  o r  by t r o p i c a l  
convergence  ( G .  Wus t ,  1964; D .  K .  Atwood, 1 9 7 7 ) .  

The d e e p e s t  o f  t h e  si l ls (Windward sill ,  1 , 6 0 0  m) a r e  much s h a l l o w e r  t h a n  t h e  
s h a l l o w e s t  b a s i n s :  t h e r e f o r e  most o f  t h e  wate r  i n  t h e  Car ibbean  is below s i l l  d e p t h .  
T h i s  r a i s e s  t h e  q u e s t i o n  o f  how much exchange o r  renewal  o f  t h i s  wate r  t a k e s  p l a c e  
a c r o s s  t h e  sills. D. K .  Atwood ( 1 9 7 7 ) ,  a f t e r  a n a l y s i n g  a v a i l a b l e  d a t a  on ox)gen ,  
t e m p e r a t u r e  and s i l i c a t e s ,  c o n c l u d e s  t h a t  " a p p a r e n t l y  very l i t t l e  renewal  o r  
f l u s h i n g  o c c u r s "  i n  t h e  d e e p e r  z o n e s  o f  t h e  Car ibbean  and t h e r e f o r e  " p o l l u t a n t s "  
t h a t  f i n d  t h e i r  wa) i n t o  t h e s e  w a t e r s  w i l l  n o t  b e  e a s i l )  f l u s h e d  o u t . "  The l a c k  o f  
f l u s h i n g  is  a l s o  i l l u s t r a t e d  by t h e  example o f  t h e  d e e p  Venezuelan Basin where,  
a c c o r d i n g  t o  V.  Wor th ing ton  ( l 9 ! ? 5 ) ,  n a t u r a l  p r o c e s s e s  c a u s e d  d i s s o l v e d  oxygen t o  b e  
d e p l e t e d  by 6  Der c e n t  i n  a b o u t  2G y e a r s .  T h i s  b e i n g  t h e  c a s e ,  i t  is  n o t  
u n r e a s o n a b l e  t o  e x p e c t  t h a t  t h e  a d d i t i o n  o f  l a r g e  amounts  o f  oxygen-consuming w a s t e  
i n t o  t h e  d e p t h s  o f  t h i s  b a s i n  c o u l d  i n c r e a s e  t h e  r a t e  o f  ox \qen  d e p l e t i o n  and 
p o s s i b l y  l e a d  t o  a n o x i c  c o n d i t i o n s .  U n f o r t u n a t e l y ,  p r e s e n t  knowledge a b o u t  t h e  
f r a g i l i t y  o f  t h e  Car ibbean  deep-water  system d o e s  n o t  p e r m i t  a  r e l i a b l e  e s t i m a t e  o f  
i t s  w a s t e  a s s i m i l a t i o n  c a p a c i t y .  

The c u r r e n t  s y s t e m s  shown i n  f i g u r e  3  a r e  o n l y  y e a r l y  a v e r a g e s .  S m a l l e r  c u r r e n t s  o r  
e d d i e s  d e v e l o p  s e a s o n a l l y  such a s  t h e  Gulf o f  Panama and t h e  Gulf o f  Mexico l o o p  
c u r r e n t s  (D. K. Atwood, 1 9 7 7 ) .  T h e r e f o r e ,  a  g e n e r a l  e s t i m a t e  o f  t h e  t r a n s p o r t  o f  
m a t e r i a l ,  i n c l u d i n g  p o l l u t a n t s ,  by c u r r e n t s  s h o u l d  be  made o n l y  c a u t i o u s l y ,  b e c a u s e  
t h e  l a r g e  s p a t i a l  and tempora l  v a r i a b i l i t y  which h a s  been  o b s e r v e d  i n  t h e  Car ibbean  
may l e a d  t o  s e r i o u s  e r r o r s  i f  o n l y  p r e v a i l i n g  c u r r e n t  s y s t e m s  a r e  t aken  i n t o  
a c c o u n t .  A s  a n  example,  t h e  w e s t e r l y  i n f l o w  o f  w a t e r  t h r o u g h  t h e  i s l a n d  p a s s a g e s  o f  
t h e  L e s s e r  A n t i l l e s  b a r r i e r  is  d i s t u r b e d  i n  i ts  p a s s a g e .  T h i s  r e s u l t s  i n  t h e  
g e n e r a t i o n  o f  t u r b u l e n t  wakes and e d d i e s  o f  l a r g e  d i a m e t e r  which c o n c e n t r a t e  
n u t r i e n t s  ( T  . D. Leming, 1971)  because  o f  t h e  a s s o c i a t e d  c u r r e n t  p a t t e r n s .  The 
same c o n c e n t r a t i o n  e f f e c t  c o u l d  apply t o  p o l l u t a n t s .  







- 
Ihe drainage area o f  t he  Wider Car ibbean Region ( J .  M. M a r t i n  and Pi. Meybeck, 1977) 

6  2 i s  about 7.5 x  1C; km . Th is  i n c l u d e s  dra inage b a s i n s  o f  two o f  t he  w o r l d ' s  l a r g e s t  
r i v e r s ,  the  M i s s i s s i p p i  and the  Or inoco.  The l a r g e s t  i s  t h e  M i s s i s s i p p i  bas in ,  

6  4  3  3.25 x  10 km2, w i t h  an i n f l o w  o f  about 1.8 x  1L m /see w h i l e  t h e  Or inoco b a s i n  
6  2 d ischarges about 3.C x  l~ mJ/sec f rom an area o f  G.9> x  1c km . Although t h e  

Orinoco i s  geog raph i ca l l y  o u t s i d e  the  Car ibbean p rope r ,  i t  has a l s o  been taken 
i n t o  c o n s i d e r a t i o n  because t h e  major  c u r r e n t  f l o w i n g  nor th-west  a long the Venezuelan 
coast  c a r r i e s  w i t h  i t  most o f  t he  Or inoco o u t f l o w  i n t o  t h e  Car ibbean Sea. On t h e  
o the r  hand, because t h e i r  i n f l u e n c e  has n o t  been q u a n t i f i e d ,  ou t f l ow  f rom r i v e r s  
south  o f  t he  Or inoco (e.g. t he  Amazon d ischarges 4  - 5  t imes more than  t h e  Or inoco)  
have no t  been taken i n t o  account,  a l t hough  t h e i r  c o n t r i b u t i o n  t o  the  Caribbean 
hydrography must be ve ry  s i g n i f i c a n t  (G. Wust, 1964).  

Other s i g n i f i c a n t ,  a l t hough  much sma l l e r ,  d ra inage  systems w i t h i n  t h e  Wider 
Caribbean Region are i n  t h e  Yucatan Pen insu la ,  t h e  S t a t e  o f  F l o r i d a  and Cuba. 

Data and es t ima tes  r e l e v a n t  t o  t he  r i v e r  i n p u t s  i n t o  t h e  r e g i o n  a r e  summarized i n  
t a b l e s  1 and 6. 

R i ve rs ,  and i n  p a r t i c u l a r  t h e i r  sediments,  a re  p o t e n t i a l  c a r r i e r s  o f  a  cons ide rab le  
p o l l u t i o n  l o a d  ( J .  M. M a r t i n  and M. Meybeck, 1977). The Caribbean r e g i o n  i s  no 
except ion .  I n  view o f  t h e  s i z e  o f  t h e  r i v e r  b a s i n s  d r a i n e d  i n t o  t h e  r e g i o n  and 

7  3  t h e i r  c o n t r i b u t i o n  t o  t h e  Caribbean hydrography (0.5 x 1U m /year compared w i t h  
7  3  3 x  1.6 m /year mentioned e a r l i e r  as e n t e r i n g  t h e  Car ibbean th rough the  passages 

between the  i s l a n d s  o f  t h e  Lesser A n t i l l e s ) ,  r i v e r b o r n e  p o l l u t a n t s  shou ld  r e c e i v e  
s p e c i a l  a t t e n t i o n .  

The t o t a l  sediment d e l i v e r y  by  r i v e r s  ( t a b l e  6 )  i n t o  t he  Wider Caribbean Region i s  
es t imated a t  about 1 x 1u9 tons  per year (3.-M. M a r t i n  and M. Meybeck, lY77) .  

1.3 Ecosystem d i s t r i b u t i o n  

I t  i s  commonly accepted t h a t  t h e  t r o p i c s  a r e  much r i c h e r  i n  d i v e r s i t y  o f  spec ies  
than c o l d e r  reg ions .  Th i s  i s  a l s o  t r u e  of- t h e  edges o f  t r o p i c a l  seas. A l a r g e  
number of- genera, f a m i l i e s  and sys tema t i c  groups o f  a  h i g h e r  o rde r  a re  who l l y ,  o r  
a lmost  e n t i r e l y ,  c o n f i n e d  t o  the  warm oceans and c o n s t i t u t e  t h e  bas i c  e lements o f  
t h e i r  ecosystems. Two o f  t he  most i m p o r t a n t  systems a r e  c o r a l  r e e f s  and c o a s t a l  
mangrove swamps. Another system o f  importance,  even though much l e s s  understood, i s  
t he  sea-grass areas. These a re  t y p i c a l  o f  t h e  Wider Caribbean Region b u t  a re  a l s o  
probab ly  t he  most v u l n e r a b l e  ecosystems i n  t h e  Kegion. C o r a l  r e e f s  and mangroves 
a r e  impor tan t  as l a n d - b u i l d e r s  and fo r  t he  p r o t e c t i o n  o f  shores from e ros ion .  
Sea-grass a l s o  may be i m p o r t a n t  i n  these respec ts .  The mangroves i n  p a r t i c u l a r  have 
a  h i g h  economic va lue as t h e  i r r e p l a c e a b l e  h a b i t a t  f o r  many commerc ia l l y  i m p o r t a n t  
spec ies  ( f i g u r e s  6, 7  and 8 ) .  

Al though these c o a s t a l  a reas o f f e r  a  wide spec ies  d i v e r s i t y ,  c e r t a i n  f a c t o r s  l i m i t  
n o t  o n l y  t h e  ecology o f  t h e  o f f s h o r e  seas b u t  a l s o  t h e  f i s h e r i e s  p o t e n t i a l  o f  t h e  
Region more s u b s t a n t i a l l y  than t h a t  o f  temperate seas such as, f o r  example, t h e  
Nor th  A t l a n t i c  o r  t h e  Norwegian Sea. F i r s t ,  t h e  Car ibbean r e g i o n  l a c k s  an 
ex tens i ve ,  sha l l ow  c o n t i n e n t a l  shel f - .  F o u r - f i f t h s  o f  t h e  waters  o f  t h e  Wider 
Caribbean Reqion a re  deeper than 1,EUC m and h a l f  a r e  deeper than 3,6W m. Secondly, 

water  temperatures do n o t  f l u c t u a t e  over  a wide range so t h a t  t h e r e  i s  a  r e l a t i v e l y  

s t a b l e  t he rmoc l i ne  which i n d i c a t e s  a  l a c k  o f  m i x i n g  o f  s u r f a c e  and deep waters.  
Al though t h e r e  a re  s i g n i t i c a n t  u p w e l l i n g  areas, t h e y  a r e  n o t  a dominant f ea t rue .  
The r e s u l t  i s  a  r e s t r i c t e d  n u t r i e n t  supp l y  which i s  r e f l e c t e d  i n  t h e  l i m i t e d  f i s h e r y  
i n  o f f s h o r e  areas.  Nevertheless,  c e r t a i n  areas,  namely t h e  G u l f  Coast o f  t h e  U n i t e d  



Table 1 : P r o v i s i o n a l  L i s t  of Major R i v  ecs Affec t i ng  
the Grea t e r  Caribbean  region^ 

River Area (Ian2) Water d i s cha rge  (rn3sec"^-) 

USA - 
Aoalachiocola (F lo )  
& b i l e  (Ala)  
Mis s i s s ipp i  (La 
Erazos (Tex) 
Colorado (Tex)  

USA - MEXICO - 
Ria Grande (Tex 

MEXICO 

Panuco 
Gri j a lva  
Usurnac in  t a  

GUATEMALA - HONDURAS 

Mat agu a 

HONDURAS 

Ulua 
Patuca 

HONDURAS - N I C A R A G U A  

coco 

NICARAGUA 

Rio Grande de Matagalpa 

N I C A R A G U A  - COSTA RICA 

San Juan 

PANAMA 

Changuinola 

COLOMBIA 

Magdalsna 

VENEZUELA 

Orinoco 

C i i t a r i a  of cho i c s :  water  d i s cha rge  more than 200 m3sac'l 
o r  d ra inage  a r e a  mere than 100,330 km2 

SOURCE : Mart in and Me ybeck , 1777. 









States ,  t he  Bahia de Campeche, t h e  Jamaican Ridge area and the  Nor th  Coast o f  South 
America, have impor tan t  commercial shr imp f i s h e r i e s .  Since these are  assoc ia ted 
w i t h  sha l low areas,  mangroves, e s t u a r i e s  and c o a s t a l  lagoons,  a  h i g h  premium i s  
p laced on the r o l e  o f  c o a s t a l  ecosystems o f  g r e a t  p r o d u c t i v i t y  because o f  t h e  v i t a l  
l i f e  suppor t  they p r o v i d e  f o r  the  r e g i o n ' s  f i s h e r i e s .  

Mangroves develop i n  the i n t e r t i d a l  zone o f  t r o p i c a l ,  swamp) sea-coast which i s  r i c h  
i n  sediment and loose mud, thus  p r o v i d i n g  favourab le  c o n d i t i o n s  f o r  t he  growth  o f  
mangrove t r e e s  (Rhizophora, Avicennia and o t h e r s ) .  The i r  p rop  r o o t s  p r o v i d e  a  

su r face  f o r  the  attachment o f  mar ine organisms and reduce t i d a l  c u r r e n t s ,  t hus  
promot ing d e p o s i t i o n  o f  n u t r i e n t - r i c h  mud and s i l t .  I n  a d d i t i o n ,  by b reak ing  t h e  
storm-waves and dampening the t i d a l  c u r r e n t s ,  t he  sediments they t r a p  h e l p  t o  b u i l d ,  
o r  a t  l e a s t  m a i n t a i n ,  t h e  c o a s t l i n e  aga ins t  f o r ces  o f  e ros ion .  The r o o t s  pene t ra te  
i n t o  the  mud l a y e r  and may p l a y  an impor tan t  r o l e  i n  the  m i n e r a l  c y c l i n g  necessary 
fo r  m a i n t a i n i n g  the  p r o d u c t i v i t )  e x h i b i t e d  by the mangrove community (Go l ley ,  1962). 
Al though mangroves have been gene ra l l y  cons idered t o  have l i m i t e d  economic va lue,  
they make, i n  f ac t ,  a  s u b s t a n t i a l  c o n t r i b u t i o n  t o  the  food-webs which suppo r t  
commercial f i s h e r i e s  (Heald and Odum, 1970) by p r o v i d i n g  "nursery-grounds" f o r  f i s h ,  
s h e l l f i s h ,  prawns and crabs.  Mangrove leaves,  as they d rop  and decompose, form t h e  
base o f  a  food-web which extends t o  l a r g e  predaceous f i s h e s  and many b i r d s  ( f i g u r e  
9 ) .  I t  i s  es t imated,  fo r  i ns tance ,  t h a t  75 per  c e n t  o f  t he  p ink-shr imp h a r v e s t  i n  
F l o r i d a  are  dependent on n u t r i e n t s  d e r i v e d  from the  mangrove ecosystem. Moreover, 
mangroves p rov ide  a  sa fe  and i r r e p l a c e a b l e  w i l d l i f e  h a b i t a t  f o r  a  v a r i e t y  o f  o t h e r  
aqua t i c  animals such as s m a l l  f i shes ,  c rabs ,  e tc . ,  and b i r d s  such as eg re ts ,  cranes,  
i b i s ,  etc. ,  and t h e i r  c o n t r i b u t i o n  as p a r t  o f  t h e  e s t u a r i n e  wet land system t o  t h e  
m i n e r a l i z a t i o n  o f  o rgan ic  anthropogenic waste i s  o f  p r a c t i c a l  va lue .  Furthermore,  
t h e  use o f  mangroves f o r  wood p roduc ts  such as t imber ,  f i r ewood  o r  cha rcoa l  
p roduc t i on ,  i s  n o t  n e g l i g i b l e  i n  many p a r t s  o f  t h e  Caribbean. 

Never the less ,  t h e  d i r e c t  h a r v e s t i n g  o f  goods produced by the  mangrove ecos)stem, o r  
i t s  d e s t r u c t i o n  b }  p o l l u t i o n ,  i s  minor  when compared t o  i n a p p r o p r i a t e  and 
i l l - c o n c e i v e d  development programmes f o r  mar inas,  harbours ,  r e c r e a t i o n a l  beaches, 
c o a s t a l  r e s o r t s  and c o a s t a l  res idences which, i n  man) cases, were s t a r t e d  by 
c l e a r i n g  out  mangroves. There i s  an a la rm ing  r a t e  o f  d e l i b e r a t e  and a c c i d e n t a l  
d e s t r u c t i o n  o f  mangrove communit ies which may l e a d  t o  a  cons ide rab le  r e d u c t i o n  o f  
t h e  area covered by them today.  

The c o r a l  r e e f s  c o n s t i t u t e  a  l a r g e  b iocoenos i s  which p rov ides  a  h a b i t a t  f o r  a  g r e a t  
v a r i e t y  o f  s p e c i a l ,  sometimes spectacu lar ,  fauna. C o r a l s  a re  an imals  o f  t he  phylum 
Coelentera ta  and are  always assoc ia ted w i t h  c o r a l  r e e f s .  I n  many p laces,  however, 
c o r a l l i n e  algae such as L i tho thamnion and Halimeda a r e  as q u a n t i t a t i v e l y  i m p o r t a n t  

as the  c o r a l s .  Reef fo rmat ions  are  l i m i t e d  t o  waters  o f  l e s s  t h a n  50 m w i t h  a  mean 
annual  temperature o f  23OC and above. Temperatures f a l l i n g  much below t h i s  i n  t h e  
c o l d e r  seasons p reven t  r e e f  fo rmat ion .  These b a s i c  requ i rements  a r e  s a t i s f i e d  i n  
many areas o f  t h e  Wider Caribbean Region which e x p l a i n s  the  ex tens i ve  r e e f  systems 
found i n  the Region. They extend northwards as f a r  as sou the rn  F l o r i d a ,  t h e  
n o r t h e r n  waters  o f  the  G u l f  o f  Mexico and Bermuda, w i t h  t he  two most ex tens i ve  and 
dense be ing found i n  the  Bahamas and o f f  B e l i z e .  The r e e f  systems o f  the  Caribbean 
must be cons idered as one o f  t he  most impor tan t  e c o l o g i c a l l y  as w e l l  as b e i n g  a  
major  a t t r a c t i o n  fo r  the  m u l t i - m i l l i o n  d o l l a r  t o u r i s t  i n d u s t r y .  

By c o n t r a s t ,  t h e  o f f - s h o r e  waters  o f  t he  Wider Car ibbean Region c o n t a i n  l e s s  d i v e r s e  
and abundant spec ies  than the  near-shore systems j u s t  mentioned. T h i s  i s  e s p e c i a l l y  

t r u e  w i t h  r e s p e c t  t o  commercia l ly  e x p l o i t a b l e  f i shes .  Th i s  s i t u a t i o n  i s  due, i n  
p a r t ,  t o  t he  wel l -developed and s t a b l e  t he rmoc l i ne  which i n h i b i t s  m i x i n g  o f  
n u t r i e n t - r i c h ,  deep waters w i t h  su r face  waters.  Furthermore,  as a l ready  mentioned, 
t h e  Region l a c k s  ex tens i ve  sha l low she l ves  as w e l l  as up -we l l i ng  cu r ren ts ,  b o t h  o f  
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which c a n  c o n t r i b u t e  n u t r i e n t s  t o  t h e  s u r f a c e  w a t e r s ,  a l t h o u g h  some l i m i t e d  
up-well ing o c c u r s  s e a s o n a l l y  o f f  n o r t h e r n  Yucatan and n o r t h - e a s t  Venezuela .  Thus 
t h e  r e g i o n  l a c k s  t h e  c o n d i t i o n s  n e c e s s a r y  t o  s u p p o r t  l a r g e  c o n c e n t r a t i o n s  o f  
p h y t o p l a n k t o n  and z o o p l a n k t o n  a t  any one t i m e ,  and a s  a  consequence  f i s h  p o p u l a t i o n s  
a r e  s m a l l e r  t h a n  i n  t e m p e r a t e  s e a s  and e x t e n s i v e  u p w e l l i n g  a r e a s .  

2. TYPES, SOURCES AND LEVELS OF POLLUTANTS 

Marine p o l l u t i o n  is d e f i n e d  by t h e  IMCO/FAU/UNLSLU/World M e t e o r o l o g i c a l  O r g a n i z a t i o n  
(WMO)/Internat ional  Atomic Energy Agency (IAEA)/UN/UNLP J o i n t  Group o f  E x p e r t s  on 
S c i e n t i f i c  Aspec ts  o f  Marine P o l l u t i o n  (GLSAMP) a s  t h e  " i n t r o d u c t i o n  by man d i r e c t l y  
o r  i n d i r e c t l y  o f  s u b s t a n c e s  o r  e n e r g y  i n t o  t h e  m a r i n e  env i ronment  ( i n c l u d i n g  
e s t u a r i e s )  r e s u l t i n g  i n  s u c h  d e l e t e r i o u s  e f f e c t s  a s  harm t o  l i v i n g  r e s o u r c e s ,  
h a z a r d s  t o  human h e a l t h ,  h i n d r a n c e  t o  m a r i n e  a c t i v i t i e s ,  i n c l u d i n g  f i s h e r y ,  
i m p a i r i n g  t h e  q u a l i t y  f o r  u s e  o f  s e a - w a t e r  and r e d u c t i o n  o f  a m e n i t i e s "  (GESAMP, 
1976) .  

The " s u b s t a n c e s  o r  energy"  r e f e r r e d  t o  a r e  t h e  w a s t e s  r e s u l t i n g  from t h e  
t r a n s f o r m a t i o n  o f  m a t t e r  t o  p roduce  goods  o r  e n e r g y .  These w a s t e s  a r e  i n h e r e n t ,  and 
p r a c t i c a l l y  u n a v o i d a b l e ,  i n  a l l  human a c t i v i t i e s .  Fhe r a t e  o r  l e v e l  o f  consumption 
o f  energy  and m a t e r i a l s  by a  community is a n  i n d e x  f r e q u e n t l y  e q u a t e d  w i t h  t h e  
d e g r e e  o f  t h a t  community 's  socio-economic deve lopment .  Not a l l  w a s t e s  a r e  
p o l l u t a n t s  p e r  s e ,  b u t  o n l y  t h o s e  r e s u l t i n g  i n  " d e l e t e r i o u s  e f f e c t s . "  Wastes  from 
one a c t i v i t y  may, i d e a l l y ,  c o n s t i t u t e  a  r e s o u r c e  f o r  a n o t h e r  a c t i v i t y .  There a r e  
numerous examples o f  t h i s .  P o l l u t i o n  o c c u r s  when w a s t e s  a r e  n o t  u t i l i z e d  and ,  i n  
a d d i t i o n ,  a r e  n o t  a s s i m i l a t e d  h a r m l e s s l y  by t h e  sys tem i n t o  which they  a r e  
i n t r o d u c e d ,  e.9. t h e  s e a .  The w a s t e  a s s i m i l a t i n g  c a p a c i t y  of t h e  mar ine  env i ronment  
i s  very  l a r g e  b u t  n o t  u n l i m i t e d .  When t h e  l i m i t  i s  e x c e e d e d ,  t h e  sys tem is a l t e r e d ,  
sometimes c a t a s t r o p h i c a l l y .  

The Car ibbean  i n  g e n e r a l  is a  d e v e l o p i n g  r e g i o n  where t h e  l e v e l  o f  i n d u s t r i a l i z a t i o n  
and u r b a n i z a t i o n  is s t i l l  r e l a t i v e l y  modest  i n  most p l a c e s .  Consequent ly ,  g e n e r a l  
p o l l u t i o n  o f  t h e  m a r i n e  env i ronment  caused  by w a s t e s  from land-based  s o u r c e s  h a s  
n o t ,  w i t h  t h e  e x c e p t i o n  o f  o i l  s p i l l s  mentioned p r e v i o u s l y ,  r e a c h e d  t h e  c a t a s t r o p h i c  
l e v e l s  found i n  more i n d u s t r i a l i z e d  r e g i o n s .  N e v e r t h e l e s s ,  t h e r e  a r e ,  and have been 
f o r  some y e a r s ,  l o c a l i z e d  prob lems  o f  m a r i n e  p o l l u t i o n ,  and t h e r e  a r e  c u r r e n t l y  
planned a c t i v i t i e s  which a r e  p o t e n t i a l l y  damaging i n  a  g e n e r a l  way. 

2 . 1  Socio-economic development  o f  t h e  Region i n f l u e n c i n g ,  o r  i n f l u e n c e d  by ,  mar ine  
p o l l u t i o n  

A l a r g e  number o f  p o l i t i c a l  e n t i t i e s  w i t h  a  s t r i k i n g  d i v e r s i t y  of c u l t u r a l  and 
h i s t o r i c  backgrounds ,  n a t u r a l  r e s o u r c e  endowments, p o l i t i c a l  o r g a n i z a t i o n  and 
d e g r e e s  o f  socio-economic deve lopment ,  s h a r e  a s  a  common r e s o u r c e  t h e  w a t e r s  o f  t h e  
Wider Car ibbean  Region. 

There is a n  e s t i m a t e d  p o p u l a t i o n  o f  16G m i l l i o n  i n  t h e  r i p a r i a n  c o u n t r i e s  and S t a t e s  
o f  t h e  USA which b o r d e r  t h e s e  w a t e r s  ( U n i t e d  N a t i o n s ,  1 9 7 8 ) .  However, o n l y  a  
f r a c t i o n  o f  t h i s  p o p u l a t i o n  is c o n c e n t r a t e d  a l o n g  t h e  c o a s t s  o f  t h e  Region. C o a s t a l  
c i t i e s  w i t h  p o p u l a t i o n s  o f  more t h a n  l ( J U , C ( J O  a r e  i l l u s t r a t e d  i n  f i g u r e  1 0 .  I n  t h e  
c a s e  o f  some i s l a n d s  t h e  e n t i r e  p o p u l a t i o n  s h o u l d  be  c o n s i d e r e d  a s  c o k t a l .  The 
l e v e l  o f  t h e  socio-economic development  i n  t h e  Region is t remendous ly  d i v e r s e  w i t h  
p e r  c a p i t a  incomes r a n g i n g  from $170 t o  $13,000 p e r  y e a r  ( U n i t e d  N a t i o n s ,  1 9 7 8 ) .  





E x p o r t - o r i e n t e d  s i n g l e - c r o p  a g r i c u l t u r e ,  mainly s u g a r ,  h a s  been  t h e  p r i n c i p a l  
economic a c t i v i t )  o f  most o f  t h e  Car ibbean  S t a t e s  d u r i n g  t h e  p a s t  c e n t u r y  o r  s o ,  
w i t h  t h e  few e x c e p t i o n s  o f  m i n e r a l - r i c h  t e r r i t o r i e s  t h a t  e x p o r t  raw o r e s .  With 
post-war i n c r e a s e  o f  c a p i t a l  i n v e s t m e n t  and technology  t r a n s f e r ,  m a n )  c o u n t r i e s  have 
s h i f t e d  towards  o t h e r  s e c t o r s  s u c h  a s  m a n u f a c t u r i n g  and t o u r i s m .  In g e n e r a l ,  
however, most o f  t h e  c o u n t r i e s  o f  t h e  Region s t i l l  have  m o n o c u l t u r a l ,  
e x p o r t - o r i e n t e d  economies d e v o t e d  t o  t h e  p r o d u c t i o n  o f  b a s i c  commodi t ies  e i t h e r  
a g r i c u l t u r a l  o r  m i n e r a l  o r  b o t h .  A 1  though s h i f t s  t o  i n d u s t r i a l i z a t i o n  have 
sometimes r e s u l t e d  i n  a  r e d u c t i o n  o f  a g r i c u l t u r a l  o u t p u t ,  i n  g e n e r a l  t h e )  have  
encouraged e n e r g y - i n t e n s i v e  a g r i c u l t u r a l  p r a c t i c e s .  With t h i s  h a s  come i n c r e a s e d  
u s e  o f  f e r t i l i z e r s  and c h e m i c a l s  i n  some c o u n t r i e s  o f  t h e  r e g i o n .  I t  is e x p e c t e d  
t h a t  t h e  consequence o f  f u r t h e r  m o d e r n i z a t i o n  w i l l  be  t h e  i n c r e a s e d  a p p l i c a t i o n s  o f  
a g r i c u l t u r a l  c h e m i c a l s ,  e s p e c i a l l y  p e s t i c i d e s .  The e n v i r o n m e n t a l  impact  o f  t h e s e  
c h e m i c a l s  on t h e  t r o p i c a l  sys tem o f  t h e  Wider Car ibbean  Region st i l l  n e e d s  t o  b e  
d e t e r m i n e d .  

Although t h e r e  is n o t ,  i n  g e n e r a l ,  widespread  i n d u s t r i a l i z a t i o n  i n  t h e  Region,  
c e r t a i n  l o c a l  a r e a s  a r e  b e i n g  intensive!)  i n d u s t r i a l i z e d  a s  p r o c e s s i n g  c e n t r e s  f o r  
i n d i g e n o u s  o r  imported raw m a t e r i a l s .  In f a c t ,  t h e  e x p a n s i o n  o f  p r o c e s s i n g  
i n d i g e n o u s  raw mater  i a l s ,  e s p e c i a l l y  o i l ,  i n  t h e  c a s e  o f  resource-endowed c o u n t r i e s ,  
o r  t h e  development  o f  t r a n s - s h i p m e n t  and p r o c e s s i n g  f a c i l i t i e s  f o r  impor ted  raw 
m a t e r i a l s  by c o u n t r i e s  l a c k i n g  n a t u r a l  r e s o u r c e s  seems t o  be  a  m a j o r  s t r a t e g y  o f  t h e  
d e v e l o p i n g  c o u n t r i e s  o f  t h e  Region.  In a d d i t i o n ,  a n o t h e r  r e c e n t  t r e n d  t o w a r d s  
i n d u s t r i a l i z a t i o n  c a n  b e  o b s e r v e d  where a t t e m p t s  a r e  b e i n g  made by l a r g e  
t r a n s - n a t i o n a l  c o r p o r a t i o n s  t o  c a p i t a l i z e  on t h e  R e g i o n ' s  i n e x p e n s i v e  l a b o u r  and i n  
some c a s e s  on l e g a l  c o n c e s s i o n s  n o t  a v a i l a b l e  e l s e w h e r e .  

P a r a l l e l  t o  i n d u s t r i a l i z a t i o n  and i n t e n s i f i c a t i o n  o f  a g r i c u l t u r e ,  o t h e r  s e c t o r s  o f  
t h e  economy, s u c h  a s  t o u r i s m  and f i s h e r i e s ,  a r e  b e i n g  pursued  w i t h  v a r y i n g  d e g r e e s  
o f  i n t e n s i t )  by d i f f e r e n t  c o u n t r i e s .  In f a c t  i n  some o f  t h e  s m a l l e r  i s l a n d s  o f  t h e  
e a s t e r n  C a r i b b e a n ,  m a r i n e - r e s o u r c e - o r i e n  t e d  t o u r i s m  is a  major  s o u r c e  o f  n a t i o n a l  
income. 

To summarize: because  o f  i t s  d i v e r s i t y ,  i t  is n o t  easy t o  g e n e r a l i z e  on t h e  
socio-economic s i t u a t i o n  o f  t h e  Region e x c e p t  t o  s t r e s s  t h a t  raw m a t e r i a l s  
p r o d u c t i o n ,  i n t e n s i f i c a t i o n  o f  a g r i c u l t u r e  and i n d u s t r i a l i z a t i o n  a r e  s t e a d i l y  
i n c r e a s i n g .  In man) c o u n t r i e s ,  e s p e c i a l l y  t h e  s m a l l e r  e a s t e r n  i s l a n d s ,  w i t h  l i m i t e d  
e x p l o i t a b l e  n a t u r a l  r e s o u r c e s ,  t o u r i s m  is b e i n g  d e v e l o p e d .  In  most  c a s e s  a l l  t h e s e  
a c t i v i t i e s  a r e  be ing  super imposed  on economies t h a t  have been o r i e n t e d  towards  
m o n o c u l t u r a l  l a b o u r - i n t e n s i v e  a g r i c u l t u r e ,  l i m i t e d  n a t u r a l  r e s o u r c e  e x p l o i t a t i o n  o r  
s e l f - s u s t a i n i n g  a g r a r i a n  a c t i v i t i e s  and f i s h i n g .  As many o f  t h e  a c t i v i t i e s  a r e  
t a k i n g  p l a c e  i n  t h e  c o a s t a l  zone t h e y  t h r e a t e n  t h e  m a r i n e  env i ronment  t h r o u g h  d i r e c t  
i n j e c t i o n  o f  w a s t e s ,  a l t e r a t i o n s  i n  c o a s t a l  e c o l o g y ,  poor  l a n d - u s e  p r a c t i c e s ,  a i r  
and run-of f  p o l l u t i o n ,  and o t h e r s .  

When r e a d i n g  t h e  f o l l o w i n g  summar) o f  s p e c i f i c  m a r i n e  p o l l u t i o n  s o u r c e s ,  i t  must b e  
b o r n e  i n  mind t h a t  a  t h o r o u g h  a s s e s s m e n t  o f  t h e  R e g i o n ' s  p rob lems  h a s  n o t  y e t  been  
under taken  and ,  a s  a  r e s u l t ,  i n f o r m a t i o n  is e i t h e r  i n c o m p l e t e  o r  n o n - e x i s t e n t  f o r  
some c o u n t r i e s ,  w h i l e  i n  o t h e r s  a  g r e a t  d e a l  h a s  been  accompl i shed .  Indeed t h i s  is 
t h e  major  impetus  f o r  hav ing  a  Car ibbean  Environment  Programme. 

2.2 I n d u s t r i a l  w a s t e  

Apar t  from c o n t a m i n a t i o n  by p e t r o l e u m  h y d r o c a r b o n s  ( r e v i e w e d  i n  s e c t i o n  2.6) t h e r e  
is no widespread  m a r i n e  p o l l u t i o n  i n  t h e  Wider Car ibbean  Region a l t h o u g h  s e v e r e ,  
l o c a l i z e d  e n v i r o n m e n t a l  p rob lems  do o c c u r  mainly i n  t h e  v i c i n i t y  o f  l a r g e  urban  o r  
i n d u s t r i a l  a r e a s .  These prob lems  t h r e a t e n  t h e  development  o f  c e r t a i n  economic 



a c t i v i t i e s ,  s u c h  a s  c o a s t a l  t o u r i s m  and f i s h e r i e s ,  which depend on a  h e a l t h y  mar ine  
env i ronment .  The i n c r e a s i n g  pace  o f  i n d u s t r i a l  deve lopment  o f  t h e  Region w i l l  
i n e v i t a b l y  i n c r e a s e  t h e  r i s k  o f  e n v i r o n m e n t a l  d i s r u p t i o n  u n l e s s  a d e q u a t e  and t i ine l )  
measures  a r e  t a k e n ,  i n c l u d i n g  c a r e f u l  s e l e c t i o n  o f  s i t e s  f o r  f u t u r e  i n d u s t r i a l  
a c t i v i t i e s ,  a p p l i c a t i o n  o f  a p p r o p r i a t e  w a s t e  t r e a t m e n t  and d i s p o s a l  p r a c t i c e s  and 
s e l e c t i o n  o f  a p p r o p r i a t e  t e c h n o l o g i c a l  p r o c e s s e s .  

The l a r g e s t  i n d u s t r i a l  c o n c e n t r a t i o n s  i n  t h e  Region c a n  b e  found a l o n g  t h e  c o a s t s  o f  
Venezuela ,  Colombia, Mexico, Cuba, t h e  Gulf  S t a t e s  o f  t h e  Uni ted  S t a t e s  o f  America, 
P u e r t o  Rico ,  T r i n i d a d  and Tobago, t h e  N e t h e r l a n d s  A n t i l l e s ,  t h e  US V i r g i n  I s l a n d s  
and Jamaica .  I n d u s t r i a l  deve lopment  i n  t h e  C e n t r a l  American S t a t e s  w i t h  t h e  
e x c e p t i o n  o f  t h e  San Pedro S u l a  a r e a  on  t h e  n o r t h  c o a s t  o f  Honduras,  i s  mainly a l o n g  
o r  o r i e n t e d  towards  t h e  P a c i f i c  c o a s t  r a t h e r  t h a n  t h e  Car ibbean  (UN/DIESA, 1 9 7 9 ) .  

D i s p o s a l  o f  c h e m i c a l  w a s t e s  i n  t h e  Gulf  o f  Mexico h a s  been  t a k i n g  p l a c e  f o r  some 
t i m e ,  mainly from c h e m i c a l  p l a n t s  s i t u a t e d  i n  t h e  c o a s t a l  a r e a s  o f  Texas and 
L o u i s i a n a .  A s a m p l i n g  o f  t h e  t y p e s  and q u a n t i t i e s  o f  m a t e r i a l  d i s p o s e d  o f  a r e  
p r e s e n t e d  i n  t a b l e  2. Many o f  t h e  compounds l i s t e d  a r e  known t o  b e  h i g h l y  t o x i c  and 
t h e r e f o r e  p o t e n t i a l l y  damaging t o  m a r i n e  l i f e .  Ev idence  is g i v e n  by Giam e t  a 1  . , 
(1978)  t h a t  two t y p e s  o f  i n d u s t r i a l  c h e m i c a l s ,  p o l y c h l o r i n a t e d  b i p h e n y l s  (PCBs) and 
p h t h a l a t e  e s t e r  p l a s t i c i z e r s  a r e  a l r e a d y  p r e s e n t  i n  a  v a r i e t y  o f  m a r i n e  organ isms .  

The min ing  o f  m i n e r a l s  ( t a b l e  3 )  f r e q u e n t l y  g e n e r a t e s  w a s t e s  h a r m f u l  t o  m a r i n e  
ecosys tems .  The m a r i n e  d i s p o s a l  o f  r e d  mud t a i l i n g s  from b a u x i t e  min ing  p r a c t i s e d  
i n  c e r t a i n  c o u n t r i e s  (UN/DIESA, 1979) is p o t e n t i a l l y  damaging t o  m a r i n e  e c o s y s t e m s  
e s p e c i a l l y  c o r a l  r e e f s ,  and t h e r e b y  f i s h e r i e s  r e s o u r c e s .  Added t o  t h i s  is 
d e s t r u c t i o n  o f  t h e  a e s t h e t i c  q u a l i t y  o f  t h e  b e a c h e s  which r e d u c e s  t h e i r  u s e  f o r  
t o u r i s m  and r e c r e a t i o n .  S i m i l a r l y ,  beach-sand min ing  f o r  t h e  c o n s t r u c t i o n  i n d u s t r y ,  
a l t h o u g h  n o t  i n t r o d u c i n g  p o l l u t a n t s  a s  s u c h  i n t o  t h e  m a r i n e  e n v i r o n m e n t ,  is 
widespread .  Indeed ,  i t  may b e  t h e  s i n g l e  mos t  d e s t r u c t i v e  c o a s t a l  i n d u s t r i a l  
a c t i v i t y ,  p r o d u c i n g  s e v e r e  and i r r e p a r a b l e  beach  e r o s i o n  i n  man) p l a c e s  (Deane 
a l . ,  1973) .  I n  a d d i t i o n  i t  i n t r o d u c e s  p a r t i c u l a t e  m a t e r i a l  t o  t h e  w a t e r  column. I t  - 
might  a l s o  c a u s e ,  t e m p o r a r i l y ,  h i g h  t u r b i d i t y  i n  t h e  w a t e r s  and b l a n k e t i n g  o f  h i g h l y  
p r o d u c t i v e  b e n t h i c  communi t ies  s u c h  a s  c o r a l  r e e f s .  

2.3 Domestic w a s t e  

Marine p o l l u t i o n  caused  by d o m e s t i c  w a s t e s ,  m a i n l y  from urban  a r e a s ,  is g e n e r a l l y  
known t o  b e  a  problem common t o  t h e  whole Region and is a s s o c i a t e d  w i t h  a l l  major  
c i t i e s  i n  t h e  a r e a .  In  some l o c a t i o n s  sewage p o l l u t i o n  h a s  a l r e a d y  r e s u l t e d  i n  
p o t e n t i a l l y  h a z a r d o u s  c o n d i t i o n s  f o r  human h e a l t h  and t h e  m a r i n e  env i ronment  (Wade, 
1972) .  Although no comple te  s y s t e m a t i c  s u r v e y  o f  p r e s e n t  w a s t e  management p r a c t i c e s  
by c o a s t a l  communi t ies  a p p e a r s  t o  have been  c a r r i e d  o u t ,  d a t a  from 1974 i n d i c a t e  
t h a t  l e s s  t h a n  10 p e r  c e n t  o f  t h e  sewage s y s t e m s  had t r e a t m e n t  f a c i l i t i e s .  I t  is 
p r o b a b l e  t h a t  t h i s  p e r c e n t a g e  h a s  n o t  changed ( B u t r i c o ,  1 9 7 9 ) .  Data  on sewage 
s y s t e m s  i n  u rban  a r e a s  a s  f u r n i s h e d  by c o u n t r i e s  o f  t h e  r e g i o n  is p r e s e n t e d  i n  
t a b l e  4 .  

B e a r i n g  i n  mind t h e  few t r e a t m e n t  f a c i l i t i e s  p r e s e n t l y  i n  o p e r a t i o n  and e s t i m a t e s  
t h a t  sewage g e n e r a t e d  by 30 m i l l i o n  p e o p l e  is dumped u n t r e a t e d  i n t o  t h e  C a r i b b e a n  
( B u t r i c o ,  1979)  it is d o u b t f u l ,  i n  t h e  s h o r t  t e r m ,  t h a t  deve lopment  o f  t r e a t m e n t  
c a p a c i t y  w i l l  keep p a c e  w i t h  p o p u l a t i o n  and i n d u s t r i a l  g rowth .  A s  a  r e s u l t ,  t h e  
a s s i m i l a t i v e  c a p a c i t i e s  o f  n a t u r a l  w a t e r s ,  p a r t i c u l a r l y  c o a s t a l  l a g o o n s  and  
e s t u a r i e s ,  w i l l  c o n t i n u e  t o  b e  exceeded.  



Table 2 : P a r t i a l  list of  chemica l s  a u t h o r i z e d  by EP4 ( U S A )  For dumping 
in Gulf  o f  Mexico d u r i n g  a s even  month p e r i o d  in 1973 

Aver age 
Desc r ip t ion  o f  M a t e r i a l  C o n c s n t r a t  i o n  Kg. Dunoed/ 

( w t / w C S )  a o n t h  

Conta iners :  

Met a l l  i c  Sodium 
M e t a l l i c  Calcium 
Calcium Oxide 
Sodium Oxide 
I n e r t  Salts 

D i r e c t  Discharqe:  

2 . 5  - d ich lo robenzo ic  a c i d  
(Na s a l t )  

2,5 - d i c h l o r o  - 5 n i t r o  - 
benzoic a c i d  (Na s a l t )  

2 , 3  - d i c h l o r o  - 5 - n i t r a -  
benzoic s c i d  (N= s a l t )  

2,s - d i c n l o r o  - k - n i t r o -  
benzoic  a c i d  (Na s a l t )  

2,s - d i c h l o r o  - 3 - n i t r o -  
benzoic a c i d  CXa s a l t )  

A c r y l o n i k r i l e  
Acs t o n i t r i l e  
Heavy N i t r i l e s  
HCN 
S u l f a t e  as (NH/^saA 
Me than01 
Prooanol 
I so-butanol  
D i n i t r o p h i n o l  
Benzsne 
Dini t robenzana  
Nit robenzene 
A n i l i n e  
Me thy lene  Ch lo r ide  
Formaldehyde 
Sodium T e r s p h t h a l a t s  
Ethylane  Glycol  
Sodium S t y i s n e  S u l f o n a t s  
T r i ch lo  ropropane 
Tet r3chioropropyl  e t h e r  
Dichloroe  thane  
Tr i ch lo roe  thane  
Dichlorobutancs  
Other Organics  ( m o s t l y  

Thiuraci comoounds) 
Others c o n s i s t i n g  o f :  

Dichloropropene 
Dichlorouropane 
Al ly1  Ch lo r ide  
Oichlorohydr in  
G lyce r ine  
Tet r acn lo roe thsne  
Tr i ch lo roe thy l sne  
T e t r ~ c h l o r o e t h y l s n e  

q . 2  x 10'4 
1.3 x  la^- 
5.5 x  103 
1 .3  x i d^  
1.5 x 104  
1 . 3  x  106 

3 . 3  x l a 4  

9 .8  x  105 

1.1 x 105 

1.3 x  1O5 

5.9 x la- 
1.1 x i n 3  
2.2 x  193 
2.3 x 10- 
6.6 x  10' 
1.0 x  id's 
3 .5  x 105 
7.5 x 1O5 
"55 x 105 
2.2 x 133 
1.7 x l O 4  
2.2 x  10- 
2.2 x 173 
2 . 2  x 1dJ 
3.2 x  10- 
3 . 2  104 
4.8 x 105 
4.8 x  105 
6.3 x 1-y 
3 . 7  x 105 
1 .6  x  105 
1 .7  x 105 
A . 2  x 105 
5.1 x 105 

3 . 2  x 105 

SOURCE: \SF, 1575 





Tabla  4 : Popu la t ion  se rved  wi th  sewerage sys t ems  i n  t h e  Grea t e r  Caribbean Reg ion  

Urban Pop. BÃ .a ,To ta l  Pop. r r  4 

Country s e r v e d  se rved  To ta l  

i n  l O O O s  in  1000s Pop. 

Antigua 

Barbados 

B e l i z e  

Colombia 

Coska Rica 

Cuba 

Dominica 

0ca i r . i c sn  R s ~ u b l  ic 

El Salvador  

Grenada 

Gua t smala  

Guyana 

Haiti 

Honduras 

Jamaic3 

Mexico 

Man t s e r r a  t 

Nicaragua 

Panama 

Suriname 

S t .  Kitts 

S t .  Lucia  

S t .  Vincent  

T r in idad  

Venezuela 

SOURCE: Reid.  1 9 7 5 .  



I n  a d d i t i o n  t o  t h e  d o m e s t i c  sewage l o a d  from l o c a l  u rban  c e n t r e s  t h e r e  a r e  
a d d i t i o n a l  p rob lems  c a u s e d  by t h e  numerous r e s o r t  h o t e l s  p r e s e n t  t h r o u g h o u t  t h e  
r e g i o n ,  p a r t i c u l a r l y  i n  t h e  i n s u l a r  C a r i b b e a n .  Many o f  t h e s e  h o t e l s  a r e  equ ipped  
w i t h  "package" sewage t r e a t m e n t  p l a n t s  which a r e  o f t e n  o v e r l o a d e d  o r  i n a d e q u a t e l y  
m a i n t a i n e d .  The r e s u l t  is d i s c h a r g e  o f  sewage i n  c l o s e  p r o x i m i t y  t o  b a t h i n g  b e a c h e s  
(Mood, 1 9 7 7 ) .  

F i n a l l y ,  c o n t a m i n a t i o n  o f  t h e  mar ine  env i ronment  by human w a s t e s  and g a r b a g e  
d i s c h a r g e s  from w a t e r c r a f t  i s  c o n s i d e r a b l e  i n  many a r e a s  t h r o u g h o u t  t h e  Car ibbean  
(Mood, 1 9 7 8 ) .  

2 .4  A g r i c u l t u r a l  was te  

S o u r c e s  o f  p o l l u t i o n  o f  t h e  m a r i n e  env i ronment  from a g r i c u l t u r a l  a c t i v i t i e s  c a n  be  
c a t e g o r i z e d  b r o a d l y  i n  t e r m s  o f  ( i )  i n o r g a n i c  f e r t i l i z e r s ;  ( i i )  p e s t i c i d e s ;  ( i i i )  
l i q u i d  e f f l u e n t s  c o n t a i n i n g  h i g h  o r g a n i c  l o a d s  (from i n d u s t r i e s  s u c h  a s  s u g a r  
r e f i n e r i e s  and rum d i s t i l l e r i e s ) ;  and ( i v )  h i g h  s i l t  c o n t e n t  run-of f  r e s u l t i n g  
from poor s o i l  management p r a c t i c e s  ( t h e  l a t t e r  is d e a l t  w i t h  i n  s e c t i o n  2 .5) .  
Although d a t a  on t h e  i m p o r t a n c e  o f  t h e s e  s o u r c e s  a r e  f a i r l y  s c a r c e  t h e r e  a r e  
i n d i c a t i o n s  t h a t  p o l l u t i o n  stemming from a g r i c u l t u r a l  a c t i v i t i e s  h a s  o c c u r r e d  and 
may have a l r e a d y  become s e r i o u s .  

The i n o r g a n i c  f e r t i l i z e r s  u t i l i z e d  i n  t h e  Wider C a r i b b e a n  Region a r e  main ly  n i t r o g e n  
o r  phosphorus-based compounds o r  p o t a s h .  Consumption f i g u r e s  f o r  two r e p r e s e n t a t i v e  
p e r i o d s  a r e  p r e s e n t e d  i n  t a b l e  5 ( U n i t e d  N a t i o n s ,  1 9 7 8 ) .  Leaching o f  t h e s e  by r a i n  
p r o d u c e s  run-off  w i t h  h i g h  n u t r i e n t  c o n t e n t .  T h i s  i n  t u r n  l e a d s  t o  e u t r o p h i c a t i o n  
o f  r i v e r s  and e s t u a r i e s  when t h e  e l e v a t e d  n u t r i e n t  l e v e l s  l e a d  t o  r a p i d  
p r o l i f e r a t i o n  o f  a l g a e  o r  " a l g a l  blooms" f o l l o w e d  by h i g h  b i o l o g i c a l  oxygen demand 
(BOD) when t h e  bloom d i e s  and decay  p r o c e s s e s  o c c u r .  Although n o t  s u b s t a n t i a t e d  by 
a n a l y t i c a l  measurements ,  t h e r e  is e v i d e n c e  t h a t  such  problems e x i s t  i n  some 
c o u n t r i e s  of-' t h e  r e g i o n  ( G a j r a j ,  1 9 7 7 ) .  

A n a l y s i s  f o r  t h e  DDT and GDL i n  t h e  t i s s u e s  o f  r e e f - d w e l l i n g  g r o u p e r s  i n  t h e  Gulf  o f  
Mexico and Grand Bahamas showed t h a t  t h e s e  compounds a r e  p r e s e n t  (Giam, 1974) .  Of 
t h e  t h r e e  r e e f  s y s t e m s  a n a l y s e d ,  t h o s e  i n  t h e  Gul f  o f  Mexico had a  h i g h e r  l e v e l  
c o n c e n t r a t i o n  o f  t h e  r e s i d u e s .  Another  s t u d y  of  p l a n k t o n  and a  v a r i e t y  o f  shr imp 
and f i s h  from t h e  Gulf  and Nor thern  C a r i b b e a n  showed t h a t  D D T s  were w i d e l y  
d i s t r i b u t e d  a l t h o u g h  t h e  l e v e l s  were g e n e r a l l y  low. The samples  w i t h  t h e  h i g h e s t  
c o n c e n t r a t i o n s  were c o a s t a l  a r e a s .  I n  a d d i t i o n  t o  i n p u t  from l o c a l  u s e ,  t h e s e  
compounds may be c a r r i e d  t o  t h e  Car ibbean  From o u t s i d e  t h e  Region. Evidence  h a s  
been p r e s e n t e d ,  f o r  example,  t h a t  t h e  t r a d e  wind sys tem o f  t h e  A t l a n t i c  r e g i o n  
d e p o s i t s  c h l o r i n a t e d  h y d r o c a r b o n s  i n  amounts  comparab le  t o  t h o s e  t r a n s p o r t e d  t o  t h e  
s e a  by major  r i v e r s  (Bidleman and Glney ,  1973;  Windom and Duce, 1976) .  Thus a  
c l o c k w i s e  c i r c u l a t i o n  a round  t h e  h i g h  p r e s s u r e  c e n t r e  o f  t h e  Azores is s a i d  t o  
r e s u l t  i n  t r a n s p o r t  o f  s u c h  compounds i n  a e r o s o l s  from Europe and North America t o  
t h e  lower l a t i t u d e s  o f  t h e  A t l a n t i c  and t h e  C a r i b b e a n .  

One major  s t u d y  o f  p e s t i c i d e  r e s i d u e  d i s t r i b u t i o n  t h r o u g h  t h e  ecosys tem is  under-way 
i n  Colombia a l t h o u g h  n o t  i n  t h e  c o a s t a l  a r e a .  O t h e r  s t u d i e s  have been c a r r i e d  o u t  
i n  r e l a t i o n  t o  t h e  a p p l i c a t i o n  o f  p e s t i c i d e s  t o  c o t t o n  and o t h e r  c r o p s  i n  C e n t r a l  
America b u t  none h a s  d e a l t  w i t h  t h e  c o n c e n t r a t i o n  l e v e l  and impac t  o f  t h e s e  
s u b s t a n c e s  on t h e  m a r i n e  env i ronment  ( D a v i e s  e t  a l . ,  1 9 7 5 ) .  

A s  a n  i n c r e a s e  i n  t h e  u s e  o f  p e s t i c i d e s  is e x p e c t e d  i n  t h e  Wider Car ibbean  Region,  
s t e p s  s h o u l d  be t a k e n  t o  d e v e l o p  p i l o t  m o n i t o r i n g  programmes i n  a r e a s  o f  p o t e n t i a l  
c o n t a m i n a t i o n  t o  a s s e s s  t h e  c o n c e n t r a t i o n  l e v e l s  and t h e i r  b i o a c c u m u l a t i o n  i n  t h e  



Table 5 : F e r t i l i z e r  Consumption in the Wider Caribbean Region i n  1976/1977 
(Thousand met r i c  tons)  

COUNTRY Po tash  (K-0) Phosphata (?A) Nitrogenous ( y )  

Yahamas 0.5 0. I 

Barbados 1.5 1.9 0.4 

Belize  - 1.2 0.6 

Colombia 34.5 54.3 69.9 

Costa .Rica 16.8 40.0 10.3 

Cuba 116.0 175 -6 57 -5  

Oaminicsn Reaublic 19.3 15 -3 21.3 

E l .  Salvador 3.7 - - 
Guadelouos 3.2 1.3 3 -0  

Guatamai; 19.0 19.4 25.3 

H a i t i  0 .1  0.2 

Honduras 5 .$ 13 -0 9 -0 

Jamaica 5.7 10.0 1.3 

M a r  tin i que 4.1 5 - 3  6.5 

Mexico 50 -0- 392.2 223 . -5 
Nicaragua a. 6 17.0 12.0 

Panama 7.5 1%. 3 4 . 2  

St: K i t t s A e v i s - ~ n g u i l l a  1.2 a.2 0.5 

St.  Lucia 1.2 1 .a 1.3 

S t .  Vincsnt 1.0 1 . 2  0.4 

Trinidad and Tobsqo 2.4 5.0 0.2 

U.S. Virgin I s l ands  - 0.2 0.2 

Venezuela 40 -0 22.1 26.3 

SOURCE: United Nations S t a t i s t i c a l  Handbook, 1977. 



t r o p h i c  c h a i n s  i n  t h e  m a r i n e  and c o a s t a l  communi t ies .  

One o f  t h e  major  c r o p s  i n  t h e  Car ibbean  is s u g a r  c a n e  from which s u g a r  and rum a r e  
p roduced .  On some t y p i c a l  i s l a n d s ,  3G p e r  c e n t  o f  t h e  a r a b l e  l a n d  is under  s u g a r  
c a n e  c u l t i v a t i o n .  On a t  l e a s t  one i s l a n d ,  Barbados ,  o v e r  50 p e r  c e n t  o f  t h e  t o t a l  
a r e a  o f  t h e  i s l a n d  a t  any o n e  t i m e  is under  s u g a r  c a n e .  In  a d d i t i o n  t o  t h e  u s u a l  
p o t e n t i a l  p o l l u t a n t s  a s s o c i a t e d  w i t h  a g r i c u l t u r e ,  t h e  s u g a r  i n d u s t r y  p r o d u c e s  l a m e  
volumes o f  wate r  w i t h  h i g h  BOD and s o l i d  w a s t e s ,  i . e .  f i l t e r  p r e s s  c a k e s  and b a g a s s e  
( G a j r a j ,  1 9 7 8 ) .  

2.5 P o l l u t a n t s  c a r r i e d  by r i v e r s  

The t o t a l  amount o f  r i v y  wate r  d i s c h a f g e d  t o  t h e  Wider Car ibbean  Sea  is 
3 approximate ly  2.8 x  1 0  km 1yea.r ( 2 . 8  x  1 0  l i t r e s  p e r  y e a r  - M a r t i n  and Meybeck, 

1977) .  T h i s  i n c l u d e s  two o f  t h e  w o r l d ' s  l a r g e s t  r i v e r s ,  t h e  M i s s i s s i p p i  
M i s s i s s i p p i  and t h e  Or inoco .  Some r i v e r s  i n  Colombia,  Mexico, Guatemala and t h e  
Uni ted  S t a t e s  a r e  c u r r e n t l y  b e i n g  m o n i t o r e d  f o r  v a r i o u s  p o l l u t a n t s  o r  
p o l l u t a n t - r e l a t e d  p a r a m e t e r s .  However, t h e  number i n v o l v e d  t o  d a t e  is s t i l l  q u i t e  
l i m i t e d  (WHO/UNEP, 1 9 7 9 ) .  

Moni tor ing  and c o n t r o l  o f  p o l l u t a n t  d i s c h a r g e s  i n  r i v e r s  f l o w i n g  i n t o  mangroves,  
c o a s t a l  l a g o o n s ,  e s t u a r i e s  and c o r a l  r e e f s  a r e  o f  p a r t i c u l a r  i m p o r t a n c e  b e c a u s e  
t h e s e  a r e a s  a r e  t h e  p r imary  s o u r c e  o f  b i o l o g i c a l  p r o d u c t i v i t y  f o r  t h e  Wider 
Car ibbean  Region. For  example,  i n c r e a s e d  s e d i m e n t  l o a d s  o f  many s m a l l  r i v e r s  
r e s u l t i n g  from so i l .  e r o s i o n  have  been r e p o r t e d  a s  f a t a l  t o  c o r a l  r e e f s  and o t h e r  
communit ies  s u b j e c t e d  t o  t h e  i n f l u e n c e  o f  s u c h  r i v e r  f lows  ( J o h a n n e s ,  1970) .  

A summar) o f  d a t a  c o n c e r n i n g  some o f  t h e  more i m p o r t a n t  r i v e r s  o f  t h e  r e g i o n  is 
p r e s e n t e d  i n  t a b l e  6.  

2 .6 O i l  o o l l u t i o n  

Contamina t ion  by p e t r o l e u m  h y d r o c a r b o n s  seems t o  be  t h e  most s e r i o u s  m a r i n e  
p o l l u t i o n  problem o f  t h e  r e g i o n  and is rev iewed i n  d e t a i l  i n  a  s e p a r a t e  r e p o r t  
(IMCO, 1979) .  

The p r o d u c t i o n ,  c o n v e r s i o n  and t r a n s p o r t a t i o n  o f  p e t r o l e u m  and p e t r o l e u m  p r o d u c t s  
a r e  t h e  most s i g n i f i c a n t  economic a c t i v i t i e s  i n  t h e  Wider Car ibbean  Region. 

2 .6 .1  P r o d u c t i o n  

The Wider Car ibbean  Region is p o t e n t i a l l y  one  o f  t h e  l a r g e s t  o i l  p r o d u c i n g  a r e a s  i n  
t h e  world.  E x i s t i n g  and p r o j e c t e d  p r o d u c t i o n  a r e a s  o n s h o r e  and o f f s h o r e  a r e  l o c a t e d  
a l o n g  t h e  c o a s t  o f  Venezue la ,  T r i n i d a d  and Tobago and i n  t h e  Gul f  o f  Mexico. F o r  
t h e  e n t i r e  r e g i o n  n e a r l y  o n e - t h i r d  o f  t h e  t o t a l  o i l  p r o d u c t i o n  o r  5 . 1  x 1 0  B.P.D. 
( i n  1978) was from o f f s h o r e  (IMCO, 1979) .  S i g n i f i c a n t  e x p a n s i o n  is e x p e c t e d ;  i n  
j u s t  two c o u n t r i e s  t h e r e  a r e  p l a n n e d ,  and under  c o n s t r u c t i o n ,  no l e s s  t h a n  38 
o f f s h o r e  p l a t f o r m s  s c h e d u l e d  f o r  i n s t a l l a t i o n  w i t h i n  t h e  n e x t  1 8  months (Ocean 
I n d u s t r y ,  1 9 7 9 ) .  

Based on p a s t  e x p e r i e n c e ,  a n  e s t i m a t e d  6 . 7  p e r  c e n t  o f  t h e  t o t a l  o f f s h o r e  p r o d u c t i o n  
s p i l l s  i n t o  t h e  m a r i n e  env i ronment  a s  a  c o n s e q u e n c e  o f  p i p e l i n e  a c c i d e n t s ,  
blow-outs ,  p l a t f o r m  f i r e s ,  o v e r  f lows  and m a l f u n c t i o n s  and o t h e r  minor  o c c u r r e n c e s .  
These s o u r c e s  a c c o u n t e d  f o r  t h e  r e l e a s e  i n t o  t h e  Wider Car ibbean  w a t e r s  o f  a n  
e s t i m a t e d  76 .6  m i l l i o n  b a r r e l s  o f  o i l  d u r i n g  1978  (IMCO, 1 9 7 9 ) .  F i g u r e  11 
i l l u s t r a t e s  o i l  s p i l l  h i g h - r i s k  zones  a s s o c i a t e d  w i t h  o f f s h o r e  p r o d u c t i o n .  



Table 6 : P a r t i a l  L i s t  of Sediment Discharge by Rivers  i n t o  t h s  Gulf of  Mexico 
and t h e  Caribbean Sea 

Drainage a r e a  Sediment S p e c i f i c  Hean 
River a t  t h e  s t s t i o n  d i s c h a r a e  fcransoort t u r b i d i t y  

(1g3 h2) (10 5 t a p e r  ( t . h i 2  (mq.l.+ 
year per year )  

Mis s i s s ipp i  
Apalachicola 
Mobile 
Brazos (Tex) 
Colorado (Tax)' 
Rio Grande 

VENEZUELA 

Orinoco 

EL SALVADOR 

Rio Granae a t  !~loscnco 

Choluteca 

COSTA RICA 

Reven tazon 
Grande 

NICARAGUA 

Vie jo  

PANAMA 

Bar jano 

222 76 380 
0.15 5.8 15 
4.5 42 95 "*z/ 1.- 139 3,200 

I/ 17.9 
very l o w  

' Low values  due t o  dams 

SOURCE : Mar tin. and Me y b s c k  , 1977. 
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2.6.2 R e f i n i n g  

B e s i d e s  t h e  o f f s h o r e  p r o d u c t i o n  a r e a s ,  a n o t h e r  s o u r c e  o f  o i l  p o l l u t i o n  i n  t h e  r e g i o n  
is a s s o c i a t e d  w i t h  o i l  r e f i n e r i e s  and r e l a t e d  f a c i l i t i e s .  The p r e s e n t  g e f i n i n g  
c a p a c i t y  i n  t h e  Wider Car ibbean  Region is e s t i m a t e d  t o  b e  1 2 . 1  x  1 0  B.P.D.  
d i s t r i b u t e d  i n  73 r e f i n e r i e s  (IMCO, 1979) .  Although t h e r e  a r e  no e s t i m a t e s  f o r  t h e  
Car ibbean  on t h e  amount o f  w a s t e  o i l  r e a c h i n g  t h e  m a r i n e  env i ronment  from c o a s t a l  
r e f i n e r i e s ,  an e x t r a p o l a t i o n  o f  d a t a  from o t h e r  r e g i o n s  c a n  be  made. For  example: 
i n  a  r e c e n t  s t u d y  o f  one  s m a l l  c o a s t a l  r e f i n e r y  i n  t h e  Middle E a s t ,  i t  was found 
t h a t  a p p r o x i m a t e l \  7.5 b a r r e l s  o f  o i l  p e r  dab were r o u t i n e l y  pumped back  i n t o  t h e  
s e a  w i t h  t h e  used r e f i n e r y  p r o c e s s  w a t e r s  (Cramer and Warner, 1 9 7 5 ) .  Data from n i n e  
y e a r s  o f  t e r m i n a l  o p e r a t i o n s  a t  M i l f o r d  Haven, U . K . ,  i n d i c a t e  s p i l l  r a t e s  o f  1.1 
b a r r e l  f o r  e v e r )  m i l l i o n  b a r r e l s  t h r o u g h p u t ,  which is c o n s i d e r e d  t o  be  a  v e r b  low 
r a t e  (IMCO, 1979) .  S i m i l a r  r a t e s  o f  r e l e a s e  f o r  t h e  Car ibbean  would imply t h a t  
o p e r a t i o n a l  s p i l l a g e s  r e s u l t i n g  from r e f i n e r i e s  a r e  o n l y  o f  l o c a l i z e d  s i g n i f i c a n c e .  

2.6.3 T r a n s p o r t a t i o n  

The Wider Car ibbean  now s e r v e s  t h r e e  major  o i l  t r a n s p o r t a t i o n  a c t i v i t i e s :  

a )  The pathway f o r  t h e  t r a n s p o r t a t i o n  o f  Middle E a s t e r n ,  West A f r i c a n ,  and North 
A f r i c a n  c r u d e  o i l  t o  t h e  Uni ted  S t a t e s  u s u a l l y  by s u p e r t a n k e r  w i t h  a  s t o p  f o r  
r e f i n i n g  , t r a n s - s h i p p i n g  o r  l i g h t e r  i n g  and s u b s e q u e n t  t r a n s p o r t  by s m a l l e r  
v e s s e l s  t o  t h e  U.S. c o a s t .  

b )  The pathway f o r  s h i p p i n g  e i t h e r  c r u d e  o r  r e f i n e d  p r o d u c t s  from Venezue la  a n d / o r  
Aruba, Curacao and o t h e r s  t o  v a r i o u s  world m a r k e t s .  

c )  The s h i p p i n g  o f  Alaskan c r u d e  o i l  t h r o u g h  t h e  Panama Canal  t o  t h e  U.S. Gulf  
C o a s t ,  t h e  V i r g i n  I s l a n d s  o r  U.S. e a s t  c o a s t  r e f i n e r i e s .  

In  t h e  f u t u r e  t h e  t r a n s p o r t  o f  c r u d e  o i l  o r  r e f i n e d  p r o d u c t s  from Mexico may become 
a n o t h e r  major  pathway. 

In  a d d i t i o n  t o  t h e  major  pa thways ,  t h e  Car ibbean  s e r v e s  f o r  t h e  t r a n s p o r t  o f  b o t h  
c r u d e  o i l  and r e f i n e d  p r o d u c t s  t o  t h e  many u s e r  c o u n t r i e s  i n  t h e  Wider Car ibbean  
a r e a .  

About 5 m i l l i o n  b a r r e l s  o f  o i l  a r e  t r a n s p o r t e d  t h r o u g h  t h e  Wider Car ibbean  w a t e r s  
e v e r y  day .  To t r a n s p o r t  t h i s  o i l ,  a r e l a t i v e l y  i n t e n s i v e  t a n k e r  t r a f f i c  is 
g e n e r a t e d  w i t h i n  t h e  r e g i o n .  Tanker movements t h r o u g h  r e s t r i c t e d  c h a n n e l s  and i n  
t h e  v i c i n i t y  o f  some p o r t s  i n c r e a s e  t h e  p o s s i b i l i t y  o f  s h i p p i n g  a c c i d e n t s  i n  t h o s e  
a r e a s .  F i g u r e s  12 and 1 3  i l l u s t r a t e  t h e s e  h i g h - r i s k  z o n e s ,  and t a b l e  7 shows t h e  
l i k e l )  p o i n t s  o f  impac t  o f  s p i l l s  r e s u l t i n g  from a c c i d e n t s  w i t h i n  t h e  h i g h - r i s k  
zones.  

In  a d d i t i o n  t o  major  o i l  s p i l l s  r e s u l t i n g  from t a n k e r  a c c i d e n t s ,  s i g n i f i c a n t  
d i s c h a r g e s  o f  o i l  i n t o  l o c a l  Car ibbean  p o r t s  o c c u r  a s  a  consequence  o f  b a l l a s t i n g ,  
s h i p  c l e a n i n g ,  t a n k  wash ings  and docking  and undocking o p e r a t i o n s .  D i s c h a r g e s  o f  
t a n k  wash ings  i n t o  t h e  A t l a n t i c ,  a s  w e l l  a s  t h e  C a r i b b e a n ,  amount t o  t h e  g r e a t e s t  
c o n t i n u a l  t a n k e r - r e l a t e d  d o s e  o f  o i l  p o l l u t i o n  t o  t h e  m a r i n e  env i ronment  and a r e  
b e l i e v e d  t o  be  r e s p o n s i b l e  f o r  t h e  t a r  s p o t s  and t a r  b a l l s  which o f t e n  a p p e a r  on 
Car ibbean  and Gulf  o f  Mexico b e a c h e s .  

I t  h a s  been  e s t i m a t e d  t h a t  o i l y  d i s c h a r g e s  from t a n k  wash ings  w i t h i n  t h e  Wider 
Car ibbean  w a t e r s  c o u l d  be  a s  h i g h  a s  7 m i l l i o n  b a r r e l s  i n  one  y e a r  (IMCO, 1979) .  
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Table 7 : Zones o f  h igh  r i s k  from o i l  s p i l l s  and l i k e l y  p o i n t s  of  impact 

High Risk Zone L ike ly  Zone of  Impact 

Offshore  Product ion Accidents  

Texas 
Louis iana  
Mexico (North)  
Mexico (Campeche) 

Trinidad & Tobago 
Venezuela 

Throuqh Shipoinq 

Anageda Passage 
Bahana I s l and  Passages  
Cayman I s l and  Lign  t e r i n g  
F lo r ida  S t r a i t s  
Jamaica Channel 
Lake Maracaibo 
Mona Passage 
Netherlands A n t i l l e s  
Panama Canal Approach 
St .  Lucia ( n o r t h  and s o u t h )  

Texas 
Louis iana  Gulf Coas t  Ligh  t e r i n g  
Tobago-Trinidad Channels  
Windward Passage 
Yucatan - e a s t  
Yucatan - west 

P o r t  Approaches 

( r e f e r  t o  f i g u r e  13  f o r  numbered 
l o c a t i o n s )  

Bahamas 

Freepor t  ( 1 )  
Nassau ( 2 )  
South Riding P o i n t  ( 3 )  

Texas c o a s t l i n e  
Lou i s i ana  and Texas c o a s t l i n e  
Northern Mexico and Texas 
Southern Gulf Coas t ,  Northern Mexico 

o r  Texas 
Tr in idad  & Tobago, Grenada, Venezuela 
Venezuela, Colombia 

V i rg in  I s l a n d s ,  Pue r to  Rico,  Hispaniolc 
Bahamas, F l o r i d a ,  Cuba, H a i t i  
Cayman I s l a n d s  
F l o r i d a ,  n o r t h  Cuban sho re ,  Bahamas 
H a i t i ,  Cuba, Jamaica 
Venezuela 
H i span io l a  
Aruoa, Curacao, Bonai re ,  Venezuela 
Costa Rica,  Nicaragua 
S t .  Luc i a ,  S t .  Vincent ,  Mart inique,  

West I n d i e s  
Texas 
Texas, L o u i s i a n a  
T r in idad ,  Tobago, Grenada, Venezuela 
Cuba, Jamaica ,  Caymans 
Yucatan Pen insu l a ,  F l o r i d a ,  Cuba 
Yucatan Pen insu l a ,  Mexican Gulf ,  Texas, 

Lou i s i ana  

Bahamas, F l o r i d a  
Bahamas, F l o r i d a  
Bahamas, F l o r i d a  



Table  7 Continued. 

High Risk Zone L i k e l y  Zone o f  Impact 

Barbados ( 4 )  Barbados,  M a r t i n i q u e ,  S t .  Vincent  

Ca iba r i en  ( 9 )  
Havana (10) 
San t i ago  de  Cuba (11)  

1 Dominican Reoubl ic  

Bani (121 

Santo  Domingo (14)  

Cuba, Mexico, Yucatan P e n i n s u l a  
Cuba, F l o r i d a ,  Dominican Repub l i c ,  H a i t i ,  
Cuba, Dominican Repub l i c ,  H a i t i  

Cuba, Dominican Repub l i c ,  P u e r t o  Rico, 
H a i t i  

Jamaica 

Kingston (17 ) Haiti, Cayman I s l a n d s ,  Cuba 

Coafczacoalcos ( 1 9 ) .  Tarnpico (201, Southern and w e s t e r n  Gulf o f  Mexico 
Tuxpan (211,  Veracruz (22)  

1 Nether land A n t i l l e s  

Aruba ( 2 3 )  
Bonaire (24)  
Curacao (251 

Aruba, Venezuela 
Aruba, B o n a i r e ,  Curacao,  Venezuela 
Aruba, Curacao,  Venezuela  

I Colon ( 2 6 )  Colombia, C o s t a  R i c a ,  Nicaragua I 
P u e r t o  Rico (27)  

Guayan i l l a ,  Los  Mareas, P o r t  Yacuboa, Dominican R e p u b l i c ,  P u e r t o  Rico,  
San Juan V i r g i n  I s l a n d s ,  

S t .  Luc ia  (28)  Mar t in ique ,  S t .  L u c i a ,  S t .  Vincent 

1 Trinidad I 
Brighton (291,  Ga leo ta  P o i n t  (30)  T r i n i d a d ,  Tobago, Venezuela 
P o i n t  f o r t i n  ( 3 1 )  Po in t -^ -P ie r re  ( 3 2 )  



Table  7 Continued. 

High Risk Zone L i k e l y  Zone o f  Impact 

U.S.A. 

Corpus Christ!, Texas (341,  
P o r t  Ararisas ( 4 2 )  
New Or leans ,  L o u i s i a n a  ( 3 8 )  

Venezuela 

A l t a q r a c i a  (501,  Amuay (511 ,  
Bachaquero ( 5 2 ) ,  Bajo Grande (53)  

Capure (541,  C a r p i t o  (55) 

V i r q i n  I s l a n d s  

S t .  Croix (70)  

Tank Wasninqs, O i l y  B a l l a s t  O i s c h a r a e  

Tank washings from U.S. d e s t i n a t i o n  
t a n k e r s ,  o f f s h o r e  l i g h t e r i n g  
and ha rbours  

Tank washings from t a n k e r s  r e t u r n i n g  
from Caribbean o f f s h o r e  l i g h t e r i n g  
and ha rbours  

Tank washings from t a n k e r s  r e t u r n i n g  
from t h e  U.S. e a s t  c o a s t  and from 
Europe 

Texas 

L o u i s i a n a  

Venezuela ,  Colombia 

T r i n i d a d ,  Venezuela 

Ant igua ,  Dominican Repub l i c ,  P u e r t o  Rico 

Texas,  L o u i s i a n a  

Venezuela ,  Texas,  L o u i s i a n a ,  Mexico 

West I n d i e s ,  Venezuela ,  T r i n i d a d ,  Tobago, 
N e t h e r l a n d s  A n t i l l e s  

SOURCE: IMCO, 1979. 



3. EFFECTS OF PLiLIUTANTS ON THE MARINE ENVIRONMENT OF THE REGION 

The Wider Caribbean Region w i l l  exper ience many developmental  a c t i v i t i e s  i n  t h e  
f u t u r e .  More than h a l f  o f  t he  c o u n t r i e s  i n  t he  area a r e  i s l a n d  c o u n t r i e s ,  and a re ,  
t h e r e f o r e ,  c l o s e l y  a f f e c t e d  by mar ine resources  and environment.  Th i s  a p p l i e s  t o  
t he  l a r g e r ,  non- is land c o u n t r i e s  sur round ing the  Wider Caribbean Region, a l t hough  t o  
a  l e s s e r  degree. 

Count r ies  w i t h  ex tens i ve  pet ro leum resources p l a n  t o  develop ene rgy - i n tens i ve  heavy 
i n d u s t r i e s  such as pe t rochemica l  p rocess ing,  i r o n ,  s t e e l  and aluminium sme l t i ng ,  
c a u s t i c  soda and c h l o r i n e  p roduc t i on .  Some c o u n t r i e s  w i t h o u t  n a t u r a l  resources  a r e  
t r y i n g  t o  a t t r a c t  non-resource-based r e f i n e r i e s ,  pharmaceut ica l  i n d u s t r i e s ,  as w e l l  
as l i g h t  i n d u s t r i e s  and tour ism.  For a  v a r i e t y  o f  reasons such as ease o f  
trans-shipment, easy waste d i sposa l ,  a v a i l a b i l i t y  o f  c o o l i n g  water e t c . ,  much o f  t h e  
development w i l l  t ake  p l a c e  i n  t h e  c o a s t a l  zone. Almost a l l  o f  t h e  Wider Caribbean 
t o u r i s t  development has, and w i l l  be, o r i e n t e d  towards t h e  coast .  Concomitant w i t h  
c o a s t a l  development i s  c o a s t a l  u r b a n i z a t i o n .  

These development t r ends  w i l l  c a r r y . t h e  r i s k s  o f  i nc reased  p o l l u t i o n  o f  t he  Wider 
Caribbean waters  and, as a  r e s u l t ,  t h r e a t e n  the  d e l i c a t e  c o a s t a l  mar ine ecosystems 
upon which most o f  t h e  mar ine b i o l o g i c a l  p r o d u c t i v i t y  o f  t he  Region depends. The 
p o i n t  has a l ready  been made concern ing t h e  impor tance o f  t h e  va r i ous  c o a s t a l  
ecosystems i n  p r o v i d i n g  n u t r i e n t s  f o r  the  Reg ion 's  l i m i t e d  f i s h e r y .  At  p resen t  
t h e r e  i s  a  marked p a u c i t y  o f  da ta  concern ing t h e  env i ronmenta l  impact  o f  t h e  
e x i s t i n g  and planned development processes i n  t he  mar ine  environme,it  o f  t he  Region. 
The l a c k  o f  i n f o r m a t i o n  on p o s s i b l e  env i ronmenta l  impacts  o f  development a c t i v i t i e s  
he lps  t o  aggravate t h e  problem o f  mar ine p o l l u t i o n  because, w i t h o u t  i n f o r m a t i o n  t o  
v e r i f y  p o s s i b l e  env i ronmenta l  consequences, t h e r e  i s  no m o t i v a t i o n  t o  c o n t r o l  o r  
a l t e r  a  development a c t i v i t y .  For example, an i s l a n d  endowed w i t h  ex tens i ve  
mangrove may, as a  consequence, have a  shr imp f i s h e r y .  Without  knowing t h a t  t h e  
shr imp f i s h e r y  depends on t h e  ex i s tence  o f  a  h e a l t h y  mangrove, a  d e c i s i o n  may be 
made t o  des t roy  t h e  mangrove t o  c o n s t r u c t  harbours  o r  t o u r i s t  c e n t r e s  etc. ,  o r  even 
t o  ha rves t  t h e  mangrove f o r  i t s  p e a t - l i k e  m a t e r i a l  f o r  f u e l ,  as has been proposed i n  
some coun t r i es .  The consequence may be a  r u i n e d  shr imp f i s h e r y .  Some 
g e n e r a l i z a t i o n s  about e f f e c t s  a r e  e labo ra ted  below. 

3.1 E f f e c t s  on human h e a l t h  

The main e f f e c t s  o f  mar ine p o l l u t i o n  on human h e a l t h  a r e  d e r i v e d  e i t h e r  from d i r e c t  
exposure t o  contaminated water  o r  i n d i r e c t l y  t h rough  consumption o f  organisms t h a t  
have become contaminated by t h e i r  exposure t o  p o l l u t e d  water.  

Outbreaks o f  b a c t e r i a l  and v i r a l  i n f e c t i o n s  have l o n g  been known t o  be assoc ia ted  
w i t h  consumption o f  raw o r  p a r t i a l l y - c o o k e d  m o l l u s c s  taken f rom p o l l u t e d  c o a s t a l  
waters  (Lumsden e t  a l . ,  1925). S tud ies  conducted on t h e  shores o f  t h e  Medi terranean 
Sea and the  USA i n d i c a t e  t h a t  b a t h i n g  i n  sewage-pol luted waters g i ves  r i s e  t o  
e n t e r i c  d i so rde rs ,  vomi t ing ,  d ia r rhoea  and t h a t  even l o w - l e v e l  p o l l u t i o n  b y  sewage 
can c o n s t i t u t e  a  measureable and determinab le  hazard t o  t he  h e a l t h  o f  ba the rs  (Mason 
and Mclean, 1962). 

I n  a d d i t i o n  t o  pathogen ic  i l l n e s s e s ,  d e t r i m e n t a l  h e a l t h  e f f e c t s  may come about f rom 
exposure to ,  o r  consumption o f ,  organisms exposed t o  water contaminated w i t h  
chemical  substances. We l l - pub l i c i zed  i nc idences  o u t s i d e  t h e  Wider Caribbean have 
i n v o l v e d  mar ine  organisms contaminated by p e s t i c i d e s ,  p o l y c h l o r i n a t e d  b ipheny l s ,  
mercury o r  cadmium. 



ln f -ormat ion  c o n c e r n i n g  t h e  e x t e n t  o f  c o a s t a l  w a t e r  p o l l u t i o n  by sewage i n  t h e  
Car ibbean  i s  v e r y  l i m i t e d .  A few r e p o r t s  have been  p u b l i s h e d  on  e v i d e n c e  o f  l e v e l s  
o f  sewage p o l l u t i o n  p o t e n t i a l l y  d a n g e r o u s  t o  human h e a l t h  i n  s e v e r a l  embayments i n  
t h e  r e g i o n .  For  example,  i n  Kings ton  h a r b o u r ,  h i g h  b a c t e r i a l  l e v e l s  were found 
a l o n g  t h e  e n t i r e  n o r t h e r n  s h o r e  o f  t h e  h a r b o u r  and  f i s h  k i l l s  have  been a s s o c i a t e d  
w i t h  h i g h  b a c t e r i a  c o n c e n t r a t i o n s  (Wade, 1972-75). E p i d e m i o l o g i c a l  d a t a  s u g g e s t i n g  
a  r e l a t i o n s h i p  between q u a l i t y  o f  b a t h i n g  w a t e r s  and  h e a l t h  o f  b a t h e r s  i n  t h e  
Car ibbean  a r e  e n t i r e l y  l a c k i n g  a l t h o u g h  some a c t i v e  s t u d i e s  a r e  under  way i n  Cuba, 
Colombia, Venezuela  and o t h e r  c o u n t r i e s .  

There have been g e n e r a l  r e p o r t s  on s h e l l f i s h  and f i s h  p o i s o n i n g  w i t h i n  t h e  r e g i o n ,  
some o f  which have been a s s o c i a t e d  w i t h  p e s t i c i d e  a p p l i c a t i o n s  ( A l i ,  1978) .  Concern 
a b o u t  h i q h  l e v e l s  o f  heavy m e t a l s  however h a s  been  a r o u s e d  i n  c e r t a i n  l o c a l i t i e s  and 
i t  is t h o u g h t  t h a t  h i q h  l e v e l s  a r e  p r e s e n t  i n  some a r e a s .  However, t h e r e  is l i t t l e  
i n f o r m a t i o n  on  t h e  c h r o n i c  l e v e l s  o f  s u c h  s u b s t a n c e s ,  w i t h  t h e  e x c e p t i o n  o f  a  few 
s t u d i e s  r e p o r t i n g  a n a l y s i s  o f  f i s h  and o t h e r  m a r i n e  o r g a n i s m s  from t h e  Gulf  of 
Mexico (Giam e t  a l . ,  1971,  1973; Giam 1974;  B a i r d  e t  a l . ,  1975) .  

A t  t h e  r e c e n t  Regiona l  Workshop on Marine P o l l u t i o n ,  it was s t r e s s e d  t h a t  h e a l t h  
c r i t e r i a  f o r  c o a s t a l  w a t e r s ,  a s  w e l l  a s  m o n i t o r i n g  programmes t o  a s c e r t a i n  w a t e r  
q u a l i t y  and p o t e n t i a l  h e a l t h  h a z a r d s ,  a r e  still much needed i n  t h e  Wider Car ibbean  
Region (UNESCO, 1977) .  

Other  d e l e t e r i o u s  p o l l u t a n t s  s u c h  a s  heavy m e t a l s ,  PCBs and c h l o r i n a t e d  
h y d r o c a r b o n s ,  might  be  p r e s e n t  i n  t h e  m a r i n e  e n v i r o n m e n t  p a r t i c u l a r l y  n e a r  c o a s t a l  
i n d u s t r i a l  c o n c e n t r a t i o n s .  I n f o r m a t i o n  on t h e  l e v e l s  o f  t h e s e  p o l l u t a n t s ,  on t h e i r  
p o t e n t i a l  b io -accumula t ion  i n  o r g a n i s m s  consumed by man, and on  i n c i d e n c e s  OF a c t u a l  
p u b l i c  h e a l t h  i m p a i r m e n t ,  is n o t  g e n e r a l l y  a v a i l a b l e ,  a l t h o u g h  t h e r e  is one  r e p o r t  
o f  h i g h  mercury  l e v e l s  i n  C a r t a g e n a  Bay, Colombia (FAO, 1 9 7 9 ) .  

3 .2  E f f e c t s  on mar ine  and c o a s t a l  e c o s y s t e m s  

Although n o t  a b u n d a n t ,  r e p o r t s  c o n c e r n i n g  t h e  i m p a c t  o f  p o l l u t a n t s  on m a r i n e  and 
c o a s t a l  e c o s y s t e m s  o f  t h e  Region a r e  g r a d u a l l y  becoming a v a i l a b l e .  

High o r g a n i c  l o a d  e f f l u e n t s  from p r i m a r y - t r e a t e d  sewage and i n d u s t r i a l  w a s t e  
d i s c h a r g e s  a r e  r e s p o n s i b l e  f o r  i n c r e a s i n g  a b i o t i c  c o n d i t i o n s  and t h e  g e n e r a l  
d e t e r i o r a t i o n  o f  Kings ton  Harbour (Wade e t  a l . ,  1 9 7 2 ) .  I n a d e q u a t e  s e c o n d a r y - t r e a t e d  
sewage d i s c h a r g e s  coupled  w i t h  d r e d g i n g  r e s u l t e d  i n  s e v e r e  e n v i r o n m e n t a l  d e g r a d a t i o n  
o f  a  c o a s t a l  l a g o o n  sys tem n e a r  San J u a n ,  P u e r t o  R i c o  ( C i n t r o n  and Rodr iguez ,  1 9 7 2 ) .  

O i l  p o l l u t i o n  from a  major  s p i l l  i n  1 9 7 3  r e s u l t e d  i n  e x t e n s i v e  m o r t a l i t y  t o  m a r i n e  
o r g a n i s m s  and g e n e r a l  d i s r u p t i o n  o f  t h e  mar ine  e n v i r o n m e n t  i n  communit ies  a s s o c i a t e d  
w i t h  mangroves and T h a l l a s i a  i n  Cabo Rojo ,  P u e r t o  R i c o  ( B e r g q u i s t  and Nadeav, 1977) .  
L ikewise  a n  o i l  s p i l l  i n  1975 i n  t h e  F l o r i d a  Bay c a u s e d  e x t e n s i v e  damage t o  m a r i n e  
communit ies .  I n  t h e  Gulf  o f  P a r i a  t h e  i n c i d e n c e  o f  o i l  s p i l l s  h a s  been i n c r e a s i n g .  
I n  1976 a s p i l l  i n v o l v i n g  s e v e r a l  thousand  g a l l o n s  o f  d i e s e l  and b l a c k  o i l  t o o k  
p l a c e  (Ga . j ra j ,  1 9 7 8 ) ,  a l t h o u g h  damage t o  m a r i n e  communi t ies  by t h e  o i l  o r  t h e  
chemica l  used  t o  d i s p e r s e  i t  i n  c lean-up  o p e r a t i o n s  was n o t  e s t i m a t e d .  Damage 
caused  by t h e  blow-out o f  t h e  I x t o c  o i l  w e l l  i n  t h e  B a h i a  d e  Campeche and from t h e  
d o u b l e  t a n k e r  c o l l i s i o n  o f f  Tobago, b o t h  o f  which t o o k  p l a c e  i n  mid-1979, is s t i l l  
t o  be d e t e r m i n e d .  

Thousands o f  f i s h  d i e d  i n  t h e  Gulf  o f  P a r i a  o v e r  a  p e r i o d  o f  f i v e  weeks between 
e a r l y  November and mid-December 1976 ( G a j r a j ,  1 9 7 7 ) .  The c a u s e  a p p e a r s  t o  be 
connec ted  w i t h  a  s h i p  l a d e n  w i t h  v a r i o u s  u n d i s c l o s e d  c h e m i c a l s  which s a n k  i n  t h e  



a r e a  i n  1974. Other  mass ive  f i s h  k i l l s  have been r e p o r t e d  t h r o u g h o u t  t h e  Region i n  
bays and c o a s t a l  l a g o o n s  a d j a c e n t  t o  l a r g e  urban  o r  i n d u s t r i a l  c e n t r e s ,  s u g g e s t i n g  a  
d e f i n i t e  impact  o f  h i g h  BOD d i s c h a r g e s  o r  chemica l  w a s t e  which, i n  some c a s e s ,  seems 
t o  be made worse by changes  i n  wea ther  p a t t e r n s  ( C i n t r o n  and Rodr iguez ,  1 9 7 2 ) .  

The i n f o r m a t i o n  on e f f e c t s  o f  p o l l u t a n t s  on mar ine  o r g a n i s m s  and e c o s y s t e m s  i n  t h e  
Wider Car ibbean  Region i s  t o o  l i m i t e d  t o  make a  s u b s t a n t i v e  a rgument  a b o u t  t h e  
s e r i o u s n e s s  o f  t h e  p o l l u t i o n  problem t h e r e .  However, t h e  few r e p o r t s  c i t e d  above 
show t h a t  stress c o n d i t i o n s  e x i s t  a round  many u r b a n  and i n d u s t r i a l  s i t e s  i n  t h e  
Region and i n d i c a t e  t h a t  p o l l u t i o n  is a f f e c t i n g  t h e  m a r i n e  ecosys tems .  The d e g r e e  
o f  t h i s  s t r e s s  h a s  t o  b e  a s s e s s e d  and t h e  e f f e c t s  on p u b l i c  h e a l t h  and mar ine  
r e s o u r c e s  need t o  be q u a n t i f i e d  i n  o r d e r  t o  p r o v i d e  a  s u b s t a n t i v e  c a s e  f o r  managing 
development a c t i v i t i e s  i n  a n  envi ronmenta l ly -sound  f a s h i o n .  

3.3 E f f e c t s  on socio-economic a c t i v i t i e s  

The two most i m p o r t a n t  socio-economic a c t i v i t i e s  i n  t h e  Wider C a r i b b e a n  Region t h a t  
r e l y  on a  h e a l t h y  mar ine  env i ronment  a r e  f i s h e r i e s  and  t o u r i s m .  

There is a  f a i r l y  h i g h  dependence  on f i s h  p r o t e i n  s o u r c e s  which is l i k e l y  t o  b e  
m a i n t a i n e d  and i n c r e a s e d .  T h i s  i s  e s p e c i a l l y  t r u e  o f  s m a l l e r  i s l a n d s  which l a c k  
f a c i l i t i e s  f o r  l i v e s t o c k  p r o d u c t i o n .  Al though ,  f o r  m a i n l y  h i s t o r i c a l  r e a s o n s ,  much 
o f  t h e  f i s h  r e q u i r e m e n t  is i m p o r t e d ,  C a r i b b e a n  f i s h e r i e s  have been d e v e l o p i n g  and 
expanding.  

A s  a l r e a d y  ment ioned ,  t h e  Car ibbean  f i s h e r i e s  a r e  c l o s e l y  l i n k e d  t o  c o a s t a l  
ecosys tem p r o d u c t i v i t y  due t o  t h e  l i m i t e d  u p w e l l i n g s  and  s h a l l o w s  i n  t h e  Region. No 
s t a t i s t i c s  r e l a t i n g  t o  r e d u c t i o n  of  f i s h  l a n d i n g s  w i t h  mangrove r e d u c t i o n  e x i s t  
a l t h o u g h  it h a s  been i m p l i e d  t h a t  a  d w i n d l i n g  o f  t h e  mangroves i n  P u e r t o  Rico might  
b e  r e s p o n s i b l e  f o r  a  slump i n  c o a s t a l  f i s h e r i e s .  On t h e  o t h e r  hand, t h e r e  is  
s u b s t a n t i a l  e v i d e n c e  t h a t  mangrove swamps, c o r a l  r e e f s ,  T h a l l a s i a  b e d s  and c o a s t a l  
l a g o o n s  c o n t r i b u t e  t o  t h e  l i f e  c y c l e  o f  a  g r e a t  m a j o r i t y  o f  t h e  commercial  s p e c i e s  
o f  f i s h  and s h e l l f i s h  c a p t u r e d  i n  t h e  Region. Thus, d e g r a d a t i o n  o f  t h e s e  ecosys tems  
r e s u l t i n g  from p o l l u t i o n ,  o r  from p h y s i c a l  d i s r u p t i o n  o f  c o a s t a l  a r e a s ,  h a s  a  f a r  
more s e v e r e  e f f e c t  t h a n  i f  t h e  f i s h e r y  was l i n k e d  t o  p r o d u c t i v i t y  i n  open w a t e r s ,  
where t h e  e f f e c t s  o f  c o a s t a l  p o l l u t i o n  o r  o t h e r  a c t i v i t i e s  would be  dampened. 

Mar ine-or ien ted  t o u r i s m  is p a r t i c u l a r l y  i m p o r t a n t  f o r  t h e  i n s u l a r  C a r i b b e a n ,  much o f  
which h a s  no o t h e r  s o u r c e  o f  f o r e i g n  exchange.  D e t e r i o r a t i n g  c o n d i t i o n s  o f  b e a c h e s  
by domes t ic  sewage o r  i n d u s t r i a l  w a s t e  r e d u c e  t h e i r  d e s i r a b i l i t y  f o r  t o u r i s t s .  Of 
major concern  i n  t h i s  r e s p e c t  is o i l  p o l l u t i o n ,  d i r e c t l y  i n  t h e  form o f  t a r  on 
b e a c h e s  and i n d i r e c t l y  from t h e  e f f e c t s  i t  h a s  on t h e  c o a s t a l  e c o s y s t e m s  which 
c o n s t i t u t e  t h e  major  t o u r i s t  a t t r a c t i o n .  The i n c r e a s e d  o i l  t a n k e r  t r a f f i c  t h r o u g h  
t h e  Region i n c l u d i n g  v e r y  l a r g e  c r u d e - c a r r i e r s ,  a s  w e l l  a s  e x t e n s i v e  p r o d u c t i o n  
a c t i v i t i e s ,  i n c r e a s e s  t h e  p r o b a b i l i t y  o f  s p i l l s .  The damages o f  a  m a s s i v e  o i l  s p i l l  
t o  t h e  b e a c h e s  o f  t o u r i s t  a r e a s  c o u l d  c a u s e  economic c h a o s ,  e s p e c i a l l y  i n  t h e  c a s e  
o f  s m a l l  t o u r i s t - o r i e n t e d  i s l a n d s .  D e f i n i t e l y  t h e s e  t y p e s  o f  p o l l u t i o n  a r e  a  major  
t h r e a t  t o  t h e  f r a g i l e  economies o f  t h e  s m a l l  i s l a n d  S t a t e s  o f  t h e  Region. 



4. ADMINISTRATIVE AND LEGAL TOOLS FOR CONTROL OF MARINE POLLUTION 

4 . 1  P o l i c i e s  and management p r a c t i c e s  r e l e v a n t  t o  t h e  c o n t r o l  o f  m a r i n e  p o l l u t i o n  

Many Car ibbean  c o u n t r i e s  have n o t  f u l l y  d e v e l o p e d  t h e  m a n a g e r i a l  and c u s t o d i a l  
e t h i c s  o r  t h e  p o l i c i e s  needed t o  p r o t e c t  a d e q u a t e l y  o r  t o  u s e  w i s e l y  t h e  a s s e t s  o f  
t h e  s e a .  The most i m p o r t a n t  r e a s o n s  f o r  t h i s  s i t u a t i o n  a r e  t h a t :  ( a )  n a t i o n a l  
economic prob lems  o f t e n  overshadow e n v i r o n m e n t a l  c o n s i d e r a t i o n s  s o  t h a t  c o s t s  o r ,  
a l t e r n a t i v e l y ,  l o s s  o f  p o t e n t i a l  revenue  a r e  p e r c e i v e d  a s  o u t w e i g h i n g  b e n e f i t s ;  ( b )  
mar ine  p o l l u t i o n  h a s  n o t  been  i d e n t i f i e d  a s  a  m a j o r  problem i n  t h e  C a r i b b e a n  a r e a  
which,  i n  t u r n ,  i s  p a r t l y  due t o  t h e  l a c k  o f  s y s t e m a t i c  s t u d i e s  on e n v i r o n m e n t a l  
q u a l i t y ;  and ( c )  t h e r e  is a  l a c k  o f  a w a r e n e s s  o f  t h e  p o t e n t i a l  damage t o  mar ine  
e c o s y s t e m s  by c o a s t a l  deve lopment  a c t i v i t i e s .  

T h e r e f o r e ,  one o f  t h e  p rob lems  c o n f r o n t i n g  t h e  Wider C a r i b b e a n  Region is t h e  g e n e r a l  
l a c k  o f  p o l i c y  c o n c e r n i n g  m a r i n e  p o l l u t i o n ,  e s p e c i a l l y  on a  r e g i o n a l  b a s i s .  
Envi ronmenta l  management is seldom a r t i c u l a t e d  a t  t h e  h i g h e s t  l e v e l  o f  
dec i s ion-making  i n  many o f  t h e  c o u n t r i e s  i n  t h e  Region ,  n o r  d o  e n v i r o n m e n t a l  
c o n s i d e r a t i o n s  a lways  e n t e r ,  a s  a  r u l e ,  i n t o  deve lopment  p l a n n i n g .  I n  r e c e n t  y e a r s  
t h i s  s i t u a t i o n  h a s  been c h a n g i n g  g r a d u a l l y .  Some examples  o f  n a t i o n a l  programmes, 
p o l i c i e s  o r  l a w s  r e l a t e d  t o  mar ine  p o l l u t i o n  which have  been  f o r m u l a t e d  i n  r e c e n t  
y e a r s  a r e :  t h e  Barbados  T e r r i t o r i a l  Waters  Act o f  1977  which h a s  p r o v i s i o n s  f o r  
p r e v e n t i o n  and c o n t r o l  o f  m a r i n e  p o l l u t i o n ;  t h e  Grenada T e r r i t o r a l  Waters  Act o f  
1978 w i t h  s i m i l a r  p r o v i s i o n s ;  t h e  a d o p t i o n  of  a  n a t i o n a l  o i l  s p i l l  c lean-up  p l a n  
a d o p t e d  i n  1977 by T r i n i d a d  and Tobago; s e v e r a l  l a w s  a d o p t e d  by Jamaica  c o n c e r n i n g  
t e r r i t o r i a l  s e a s ,  b e a c h e s ,  h a r b o u r s  and o t h e r  a s p e c t s ,  a s  w e l l  a s  a  p roposed  "Clean 
S e a s  Act"; a  l a r g e  j o i n t  programme w i t h  t h e  Cuban Government and t h e  Uni ted  N a t i o n s  
Development Programme (UNDP)/UNEP t o  c l e a n  up t h e  h a r b o u r  o f  Havana s t a r t e d  i n  1979;  
t h e  Marine P r o t e c t i o n ,  Research  and S a n c t u a r i e s  Act o f  1972 by t h e  Uni ted  S t a t e s ;  
and an i n t e g r a t e d  s t u d y  o f  t h e  e f f l u e n t s  from Lake Maraca ibo ,  Venezuela .  Some o t h e r  
Car ibbean  Governments a r e  f o r m u l a t i n g  p o l i c i e s  o r  programmes c o n c e r n i n g  mar ine  
p o l l u t i o n ,  n o t a b l y  H a i t i  and t h e  Dominican R e p u b l i c .  

4.2 I n f r a s t r u c t u r e  ( i n s t i t u t i o n a l  Framework) u s e d  f o r  a s s e s s m e n t  o f  m a r i n e  
p o l l u t i o n  

The b a s i c  i n s t i t u t i o n a l  s t r u c t u r e  o f  s i g n i f i c a n c e  i n  t h e  f i e l d  o f  m a r i n e  p o l l u t i o n  
c o n t r o l  i s  t h a t  o f  m a r i n e  l a b o r a t o r i e s .  There  a r e ,  s c a t t e r e d  t h r o u g h o u t  t h e  
C a r i b b e a n ,  many s m a l l  m a r i n e  l a b o r a t o r i e s  which have  been  c o n d u c t i n g  s t u d i e s  on t h e  
mar ine  env i ronment .  In  g e n e r a l ,  t h e y  a r e  a t t a c h e d  t o  l o c a l  u n i v e r s i t i e s ,  a r e  
o u t p o s t s  o f  u n i v e r s i t i e s  e x t e r n a l  t o  t h e  Region ( p a r t i c u l a r l y  from Canada and t h e  
USA) o r  i n  some c a s e s  a r e  j o i n t  v e n t u r e s  o f  o v e r s e a s  u n i v e r s i t i e s  w i t h  l o c a l  
u n i v e r s i t i e s .  A c a d r e  o f  competen t  l o c a l  s c i e n t i s t s  is b e i n g  deve loped  a t  t h e s e  
i n s t i t u t i o n s .  I n  most c a s e s  however ,  t h e i r  s c i e n t i f i c  r e s e a r c h  h a s  been f o c u s e d  on 
b a s i c  mar ine  r e s e a r c h  r a t h e r  t h a n  p o l l u t i o n  a s s e s s m e n t  and e f f e c t s .  Moreover ,  
r e s e a r c h  f u n d s  f o r  t h e  most p a r t  a r e  i n  t h e  form o f  g r a n t s  which a r e  g e n e r a l l y  made 
on a  p r o j e c t  b a s i s .  U s u a l l y  t h e s e  p r o j e c t s  c o n c e r n  s u b j e c t s  o f  i n t e r e s t  t o  a  
p a r t i c u l a r  i n d i v i d u a l  o r  i n s t i t u t i o n  r a t h e r  t h a n  t h e  i n f o r m a t i o n  and d a t a  needed f o r  
b e t t e r  management o f  t h e  Car ibbean  m a r i n e  e n v i r o n m e n t .  T h i s  i s  p a r t i c u l a r l y  t r u e  i n  
t h e  c a s e  o f  l a b o r a t o r i e s  a s s o c i a t e d  w i t h  o v e r s e a s  u n i v e r s i t i e s  where,  more o f t e n  
t h a n  n o t ,  r e s e a r c h  is u n r e l a t e d  t o  p rob lems  o f  l o c a l  i n t e r e s t .  

A r e a l  need e x i s t s  t o  c o - o r d i n a t e  t h e  e f f o r t s  o f  t h e s e  l a b o r a t o r i e s  and t o  e n c o u r a g e  
t h e  i n c o r p o r a t i o n  o f  m a r i n e  p o l l u t i o n  a s s e s s m e n t  components  i n  t h e i r  workplans .  



F u r t h e r ,  t h e y  s h o u l d  be  encouraged  t o  a d o p t  a  r e g i o n a l  approach  and  c r e a t e  a  d a t a  
s y s t e m  which i n c o r p o r a t e s  c l e a r l y  d e f i n e d  and c o n s i s t e n t l y  r e c o g n i z a b l e  r e t r i e v a l  
i d e n t i f i e r s  and which is a v a i l a b l e  t o  a l l  t h o s e  c o n d u c t i n g  r e s e a r c h  i n  t h e  Region.  
A s  a f i r s t  s t e p  i n  i d e n t i f y i n g  n e e d s  and e n c o u r a g i n g  d a t a  exchange ,  a  d i r e c t o r y  o f  
r e g i o n a l  i n s t i t u t i o n s  i n v o l v e d  i n  m a r i n e  s c i e n c e s  f o r  t h e  C a r i b b e a n  and a d j a c e n t  
r e g i o n s  h a s  been produced by UNEP i n  c o - o p e r a t i o n  w i t h  IOC- T h i s  d i r e c t o r y  is 
a v a i l a b l e  a s  document number E/CEPAL/PROY.3/L.INF.E. 

S e v e r a l  i n t e r n a t i o n a l  o r g a n i z a t i o n s  o p e r a t i n g  w i t h i n  t h e  Wider Car ibbean  Region a r e  
t r y i n g  t o  promote r e g i o n a l  c o - o p e r a t i o n  i n  t h e  f i e l d  o f  m a r i n e  s c i e n c e  and mar ine  
p o l l u t i o n  c o n t r o l .  I n  1976 ,  w i t h  t h e  c o l l a b o r a t i o n  o f  IOC and FAG, a  UNEP-sponsored 
workshop was o r g a n i z e d  (UNESCO, 1977) .  A t  t h i s  workshop,  s e v e r a l  c o - o p e r a t i v e  
p r o j e c t s  were i d e n t i f i e d  and recommended f o r  i m p l e m e n t a t i o n .  IOCARIBE, a  r e g i o n a l  
a s s o c i a t i o n  s p o n s o r e d  by IOC, b r i n g s  t o g e t h e r  r e p r e s e n t a t i v e s  o f  a b o u t  20 C a r i b b e a n  
S t a t e s  i n  o r d e r  t o  d e v e l o p  a  r e g i o n a l  programme o f  a c t i v i t i e s  i n  m a r i n e  a f f a i r s .  

Other  i n t e r n a t i o n a l  o r g a n i z a t i o n s ,  b o t h  governmenta l  and non-governmental ,  which 
have m a r i n e - r e l a t e d  a c t i v i t i e s  i n  t h e  C a r i b b e a n  a r e ;  

- UNDP: f i n a n c i n g  p r o j e c t s  f o r  p o l l u t i o n  c o n t r o l  and m a r i n e  r e s o u r c e  management. 

- UNEP: s p o n s o r i n g  p r o j e c t s  on m a r i n e  p o l l u t i o n  c o n t r o l  and e n v i r o n m e n t a l  
management. 

- IMCO: a d v i s i n g  c o u n t r i e s  on m a r i t i m e  m a t t e r s  and a b a t e m e n t  and c o n t r o l  o f  
sh ip-borne  p o l l u t i o n .  

- FAD: promoting p r o j e c t s  r e l a t e d  t o  f i s h e r i e s  deve lopment .  

- IUCN:  i d e n t i f y i n g  c r i t i c a l  m a r i n e  h a b i t a t s  and d e v e l o p i n g  s t r a t e g i e s  f o r  t h e i r  
p r o t e c t i o n .  

- O r g a n i z a t i o n  o f  American S t a t e s :  p r e p a r a t i o n  o f  emergency a c t i o n  p l a n  f o r  c o a s t a l  
p o l l u t i o n  and  o i l  s p i l l  c o n t r o l  f o r  Barbados ,  Dominican R e p u b l i c ,  Grenada,  H a i t i ,  
J a m a i c a ,  T r i n i d a d  and Tobago. 

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

S e v e r a l  r e g i o n a l  and g l o b a l  t r e a t i e s  a r e  r e l e v a n t  t o  t h e  c o n t r o l  o f  m a r i n e  p o l l u t i o n  
i n  t h e  Wider Car ibbean  Region.  They a r e  rev iewed i n  a  s e p a r a t e  overv iew (UNEP, 
1979) .  

5. CONCLUSIONS AND KECOMMENDATIONS 

The p o s i t i o n  o f  t h e  d e l e g a t i o n  o f  Barbados  a t  t h e  J a n u a r y  1978  Commonwealth 
Car ibbean  m e e t i n g  on t h e  Law o f  t h e  Sea summar izes ,  i n  a n  e x c e l l e n t  way, t h e  
R e g i o n ' s  growing c o n c e r n  a b o u t  t h e  p r o t e c t i o n  o f  i ts m a r i n e  r e s o u r c e s :  

"The p o l l u t i o n  prob lems  o f  t h e  C a r i b b e a n  Sea may n o t  have  r e a c h e d  t h e  
magnitude o f  t h o s e  i n  t h e  B a l t i c  and  t h e  M e d i t e r r a n e a n . . . .  b u t  t h e  
s i m i l a r i t y  o f  l and- locked  c o n f i g u r a t i o n  o f  t h e  C a r i b b e a n  w i t h  t h e  
p o t e n t i a l  f o r  r e t e n t i o n  o f  p o l l u t a n t s  from a  d e v e l o p i n g  Region w a r r a n t s  



e a r l y  p r e v e n t i v e  a c t i o n .  I f  t h e  c o u n t r i e s  o f  t h e s e  r e g i o n s  a r e  t o  
b e n e f i t  from t h e  e x p o i t a t i o n  and s h a r i n g  o f  t h e  r e s o u r c e s  o f  t h e  
Car ibbean  Sea it becomes i m p e r a t i v e  t h a t  immedia te  a c t i o n  i s  t a k e n  t o  
a r r e s t  t h e  t r e n d  t o w a r d s  d e s t r u c t i o n  o f  m a r i n e  l i f e  which is s o  
e s s e n t i a l  t o  t h e  m a i n t e n a n c e  o f  t h e  m a r i n e  e c o l o g i c a l  b a l a n c e  and t o  t h e  
s u s t e n a n c e  o f  o u r  p e o p l e .  " 

T h i s  s t a t e m e n t  is f u l l y  s u p p o r t e d  by t h e  major  f i n d i n g s  o f  t h i s  overv iew which c o u l d  
be  l i s t e d  a s :  

There is a  p a u c i t y  o f  d a t a  on t h e  major  s o u r c e s  o f  m a r i n e  p o l l u t i o n  i n  t h e  
Wider C a r i b b e a n  Region ,  on t h e  amounts  o f  p o l l u t a n t s  e n t e r i n g  t h e  mar ine  
e n v i r o n m e n t ,  on t h e  p r e s e n t  l e v e l s  o f  p o l l u t a n t s  i n  t h e  v a r i o u s  components o f  
t h i s  env i ronment  and on  t h e  e f f e c t s  o f  p o l l u t a n t s  on m a r i n e  e c o s y s t e m s ,  human 
h e a l t h  and c o a s t a l  a m e n i t i e s .  

Although t h e  Car ibbean  c a n  s t i l l  be c o n s i d e r e d  a s  a n  u n p o l l u t e d  Region ,  t h e r e  
a r e  s e v e r e l y  p o l l u t e d  a r e a s  i n  c o a s t a l  w a t e r s  and embayments a d j a c e n t  t o  u rban  
and i n d u s t r i a l  deve lopments .  

There is a  g e n e r a l  l a c k  o f  a d e q u a t e  t r e a t m e n t  and m a r i n e  d i s p o s a l  of 
i n d u s t r i a l  and d o m e s t i c  w a s t e  c a u s i n g  damage t o  human h e a l t h  and t o  h i g h l y  
p r o d u c t i v e  mar ine  e c o s y s t e m s ,  s u c h  a s  mangroves and c o r a l  r e e f s .  

O i l  p o l l u t i o n  from o p e r a t i o n  and a c c i d e n t a l  s o u r c e s  is a  growing t h r e a t  t o  t h e  
r e g i o n ' s  e c o l o g i c a l  and economic r e s o u r c e s .  

U n t r e a t e d  o r  p a r t i a l l y  t r e a t e d  sewage d i s c h a r g e s  i n  w a t e r s  a d j a c e n t  t o  b a t h i n g  
b e a c h e s  f r e q u e n t e d  by t o u r i s t s  and l o c a l  i n h a b i t a n t s  p r e s e n t  a  p o t e n t i a l  
p u b l i c  h e a l t h  problem and  may l e a d  t o  c o n s i d e r a b l e  economic l o s s e s .  

In  most i n s t a n c e s  t h e r e  a r e  no w a t e r  q u a l i t y  o r  s e a f o o d  s t a n d a r d s  For t o x i c  
m a t e r i a l s  which a r e  s u i t a b l e  f o r  t r o p i c a l  warm w a t e r s .  

The r e g i o n ' s  n a t i o n a l  p o l i c i e s  on m a r i n e  p o l l u t i o n  c o n t r o l  and mar ine  r e s o u r c e  
p r o t e c t i o n  a r e  e i t h e r  o f  v e r y  r e c e n t  c r e a t i o n  o r  n o n - e x i s t e n t .  

Although t h e r e  a r e  s e v e r a l  m a r i n e  l a b o r a t o r i e s  s c a t t e r e d  t h r o u g h o u t  t h e  
Region,  t h e y  a r e ,  i n  most c a s e s ,  i n v o l v e d  i n  b a s i c  mar ine  r e s e a r c h  u n r e l a t e d  
t o  t h e  p r e s s i n g  n e e d s  o f  t h e  Region f o r  a  b e t t e r  u n d e r s t a n d i n g  o f  t h e  problems 
c o n n e c t e d  w i t h  t h e  t h r e a t s  posed by m a r i n e  p o l l u t i o n .  

There is no e f f e c t i v e  r e g i o n a l  c o - o r d i n a t i o n  f o r  d a t a  g a t h e r i n g ,  exchange and 
i n t e g r a t e d  mar ine  p o l l u t i o n  m o n i t o r i n g  and r e s e a r c h  programmes. 

There a r e  few e f f e c t i v e  l i n k a g e s  between t h e  b a s i c  r e s e a r c h  and m o n i t o r i n g  
a c t i v i t i e s  o f  n a t i o n a l  mar ine  l a b o r a t o r i e s  and t h e  n a t i o n a l  i n s t i t u t i o n s  
c h a r g e d  w i t h  t h e  promot ion  and e n f o r c e m e n t  o f  e n v i r o n m e n t a l  p o l l u t i o n  c o n t r o l  
measures .  

S e v e r a l  c o u n t r i e s  o f  t h e  Region have  e x p r e s s e d  i n t e r e s t  i n  d e v e l o p i n g  r e g i o n a l  
and s u b - r e g i o n a l  a r r a n g e m e n t s  r e l e v a n t  t o  m a r i n e  p o l l u t i o n  c o n t r o l  and t o  
emergency measures  f o r  p r e v e n t i o n  and a b a t e m e n t  o f  a c c i d e n t a l  o i l  s p i l l s .  

Based on t h e s e  f i n d i n g s ,  t h e  f o l l o w i n g  recommendations a r e  p roposed :  

5.12 Regiona l  p o l l u t i o n  m o n i t o r i n g  programmes s h o u l d  be  deve loped  i n  o r d e r  t o  



a s s e s s  t h e  s o u r c e s ,  l e v e l s  and e f f e c t s  o f  major  p o l l u t a n t s  such  a s  heavy 
m e t a l s ,  t o x i c  o r g a n i c  c h e m i c a l s ,  p e t r o l e u m  h y d r o c a r b o n s  and i n o r g a n i c  and 
o r g a n i c  n u t r i e n t  l o a d s  from a g r i c u l t u r a l  and d o m e s t i c  w a s t e - w a t e r s .  Examples 
o f  such  programmes a r e  d e s c r i b e d  i n  t h e  r e p o r t  o f  t h e  "IOC/FAO/UNEP Workshop 
on Marine P o l l u t i o n  i n  t h e  Car ibbean  and A d j a c e n t  Regions" and its supplement .  

5.13 To implement t h e s e  programmes, ne tworks  o f  c o - o p e r a t i n g  n a t i o n a l  i n s t i t u t i o n s  
s h o u l d  be c r e a t e d .  T h i s  would r e q u i r e ,  t o  a  c e r t a i n  d e g r e e ,  u p g r a d i n g  
equipment  and p e r s o n n e l  f a c i l i t i e s  i n  e x i s t i n g  i n s t i t u t i o n s .  Fur thermore ,  
m e t h o d o l o g i e s  p r o v i d i n g  comparab le  d a t a  s h o u l d  be  a d o p t e d  and t h e  
i n t e r c a l i b r a t i o n  s e r v i c e s  f o r  t h e  more s o p h i s t i c a t e d  a n a l y t i c a l  methods s h o u l d  
be  o r g a n i z e d .  

5.14 A d a t a  r e p o r t i n g  programme s h o u l d  be  o r g a n i z e d  and c h a r g e d  w i t h  t h e  e v a l u a t i o n  
o f  t h e  r e s u l t s  o b t a i n e d  and t h e i r  d i s s e m i n a t i o n  t o  a l l  u s e r s .  

5.15 P i l o t  programmes f o r  p o l l u t i o n  a b a t e m e n t ,  m o n i t o r i n g  and c o n t r o l  s u c h  a s  t h e  
one c u r r e n t l y  b e i n g  d e v e l o p e d  f o r  Havana Bay by UNDP/UNEP s h o u l d  be promoted. 
R e s u l t s  o f  t h e  e x e r c i s e  s h o u l d  be made a v a i l a b l e  t o  o t h e r  c o u n t r i e s  i n  t h e  
Region which f a c e  s i m i l a r  p o l l u t i o n  prob lems  by means o f  r e g i o n a l  workshops 
and t r a i n i n g  s e m i n a r s .  

5 .16 An i n v e n t o r y  o f  major  l and-based  p o l l u t i o n  s o u r c e s  i n  t h e  Region s h o u l d  b e  
p r e p a r e d  and used  by n a t i o n a l  a u t h o r i t i e s  t o  a s s e s s  t h e  w a s t e  r e c e i v i n g  
c a p a c i t y  o f  r e c i p i e n t  c o a s t a l  w a t e r s  when i s s u i n g  a u t h o r i z a t i o n s  f o r  w a s t e  
d i s c h a r g e s  from proposed  f a c i l i t i e s  and  r e v i s i n g  a u t h o r i z a t i o n s  f o r  e x i s t i n g  
i n s t a l l a t i o n s .  

5.17 A programme t o  d e t e r m i n e  s u i t a b l e  e n v i r o n m e n t a l  q u a l i t y  c r i t e r i a  a p p l i c a b l e  t o  
t r o p i c a l  w a t e r s  s h o u l d  be  deve loped  and used  a s  t h e  s c i e n t i f i c  b a s i s  f o r  
n a t i o n a l  p o l l u t i o n  c o n t r o l  l e g i s l a t i o n .  

5.18 An a s s e s s m e n t  o f  t h e  q u a l i t y  o f  b a t h i n g  b e a c h e s  i n  t h e  Car ibbean  t h r o u g h  
in -dep th  s a n i t a r y  s u r v e y s  and c o l l e c t i o n  o f  d a t a  c o n c e r n i n g  m i c r o b i o l o g i c a l  
q u a l i t y  o f  t h e i r  w a t e r s  s h o u l d  be  i n i t i a t e d ,  p a r t i c u l a r l y  i n  a r e a s  where 
h a z a r d s  t o  p u b l i c  h e a l t h  a r e  c o n s i d e r e d  r e a l .  

5.19 Management programmes t o  c o n t r o l  o i l  p o l l u t i o n  from t a n k e r  and s h i p  o p e r a t i o n s  
s h o u l d  b e  deve loped  t h r o u g h  a s s i s t a n c e  and t r a i n i n g  o f  competen t  n a t i o n a l  p o r t  
a u t h o r i t i e s ,  f o r m u l a t i o n  o f  c o n t i n g e n c y  p l a n s  and  deve lopment  o f  r e g i o n a l  and 
s u b - r e g i o n a l  a r r a n g e m e n t s  which c o u l d  b e  used i n  e m e r g e n c i e s .  

5 - 2 0  The c r e a t i o n  o f  a  r e g i o n a l  o i l  p o l l u t i o n  a b a t e m e n t  c e n t r e  s h o u l d  be  c o n s i d e r e d  
i n  o r d e r  t o  p r o v i d e  m e a n i n g f u l  r e s p o n s e s  t o  t h e  g rowing  o i l  p o l l u t i o n  t h r e a t ,  
p a r t i c u l a r l y  i n  t h e  c a s e  o f  a  major  a c c i d e n t a l  o i l  s p i l l .  

5.21 Treatment  o f  i n d u s t r i a l  and d o m e s t i c  e f f l u e n t s  s h o u l d  be  promoted t h r o u g h  
n a t i o n a l  p o l l u t i o n  c o n t r o l  p o l i c i e s  whenever s u c h  t r e a t m e n t  is e s s e n t i a l  f o r  
s a f e g u a r d i n g  t h e  long-term e c o l o g i c a l  and  economic i n t e r e s t s  o f  a  g i v e n  
c o u n t r y ,  t h e  Region a s  a  whole o r  p a r t s  o f  it. 

5.22 An i n v e n t o r y  o f  n a t i o n a l  mar ine  r e s o u r c e  p r o t e c t i o n  l e g i s l a t i o n  and p o l i c i e s  
s h o u l d  b e  u n d e r t a k e n  i n  o r d e r  t o  a s s i s t  t h e  Region i n  harmoniz ing  t h e  a p p r o a c h  
t o  mar ine  p o l l u t i o n  c o n t r o l  on a  r e g i o n a l  and s u b - r e g i o n a l  l e v e l .  
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$rfŵ FSi> Regional Seas Programme Activi ty  Centre 
'&% United NafAons Environment Procjrme 

Additional copies  of t h i s  and athar publications issued by 
the Regional Seas Pcogranuna Activi ty  Centre o f  UNEP can be 

obtained f rom: 

Regional Seas Programme Activi ty  Centre 
United Nations Environment Programme 

Paiais  des Nations 
GENEVA 

Switzerland 


