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I. CHARACTERISTICS OF THE R E G I O N  

1. GEOLOGY, MORPHOLOGY AND SEDIMENTOLOGY 

1.1 Geoloqy 

The P l e i s t o c e n e  h i s t o r y  o f  t h e  WACAF r e g i o n  is c l o s e l y  connected w i t h  a l t e r n a t i o n  o f  
g l a c i a l  and i n t e r g l a c i a l  p e r i o d s  on t h e  c o n t i n e n t s .  Large and r a t h e r  f r e q u e n t  
f l u c t u a t i o n s  o f  o c e a n i c  l e v e l  a t  t h a t  t ime had a  marked i n f l u e n c e  on t h e  mechanism 
o f  t e r r i g e n o u s  s e d i m e n t a t i o n  and t h e  f  orming o f  t h e  c o n t i n e n t a l  margin  ( A t l a n t i c  
Ocean, 1977) .  T h i s  is n o t i c e d  i n  t h e  s t r u c t u r e  o f  t h e  seaward b o r d e r s  between 
Guinea-Bissau and S i e r r a  Leone which h a s  been formed by t h e  submergence o f  r i v e r  
v a l l e y s  and lowland ( r i a  o r  drowned c o a s t ) .  

The c o u n t r i e s  n o r t h  o f  Cameroon a r e  p a r t  o f  West A f r i c a ' s  Basement complex covered 
by s e d i m e n t a r y  f o r m a t i o n s ,  s a n d s t o n e  d e p o s i t s  w i t h  r i c h  o i l  r e s e r v e s ,  e.g.  around 
N i g e r i a .  Volcanic  h i g h l a n d s  s e p a r a t e  t h e  n o r t h e r n  p a r t s  from t h e  s o u t h e r n  p a r t s  o f  
t h i s  Region, which form t h e  wes te rn  end o f  t h e  E a s t  Af r ican  R i f t  Va l ley .  Three 
major t y p e s  of  s o i l  a r e  found i n  t h e  Region, w i t h  t h e  a c i d  and n u t r i e n t - p o o r  
l a t o s o l i c  s o i l s  o f  e q u a t o r i a l  and savannah r e g i o n s  predominant .  L a t e r i t i c  s o i l s ,  
a l s o  p o o r ,  o c c u r ,  and r e l a t i v e l y  f e r t i l e  r e d  loams a r e  p r e s e n t  i n  t h e  s o u t h e r n  
t r o p i c a l  a r e a s .  There a r e  e x t e n s i v e  r i v e r  sys tems  a lmos t  th roughout  t h e  Region, 
w i t h  c o n s i d e r a b l e  run-off and t r a n s p o r t  of  suspended m a t t e r ,  i n f l u e n c i n g  c o a s t a l  
w a t e r  c o n d i t i o n s .  

The geology of t h i s  c o a s t l i n e  is in fuenced  by t y p e s  and d e p o s i t i o n  o f  r o c k s ,  e a r t h  
movements, r e l i e f ,  d r a i n a g e  and c l i m a t e .  

The s t r u c t u r e  o f  t h e  c o n t i n e n t a l  margin o f f  t h e  Gulf of  Guinea is r e l a t e d  t o  t h e  
e q u a t o r i a l  f r a c t u r e  system.  I t  c o n s i s t s  o f  an e a s t e r n  f l a n k  o f  t h e  mid-At lan t i c  
r i d g e  ( Akpat i ,  1983) .  

The a v e r a g e  width o f  t h e  c o n t i n e n t a l  margin is 30-50 km wi th  a  d e p t h  o f  100-120 m. 
The n o r t h e r n  p a r t  o f  t h e  Senegal  s h e l f  is r e l a t i v e l y  narrow, widening towards  t h e  
s o u t h  t o  abou t  40 km a t  t h e  Senegal  r i v e r  e s t u a r y .  The she l f -b reak  is l o c a t e d  a t  
200 rn. I n  t h e  s o u t h e r n  p a r t s  t h e  s h e l f - b r e a k  is l o c a t e d  a t  d e p t h s  v a r y i n g  between 
80 and 150 m .  Submerged v a l l e y s  o c c u r  f r e q u e n t l y .  In  t h e  Gulf o f  Guinea t h e  s h e l f  
wid th  is  about  30 km, widening t o  abou t  70 km a t  t h e  mouths,  o r  d e l t a s ,  of  t h e  Niger 
and Z a i r e  (Congo) r i v e r s .  The submerged canyon of  t h e  l a t t e r  c u t s  th rough  t h e  
c o n t i n e n t a l  margin and s l o p e ,  r e a c h i n g  t h e  bottom o f  t h e  Angola Basin  a t  4,000 m. 
From t h e  Z a i r e  (Congo) r i v e r  t o  t h e  South Angola b o r d e r s  t h e  s h e l f  is v e r y  narrow, 
a b o u t  4 km wide, wi th  a  maximum d e p t h  n o t  exceeding 100 m. Near Walvis Bay t h e r e  is 
a g a i n  a  change wi th  an i n c r e a s e  t o  a  v e r y  wide s h e l f .  

From 30Â° t o  15ON, on t h e  o c e a n i c  s i d e ,  t h e  c o n t i n e n t a l  s h e l f  b o r d e r s  a series o f  
b a s i n s  s e p a r a t e d  by r i s e s  o r  r i d g e s ,  from s o u t h  t o  n o r t h :  Cape Bas in ,  s e p a r a t e d  by 
t h e  Walvis Ridge from t h e  Angola Bas in ,  bounded i n  t h e  n o r t h  by t h e  Guinea Ridge; 
t h e  r e l a t i v e l y  smal l  Guinea and S i e r r a  Leone Bas ins ,  e x t e n d i n g  a long  t h e  e q u a t o r ,  
a r e  bounded by t h e  L i b e r i a  Rise  and t h e  S i e r r a  Leone Rise. The Region is bounded i n  
t h e  n o r t h  by t h e  Cape Verde P l a t e a u .  These t o p o g r a p h i c a l  d i v i s i o n s  c o n s t i t u t e  
i m p o r t a n t  e f f e c t s  o r  c o n s t r a i n t s  on t h e  oceanographic  c o n d i t i o n s  i n  t h e  Region. 

Knowledge o f  t h e  c o n t i n e n t a l  s h e l f  o f  t h e  Region is r e l a t i v e l y  l i m i t e d .  P r e c i s e  
b a t h y m e t r i c  c h a r t s  a r e  o f t e n  l a c k i n g .  I t  is e v i d e n t  t h a t  i n  r e l a t i o n  t o  many modern 
u s e s  of t h e  s e a  bed, e.g.  l a y i n g  o f  p i p e l i n e s ,  i n s t a l l a t i o n  o f  d r i l l i n g  p l a t f o r m s ,  



e x p l o i t a t i o n  o f  s a n d ,  g r a v e l  and m i n e r a l  d e p o s i t s ,  such  c h a r t s  showing d e t a i l s  o f  
t h e  s e a  bed o f  t h e  c o n t i n e n t a l  margin and t h e  e x c l u s i v e  economic zone a r e  a  
p r e r e q u i s i t e .  

1 . 2  Morphology 

The morphology o f  t h e  c o a s t l i n e  is i n f l u e n c e d  by c u r r e n t  t r a n s p o r t s  a longshore ,  
t i d e s ,  winds and waves. The c o a s t s  a r e  main ly  low, sandy  and l a c k i n g  n a t u r a l  
h a r b o u r s ,  w i t h  some e x c e p t i o n s  a s s o c i a t e d  with  r i v e r  mouths and a r e a s  o f  s t r o n g  
t i d e s ,  e .g .  i n  Guinea-Bissau ( P o r t o  Gole ) ,  t h e  Niger D e l t a ,  a t  Mocamedes, Angola and 
Walvis  Bay, Namibia. Four t y p e s  o f  c o a s t l i n e  a r e  d i s c e r n e d :  drowned c o a s t s  i n  t h e  
n o r t h e r n  a r e a :  s a n d b a r  o r  lagoon c o a s t s  a l o n g  t h e  n o r t h  o f  t h e  Gulf o f  Guinea, 
ma in ly  formed from d e p o s i t s  th rough  wave motion;  d e l t a s  a s s o c i a t e d  w i t h  most o f  t h e  
r i v e r s ,  u s u a l l y  w i t h  mangrove swamps and marshes; c o a s t  w i t h  s a n d p i t s ,  formed by 
accumula t ion  o f  sand  i n  bays ,  t r a n s p o r t e d  by s t r o n g  a l o n g s h o r e  c u r r e n t s ,  found i n  
t h e  s o u t h e r n  p a r t s  o f  Angola. 

The s h o r e s  i n  t h e  nor th-western  p a r t  o f  t h e  Region a r e  r e l a t i v e l y  young, s u b j e c t  t o  
b o t h  e r o s i o n  and accumula t ion  o f  t e r r i g e n o u s  m a t e r i a l ,  and i n  a  smoothing s t a g e  o f  
development.  The c o a s t l i n e  o f  t h e  Gulf o f  Guinea is c h a r a c t e r i z e d  by a  system of  
o f f s h o r e  b a r s  and l agoons .  The b a r  system,  caused  by s w e l l s  coming from t h e  s o u t h ,  
makes t h e  c o a s t  r a t h e r  i n a c c e s s i b l e .  C o n s i d e r a b l e  e r o s i o n  can  o c c u r  i n  p a r t s  o f  t h e  
Gulf of  Guinea. The Niger is a  major s o u r c e  o f  s e d i m e n t a r y  m a t e r i a l .  From t h e  
Congo t o  Namibia, a r e a s  o f  bo th  e r o s i o n  and accumula t ion  s h o r e s  c a n  be  found. 

S t r u c t u r e :  Se i smic  r e s e a r c h  and c o r i n g  have shown t h a t  t h e  t h i c k n e s s  o f  t h e  bottom 
s e d i m e n t s  v a r i e s  from 2-3 km o f f  Maur i t an ia  t o  1-1.5 km o r  less o f f  S i e r r a  Leone and 
L i b e r i a .  I n  t h e  Gulf o f  Guinea s e v e r a l  d e p r e s s i o n s  have been l o c a t e d  wi th  
sed imenta ry  d e p o s i t s  o f  5-6 km t h i c k n e s s ,  r e a c h i n g  8  km i n  a  l a r g e  d e p r e s s i o n  n e a r  
t h e  Niger D e l t a .  The Niger D e l t a  r e c e i v e s  s e d i m e n t s  from an ex tended  h i n t e r l a n d ,  
and is sandy  w i t h  m a r g i n a l  e s t u a r i e s  and b a r r i e r  i s l a n d s .  The Gabon b a s i n  c o n t a i n s  
1 6  t o  1 8  km of  s e d i m e n t s  ( B r i n k ,  1974) .  I n  t h e  s o u t h e r n  p a r t  o f  t h e  Region t h e  
sed imenta ry  l a y e r s  a r e  3-4 km t h i c k  ( L i t v i n ,  1980) .  

The r a t e  o f  s e d i m e n t a t i o n  v a r i e s  i n  t h e  range  30-100 mm p e r  1 ,000  y e a r s  n o r t h  o f  t h e  
Congo, b e i n g  i n  t h e  r a n g e  10-30 nun p e r  1 ,000 y e a r s  f u r t h e r  s o u t h .  

Composition: T e r r i g e n o u s  s e d i m e n t s  predominate  o v e r  t h e  g r e a t e r  p a r t  o f  t h e  Region. 
I n  t h e  n o r t h  50 t o  80 p e r  c e n t  o f  a l l  sed iments  a r e  t e r r i g e n o u s .  In  t h e  Gulf o f  
Guinea and n e a r  t h e  Angolan c o a s t  t h e  t e r r i g e n o u s  component i n  sed iments  r e a c h e s  
90 p e r  c e n t .  T h i s  is a  r e s u l t  o f  l a r g e  q u a n t i t i e s  o f  suspended m a t e r i a l s  from t h e  
Niger (67 m i l l i o n  t o n n e s / y e a r )  and t h e  Congo (68  m i l l i o n  tonnes /year )  . Near t h e  
c o a s t  o f  Namibia t h e  t e r r i g e n o u s  component i n  sed iments  e q u a l s  approx imate ly  50-70 
P e r  c e n t  b u t  i t  is g r a d u a l l y  r e p l a c e d  by b i o g e n i c  ( c a r b o n a t e )  sed iments .  Sand and 
si l t  a r e  t h e  b a s i c  g r a i n - s i z e  f r a c t i o n s  i n  s e d i m e n t s  o f  t h e  r e g i o n ,  c o v e r i n g  65- 
-90 p e r  c e n t .  Only i n  t h e  a r e a s  o f  main s t r e a m s  o f  a e o l i a n  d u s t  (Sahara  and Namibia 
d e s e r t s )  does  t h e  p e r c e n t a g e  o f  s a n d s  predominate  (50-60 p e r  c e n t  o f  sed iments )  
(Emeljanov e t  a l . ,  1 9 7 6 ) .  

C o n c e n t r a t i o n s  o f  CaC03 ( l e s s  t h a n  30 p e r  c e n t )  a r e  i n h e r e n t  t o  sed iments  of  t h e  
WACAF Region, e s p e c i a l l y  i n  t h e  c o a s t a l  zones ,  where t h e  d i l u t i n g  i n f l u e n c e  of  
components i s  v e r y  s t r o n g .  Only i n  t h e  s o u t h e r n  p a r t  o f  t h e  Region, n e a r  t h e  
Namibian c o a s t ,  a r e  t h e r e  h i g h e r  o n c e n t r a t i o n s  o f  CaC03 (50-60 p e r  c e n t )  ( L i s i t z i n ,  
1974) .  



Repeated c o n c e n t r a t i o n s  of  amorphous SiO ( l e s s  t h a n  5 p e r  c e n t  ) a r e  i n h e r e n t  i n  2  
s e d i m e n t s  o f  t h e  Region. Only i n  t h e  n o r t h e r n  p a r t  o f  t h e  Namibian d e s e r t ,  n e a r  
Walvis Bay i s  an a r e a  o f  h i g h  S i02  c o n c e n t r a t i o n s  (up  t o  50 p e r  c e n t )  l o c a t e d  
( L i s i t z i n ,  1974) .  

Organic  ca rbon  c o n c e n t r a t i o n s  a r e  mos t ly  i n  a  narrow r a n g e  o f  0.5-1.0 p e r  c e n t ,  
be ing  l a r g e r  ( 2  p e r  c e n t  ) n e a r  t h e  c o a s t s  o f  Z a i r e  and Congo, p r o b a b l y  due t o  t h e  
i n p u t  o f  b i o g e n i c - r i c h  m a t e r i a l  from t h e  Congo r i v e r .  

Average c o n c e n t r a t i o n s  o f  Fe i n  sed iments  o f  t h e  n o r t h e r n  p a r t s  r e a c h  1-3 p e r  c e n t .  
I n  t h e  Gulf o f  Guinea,  e s p e c i a l l y  n e a r  t h e  mouths o f  t h e  Niger and Congo r i v e r s ,  
t h e r e  a r e  r a t h e r  h i g h  c o n c e n t r a t i o n s  o f  Fe (up  t o  10-12 p e r  c e n t ) .  P r e s e n c e  o f  such  
c o n c e n t r a t i o n s  c a n  b e  e x p l a i n e d  by t h e  t r a n s p o r t  o f  l a r g e  q u a n t i t i e s  o f  i r o n - r i c h  
suspended m a t t e r  from l a t e r i t i c  a r e a s  o f  t h e  Af r ican  c o n t i n e n t .  Sediments  i n  t h e  
c o a s t a l  zones  o f  Angola and Namibia c o n t a i n  low c o n c e n t r a t i o n s  o f  Fe (1.5-2.0 
p e r  c e n t  o r  l e s s )  (Emeljanov et a l . ,  1976) .  

Small  c o n c e n t r a t i o n s  o f  Mn (0.1-0.2 p e r  c e n t )  a r e  common t o  most o f  t h e  r e g i o n .  
Only n e a r  t h e  mouth o f  t h e  Niger is t h e r e  a  zone o f  r a t h e r  h i g h  c o n c e n t r a t i o n s ,  up 
t o  1.0-1.5 p e r  c e n t .  Such a  d i s t r i b u t i o n  o f  Pin i n  t h e  c o a s t a l  zone is e x p l a i n e d  by 
i ts  c l o s e  c o n n e c t i o n  w i t h  t h e  c l a y  f r a c t i o n  o f  sed iments .  The c l a y  f r a c t i o n  is 
l a r g e l y  t r a n s p o r t e d  f u r t h e r  o f f s h o r e .  That is why i ts  maximal c o n c e n t r a t i o n s  a r e  
l o c a t e d  i n  sed iments  and Fe-Mn nodules  o f  deep  o c e a n i c  b a s i n s  ( A t l a n t i c  Ocean, 1977; 
L i s i t z i n ,  1974) .  

S t a b i l i t y :  From t h e  g e o l o g i c a l  p o i n t  o f  view t h e  WACAF Region is f a i r l y  s t a b l e .  
Heat f low measurements conducted w i  h i n  t h e  WACAF c o n t i n e n t a l  margin  showed t h a t  i t  2 
d i d  n o t  exceed 1 .14  microcalor ies /cm / sec .  The o n l y  r e l a t i v e l y  a c t i v e  vo lcano  is 
l o c a t e d  on t h e  c o a s t  o f  Cameroon n e a r  Douala. I ts  o r i g i n  is c l o s e l y  connec ted  w i t h  
a  l a r g e  f r a c t u r e  zone which e x t e n d s  from t h e  c o n t i n e n t  t o  t h e  south-west .  S e v e r a l  
submarine mountains  and v o l c a n i c  i s l a n d s ,  l i k e  Fernando Po, Sao Tome and P r i n c i p e ,  
a r e  p r e s e n t  a l o n g  t h i s  zone. 

According t o  s c i e n t i f i c  e s t i m a t e s  t h e r e  is o n l y  one f o c a l  p o i n t  o f  e a r t h q u a k e s  a t  
60  km d e p t h  which is  l o c a t e d  n e a r  Accra (Ghana).  T h e o r e t i c a l l y  i t  c a n  produce shocks  
o f  a  magni tude e q u a l  t o  6-7 on t h e  R i c h t e r  s c a l e ,  bu t  i n  p r a c t i c e  e a r t h q u a k e s  a r e  
very r a r e  i n  t h e  Region. The c o a s t a l  p o p u l a t i o n  of  t h e  r e g i o n  d o e s  n o t  have t o  be  
p repared  f o r  dangerous  tsunami waves and c a t a s t r o p h i c  v o l c a n i c  e r u p t i o n s  (Klenova 
and Lavrov, 1975) .  A l l  t h e  i n f o r m a t i o n  t e s t i f i e s  t o  t h e  v e r y  h i g h  t e c t o n i c  
s t a b i l i t y  of  t h i s  p a r t  o f  t h e  Af r ican  c o n t i n e n t .  

2 .  N A T U R A L  ZONES OF THE REGION 

I t  is a l r e a d y  c l e a r  from t h e  above t h a t  t h e  Region c o v e r s  some r a t h e r  d i v e r s e  zones ,  
and t h i s  is f u r t h e r  borne o u t  when m e t e o r o l o g i c a l ,  c l i m a t i c  and p h y s i c a l  
oceanograph ica l  c h a r a c t e r i s t i c s  a r e  c o n s i d e r e d .  These c o n d i t i o n s  d e f i n e  a  nunber o f  
n a t u r a l  zones i n t o  which t h e  Region can  be  d i v i d e d .  T h i s  h e l p s  t o  f o c u s  a t t e n t i o n  
on t h e  dominant f e a t u r e s  o f  each  zone which t o  a  l a r g e  e x t e n t  d e t e r m i n e  t h e  n a t u r a l  
c o n d i t i o n s  of t h e  marine  environment o f  t h a t  p a r t i c u l a r  zone. 

According t o  S c h o t t  (1944)  t h e r e  a r e  t h r e e  main n a t u r a l  zones  c o v e r i n g  t h e  Region, 
namely: The S u b t r o p i c a l  South-west Af r ican  zone, t o  abou t  1 5 O  S ,  d e f i n e d  
e s s e n t i a l l y  by t h e  Benguela C u r r e n t ;  t h e  T r o p i c a l  Ascension zone t o  about  t h e  
e q u a t o r ,  i n f l u e n c e d  by t h e  Eenguela C u r r e n t  which i n  t h e  n o r t h e r n  p a r t  o f  t h e  zone 



becomes t h e  South E q u a t o r i a l  C u r r e n t ;  t h e  Gulf o f  Guinea zone,  e x t e n d i n g  t o  
Cape Verde, n o r t h  o f  t h e  e q u a t o r  but  still i n f l u e n c e d  by wate r  from t h e  South 
E q u a t o r i a l  C u r r e n t ,  a s  w e l l  a s  from t h e  n o r t h  i n  t h e  E q u a t o r i a l  Counter C u r r e n t  and 
i n  t h e  c o a s t a l  wind-driven c u r r e n t .  Each o f  t h e s e  n a t u r a l  zones  is c h a r a c t e r i z e d  by 
its m e t e o r o l o g i c a l ,  climatic and oceanograph ica l  c o n d i t i o n s ,  which a l l  i n t e r a c t ,  and 
a l s o  i n f l u e n c e  c o n d i t i o n s  i n  t h e  h i n t e r l a n d .  The f e a t u r e s  o f  t h e  h i n t e r l a n d  a l s o  
have a n  i n f l u e n c e  on t h e  c o n d i t i o n s  i n  t h e  s e a .  

The t h r e e  main n a t u r a l  zones  may be  f u r t h e r  d i v i d e d  when g i v i n g  more d e t a i l e d  
c o n s i d e r a t i o n  t o  t h e  ocean c u r r e n t s ,  b u t  h e r e  t h e  c h a r a c t e r i s t i c s  o f  t h e  WACAF 
Region w i l l  be  d i s c u s s e d  more o r  less a c c o r d i n g  t o  t h e s e  b a s i c  d i v i s i o n s  ( s e e  
f i g u r e  1 ) .  

3.  METEOROLOGY 

3 .1  S u r f a c e  winds 

The l a r g e - s c a l e ,  s e a s o n a l  wind p a t t e r n s  are b a s i c a l l y  de te rmined  by t h e  two h igh  
p r e s s u r e  c e n t r e s  o f  t h e  A t l a n t i c ,  l o c a t e d  between t h e  Azores and t h e  Canary I s l a n d s  
and between t h e  T r i s t a n  d a  Cunha and S t .  Helena I s l a n d s ,  r e s p e c t i v e l y  ( f i g u r e  2 ) .  
The p r e v a i l i n g  wind d i r e c t i o n s  a r e  from t h e  n o r t h - e a s t  and s o u t h  t o  s o u t h - e a s t ,  i n  
t h e  n o r t h e r n  and s o u t h e r n  p a r t s  o f  t h e  Region, r e s p e c t i v e l y ,  w i t h  s e a s o n a l  
v a r i a t i o n s  main ly  i n  s t r e n g t h ,  e x c e p t  i n  t h e  Gulf o f  Guinea where d i r e c t i o n s  can  
v a r y  c o n s i d e r a b l y .  The a v e r a g e  f o r c e  o f  t h e  winds  is 3-6 m / s ,  t h e  weakest i n  t h e  
c e n t r a l  p a r t s  and t h e  s t r o n g e s t  i n  t h e  n o r t h e r n  and s o u t h e r n  p a r t s .  

The sea- land b r e e z e  system is v e r y  w e l l  developed a l o n g  t h e  whole c o a s t l i n e ,  w i t h  an 
onshore  b r e e z e  i n  t h e  a f t e r n o o n s  and an o f f s h o r e  a t  n i g h t .  The onshore  b reeze  is 
u s u a l l y  s t r o n g e r  t h a n  t h e  o f f s h o r e .  The sea - land  b r e e z e  can i n f l u e n c e  t h e  
p r e v a i l i n g  s e a s o n a l  winds c o n s i d e r a b l y :  i n  Guinea and Guinea-Bissau t h e  
n o r t h - e a s t e r l y  t r a d e  wind i n  January  is f r e q u e n t l y  r e v e r s e d  by a  w e s t e r l y  wind i n  
t h e  a f t e r n o o n ;  a l o n g  t h e  c o a s t  o f  Guinea s t r o n g  s o u t h - w e s t e r l y  winds o f t e n  r e p l a c e  
t h e  s e a s o n a l  winds i n  t h e  a f t e r n o o n .  

I n  t h e  s o u t h e r n  p a r t  o f  t h e  Region t h e  oceanograph ic  i n f l u e n c e  on wind c o n d i t i o n s  is 
marked. Although t h e  zone is i n  t h e  g e n e r a l  a r e a  o f  t h e  s o u t h - e a s t  t r a d e s ,  t h e  
winds a t  t h e  c o a s t  a r e  predominant ly  from t h e  south-west o r  s o u t h ,  whereas  a t  s e a  
t h e  main d i r e c t i o n  is from t h e  s o u t h - e a s t .  T h i s  i m p l i e s  t r a n s f e r  o f  d r y  and 
r e l a t i v e l y  low-temperature  a i r  towards  t h e  c e n t r a l  p a r t s  o f  t h e  Region. Also t h e  
Ascension zone f a l l s  i n  t h e  a r e a  o f  t h e  s o u t h - e a s t  t r a d e  winds,  which, however, c a n  
be  q u i t e  weak i n  t h i s  zone. 

I n  t h e  n o r t h e r n  p a r t  o f  t h e  Gulf o f  Guinea zone,  from Cape Verde sou thwards ,  t h e  
nor th -eas t  t r a d e s  domina te ,  s p e c i a l 1  y  d u r i n g  w i n t e r ,  r e a c h i n g  t h e i r  s o u t  hern l i m i t  
i n  March ( S i e r r a  Leone).  In  t h e  Gulf o f  Guinea t h e  south-west monsoon domina tes ,  
be ing  s t r o n g e s t  and r e a c h i n g  f u r t h e s t  n o r t h  d u r i n g  summer. In  between t h e s e  wind 
sys tems  t h e  doldrums o c c u r ,  w i t h  weak o r  v a r y i n g  winds.  The SW Monsoon can be  
regarded  a s  a  s l i g h t l y  d e f l e c t e d  c o n t i n u a t i o n  o f  t h e  SE t r a d e s ,  hence no 
doldrum-like t r a n s i t i o n  i n  between. 



3.2 Air tempera tu re  (To)  a t  s e a  s u r f a c e  

I n  w i n t e r  t h e  a i r  t e m p e r a t u r e  f o r  t h e  whole r e g i o n  is +20Â°-26OC Max 
t e m p e r a t u r e  abou t  +32Â¡-36O is observed n e a r  t h e  c o a s t  o f  L i b e r i a  and a l o n g  
n o r t h e r n  p a r t  o f  t h e  Gulf o f  Guinea i n c l u d i n g  N i g e r i a .  Minimum T o ,  a b o u t  +12O-1 
is found n e a r  Maur i t an ia  and n e a r  Z a i r e .  

I n  summer, a v e r a g e  T o  is +20Â°-26O f o r  most p a r t  o f  t h e  r e g i o n .  Maximum T o  and 
l o c a t i o n  are t h e  same a s  f o r  w i n t e r  and minimal T o ,  abou t  +8Â¡-12O is found n e a r  
c o a s t  o f  Namibia ( G r i f f i t h s ,  1972; A t l a s  o f  t h e  World Ocean, 1976) .  

Annual f l u c t a t i o n s  o f  a i r  t empera tu re  a t  s e a  s u r f a c e  a r e  0Â°-2O f o r  t h e  Gulf 
Guinea and t h e  Ascension zones ,  bu t  t h e y  a c h i e v e  6O and even more i n  t h e  south-west  
A f r i c a n  zone. 

3 . 3  Humidity,  p r e c i p i t a t i o n  and c loud  c o n d i t i o n s  

The a v e r a g e  v a l u e  o f  r e l a t i v e  humid i ty  o f  t h e  a tmosphere  i n  t h e  r e g i o n  is 70-75 
p e r  c e n t  annua ly .  The a r e a  o f  h i g h e r  humidi ty  (up t o  80 p e r  c e n t  and more) 
c o i n c i d e s  w i t h  t h e  Gulf o f  Guinea. 

There a r e  two a r e a s  o f  minimal p r e c i p i t a t i o n  ( l e s s  t h a n  50 mm/year) i n  t h e  r e g i o n .  
One of them is l o c a t e d  n e a r  Cape Verde I s l a n d s  and t h e  o t h e r  n e a r  t h e  c o a s t a l  
Namibian d e s e r t .  The south-west Af r ican  c o a s t  is  d r y  because o f  t h e  d r y  SE t r a d e  
wind and t h e  low t e m p e r a t u r e s  o f  t h e  wa te r .  

I n  t h e  e q u a t o r i a l  zone o f  t h e  Gulf o f  Guinea t h e  a v e r a g e  p r e c i p i t a t i o n  is v e r y  h i g h ,  
2 ,000 mm/yr. Near t h e  c o a s t  o f  L i b e r i a  t h e  volume o f  r a i n  wa te r  c o l l e c t e d  d u r i n g  a 
yea r  e q u a l s  5,500 mm/yr, and t h e  w e t t e s t  p l a c e  i n  t h e  world is l o c a t e d  i n  N i g e r i a ,  
where t h e  annua l  p r e c i p i t a t i o n  r e a c h e s  a lmos t  1 m  ( A t l a n t i c  Ocean, 1977; A t l a s  o f  t h e  
World Ocean, 1976) .  

I t  shou ld  b e  added t h a t  thunders to rms  o c c u r  f r e q u e n t l y  i n  t h e  Gulf o f  Guinea. 

The c loud  c o n d i t i o n s  i n  t h e  south-west Af r ican  zone a r e  i n f l u e n c e d  by t h e  low wate r  
t e m p e r a t u r e s ,  g e n e r a t i n g  r e l a t i v e 1  y h i g h  c l o u d  coverage  o f  s t r a t o c u m u l u s .  Fog is 
a l s o  f r e q u e n t  i n  t h i s  a r e a .  Also i n  t h e  Ascension and Guinea zones  t h e  c loud  
coverage  is  u s u a l l y  abundant  throughout  t h e  year .  I n  t h e  n o r t h e r n  p a r t  o f  t h e  
Region, a p a r t  from Freetown and Cape Verde, t h e r e  is l i t t l e  c l o u d  coverage  and t h e  
s k i e s  a r e  o f t e n  c l e a r .  

4. CLIMATOLOGY 

According t o  a g e n e r a l l y  a c c e p t e d  scheme, based on t h e  c o r r e l a t i o n  between h e a t  and 
m o i s t u r e ,  t h e  West and C e n t r a l  Af r ican  Region is s i t u a t e d  w i t h i n  t h r e e  main c l i m a t i c  
zones  ( s e e  f i g u r e  3 ) :  namely t h e  North and South Arid zones  wi th  t h e  E q u a t o r i a l  
Humid zone i n  between, which e s s e n t i a l l y  c o i n c i d e s  wi th  t h e  Ascension and Guinea 

? 1 1, zones .  

( i )  North a r i d  zone 

T h i s  zone i n c l u d e s  Maur i t an ia  and most p a r t  o f  Senegal .  I t  is c h a r a c t e r i z e d  by a 
d e s e r t  and semi -dese r t  c l i m a t e ,  c o n s i d e r a b l e  d i f f e r e n c e s  i n  s e a s o n a l  t e m p e r a t u r e s  o f  



(1 )  Arid zones 
( 2 )  Humid zones 
( 3 )  Borders between zones adopted i n  t h i s  r e p o r t  
( 4 )  Borders between c l i m a t i c  zones ( L i s i t z i n ,  1974) 

Figure 3: Approximate scheme of c l i m a t i c  zones i n  t he  region 



s u r f a c e  a i r  masses ( i n  w i n t e r  25"-3O0C, i n  summer 15"-20Â°C and v e r y  l i m i t e d  
p r e c i p i t a t i o n s  (100-200 mm/year). Poor v e g e t a t i o n  and s c a n t i n e s s  o f  w i l d l i f e  a r e  
t h e  consequences  o f  t h e s e  n a t u r a l  c o n d i t i o n s .  Maur i t an ia ,  f o r  example,  is a lmos t  
c o m p l e t e l y  covered  by sandy and s t o n y  d e s e r t s  and semi -dese r t  a r e a s .  

The i n f l u e n c e  o f  t h e  Af r ican  d e s e r t  zone de te rmines  b a s i c  c l i m a t i c  p r o p e r t i e s  f o r  
t h e  c o a s t a l  a r e a s .  T r o p i c a l  a i r  masses  p r e v a i l  t h e r e .  A c t i v e  e v a p o r a t i o n  from t h e  
s e a  s u r f a c e  i s  g r e a t e r  than  t h e  p r e c i p i t a t i o n ,  l e a d i n g  t o  r e l a t i v e l y  h i g h  s a l i n i t y  
o f  t h e  s u r f a c e  wa te r s .  The wea ther  is mainly  o f  a n t i c y c l o n i c  t y p e  w i t h  l i g h t  c l o u d s .  
Atmospheric v i s i b i l i t y  c a n  b e  r a t h e r  poor because o f  l a r g e  amounts o f  a e o l i a n  d u s t  
o r i g i n a t i n g  from t h e  A f r i c a n  d e s e r t s ,  e s p e c i a l l y  i n  summer (SCOPE-14, 1979; 
L i s i t z i n ,  1974).  

( i i )  E q u a t o r i a l  humid zone 

A l l  t h e  c o u n t r i e s  b o a r d e r i n g  t h e  Gulf o f  Guinea a r e  i n f l u e n c e d  by t h e  c l i m a t i c  
c o n d i t i o n s  o f  t h i s  zone: a  humid t r o p i c a l  c l i m a t e  w i t h  p r a c t i c a l l y  s t a b l e  
a tmospher ic  t e m p e r a t u r e s  (20"-2592) around t h e  y e a r  and h i g h  a tmospher ic  
p r e c i p i t a t i o n .  These c o n d i t i o n s  a r e  ve ry  f a v o u r a b l e  f o r  i n t e n s i v e  development o f  
v e g e t a t i o n  and a l l  k i n d s  o f  a n i m a l s .  Two main West A f r i c a n  r i v e r s ,  Niger and Congo, 
l o c a t e d  t h e r e  have an i n f l u e n c e  on t h e  c l i m a t e  o f  t h e  zone. 

I n  t h e  c o a s t a l  a r e a s ,  t h e  e q u a t o r i a l  a i r  masses p r e v a i l ,  and t h e y  a r e  c h a r a c t e r i z e d  
by h i g h  t e m p e r a t u r e s  and humidi ty ,  w i t h  heavy c l o u d s .  P r e c i p i t a t i o n  is much h i g h e r  
t h a n  e v a p o r a t i o n  and heavy t r o p i c a l  r a i n s  a r e  v e r y  o f t e n  accompanied by 
thunders to rms .  S u r f a c e  winds o r i g i n a t i n g  i n  t h e s e  a r e a s  a r e  o f  u n s t a b l e  c h a r a c t e r  
and r a t h e r  weak. 

Th i s  zone can be subd iv ided  i n t o  s e v e r a l  c l i m a t i c  a r e a s  a f f e c t i n g  t h e  c o u n t r i e s  i n  
t h e  zone: Cameroon and s o u t h e r n  N i g e r i a  a r e  i n  an e q u a t o r i a l  a r e a  w i t h  r a i n f a l l  a l l  
t h e  y e a r ,  h i g h  t e m p e r a t u r e s  and humidi ty;  a long  t h e  Ghana t o  Guinea c o a s t  t h e r e  is 
heavy s e a s o n a l  r a i n f a l l ,  a l t e r n a t i n g  wi th  a  d r y  season ;  from e a s t e r n  Ghana t o  Benin 
t h e r e  i s  a  c o a s t a l  c l i m a t e  wi th  low r a i n f a l l  but  humid a i r ;  i n  t h e  nor th-western  
p a r t  of  t h e  zone d r y  and r a i n y  s e a s o n s  a l t e r n a t e .  

i i i )  South a r i d  zone 

Two c o u n t r i e s  o f  t h e  Region (Angola and Namibia) a r e  i n c l u d e d  i n  t h i s  zone. The 
c l i m a t e  of  t h e  South a r i d  zone mainly  depends upon t h e  i n f l u e n c e  o f  d e s e r t  and 
d roughty  a r e a s  of  South A f r i c a  and i n  many d e t a i l s  i t  is s i m i l a r  t o  t h e  c l i m a t e  o f  
North a r i d  zone. Sparse  a tmospher ic  p r e c i p i t a t i o n s  ( l e s s  than  200 mm/year) and a  
c o n s i d e r a b l e  d i f f e r e n c e  between w i n t e r  and summer a i r  t e m p e r a t u r e s  a r e  t y p i c a l  o f  
t h i s  zone.  Bas ic  v e g e t a t i o n  c o n s i s t s  o f  d r o u g h t - r e s i s t a n t  b u s h e s ,  t h o r n s  and g r a s s .  
S e v e r a l  k i n d s  o f  c a c t u s e s  a r e  d i s t r i b u t e d  i n  s e m i d e s e r t  a r e a s  o f  t h i s  zone. 
Cons iderab le  amounts o f  a tmospher ic  d u s t  a r e  c a r r i e d  o u t  t o  s e a  by winds  from t h e  
Namibian d e s e r t ,  bu t  t h e  s c a l e  o f  a e o l i a n  t r a n s p o r t a t i o n  is much l e s s  t h a n  i n  t h e  
n o r t h  zone ( L i s i t z i n ,  1974) .  

5. OCEANOGRAPHY 

5 . 1  Sea-water c i r c u l a t i o n  

F i v e  d i s t i n c t  and r e l a t i v e l y  p e r s i s t e n t  o c e a n i c  c u r r e n t s  a r e  o f  impor tance  f o r  t h e  
t r a n s p o r t  o f  s u b s t a n c e s ,  w a t e r  t e m p e r a t u r e ,  meteorology-cl imatology and b i o l o g i c a l  



c o n d i t i o n s .  They a r e  t h e  f o l l o w i n g ,  from t h e  s o u t h  ( f i g u r e  4):  t h e  Benguela 
C u r r e n t  f lowing  a l o n g  t h e  c o a s t  o f  t h e  south-west A f r i c a n  zone,  t u r n i n g  o f f  t h e  
c o a s t  a t  abou t  6O S;  t h e  Guinea Cur ren t  f lowing  e a s t w a r d s  and south-eastwards  a long  
t h e  c o a s t  o f  t h e  Gulf o f  Guinea,  a lmos t  r e a c h i n g  t h e  e q u a t o r ,  and which t o  a  l a r g e  
e x t e n t  c o n s t i t u t e s  a  c o n t i n u a t i o n  of  t h e  E q u a t o r i a l  c o u n t e r c u r r e n t ;  t h e  South 
E q u a t o r i a l  C u r r e n t  f lowing  westwards a t  some d i s t a n c e  from t h e  c o a s t  between about  
l o 0  S  and t h e  e q u a t o r ;  and t h e  Canary Cur ren t  f l o w i n g  south-westwards a long  t h e  
c o a s t  i n  t h e  n o r t h e r n  p a r t  o f  t h e  Region, p a r t l y  f e e d i n g  t h e  Guinea C u r r e n t ,  p a r t l y  
t h e  North E q u a t o r i a l  Cur ren t .  Both t h e  Canary and t h e  Benguela Cur ren t  t r a n s p o r t  
c o o l  w a t e r  towards  t h e  e q u a t o r .  The average  c u r r e n t  v e l o c i t i e s  a r e  abou t  20 ads. 
The Guinea C u r r e n t  carries warm water  towards  t h e  c o a s t ,  w i t h  v e l o c i t i e s  i n  t h e  
r a n g e  of  1-3 k n o t s ,  s t r o n g e s t  i n  t h e  summer months. A l l  t h e  c u r r e n t s  a r e  b a s i c a l l y  
wind-driven, r e l a t i v e l y  s h a l l o w  and vary ing  s e a s o n a l 1  y  w i t h  t h e  change o f  wind 
c o n d i t i o n s .  T h i s  i m p l i e s  t h a t  c u r r e n t  d i r e c t i o n s  and v e l o c i t i e s  can  v a r y  
c o n s i d e r a b l y  and t h a t  sometimes t h e  c u r r e n t s  a r e  q u i t e  weak. 

The c o o l  wa te r  o f  t h e  Benguela C u r r e n t ,  which is most deve loped  i n  t h e  1 5 O  S  t o  5O S  
r e g i o n  a l o n g  the c o a s t ,  p a r t l y  e n t e r s  t h e  South E q u a t o r i a l  C u r r e n t  and p a r t l y  mixes 
w i t h  t h e  warm wate r  o f  t h e  Guinea Cur ren t .  The t r a n s i t i o n  zone between t h e s e  t h r e e  
c u r r e n t s  is f r o n t - l i k e  w i t h  t u r b u l e n t  mixing and a  medium s i z e d  eddy motion. 

The p r e v a i l i n g  r e g i o n a l  wind s y s t e m s  a long  t h e  c o a s t s  o f  t h e  Region g e n e r a t e  an 
o f f s h o r e  f low component i n  t h e  s u r f a c e  l a y e r  o f  t h e  s e a  due t o  t h e  combined a c t i o n  
o f  t h e  wind stress and t h e  r o t a t i o n  o f  t h e  e a r t h .  The o f f s h o r e  t r a n s p o r t  is 
compensated by onshore  f low a t  i n t e r m e d i a t e ,  50-300 m ,  d e p t h s  and v e r t i c a l  f low 
towards  t h e  s u r f a c e  l a y e r ,  s o - c a l l e d  upwel l ing ,  i n  a  band o f  some t e n s  o f  k i l o m e t r e s  
a d j a c e n t  t o  t h e  c o a s t .  T h i s  is a  v e r y  i m p o r t a n t  f e a t u r e  o f  l a r g e  p a r t s  o f  t h e  
c o a s t l i n e  (Tomezak, 1979; Burkov, 1980; Offurum, 1981) :  a l o n g  t h e  north-west p a r t  
o f  t h e  c o a s t  from October t o  A p r i l ;  a long  p a r t s  o f  t h e  n o r t h e r n  c o a s t  o f  t h e  Gulf 
o f  Guinea i n  l i m i t e d  a r e a s  d u r i n g  t h e  summer months; a long  t h e  s o u t h e r n  c o a s t l i n e  
i n  t h e  Benguela C u r r e n t  system,  wi th  a  marked s e a s o n a l  v a r i a t i o n  o f  s t r o n g  upwel l ing  
i n w i n t e r  (August)  and weak i n  summer (November-February) ( f i g u r e  5 ) .  Th i s  
upwel l ing  system c o r r e s p o n d s  t o  t h e  Peruv ian  upwel l ing  system i n  t h e  P a c i f i c  Ocean. 
G e n e r a l l y  t h e  s t r e n g t h  o f  t h e  upwel l ing  f l u c t u a t e s ,  depending upon t h e  l o c a l  and 
r e g i o n a l  winds.  Of t e n  t h e  upwel l ing  zone is s e p a r a t e d  from t h e  open ocean w a t e r s  by 
a  f r o n t a l  t r a n s i t i o n  a l o n g  which t h e r e  can be a  s i n k i n g  tendency.  Often t h e  c u r r e n t  
v e l o c i t i e s  a r e  s t r o n g  i n  t h e  upwel l ing  a r e a s .  

R e l a t i v e 1  y  marked poleward-flowing u n d e r c u r r e n t s  a r e  normal ly  a s s o c i a t e d  w i t h  t h e  
p e r s i s t e n t  upwel l ing  sys tems .  The u n d e r c u r r e n t s  f l o w  a l o n g  t h e  c o n t i n e n t a l  s l o p e  a t  
d e p t h s  between abou t  200 and 600 m ,  e x t e n d i n g  a  few t e n s  o f  k i l o m e t r e s  seawards .  

The deep  and bottom wate r  c i r c u l a t i o n s  o f  t h e  Region a r e  s t r o n g l y  i n f l u e n c e d  by t h e  
topograph ic  b a r r i e r s  mentioned i n  s e c t i o n  1.1. G e n e r a l l y  t h e r e  is a s low movement 
towards  t h e  e q u a t o r  i n  t h e  deep  water .  Sou th-At lan t i c  bottom wate r  is e f f e c t i v e l y  
Prevented from e n t e r i n g  from t h e  s o u t h  by t h e  t o p o g r a p h i c  b a r r i e r s  and can  o n l y  
e n t e r  from t h e  n o r t h  by t h e  Romanche Deep Channel th rough  t h e  Mid-Atlant ic  Ridge. 

5 .2  Temperature and s a l i n i t y  

The av r a  e  v a l u e  o f  s o l a r  r a d i a t i o n  i n  t h e  Region is r e l a t i v e l y  h i g h ,  160-180 5 
Kcal/cm / y e a r  compared t o  o t h e r  p a r t s  o f  t h e  A t l a p t i c ,  b e i n g  140-150 Kcal/cm /year  
i n  t h e  s o u t h e r n  p a r t s  and r e a c h i n g  200 Kcal/cm / y e a r  on t h e  c o a s t s  o f  Senegal  and 
Maur i t an ia  ( A t l a s  of t h e  World Ocean, 1976) .  The d i s t r i b u t i o n  o f  s e a  s u r f a c e  
t empera tu re  (SST) is c l o s e l y  r e l a t e d  t o  t h e  s o l a r  r a d i a t i o n  i n p u t  absorbed by t h e  



F i g u r e  4: The b a s i c  e l e m e n t s  o f  s ea -wa te r  c i r c u l a t i o n  i n  t h e  C e n t r a l  A t l a n t i c  
( L o n g h u r s t  , 1 9 6 2 )  

CC - C a n a r y  C u r r e n t  
NEC - Nor th  E q u a t o r i a l  C u r r e n t  
ECC - E q u a t o r i a l  C o u n t e r c u r r e n t  
SEC - S o u t h  E q u a t o r i a l  C u r r e n t  
GC - Guinea  C u r r e n t  
BC - B e n g u e l a C u r r e n t  
I - Nor th  A f r i c a n  Upwel l ing  
I1 - S o u t h  A f r i c a n  Upwel l ing  

F i g u r e  5: Schema t i c  d iagram of  t h e  s t r u c t u r e  of  t h e  Benaue la  C u r r e n t  and Sou th  
a - -  -. 

A f r i c a n  Upwel l ing  ( H a r t ,  C u r r i e  1962)  



w a t e r .  The h i g h e s t  t e m p e r a t u r e s  of  t h e  s u r f a c e  w a t e r s  a r e  found i n  t h e  Gulf o f  
Guinea,  w i t h  28O-29OC i n  w i n t e r  and 24O-26OC i n  summer ( n o r t h e r n ) ,  be ing  always lo- 
2OC h i g h e r  t h a n  t h e  a i r  t e m p e r a t u r e  t h e r e .  I n  t h e  Gulf o f  Guinea,  w i t h  a  s h a l l o w  
t h e r m o c l i n e ,  t h e  l a r g e s t  s e a s o n a l  SST v a r i a t i o n s  i n  t h e  e q u a t o r i a l  A t l a n t i c  a r e  
found. I n  t h e  o t h e r  two zones t h e  SST is markedly lower ,  e s p e c i a l l y  d u r i n g  t h e  
p e r i o d s  o f  maximum upwel l ing  i n  t h e  r e s p e c t i v e  w i n t e r  s e a s o n s .  T h i s  i m p l i e s  
c o n s i d e r a b l e  n e g a t i v e  ( i . e .  t o o  low SST) t e m p e r a t u r e  anomal ies  a t  some o f  t h e  
c o a s t a l  c i t ies  i n  t h e s e  zones ,  r e a c h i n g  v a l u e s  o f  9OC i n  t h e  sou thernmos t  p a r t  o f  
t h e  Region and 5OC i n  t h e  nor thernmost .  Along t h e  e q u a t o r  t h e  n e g a t i v e  anomaly o f  
t h e  SST is l 0 C .  The r a n g e  o f  v a r i a t i o n  o f  t h e  SST i n  t h e  Region is g e n e r a l l y  i n  t h e  
i n t e r v a l  3O t o  7OC. The average  SST d i s t r i b u t i o n s  a r e  shown i n  f i g u r e  6  and 
t e m p e r a t u r e  r a n g e s  f o r  summer and w i n t e r  a t  d i f f e r e n t  d e p t h s  a r e  g i v e n  i n  t a b l e  1 
(GATE, 1980) .  O u t s i d e  t h e  upwel l ing  a r e a s  t h e r e  is g e n e r a l l y  no o r  o n l y  weak 
t e m p e r a t u r e  s t r a t i f i c a t i o n  i n  t h e  t o p  50-100 m. I n  t h e  upwel l ing  a r e a s  however a  
t h e r m o c l i n e  is o f t e n  found a t  d e p t h s  less t h a n  50 m (20-40 m). 

A t  400 m d e p t h  t h e  t e m p e r a t u r e  v a r i e s  from about  10Â° i n  t h e  nor the rnmos t  p a r t  o f  
t h e  Region t o  less t h a n  8Â° i n  t h e  e q u a t o r i a l  zone and abou t  8OC i n  t h e  r e s t  o f  t h e  
Region; a t  1 0 0  m d e p t h  t h e  t e m p e r a t u r e  is i n  t h e  r a n g e  3 . 5 O  ( i n  t h e  s o u t h )  t o  5OC 
( i n  t h e  n o r t h )  ( S c h o t t ,  1944) .  

I n  t h e  c o a s t a l  r e g i o n  o f  t h e  Gulf o f  Guinea zone t h e  s u r f a c e  l a y e r  s a l i n i t y  is l e s s  
t h a n  34.5  p a r t s  pe r  thousand ( p m l s ) ,  be ing  v e r y  low i n  t h e  apex o f  t h e  Gul f ,  o r  
abou t  20 ( S c h o t t ,  1944) .  F u r t h e r  o f f s h o r e  i n  t h i s  r e g i o n  t h e  s a l i n i t y  i s  l e s s  than  
35.0. The low v a l u e s  a r e  due both t o  t h e  i n f l u e n c e  o f  t h e  l a r g e  r i v e r s  Congo and 3  
Niger ,  w i t h  a n  a n n u a l  run-off o f  abou t  1 ,300 krn /.yr and 270 km / y r ,  r e s p e c t i v e l y ,  
and t o  t h e  heavy r a i n f a  1 i n  t h e  a r e a .  Othe r e l a t i v e l y  l a r g e  r i v e r s  a l s o  e n t e r  t h e  4 3 
Region: S e n e g a l ,  78 km / y r ;  Orange, 107 km / y r ,  b u t  t h e y  d o  n o t  have such a  
pronounced i n f l u e n c e .  

The l a y e r  o f  mixed f resh /mar ine  water  has  a  s t r o n g  i n f l u e n c e  on t h e  s t r u c t u r e  and 
d i s t r i b u t i o n  o f  t e m p e r a t u r e  and s a l i n i t y  f i e l d s  i n  t h e  r e g i o n .  A l a r g e  v e r t i c a l  
g r a d i e n t  o f  sea-water  d e n s i t y ,  connected wi th  s a l i n i t y ,  is a  v e r y  d i f f i c u l t  b a r r i e r  
f o r  t h e  v e r t i c a l  movement o f  v a r i o u s  s u b s t a n c e s .  T h i s  p r o c e s s  is ex t remely  
i m p o r t a n t  f o r  t h e  exchange o f  b i o g e n i c  components, and t h i s  n a t u r a l  b a r r i e r  d o e s  n o t  
l e t  v a r i o u s  n o u r i s h i n g  s u b s t a n c e s  p a s s  from d e p t h  t o  t h e  s u r f a c e  l a y e r  and i n  
consequence it r e d u c e s  t h e  b i o l o g i c a l  p r o d u c t i v i t y  i n  warm, low-sa l ine  c o a s t a l  
wa te r s .  

F u r t h e r  o u t  i n t o  t h e  ocean t h e  s a l i n i t y  i n c r e a s e s  above  35, r e a c h i n g  a  maximum of 
abou t  36 i n  a  tongue a t  15OS ( f i g u r e  7; S c h o t t ,  1944) .  

An i n d i c a t i o n  o f  t h e  s a l i n i t y  r a n g e  i n  t h e  t o p  100 m is g i v e n  i n  t a b l e  2  (GATE, 
1980) .  A t  t h e  400 m and 1 ,000  m d e p t h s  t h e  s a l i n i t y  is g e n e r a l l y  34.5-34.8 ( S c h o t t ,  
1944) .  

5 . 3  Sea-water c h e m i s t r y  

5.3.1 Genera l  compos i t ion  

Sea-water s a l t  is composed o f  11 major e lements  wi th  c o n c e n t r a t i o n s  above 1 m g / l i t r e  
( t a b l e  3 )  and about  6 1  t r a c e  e lements  and v a r i o u s  r a d i o a c t i v e  i s o t o p e s .  

Annually abou t  25 b i l l i o n  t o n n e s  o f  m a t e r i a l  a r e  added t o  t h e  ocean,  over  90 
P e r  c e n t  from r i v e r s .  The a tmosphere  is a l s o  a n  i m p o r t a n t  s o u r c e ,  i n  p a r t i c u l a r  f o r  
t h e  open ocean w a t e r s .  Much o f  t h e  m a t e r i a l  is removed by s e d i m e n t a t i o n ,  and 
c o n s i d e r a b l e  amounts o f  m a t e r i a l  i n t r o d u c e d  v i a  r i v e r s  is r e t a i n e d  i n  t h e  c o a s t a l  
7n*-krt Â¥ ->. 4-L: _ . -. 



B e s i d e s  t h e  d i s s o l v e d  s a l t ,  much m a t e r i a l  i n  sea-water  o c c u r s  i n  p a r t i c u l a t e  form 
and t h e r e  is a  c o n t i n u o u s  exchange between p a r t i c u l a t e  and d i s s o l v e d  forms. When 
r i v e r  wa te r  e n t e r s  t h e  e s t u a r i n e  zone f l o c c u l a t i o n  p r o c e s s e s  g e n e r a l l y  occur  due t o  
t h e  s a l i n i t y  o f  t h e  sea-water ,  c a u s i n g  some m a t e r i a l  d i s s o l v e d  i n  t h e  r i v e r  water t o  
b e  t r ans formed  i n t o  p a r t i c u l a t e  forms which c a n  sett le on t h e  bottom. The 
p a r t i c u l a t e  m a t t e r  i n  t h e  s e a  p l a y s  a  major  r o l e  i n  t r a n s f e r r i n g  m a t e r i a l ,  
e s p e c i a l l y  v e r t i c a l l y  b u t  a l s o  q u a s i - h o r i z o n t a l l y  s i n c e  s m a l l  p a r t i c l e s  ( l e s s  t h a n  
abou t  1 0  microns)  can be  c a r r i e d  f a r  by t h e  ocean c u r r e n t s .  Major r i v e r  plumes can  
b e  t r a c e d  over  l o n g  d i s t a n c e s  th rough  t h e i r  c o n t e n t  o f  suspended p a r t i c u l a t e  m a t t e r :  
examples a r e  t h e  Amazon and Congo r i v e r  plumes i n  t h e  A t l a n t i c .  

I n  t h e  s u r f a c e  l a y e r  o f f  West A f r i c a ,  Emery and Honjo (1979)  found l a r g e  amounts o f  
suspended m a t t e r ,  r e f l e c t i n g  t h e  i n f l u e n c e  o f  t h e  h i g h  b i o l o g i c a l  p r o d u c t i v i t y  i n  
t h e  upwel l ing a r e a s  and t h e  t r a n s f e r  from l a n d  v i a  wind e r o s i o n  and v i a  t h e  Congo 
r i v e r .  T o t a l  mean c o n c e n t r a t i o n s  were i n  t h e  r a n g e  0 .5  t o  2 m g / 1  i n  t h e s e  a r e a s  and 
0 . 1  m g / 1  away from t h e  upwel l ing  a r e a s  i n  t h e  open ocean. The compos i t ion  o f  t h e  
suspended m a t t e r  v e r y  much r e f l e c t e d  t h e  p lank ton  s p e c i e s  d i s t r i b u t i o n ,  o r g a n i c  
m a t t e r  and s k e l e t a l  d e b r i s  making up abou t  99 p e r  c e n t  o f  t h e  t o t a l  amount. Areas 
of  h i g h  c o n c e n t r a t i o n s  o f  m i n e r a l  g r a i n s  were r e l a t e d  t o  s u p p l y  from e r o d i n g  c l i f f s  
and o f f s h o r e  winds ( a t  r e l a t i v e l y  h i g h  l a t i t u d e s )  and t h e  d i s  h a r g e s  from t h e  Niger 8 
and t h e  Congo t o g e t h e r  a n n u a l l y  c o n t r i b u t e  abou t  150.10 t o n n e s  o f  suspended 
sediment  t o  t h e  ocean (Heezen e t  a l . ,  1964) .  The m i n e r a l  g r a i n  c o n c e n t r a t i o n s  were,  
however, very low a t  d i s t a n c e s  of  500 t o  2 ,000 km from t h e  s h o r e ,  i n d i c a t i n g  t h a t  
much o f  t h e  m a t e r i a l  i n s h o r e  i s  r e t a i n e d  i n  t h e  c o a s t a l  zone. I n  t h e  open ocean t h e  
amount of t e r r i g e n o u s  ( m i n e r a l )  suspended m a t t e r s  can  o f t e n  be  r e l a t e d  t o  
a tmospher ic  d e p o s i t i o n .  

I n  t h e  s u b s u r f a c e  w a t e r s  a l s o ,  t h e  h i g h  b i o l o g i c a l  a c t i v i t y  i n  t h e  upwel l ing  a r e a s  
g i v e s  r i s e  t o  l a r g e  amounts of  suspended m a t t e r ,  and i n  p a r t i c u l a r  a  bottom boundary 
l a y e r  w i t h  v e r y  c o n s i d e r a b l e  amounts can  deve lop  on t h e  s h e l f  and s l o p e .  I n  a r i d  
lagoon a r e a s  t h e  c o n c e n t r a t i o n  o f  p a r t i c u l a t e  m a t t e r  c a n  a l s o  be  v e r y  h i g h .  P a r t  o f  
t h i s  m a t e r i a l  can a l s o  e n t e r  t h e  c o a s t a l  zone th rough  s u b s u r f a c e  o u t f l o w s  due t o  t h e  
h igh  d e n s i t y  o f  t h e  water  (Kul lenberg ,  1978) .  

Some e l e m e n t s  i n  t h e  sea-water  a r e  p a r t i c u l a r l y  i m p o r t a n t  b i o l o g i c a l l y :  0 ,  C ,  H ,  S i ,  
N ,  P ,  F e ,  Mn. I t  should be no ted  t h a t  sea-water  c o n t a i n s  l a r g e  amounts o f  t h e  major 
n u t r i e n t  e lements  N ,  P, S i ,  i n  d i f f e r e n t  forms. S e v e r a l  o f  t h e  t r a c e  e l e m e n t s  a r e  
a l s o  b i o l o g i c a l l y  i m p o r t a n t ,  p l a y i n g  a  r o l e  a t  t h e  n a t u r a l l y  low c o n c e n t r a t i o n s  i n  
pr imary p r o d u c t i o n ,  bu t  i n  a d d i t i o n  t o  t h a t  b e i n g  removed from t h e  water  and 
c o n c e n t r a t e d  by o rgan i sms  by s e v e r a l  o r d e r s  of  magnitude. T h i s  removal p r o c e s s  can  
occur  th rough  s e v e r a l  mechanisms and a t  s e v e r a l  d i f f e r e n t  t r o p h i c  l e v e l s ;  i t  is 
commonly r e f e r r e d  t o  a s  b ioaccumula t ion  o r  b i o m a g n i f i c a t i o n .  

The b i o l o g i c a l  a c t i v i t y  i n  t h e  s e a  o f  c o u r s e  p l a y s  a  major  r o l e  i n  t h e  d i s t r i b u t i o n  
of t h e  b i o g e n i c  e lements ,  i n  p a r t i c u l a r  i n  t h e  t o p  500 met res .  Pr imary p r o d u c t i o n  
o c c u r s  i n  t h e  e u p h o t i c  zone,  d e f i n e d  by t h e  d e p t h  where t h e  l i g h t  l e v e l  is 1 
per  c e n t  of  t h e  incoming s o l a r  r a d i a t i o n  j u s t  benea th  t h e  s u r f a c e .  The pr imary 
b i o l o g i c a l  a c t i v i t y  t r a n s f o r m s  d i s s o l v e d  e l e m e n t s  i n t o  o r g a n i c  p a r t i c u l a t e  m a t t e r ,  
consuming ca rbon  d i o x i d e  and r e l e a s i n g  oxygen, which is f u r t h e r  t r ans formed  by 
a c t i v i t i e s  a t  h i g h e r  l e v e l s ,  i n c l u d i n g  t h e  g e n e r a t i o n  o f  d e t r i t u s  and f a e c a l  
p e l l e t s .  These can s e t t l e  t o  t h e  bottom, t h e r e b y  t r a n s f e r r i n g  o r g a n i c  m a t e r i a l  t o  
t h e  sed iments  and t h e  b o t t o m - l i v i n g  organisms.  In  s h a l l o w  w a t e r s  t h e  e u p h o t i c  zone 
r e a c h e s  t h e  bottom, g i v i n g  r i s e  t o  p l a n t  l i f e  t h e r e  and n o t  o n l y  i n  t h e  wa te r  
column. 

F u r t h e r  d i v i s i o n  o f  e lements  i n t o  g roups  may be  c a r r i e d  o u t .  For  example,  e l e m e n t s  
such  a s  ti, 0 ,  CO,  Ar and o t h e r  g e s e s  i n c l u d i n g  hydrogen s u l p h i d e ,  may be combined 



i n t o  one group. I t  would l e a d  too  f a r  t o  d i s c u s s  a l l  groups o r  elements  s e p a r a t e l y ,  
and only  those  of  important  i n  r e l a t i o n  t o  b i o l o g i c a l  cond i t i ons  and p o t e n t i a l  
p o l l u t i o n  development w i l l  be considered s p e c i f i c a l l y .  

5.3.2 Carbon and t h e  marine carbonate system 

Dissolved organic  carbon is a  b a s i c  component of  t o t a l  o rganic  carbon (up t o  90-95 
p e r  cen t )  i n  sea-water. I t  is composed of 75 pe r  cen t  o f  uns t ab l e  and quick ly  
decaying ma t t e r  and o f  25 per  cen t  of  r e l a t i v e l y  f i rm.  Maximal concen t r a t i ons  o f  
organic  C a r e  l o c a t e d  i n  t h e  upper (0-10 metres)  l a y e r  and f o r  most of  t h e  Region 
its average va lues  achieve  1.5-2.5 mg C / l .  But i n  c o a s t a l  a r e a s ,  e s p e c i a l l y  i n  t h e  
h igh ly  product ive  zones, extreme concen t r a t i ons  can be more than 5-10 mg C / l  
( A t l a n t i c  Ocean, 1977). 

The carbonate  system is most important  because i t  r e g u l a t e s  many of t h e  b a s i c  
chemical and biochemical processes  which a r e  c l o s e l y  connected with t h e  b i r t h  and 
ex i s t ence  o f  marine l i f e .  A l l  t h e  components of  t h i s  system a r e  c l o s e l y  c o r r e l a t e d  
t o  each o t h e r ,  but  t h e  system i t s e l f  a s p i r e s  t o  s t a b l e  chemical equilibrum. Even a  
sma l l  change o f  one component l e a d s ,  without  f a i l ,  t o  d i s l o c a t i o n  of t h e  equ i l i b run  
i n  t h e  whole system. 

Such c h a r a c t e r i s t i c s  of  seawater  carbonate system a s  pH and the  a l k a l i n i t y  (Alk) t o  
c h l o r i n i t y  (C l )  r a t i o  a r e  very important  f o r  t h e  l i v i n g  cond i t i ons  o f  marine 
organisms. 

The d i s t r i b u t i o n  of  pH i n  t h e  Region is shown i n  t a b l e  4  ( A t l a n t i c  Ocean, 1977). 

Table 4:  The d i s t r i b u t i o n  of  sea-water pH 

0  m 300m 500m 

Northern zone 8.25 - 8.30 7.80 - 7.95 7.73 - 7.88 

Middle zone 8.20 - 8.25 7.85 - 7.95 7.76 - 7.81 

Southern zone 8.25 - 8.30 7.70 - 8.10 7.68 - 7.98 

These d a t a  show t h a t  maximal pH va lues  a r e  connected with t h e  sea-surface l a y e r ,  but  
a t  t h e  300 and 500m depths  t h e  va lue  of pH is decreased t o  7.7-7.8. This phenomenon 
could be explained a s  fo l lows .  I t  is wel l  known t h a t  t h e  value of seawater  pH is 
i n v e r s e l y  p ropor t i ona l  t o  t h e  concent ra t ion  of  CO (d i s so lved ) .  In t h e  a r e a s  with 

2 
maximal development o f  photosynthe t ic  processes  ( t h e  euphot ic  zone) t he re -  a r e  very 
a c t i v e  processes  o f  C02 consumption by phytoplankton which l ead  t o  i nc reas ing  of 
seawater  pH up t o  8.4-8.6 i n  t h e  s u r f a c e  l aye r .  But beneath,  a t  t h e  300 end 500m 
depths ,  v i t a l  p rocesses  of  marine organisms and d i s s o l u t i o n  of t e r r i genous  and 
biocjenic carbonates  produce l a r g e  q u a n t i t i e s  of  CO (d i s so lved )  t h a t  accordingly 
l ead  t o  decreas ing  seawater  pH ( A t l a n t i c  Ocean, 1977; UNESCO, 1976). 



A n o t i c e a b l e  lower ing  o f  pH i n  t h e  s u r f a c e  w a t e r ,  t o  8.0-8.1, is o n l y  observed i n  
t h e  upwel l ing  zones where t h e  s u p p l y  o f  s u b s u r f a c e  l a y e r  wa te r  c a r r i e s  CO t o  t h e  2  
s u r f  a c e  l a y e r .  

Values  of Alk/Cl r a t i o  f l u c t u a t e  w i t h i n  t h e  Region from 0.120 t o  0.127. There a r e  
two main t r e n d s  i n  t h e  d i s t r i b u t i o n :  i n c r e a s e  from s e a  s u r f a c e  t o  bottom l a y e r s  and 
i n c r e a s e  from t h e  n o r t h  t o  t h e  s o u t h  ( s e e  t a b l e  5 ) .  

Fable 5: D i s t r i b u t i o n  of  Alk/Cl r a t i o  i n  t h e  Region ( A t l a n t i c  Ocean, 1977; A t l a s  of 
t h e  World Ocean, 1976) .  

0  m 300111 500m 

Northern zone 0.121 - 0.122 0.120 - 0.122 0.121 - 0.122 

Middle zone 0.120 - 0.121 0.121 - 0.122 0.122 - 0.124 

Southern zone 0.121 - 0.124 0.122 - 0.123 0.122 - 0.124 

Minimal Alk/Cl r a t i o  is c h a r a c t e r i s t i c  o f  s e a  s u r f a c e  l a y e r s  i n  t r o p i c a l  and 
s u b t r o p i c a l  a r e a s  o f  t h e  Region. I t  is connected w i t h  t h e  a c t i v e  consumption o f  
c a r b o n a t e s  by phy top lank ton .  The above-mentioned p r o c e s s  o f  d i s s o l u t i o n  o f  
carbonaceous d e t r i t u s  and m i n e r a l s  i n  deep  l a y e r s  o f  s e a w a t e r  i n  t h i s  c a s e  l e a d s  t o  
an i n c r e a s e  i n  a l k a l i n i t y  and t h e  Alk/Cl r a t i o .  I n t e n s i v e  e v a p o r a t i o n  o f  mar ine  
wa te r  i n  t h e  t r o p i c s  and consequent  i n c r e a s e e d  s a l i n i t y  caused  h i g h e r  a l k a l i n i t y  i n  
some p a r t s  o f  t h e  Gulf o f  Guinea.  A t  t h e  same t ime a tmospher ic  p r e c i p i t a t i o n  t h e r e  
l e a d s  t o  a  g e n e r a l  lowering of t h e  Alk/Cl r a t i o  i n  t h e  upper l a y e r s .  

A l a r g e  i n c r e a s e  i n  t h e  r a t i o  is found near  t h e  e s t u a r i e s  o f  West and C e n t r a l  
A f r i c a n  r i v e r s ,  e s p e c i a l l y  t h e  Congo, Niger and Orange, because  o f  t h e  i n f l u e n c e  o f  
f r e s h  wa te r .  C o a s t a l  zones i n  t h e  s o u t h  a r e  exposed t o  t h e  e f f e c t  o f  t h e  w a t e r s  
f r m  t h e  Southern A t l a n t i c ,  which have a  r a t h e r  h i g h  Alk/Cl r a t i o ,  up t o  0.124 
( A t l a n t  

Bes ides  
(POC) , 
Kinnon 
p a r t i c u  

c  Ocean, 1977) .  

d i s s o l v e d  o r g a n i c  ca rbon ,  sea-water a l s o  c o n t a i n s  p a r t i c u l a t e  o r g a n i c  ca rbon  
u s u a l l y  d e f i n e d  by t h e  lower l i m i t  o f  0.8 man s i z e .  P o c k l i n g t o n  and Mac 
1982)  r e c e n t l y  summarized d a t a  on POC f o r  a r e a s  o f  t h e  world ocean and ,  i n  ( 

l a r ,  cons ide red  t h e  a r e a  o f f  Senegal and t h e  Gambia, from 11Â t o  18O N. They 
found t h a t  t h e  range  o f  POC l e v e l s  f o r  t h e  ocean a r e  17-215 mcg/l, w i t h  open ocean 
a r e a s  having low means, upwel l ing  a r e a s  h i g h e r  (60-195 mcg/1) and a r e a s  w i t h  
t e r r i g e n o u s  and a n t h r o p o c e n i c  i n p u t s  h i g h e s t  (215-234 mcg/l) .  Off Senegal  and t h e  
Gambia t h e  mean va lue  o f  POC was 68 mcg/l, c o n s i d e r a b l y  lower  than  i n  t h e  n o r t h e r n  
and s o u t h e r n  upwel l ing  a r e a s ,  w i t h  mean v a l u e s  o f  133 mcg/1 and 152  mcg/l, 
r e s p e c t i v e l y .  A l i k e l y  i m p l i c a t i o n  is t h a t  t h e  upwel l ing  o f f  Senega l  is l e s s  
p r o d u c t i v e ,  which could be due t o  a  more l i m i t e d  d u r a t i o n  o f  f a v o u r a b l e  upwel l ing  
c o n d i t i o n s  t h e r e  ( P o c k l i n g t o n  and Mac Kinnon, 1982) .  



5 . 3 . 3  Disso lved  g a s e s  

A l l  t h e  g a s e s  o f  t h e  a tmosphere  a r e  d i s s o l v e d  i n  o c e a n i c  w a t e r s ,  bu t  among them 
oxygen is t h e  most i m p o r t a n t  f o r  mar ine  l i f e  because  i t  p a r t i c i p a t e s  i n  a l l  
b iochemica l  and chemica l  p r o c e s s e s .  Two b a s i c  p r o c e s s e s ,  a p a r t  from t h e  t r a n s f e r  
a c r o s s  t h e  a i r - s e a  i n t e r f a c e ,  i n  t h e  upper 200 metres l a y e r  a r e  r e s p o n s i b l e  f o r  t h e  
d i s t r i b u t i o n  o f  d i s s o l v e d  oxygen i n  sea-water:  oxygen p r o d u c t i o n  by phy top lank ton  
and oxygen consumption by mar ine  organisms.  D i f f e r e n t  combina t ions  o f  them w i t h i n  
t h e  marine  w a t e r s  o f  t h e  Region l e a d  t o  some d e c r e a s e  i n  oxygen c o n c e n t r a t i o n  i n  
t r o p i c a l  w a t e r s  and t o  some i n c r e a s e  i n  oxygen c o n c e n t r a t i o n s  i n  s u b t r o p i c a l  and 
t e m p e r a t e  a r e a s  ( s e e  f i g u r e  8). 

I n  t h e  s u r f a c e  w a t e r s  o f  t h e  Gulf o f  Guinea t h e r e  is a  l a r g e  a r e a  o f  r e l a t i v e l y  low 
oxygen c o n c e n t r a t i o n  ( l e s s  t h a n  5 m l / l ) .  The o t h e r  a r e a s  o f  t h e  Region a r e  
c h a r a c t e r i z e d  by h i g h e r  c o n c e n t r a t i o n s  o f  oxygen ( u p  t o  5.5-6.0 m l / l ) .  Seasona l  
changes  o f  oxygen c o n c e n t r a t i o n s  i n  t h e  t r o p i c s  and s u b t r o p i c s  a r e  v e r y  s m a l l .  
There  a r e  two maxima o f  oxygen i n  t h e  wa te r  column o f  t h e  Region. The upper maximum 
is l o c a t e d  a t  a  d e p t h  o f  0-10 m t o  20-40 m and a s s o c i a t e d  w i t h  t h e  v i t a l  a c t i v i t y  of 
l i g h t - l o v i n g  s p e c i e s  of  phy top lank ton .  The lower  maximum a t  a  d e p t h  o f  50 t o  90 
metres depends upon dark- lov ing  s p e c i e s  o f  phy top lank ton  which produce oxygen us ing  
b i o g e n i c  e l e m e n t s  c o n c e n t r a t e d  n e a r  t h e  pycnoc l ine  ( A t l a n t i c  Ocean, 1977; UNESCO, 
1976) .  

I n  s u b s u r f a c e  w a t e r s  t h e  oxygen consumption by t h e  decay  o f  s i n k i n g  o r g a n i c  m a t t e r  
is n o t i c e a b l e  i n  t h e  o c c u r r e n c e  o f  oxygen minima i n  bands e x t e n d i n g  o u t  from t h e  
c o a s t  a t  abou t  200 m d e p t h  i n  t h e  major upwel l ing  zones  o f  t h e  n o r t h e r n  and s o u t h e r n  
p a r t s  o f  t h e  Region. There t h e  oxygen c o n t e n t  i s  less t h a n  2 m l / l  ( f i g u r e  8 ) .  
G e n e r a l l y  t h e  oxygen c o n t e n t  d e c r e a s e s  from t h e  s u r f a c e  l a y e r  downwards. Already a t  
50 m d e p t h  i t  is l e s s  t h a n  3  m l / l  i n  l a r g e  p a r t s  o f  t h e  c o a s t a l  zones  o f  t h e  Region. 
T h i s  is a  n a t u r a l  phenomenon bu t  i t  is c l e a r l y  v e r y  i m p o r t a n t  t o  b e a r  i n  mind i n  
r e l a t i o n  t o  a d d i t i o n a l  l o a d s  o f  oxygen consuming m a t e r i a l  b rought  t o  t h e s e  zones  by 
human a c t i v i t i e s .  I n  s u b s u r f a c e  w a t e r s  o f  upwel l ing  a r e a s  t h e r e  a r e  g e n e r a l l y  
l a y e r s  o f  low oxygen c o n c e n t r a t i o n s ,  and o f t e n  t h e y  a r e  s o  low t h a t  a d d i t i o n a l  
oxygen consumption cou ld  have v e r y  d e l e t e r i o u s  e f f e c t s .  

5.3.4 Major n u t r i e n t  e l e m e n t s  

The major  n u t r i e n t  e l e m e n t s  a r e  n i t r o g e n ,  phosphorus  and s i l i c o n .  G e n e r a l l y  t h e s e  
e l e m e n t s  a r e  d e p l e t e d  i n  t h e  e i . ~ h o t i c  zone due t o  b i o l o g i c a l  a c t i v i t y ,  and 
r e g e n e r a t e d  a t  i n t e r m e d i a t e  d e p t h s ,  mos t ly  i n  t h e  t o p  500 m. The g r e a t  importance 
of  c o a s t a l  upwel l ing  l i e s  i n  t h e  t r a n s f e r  of  t h e s e  n u t r i e n t s  from t h e  200-400 m 
d e p t h  i n t e r v a l  t o  t h e  e u p h o t i c  zone. 

I t  s h o u l d  b e  no ted  t h a t  o t h e r  e lements  a r e  a l s o  r e q u i r e d  a s  n u t r i e n t s  f o r  t h e  
b i o l o g i c a l  p roduc t ion :  s e v e r a l  major  c o n s t i t u e n t s  a s  well a s  minor c o n s t i t u e n t s  o r  
t r a c e  e lements ,  i n c l u d i n g  o r g a n i c  growth f a c t o r s  and v i t a m i n s .  

Ni t rogen  c a n  be found i n  sea-water  o f  t h e  Region i n  f o u r  b a s i c  forms: o r g a n i c  
n i t r o g e n ;  ammonia - t h e  f i r s t  p roduc t  o f  o r g a n i c  m a t t e r  decay;  n i t r a t e s  - t h e  most 
r e s i s t a n t  form o f  i n o r g a n i c  n i t r o g e n ;  and n i t r i t e s  ( A t l a n t i c  Ocean, 1977) .  

Disso lved  o r g a n i c  n i t r o g e n  forms 90-95 p e r  c e n t  o f  t o t a l  o r g a n i c  n i t r o g e n .  Maximal 
c o n c e n t r a t i o n s  a r e  a s s o c i a t e d  w i t h  t h e  l a y e r  o f  p h o t o s y n t h e s i s  where t h e y  a c h i e v e  up 
t o  10-20 micrograme-atom & / l i t r e  and even more. From s u r f a c e  t o  s e a  bottom o r g a n i c  
n i t r o g e n  c o n c e n t r a t i o n s  d e c r e a s e  t o  3-5 mcg-atom h/1. 





Ammonia a l s o  has  maximal concent ra t ions  (1-5 mcq-atom N/l) i n  t h e  zone of 
photosynthes is ,  where t h e  processes of  organic  mat te r  decay a r e  a l s o  very a c t i v e .  

The n i t r a t e s  a r e  consumed by phytoplankton dur ing  the  process  of  photosynthesis  and 
s o  t h e i r  concen t r a t i ons  i n  t h e  s u r f a c e  l a y e r  o f  sea-water a r e  minimal (0.5-1.0 
mcg-atom N/l) p r a c t i c a l l y  everywhere i n  t h e  Region. Only i n  t h e  upwelling zones, 
near  Senegal and Mauri tania and a l s o  near Angola and Namibia, can concent ra t ions  of 
n i t r a t e s  achieve  f a i r l y  h igh  l e v e l  because of  deep water  upwelling (10-15 and even 
25-30 mcg-atom N/l). 

The n i t r i t e s  a r e  u sua l ly  found i n  t he  primary n i t r i t e  maximum near  t h e  su r f ace  
l a y e r ,  and i n  r a t h e r  small  concent ra t ions  (0.01-0.1 mcg-atom N/l). Maximal 
concen t r a t i ons  o f  n i t r i t e s  a r e  a s soc i a t ed  with t h e  pycnocl ine l a y e r  a t  depths of  
50-100 metres  and i n  some cases  can achieve 0.5 mcg-atom N / l  (UNESCO, 1976). The 
secondary n i t r i t e  maximum is a  f e a t u r e  of  h ighly  product ive  upwelling a r e a s  and can 
be  s i t u a t e d  deeper ,  e.g. a t  200-300 m depth i n  t h e  Peru upwell ing a rea .  

Organic phosphorus i n  sea-water is mainly found i n  d i s so lved  form. I t s  maximal 
concen t r a t i ons  i n  t h e  l a y e r  of  photosynthes is  can achieve  0.5-1.0 mcg-atom P/l  i n  
some p a r t s  o f  t h e  Region. In sea-water,  deeper  than 100 metres ,  o rganic  phosphorus 
is p r a c t i c a l l y  absent .  90-95 per  cen t  o f  i no rgan ic  phosphorus a l s o  e x i s t s  i n  
d isso lved  form. I t s  minimal concen t r a t i ons  (up t o  0.1-0.2 mcg-atom P / l )  a r e  
a s soc i a t ed  wi th  t h e  l a y e r  of  photosynthes is  because of  i t s  a c t i v e  consumption by 
phytoplankton. Maximal va lues  can achieve 2.0-2.2 mcg-atom P / l  a t  depths  of  500 
metres  and more. High concen t r a t i ons  of  i no rgan ic  phosphorus i n  t h e  Region a r e  

- c l o s e l y  connected with t h e  above-mentioned upwelling zones ( s e e  t a b l e  6 )  (UNESCO, 
1976; A t l a n t i c  Ocean, 1977). 

Table 6 :  D i s t r i b u t i o n  o f  inorganic  phosphorus i n  sea-water ( i n  mcg-atom P / l )  

0  m 50 m 100m 200m 

Northern zone < 0.25 < 0.25 0  25-0. 5  1-1 5 1-1.5 1 - 2  1 
I Middle zone < 0.25 < 0.25 0.5-1.0 1-1.5 > 1.0 

Southern zone 0.25-1.0 0.25-0.5 > 1.0  > 1 . 5  1.5-2.0 > 2.0 

Dissolved non-organic s i l i c o n  is t h e  main form (more then 95 pe r  c e n t )  of s i l i c i c  
subs tances  i n  sea-water. Suspended non-organic s i l i c o n  accounts  f o r  only 1 per  cen t  
and organic  amorphous s i l i c o n  i n  suspended mat te r  - no more than 2-3 per  cent .  
Minimal concen t r a t i ons  o f  s i l i c o n  a r e  a s soc i a t ed  with s e a  s u r f a c e  l a y e r s  and 10 
mcg-atom Si/1 is a  usua l  annual average concen t r a t i on  fo r  t h e  whole Region. Bottom 
waters  have r a t h e r  high s i l i c o n  concen t r a t i ons  (up t o  15-20 mcg-atom Si/1)  and its 
l o c a l  i n c r e a s e  i n  c o a s t a l  a r e a s  of  Angola and Namibia is  connected with t h e  
upwelling of  deep water  ( s e e  f i g u r e  9 )  (UNESCO, 1976; Geochemistry of S i l i c o n ,  
1966).  



(a)  s e a  s u r f a c e  
( b) 200 metres 

F i g u r e  9: D i s t r i b u t i o n  o f  d i s s o l v e d  s i l i c o n  ( i n  mcg-atom Si /1)  ( A t l a n t i c -  Ocean 

1977) 



5.3.5 Minor n u t r i e n t  e l e m e n t s ,  t r a c e  e l e m e n t s  and m e t a l s  

The minor ,  o r  t r a c e ,  e l e m e n t s  have  c o n c e n t r a t i o n s  less t h a n  1 mq/kg, and t h e  
c o n c e n t r a t i o n  f o r  a n  i n d i v i d u a l  e l e m e n t  c a n  v a r y  v e r y  c o n s i d e r a b l y .  Average 
c o n c e n t r a t i o n s  c a n  b e  g i v e n  i n  some c a s e s  ( t a b l e  3 ) .  These  e l e m e n t s  are o f  g r e a t  
i m p o r t a n c e  f o r  b io-geochemical  c y c l e s  i n  t h e  s e a .  O f t e n  t h e  c o n c e p t  o f  r e s i d e n c e  
time is u s e d  t o  d e m o n s t r a t e  t h e  c h e m i c a l  and b i o l o g i c a l  a c t i v i t y  o f  t h e  e l emen t .  
The r e s i d e n c e  t i m e  T ( t a u )  is d e f i n e d  a s  A/(dA/dt ) ,  where  A is t h e  t o t a l  amount o f  
t h e  e l e m e n t  d i s s o l v e d  i n  t h e  s e a  and dA/dt is t h e  amount i n t r o d u c e d  t o  o r  removed 
from t h e  s e a  e a c h  y e a r ,  assuming a  s t e a d y  s t a t e .  The r e s i d e n c e  time is r e l a t i v e l y  
s h o r t ,  i n  t h e  o r d e r  o f  a  hundr d  y  a r s ,  f o r  e l e m e n t s  l i k e  A l ,  T i ,  Cr, F l ,  and v e r y  % 5 l o n g ,  o f t e n  i n  t h e  o r d e r  o f  1 0  -10 y e a r s ,  f o r  t h e  a l k a l i  and a l k a l i n e  e a r t h  m e t a l s .  
These  elements c a n  b e  removed from sea-water  by i n o r g a n i c  p r o c e s s e s  t h r o u g h  
a d s o r p t i o n  and p r e c i p i t a t i o n .  A d s o r p t i o n ,  o r  s c a v e n g i n g ,  by suspended  m a t t e r  and 
s i n k i n g  d e t r i t u s  is t h e  main p r o c e s s .  T r a c e  e l e m e n t s  c a n  a l s o  b e  removed by o r g a n i c  
p r o c e s s e s  s u c h  a s  p l a n k t o n  u p t a k e  t h r o u g h  a s s i m i l a t i o n .  Of t en  t h e  e l e m e n t s  become 
more c o n c e n t r a t e d  i n  p l a n k t o n  t h a n  i n  t h e  w a t e r ,  w i t h  c o n c e n t r a t i o n  f a c t o r s  i n  t h e  
r a n g e  1 0 3  t o  105 .  I t  h a s  n o t  been c l a r i f i e d  t h a t  t h e  p h y t o p l a n k t o n  t r a c e  e l emen t  
l e v e l s  r e f l e c t  t h e  background l e v e l  i n  t h e  w a t e r .  

T r a c e  e l e m e n t s  have  a  s i g n i f i c a n t  i n f l u e n c e  on p h o t o s y n t h e t i c  p r o d u c t i o n .  The 
d i s t i n c t i o n  between "good" and "bad" w a t e r s  w i t h  r e g a r d  t o  p h y t o p l a n k t o n  growth h a s  
o f t e n  been r e l a t e d  t o  t h e  e f f e c t s  o f  t r a c e  m e t a l  s p e c i e s  and t h e  p r e s e n c e  o r  absence  
o f  o r g a n i c  c h e l a t o r s .  

Heavy m e t a l s  have  r e c e i v e d  s p e c i a l  i n t e r e s t .  Higher  m a r i n e  o r g a n i s m s  a b s o r b ,  
i n g e s t ,  e x c r e t e ,  s t o r e  and r e g u l a t e  t h e i r  body burden  o f  m e t a l s .  A major  way o f  
u p t a k e  is  a b s o r p t i o n  from s o l u t i o n  t h r o u g h  t h e  g i l l s  o r  o v e r  t h e  body s u r f a c e ,  and 
removal  a p p e a r s  t o  b e  ma in ly  t h r o u g h  u r i n e  and r e c t a l  f l u i d s .  The d e g r e e  o f  
t o x i c i t y  o f  t h e  m e t a l s  w i l l  v a r y  w i t h  t h e  m e t a l  and t h e  o rgan i sms .  A s  a  c r u d e  
g e n e r a l i z a t i o n  t h e  o r d e r  o f  t o x i c i t y  may b e  g i v e n  a s  Hg>Ag>Cu>Cd>Zn>Pb>Cr>Ni>Co. 
Tempera tu re  and s a l i n i t y  may have  a  s i g n i f i c a n t  i n f l u e n c e  on t h e  t o x i c i t y .  
S u b l e t h a l  e f f e c t s  o f  e x p o s u r e  t o  heavy m e t a l s  may b e  s i g n i f i c a n t .  

The re  is a  v e r y  l i m i t e d  amount o f  d a t a  a v a i l a b l e  on t h e  c o n c e n t r a t i o n  l e v e l s  o f  
t r a c e  e l e m e n t s ,  and due  t o  a n a l y t i c a l  and s a m p l i n g  c o m p l e x i t i e s  d i f f e r e n t  d a t a  sets 
c a n n o t  g e n e r a l l y  b e  used f o r  i n t e r c o m p a r i s o n s  o f  l e v e l s  i n  d i f f e r e n t  a r e a s .  

Mercury c o n c e n t r a t i o n s  show v a r i a b i l i t y  i n  t h e  r a n g e  5-1,090 ng/1, t h e  m a j o r i t y  o f  
mean v a l u e s  b e i n g  l e s s  t h a n  50 ng/1 ( J o n e s ,  1975;  F i t z g e r a l d ,  1 9 7 6 ) .  Cadmium v a l u e s  
o f f  no r th -wes t  A f r i c a  have  been obse rved  i n  t h e  r a n g e  80-620 ng/1,  mean 120 ng/1, 
vihereas v a l u e s  i n  t h e  s u r f a c e  l a y e r s  o f  t h e  Nor th  A t l a n t i c  were 40-300 ng/1 ( J o n e s  
1 9 7 5 ) .  Fo r  t h e  Sou th  A t l a n t i c  and f o r  open ocean  w a t e r s  o v e r a l l  C h e s t e r  and S t o n e s  
( 1 9 7 4 )  r e p o r t e d  v a l u e s  o f  Cd i n  t h e  r a n g e  40-170 ng/1,  w i t h  a  mean o f  70 ng/1. 

Off no r th -wes t  A f r i c a  R i l e y  and Tay lo r  (1972)  found c o p p e r  c o n t e n t  i n  f i l t e r e d  s e a  
w a t e r  from d e p t h s  be tween 1 0  and 2 ,500  m i n  t h e  r a n g e  0.5-12.3 mcg/l ,  w i t h  a  mean o f  
1.1 rricg/l. C h e s t e r  and S t o n e s  (1974)  r e p o r t e d  v a l u e s  be tween 0 . 4  and 3 .8  mcg Cu/ l ,  
mean 1 . 2 ,  f o r  w a t e r s  i n  t h e  e a s t e r n  A t l a n t i c ,  and  v a l u e s  be tween 0 .7  and 3 .4  
rncq Cu/1 f o r  w a t e r s  i n  t h e  Sou th  A t l a n t i c .  Z i n c  c o n c e n t r a t i o n  o f f  no r th -wes t  A f r i c a  
were i n  t h e  r a n g e  2.1-22.0 mcg Zn / l ,  w i t h  a  mean o f  8 . 2  ( R i l e y  and T a y l o r  1 9 7 2 ) .  
C h e s t e r  and S t o n e s  ( 1 9 7 4 )  found v a l u e s  i n  t h e  r a n g e  0.9-5.2 mcg Zn/1 i n  t h e  
n o r t h - e a s t e r n  A t l a n t i c  and 0.06-2.2 mcg Zn/1 f o r  t h e  Sou th  A t l a n t i c .  The s l i g h t l y  
h i g h e r  l e v e l s  found i n  t h e  u p w e l l i n g  a r e a  o f f  A f r i c a  may r e f l e c t  z i n c  en r i chmen t  by 
h i g h  b i o l o g i c a l  a c t i v i t y  i n  t h e  u p w e l l i n g  a r e a .  



A number o f  r a d i o a c t i v e  n u c l i d e s  o c c u r  n a t u r a l l y  i n  t h e  s e a .  I n  r e g a r d  t o  p o l l u t i o n  
t h e  i n t e r e s t  is f o c u s e d  on t h e  a r t i f i c i a l l y  produced n u c l i d e s .  The i n p u t  from t h e  
n u c l e a r  f u e l  c y c l e  i s  i n c r e a s i n g  i n  i m p o r t a n c e  r e l a t i v e  t o  t h e  weapon t e s t i n g  
s o u r c e .  N u c l i d e s  i n j e c t e d  w i t h  was te  w a t e r  from p l a n t s  i n  Europe c a n  now b e  found 
o v e r  most  o f  t h e  n o r t h e r n  Nor th  A t l a n t i c ,  a t  l e a s t  up t o  t h e  Arctic Bas in  ( R i l e y  and 
S k i r r o w ,  1 9 7 5 ) .  

P r a c t i c a l l y  a l l  t h e  m e t a l s  a r e  found i n  t h e  m a r i n e  env i ronmen t ,  some o f  them i n  
modera t e  c o n c e n t r a t i o n s ,  f o r  example . Ca and Mg, and o t h e r s  i n  v e r y  low t r a c e  
c o n c e n t r a t i o n s ,  e.g. Au and Ag. Almost a l l  m e t a l s  a r e  b ioaccumula t ed  i n  one  o r  more 
components  o f  t h e  m a r i n e  food-chain .  They a r e  t h e  most p e r s i s t e n t  o f  s u b s t a n c e s  i n  
t h e  env i ronmen t .  They c a n  b e  n e i t h e r  t r a n s f o r m e d  nor  d e s t r o y e d ,  a l t h o u g h  t h e y  c a n  
b e  combined i n  v a r i o u s  compounds and complexes .  A p o i n t  t o  n o t e  h e r e  is t h a t  c e r t a i n  
m e t a l s  c a n  form,  w i t h  o r g a n i c  s u b s t a n c e s ,  h i g h l y  t o x i c  m e t a l l o r g a n i c  complexes ,  l i k e  
me thy l  mercuric c h l o r i d e  and t h a t  some o f  t h e s e  c o m b i n a t i o n s  c a n  b e  c a r r i e d  by 
b a c t e r i a  i n t o  t h e  n a t u r a l  env i ronmen t .  Some m e t a l s  s u c h  a s  Hg, Cu and Ag a r e  t o x i c  
a t  h i g h  c o n c e n t r a t i o n s  t o  m a r i n e  o rgan i sms ,  whereas  o t h e r s  l i k e  Ca, Mg and Na a r e  
c o m p a r a t i v e l y  i n n o c u o u s .  Moreover many m e t a l s  s u c h  a s  K, Ca, Fe ,  Mg and even Zn a r e  
v i t a l  f o r  t h e  n u t r i t i o n  o f  m a r i n e  o r g a n i s m s ,  a s  d i s c u s s e d  above.  

I t  i s  now well known t h a t  c e r t a i n  m a r i n e  o r g a n i s m s  h a v e  a  h i g h  a f f i n i t y  f o r  
p a r t i c u l a r  c h e m i c a l  e l e m e n t s .  Fo r  example Zn, Cd, Hg and some o t h e r  m e t a l s  a r e  
a c t i v e l y  c o n c e n t r a t e d  i n  them a t  r a t h e r  h i g h  l e v e l s  and t h e r e  is  some e v i d e n c e  o f  
s e r i o u s  d i r e c t  harm t o  o r g a n i s m s  c o n t a i n i n g  h i g h  c o n c e n t r a t i o n s  o f  t h e s e  e l e m e n t s .  

Wood and Goldberq  (1977)  d i v i d e d  m e t a l s  o f  b i o l o g i c a l  c o n c e r n  i n t o  t h r e e  b a s i c  
g r o u p s  : 

( 1 )  L i g h t  m e t a l s ,  n o r m a l l y  t r a n s p o r t e d  a s  m o b i l e  c a t i o n s  i n  aqueous  s o l u t i o n s  ( e . g .  
ha+ and K + ) ;  

( 2 )  T r a n s i t i o n  m e t a l s  ( e . g .  Fe ,  Cu, CO and Mn) which may b e  e s s e n t i a l  f o r  
b i o l o g i c a l  a c t i v i t y  a t  t r a c e  l e v e l s  and may be  t o x i c  a t  h i g h  c o n c e n t r a t i o n s ;  

( 3 )  Heavy m e t a l s  o r  m e t a l l o i d s  t h a t  may be  r e q u i r e d  f o r  m e t a b o l i c  a c t i v i t y  a t  t r a c e  
c o n c e n t r a t i o n s ,  b u t  which a t  s l i g h t l y  h i g h e r  l e v e l s  a r e  t o x i c  t o  t h e  c e l l ,  e .g .  
Hg, S e ,  Pb,  S n ,  A s .  

M e t a l s  c o u l d  a l s o  b e  c l a s s i f i e d  i n  t e r m s  o f  t h e i r  r e l a t i v e  t o x i c i t )  and 
a v a i l a b i l i t y .  Toxic  m e t a l s  fo rming  o r g a n o - m e t a l l i c  compounds, l i k e  m e t a l k y l s ,  a r e  
o f  s p e c i a l  c o n c e r n .  These i n c l u d e  Hg, Sn,  A s ,  S e ,  Cd, and Pb. 

Mar ine  c o n t a m i n a t i o n  by t h e s e  m e t a l s  h a s  been p r i m a r i l y  o b s e r v e d  i n  c o a s t a l  w a t e r s  
a s  a  consequence  o f  r i v e r ,  i n d u s t r i a l  and m u n i c i p a l  sewage d i s c h a r g e s  and a l s o  
d i r e c t  w a s t e  dumping. I t  s h o u l d ,  however,  b e  emphasized  t h a t  t h e  a t m o s p h e r i c  
t r a n s f e r  t o  t h e  open ocean  o f  many m e t a l s  o f  c o n c e r n  is l a r g e ,  somet imes  r e a c h i n g  50 
p e r  c e n t  o r  more o f  t h e  i n p u t  v i a  r i v e r s ,  e .g .  f o r  z i n c ,  cadmium, l e a d ,  mercu ry  and 
s e l e n i u m  (GESAMP, 1 9 8 2 ) .  Some o f  t h e  m e t a l s  t o  be  found i n  t h e  o c e a n s  t h a t  have  
been e x t e n s i v e l y  s t u d i e d  i n  t h e  p a s t  few y e a r s  a r e  b r i e f l y  d e s c r i b e d  below: l e a d ,  
cadmium and mercury .  

The b a s i c  amounts  o f  l e a d  a p p e a r  t o  be  t r a n s p o r t e d  t o  t h e  m a r i n e  env i ronmen t  v i a  t h e  
a tmosphe re .  The f a c t  is t h a t  c o n c e n t r a t i o n s  o f  l e a d  have  been a l t e r e d  i n  v a s t  a r e a s  
o f  c o a s t a l  w a t e r s  a s  a  r e s u l t  o f  t h e  u s e  o f  l e a d  a l k y l s  a s  a n t i k n o c k  a d d i t i v e s  i n  
t h e  f u e l s  o f  i n t e r n a l  combust ion  e n g i n e s .  The r e s i d e n c e  t i m e  o f  l e a d  i n  m a r i n e  w a t e r  
h a s  been  e s t i m a t e d  a t  400 y e a r s  (Go ldbe rg ,  1 9 7 6 ) .  In  h i g h l y  p r o d u c t i v e  c o a s t a l  
a r e a s  l e a d  a c t i v e l y  p a r t i c i p a t e s  i n  b i o c h e m i c a l  i n t e r a c t i o n  w i t h  o t h e r  components o f  



w a t e r  and is consumed by mar ine  o rgan i sms  wi th  food.  A s  a  r e s u l t ,  t h e  r e s i d e n c e  
time of  l e a d  i n  t h e  c o a s t a l  w a t e r s ' o f  t h e  Region is e v a l u a t e d  a t  o n l y  one o r  two 
months. Lead c o n t a m i n a t i o n s  i n  sea-water o f  t h e  Region a r e  n o t  dangerous  a t  p r e s e n t  
t o  marine  o rgan i sms  o r  t h e  c o a s t a l  p o p u l a t i o n  o f  human be ings .  

Cadmium e n t e r s  t h e  mar ine  environment a s  a  r e s u l t  o f  human a c t i v i t i e s  b o t h  through 
t h e  a tmosphere  and t h e  hydrosphere .  Most o f  t h e  cadmium is i n t r o d u c e d  i n t o  
sea-water  a s  a  r e s u l t  o f  v o l a t i l i z a t i o n  o f  t h e  m e t a l  which t a k e s  p l a c e  d u r i n g  t h e  
s m e l t i n g  of  s u l p h i d e  o r e s  used i n  t h e  manufacture  o f  m e t a l l i c  a l l o y s ,  o r  r e p r o c e s s e d  
from cadmium-plated m a t e r i a l s  o r  a l l o y s  c o n t a i n i n g  cadmium (Goldberg,  1976) .  

T h i s  t y p e  o f  i n d u s t r y  is n o t  developed i n  t h e  Region "and f o r  t h i s  r e a s o n  
Cd-contamination is  n o t  dangerous  a t  p r e s e n t  i n  t h e  c o a s t a l  w a t e r s  o f  Western 
A f r i c a  . 
Mercury i n  sea-water  e x i s t s  a s  chloro-complexes w i t h  a  r e s i d e n c e  t i m e  c a l c u l a t e d  t o  
b e  80,000 y e a r s .  Mercury c a n  e n t e r  t h e  food c h a i n  a t  t h e  l e v e l  o f  micro-organisms, 
where t h e  c o n v e r s i o n  t o  methyl  mercury t a k e s  p l a c e  a s  a  d e t o x i f i c a t i o n  r e a c t i o n .  
Much of i t  i n t r o d u c e d  i n t o  t h e  c o a s t a l  a r e a s  is probab ly  r e t a i n e d  t h e r e  and becomes 
a s s o c i a t e d  wi th  t h e  mar ine  b i o s p h e r e .  Some e s t i m a t e s  show t h a t  i n  e s t u a r i e s  
phy top lank ton  might  remove a s  much a s  20 p e r  c e n t  o f  mercury a n n u a l l y .  I n  c o a s t a l  
and open-wean a r e a s  a b o u t  1 p e r  c e n t  o f  mercury i n  t h e  upper  100 m e t r e s  o f  
sea-water can  be  removed by phy top lank ton  e a c h  year  (Topping and Windom, 1981) .  
These f a c t s  might e x p l a i n  t h e  r e l a t i v e l y  low c o n c e n t r a t i o n s  o f  mercury i n  t h e  
c o a s t a l  w a t e r s  o f  t h e  Region. Average l e v e l s  a r e  40-41 ng/1 t h e r e ,  bu t  f l u c t u a t i o n s  
o f  c o n c e n t r a t i o n s  a r e  ve ry  h i g h ,  from 0 .5  up t o  113  ng/l  ( C h e s t e r  e t  a l . ,  1973;  
Garoner ,  1975) .  In  g e n e r a l ,  w a t e r s  o f  t h e  world ocean e x h i b i t  mercury l e v e l s  o f  
abou t  5  mcg/l, o r  abou t  two o r d e r s  o f  magni tude below t h e  l e v e l s  t h a t  produce 
s u b l e t h a l  e f f e c t s .  C o n c e n t r a t i o n s  o f  mercury i n  t h e  Region a r e  c o n s i d e r a b l y  l e s s  
t h a n  t h e  a v e r a g e  o c e a n i c  l e v e l ,  which t e s t i f i e s  t o  t h e  absence  o f  Hq-danger t h e r e  a t  
p r e s e n t .  

A n  a n a l y s i s  o f  i n d u s t r i a l  and munic ipa l  development l e v e l s  and t h e  e x i s t i n g  
i n d u s t r i e s  i n  t h e  Region s u g g e s t  t h a t  c o a s t a l  wa te r  con tamina t ion  by t h e s e  m e t a l s  is  
a t  p r e s e n t  s m a l l .  

5.3.6 S p e c i f i c  s u b s t a n c e s  

There a r e  a  number o f  o t h e r  s u b s t a n c e s  i n t r o d u c e d  i n t o  t h e  marine  environment  
through human a c t i v i t i e s  which a r e  o f  concern ,  bo th  n a t u r a l  ones  such  a s  
hydrocarbons and a r t i f i c i a l  ones  l i k e  t h e  p e r s i s t e n t  s y n t h e t i c  o r g a n i c  c h e m i c a l s  DOT 
and i t s  main m e t a b o l i t e s  (DDD and DDE) and p o l y c h l o r i n a t e d  b ipheny ls .  The 
d i s t r i b u t i o n  and f a t e  o f  t h e s e  s u b s t a n c e s  a r e  a l s o  i n f l u e n c e d  by t h e  sea-water  
c h e m i s t r y  and t h e  b i o l o g i c a l  a c t i v i t y .  O b s e r v a t i o n s  have been made of  c o n c e n t r a t i o n  
l e v e l s  of  such s u b s t a n c e s  i n  some components o f  t h e  mar ine  environment  o f  t h e  
Region, which w i l l  be r e c a l l e d  h e r e ,  whereas t h e  p o l l u t i o n  a s p e c t s  and s o u r c e s  o f  
t h e  con tamina t ion  w i l l  be  d i s c u s s e d  i n  s e c t i o n  8.  

Hydrocarbons i n  t h e  s e a  can o r i g i n a t e  from pe t ro leum,  v i a  seepage  o r  by human 
a c t i v i t i e s ,  o r  from a  b i o g e n i c  s o u r c e .  The hydrocarbons i n  t h e  s e a  a r e  complex 
m i x t u r e s  of s a t u r a t e d  and a r o m a t i c  compounds having from 1 4  t o  32 carbon atoms p e r  
molecule  (Brown e t  a l . ,  1973) .  Some o b s e r v a t i o n s  s u g g e s t  t h a t  a r o m a t i c s  a r e  p r e s e n t  
i n  r e l a t i v e l y  s m a l l e r  c o n c e n t r a t i o n s  than  would be expec ted  i f  t h e  s o u r c e  o f  t h e  
hydrocarbons was o n l y  c r u d e  o i l  o r  r e f i n e r y  p r o d u c t s  (Brown and Huffman, 1976) .  The 
marine b i o g e n i c  s o u r c e s  do n o t  appear  t o  y i e l d  a r o m a t i c  hydrocarbon m i x t u r e s .  Loss 
o f  hydrocarbons from sea-water  o c c u r s  th rough  e v a p o r a t i o n  and through d i s s o l u t i o n ,  
bo th  p r o c e s s e s  o p e r a t i n g  f o r  t h e  l i g h t  compounds c o n t a i n i n g  l e s s  t h a n  1 4  carbon 



m o l e c u l e s  (NAS, 1975) .  B a c t e r i a l  d e g r a d a t i o n  is a  major  r emova l  p r o c e s s .  Brown and 
Huffman ( 1 9 7 6 )  found c o n c e n t r a t i o n  l e v e l s  o f  h y d r o c a r b o n s  o f  1.3-13 ppb i n  t h e  
s u r f a c e  l a y e r s  o f  open c o a s t a l  w a t e r s  o f  t h e  A t l a n t i c ,  i n c l u d i n g  e x t e n s i v e  s a m p l i n g  
w i t h i n  t h e  Region,  e x c e p t  i n  t h e  Gulf  o f  Guinea.  The a r o m a t i c s  were found t o  have  
r e l a t i v e 1  y  l i t t l e  p e r s i s t e n c e ,  compared t o  o t h e r  compounds. P o l y n u c l e a r  a r o m a t i c  
h y d r o c a r b o n s  a r e  o f  n a t u r a l  o r i g i n  o r  a r e  combust ion  p r o d u c t s  b u i l t  on  u n i t s  o f  
benzene  n u c l e i :  t h e  a c t i v e  3 . 4  benzopyrene  h a s  been found i n  p l a n k t o n ,  b o t h  i n  
p o l l u t e d  a r e a s  and i n  a r e a s  n o t  s u b j e c t  t o  p o l l u t i o n  (Oohnson,  1 9 7 6 ) .  These  
s u b s t a n c e s  d e g r a d e  s l o w l y  and t h e i r  p o t e n t i a l  h a z a r d  s u g g e s t s  t h a t  t h e y  merit 
a t t e n t i o n  ( I z r a e l  and Tsyban,  1981: GESAMP, 1982) .  

A s  r e g a r d s  h a l o g e n a t e d  h y d r o c a r b o n s ,  o r  s y n t h e t i c a l  c h e m i c a l s  ( a n d  ~ e s t i c i d e s )  , 
s t u d i e s  have  focused  on t h e  b e h a v i o u r  and o c c u r r e n c e  of  DOT w i t h  m e t a b o l i t e s  and 
PCBs. Overviews have  been p r e s e n t e d  by Goldberg ( 1 9 7 5 )  and ESAMP (1982) .  
Harvey et  a l . ,  (1974)  found an  a v e r a g e  v a l u e  of 30 n g / l  o f  PCBs i n  t h e  e a s t e r n  and 
w e s t e r n  A t l a n t i c  f o r  t h e  y e a r s  1971  and 1972.  For  compar i son  i t  may b e  men t ioned  
t h a t  i n  1973  and 1974  t h e  l e v e l s  i n  t h e  S a r g a s s o  Sea were 1 ng /1  and 0 . 8  ng/1,  
r e s p e c t i v e l y .  The r a t i o  o f  DOT t o  PCB was less t h a n  0 .05  i n  t h e  s u r f a c e  w a t e r s .  
Harvey et  a l . ,  (1972)  r e p o r t e d  v a l u e s  o f  DOT i n  t h e  S a r g a s s o  and z o o p l a n k t o n  from 
w e s t e r n  s u b - t r o p i c a l  A t l a n t i c  a r e a s  i n  t h e  r a n g e  <0.01-9.5 mcg p e r  kg f r e s h  ( o r  wet)  
w e i g h t .  Extended a n a l y s e s  o f  t h e s e  compounds i n  f i s h  h a v e  been c a r r i e d  o u t  w i t h i n  
t h e  I n t e r n a t i o n a l  Counc i l  f o r  t h e  E x p l o r a t i o n  o f  t h e  Sea (ICES) framework i n  t h e  
Nor th  A t l a n t i c  (ICES 1977-a ) .  F o r  open ocean a r e a s  p e s t i c i d e  l e v e l s  i n  cod musc le  
v a r i e d  from l e s s  t h a n  1 t o  10  mcg/kg wet w e i g h t .  L i v e r  c o n c e n t r a t i o n s  were 
c o n s i d e r a b l y  l a r g e r ,  a l s o  showing v a r i a t i o n s  between r e g i o n s .  T o t a l  DOT l e v e l s  were 
i n  t h e  r a n g e  1.8-0.18 ng/kg. PCB l e v e l s  i n  cod l i v e r  were i n  t h e  r a n g e  0 .44  t o  4 . 1  
ng/kg,  wet we igh t .  

6 .  THE BIOLOGICAL SYSTEM 

6 . 1  Genera l  c o n d i t i o n s  and c h a r a c t e r i s t i c s  

The b i o l o g i c a l  sys t em of t h e  Region is s t r o n g l y  i n f l u e n c e d  by t h e  p h y s i c a l  w a t e r  
c i r c u l a t i o n ,  u p w e l l i n g  and t r a n s f e r  o f  m a t e r i a l  from l a n d  by t h e  g r e a t  r i v e r s  Niger  
and Congo. The p r imary  p r o d u c t i v i t y  i n  t h e  upwe l l ing  a r e a s  i n  t h e  n o r t h ,  c e n t r e d  
around 2 0 Â  N (Cape B l a n c o ) ,  and i n  t h e  Bengu l a  C r r e n t  r e g i m e  is among t h e  r i c h e s t  -5 -1 
i n  t h e  wor ld ;  v a l u e s  up t o  a b o u t  3 , 5 0 0  g  Cm y r  h a v e  been r e p o r t e d  from t h e  
s o u t h e r n  a r e a .  The f i s h  s t o c k s  i n  e a c h  a r e a  a r e  d i f f e r e n t .  In  p a r t i c u l a r  i n  t h e  
Gulf  o f  Guinea l o c a l i z e d u p w e l l i n g  z o n e s  o c c u r ,  b u t  t h e s e  h a v e  been less well 
s t u d i e d .  4 l a r g e  number o f  p r i m a r y  p r o d u c t i o n  s t u d i e s  have  been c a r r i e d  o u t ,  
d e m o n s t r a t i n g  a  l a r g e  v a r i a b i l i t y  o v e r  t h e  Region and a  l a r g e  v a r i a b i l i t y  i n  time a t  
g i v e n  l o c a t i o n s .  The d e p t h  o f  t h e  most  pronounced p r o d u c t i o n  a l s o  v a r i e s .  T h i s  
v a r i a b i l i t y  i s  t o  a  l a r g e  e x t e n t  r e l a t e d  t o  t h e  p h y s i c a l  c o n d i t i o n s  i n f l u e n c i n g  t h e  
s u p p l y  o f  n u t r i e n t s  and o t h e r  m a t e r i a l ,  t h e  s t r a t i f i c a t i o n  i n  t h e  w a t e r  column, t h e  
incoming r a d i a t i o n ,  t h e  l e v e l  o f  mixing and r e g i o n a l  w a t e r  c i r c u l a t i o n .  Hu lbur t  
( 1 9 7 6 )  d i d  n o t  f i n d  t h a t  t h e  p r imary  p r o d u c t i o n  was n u t r i e n t - l i m i t e d ,  n e i t h e r  i n  t h e  
h i g h  - n o r  i n  t h e  low - p r o d u c t i o n  p a r t s  o f  t h e  Region.  Exam IPS f  v a l u e s  o f  -9 - -!, 
p r i m a r y  p r o d u c t i o n  obse rved  i n  t h e  Region a r e  ( i n  u n i t s  o f  q.Cm . y r  : Canary  
C u r r e n t :  35-350; Gulf  o f  Guinea ,  n o r t h e r n  p a r t :  3-15; s o u t h e r n  p a r t  30-70; Congo 
e s t u a r y :  250; Niger  e s t u a r y :  580: Benguela  C u r r e n t  u p w e l l i n g :  390-2 500;  ( a l l  
from K o n d r a t j e v a ,  1979) ;  Cape S i e r r a  Leone, Conakry,  Tema: 250; Gulf  o f  Guinea:  
1 0 5  ( N e l l e n ,  1 9 6 7 ) ;  Cape Blanco u p w e l l i n g  a r e a :  365-1 100  (Huntsman and Barbe r  
1 9 7 7 ) .  S c h u l z  (1982)  p r e s e n t s  d a t a  i n d i c a t i n g  s l i g h t l y  h i g h e r  p r i m a r y  p r o d u c t i o n  i n  
t h e  s o u t h e r n  u p w e l l i n g  sys t em t h a n  i n  t h e  n o r t h e r n  one .  On t h e  b a s i s  o f  an  a n a l y s i s  
o f  a l l  i n f l u e n c i n g  f a c t o r s  h e  c o n c l u d e s  t h a t  t h e  c o n d i t i o n s  f o r  p r imary  p r o d u c t i o n  
a r e  b e t t e r  i n  t h e  s o u t h e r n  a r e a .  



Zooplankton is t h e  n e x t  s t e p  i n  t h e  food-chain,  g r a z i n g  on t h e  phy top lank ton ,  
g e n e r a t i n g  l a r g e r  p a r t i c l e s  which t o  a  l a r g e  e x t e n t  se t t l e  t h e r e b y  t r a n s f e r r i n g  
o r g a n i c  m a t e r i a l  t o  t h e  bottom. The zooplankton a l s o  r e g e n e r a t e s  t h e  n i t r o g e n  used 
by t h e  phy top lank ton ;  t h i s  y i e l d s  a n  average  s u p p l y  o f  abou t  25 p e r  c e n t  of  t h e  
t o t a l  n i t r o g e n  demand o f  t h e  phytoplankton i n  t h e  nor th-west  Af r ican  upwel l ing a r e a  
(Smith  and Whit ledge,  1977) .  These a u t h o r s  a l s o  found t h a t  small zooplankton 
s p e c i e s ,  i n  t h e  r a n g e  100-500 m c m ,  dominated t h e  biomass  n e a r s h o r e ,  w h i l e  
zoop lank ton  l a r g e r  t h a n  1 ,000  mcm were t h e  major  component o f f s h o r e .  The t o t a l  
b iomass  o f  zoop lank ton  i n  t h e  o f f s h o r e  a r e a  was 1 3  g  d r y  we igh t  m-', d e c r e a s i n g  t o  
1.7-3.8 u n i t s  i n  t h e  n e a r s h o r e  a r e a .  I n  t h e  n e a r s h o r e  zone immature c r u s t a c e a n  
forms ( e g g s ,  n a u p l i i ,  and copepo) were i n  a  l a r g e r  p r o p o r t i o n  than  o f f s h o r e .  The 
o f f s h o r e  samples ,  abou t  35 n.m. from t h e  c o a s t ,  were dominated by A c a r t i a  s p .  and 
u n i d e n t i f i e d  n s u p l i i .  I n  t h e  s o u t h e r n  upwel l ing  a r e a  ( t h e  Benguela C u r r e n t  regime)  
zoop lank ton  maxima, i n  numbers and biomass,  have l i k e w i s e  been observed o f f s h o r e  of 
t h e  main upwel l ing  a r e a ,  around 20Â S (Kondra t j eva  1 9 7 9 ) .  

Phy top lank ton  and zooplankton d i s t r i b u t i o n s  a r e  v e r y  much i n f l u e n c e d  by p h y s i c a l  
c o n d i t i o n s  and p r o c e s s e s .  These i n c l u d e :  s t r a t i f i c a t i o n  i n  t h e  water  column; l i g h t  
c o n d i t i o n s ;  c u r r e n t s  and i n  p a r t i c u l a r  c u r r e n t  v a r i a t i o n s ;  t u r b u l e n t  mixing,  o f t e n  
g e n e r a t e d  by wind i n f l u e n c e ;  wave motions .  I n  e a s t e r n  c o a s t a l  boundary l a y e r s  
wind-generated c o n t i n e n t a l  s h e l f  waves may have a  s t r o n g  i n f l u e n c e  on t h e  
zoop lank ton  d i s t r i b u t i o n  (Welsh, 1977; P a s t e l ,  1982) .  

S t u d i e s  o f  suspended p a r t i c u l a t e  m a t t e r  have y i e l d e d  i n f o r m a t i o n  on t h e  d i s t r i b u t i o n  
and composi t ion o f  t h e  p lank ton  community i n  d i f f e r e n t  p a r t s  of  t h e  Region. 
R i l e y  e t  a l . ,  (1964)  found h lgh  amounts o f  a g g r e g a t e  p a r t i c l e s  o f  o r g a n i c  m a t t e r  i n  
t h e  Guinea C u r r e n t  regime from about  15O t o  l l O N ,  w i t h  d ia toms  be ing  t h e  major 
c o n s t i t u e n t  of  t h e  f l o r a .  The compos i t ion  v a r i e d  wide ly  from s t a t i o n  t o  s t a t i o n ,  
w i t n  T h a l a s s i o s i r a  o r  Chae toceros  s p p .  o f t e n  b e i n g  dominant a t  s t a t i o n s  wi th  t h e  
h i g h e s t  s t a n d i n g  c r o p s .  I n  t h e  a r e a  s o u t h  o f  t h i s  r eg ime ,  abou t  lo0-6ON, t h e  same 
a u t h o r s  found low amounts of a g g r e g a t e s  and few d ia toms .  T h i s  was a  b i o l o g i c a l  
regime s i m i l a r  t o  t h a t  found i n  t h e  North E q u a t o r i a l  C u r r e n t ,  w h i l e  t h e  Guinea 
C u r r e n t  regime was s i m i l a r  t o  t h e  upwel l ing  regime t o  t h e  n o r t h .  R i ley  e t  a l . ,  
(1964)  found a  d i r e c t  r e l a t i o n s h i p  between o r g a n i c  a g g r e g a t e s  and t h e  volume of  
phy top lank ton .  Ihe mean carbon v a l u e s  i n  t h e  Guinea r e g i o n  were 0 .6  mg C / l i t r e  and 
0.36 mg C / l i t r e  i n  t h e  a d j a c e n t  s o u t h e r n  a r e a ,  a l o n g  t h e  c o a s t .  

Emery and Honjo (1979)  l i k e w i s e  found t h a t  s i l i c e o u s  remains  o f  d ia toms  were t h e  
most abundant of t n e  s k e l e t a l  d e b r i s  from s u r f a c e  w a t e r s  o f f  wes te rn  A f r i c a :  
d i s c o i d  d ia toms  Chae toceros  spp . ,  Rhvzosolenia  s p p .  and Cosc inod iscus  spp . .  The 
d i s t r i b u t i o n  p a t t e r n  sugges ted  abundance i n  a r e a s  o f  c o a s t a l  upwel l ing and i n  t h e  
e a s t e r n  r e g i o n  of t h e  Gulf of  Guinea a s s o c i a t e d  w i t h  t h e  Niger and Congo r i v e r s .  
The p a t t e r n  e s t a b l i s h e d  from t h e  d e b r i s  was v e r y  s i m i l a r  t o  t h e  p lank ton  
p r o d u c t i v i t y  p r e s e n t e d  i n  t h e  c h a r t s  by Koblenz-Mishke e t  a l . ,  (1970)  and o t h e r s .  
The most abundant a f t e r  d ia toms  were d i n o f l a g e l l a t e s :  Gonyaulax spp. ,  Ceratium spp . ,  
Pe r id in ium spp .  and o t h e r s .  S i l i c o f l a g e l l a t e  s k e l e t o n n e  were p r e s e n t  b u t  ve ry  
s c a r c e ,  t h e  c o n c e n t r a t i o n s  c l e a r l y  r e l a t e d  t o  t h e  p h y s i c a l  c i r c u l a t i o n  regimes.  
R a d i o l a r i a n  s k e l e t o n n e  were r e l a t i v e l y  r a r e  and showed no a e r i a l  p r e f e r e n c e .  Emery 
and Honjo (1979)  a l s o  observed a  member of  o r g a n i c  s u r f a c e  f i l m s  of  0.3-8 mcm 
t h i c k n e s s  c o n c e n t r a t e d  i n  t h e  n o r t h  and s o u t h  upwel l ing  a r e a s ,  and c l e a r l y  of  
n a t u r a l  b i o g e n i c  o r i g i n .  I n  c o n c l u s i o n  i t  can be s t a t e d  t h a t  t h e  d i s t r i b u t i o n s  o f  
d ia toms ,  d i n o f l a g e l l a t e s ,  s i l i c o f l a g e l l a t e s  and o t h e r  marine  p lank ton  r e f l e c t s  t h e  
a r e a s  o f  upwel l ing  and r i v e r  d i s c h a r g e ;  t h e  impor tance  o f  t h e  l a t t e r  was shown both 
by t h e  abundance of  t o t a l  d ia toms  and t h e  p r e s e n c e  of  f r e s h w a t e r  s p e c i e s  (Emery and 
Honjo, 1979) .  



6.2 L iv inq  r e s o u r c e s  

The a r e a s  of  h i g h  pr imary . p r o d u c t i v i t y  coupled w i t h  t h e  upwel l ing  a r e a  is i n  t h e  
n o r t h e r n  and s o u t h e r n  p a r t s  o f  t h e  Region a r e  p a r t i c u l a r l y  r i c h  i n  f i s h  p roduc t ion .  
There a r e  d i f f e r e n c e s  i n  f i s h  p o p u l a t i o n s  between t h e  a r e a s ,  e s p e c i a l l y  a s  r e g a r d s  
t h e  demersal  communities (Bas ,  1 9 8 3 ) .  

I n  t h e  n o r t h e r n  a r e a  t h e  p e l a g i c  f i s h  p o p u l a t i o n  is dominated by S a r d i n e  p i l c h a r d u s ,  
whereas i n  t h e  Benguela Cur ren t  r eg ime  i t  is Sard inops  o c e l l a t a .  Two groups  o f  
p e l a g i c  s p e c i e s  a r e  found th roughout  t h e  Region, namely: S a r d i n e l l a  a u r i t a ,  
p r e f e r r i n g  i n t e r t r o p i c a l  w a t e r s ,  and d i f f e r e n t  s p e c i e s  of  t h e  genus Trachurus  (Bas ,  
1 9 8 3 ) .  

The demersal  p o p u l a t i o n  c o v e r s  a  wide v a r i e t y  of  s p e c i e s .  I n  t h e  e q u a t o r i a l  zone 
t h e  f i s h e r i e s  e x p l o i t a t i o n  of  t h e s e  s p e c i e s  (be long ing  t o  t h e  genus O t h o l i t u s )  is 
n o t  p a r t i c u l a r l y  impor tan t .  Crus taceans :  sh r imps ,  prawns and l o b s t e r s  occupy a  wide 
r a n g e  of a r e a s  from l o b s t e r s  i n  c o a s t a l  zones i n  t h e  n o r t h e n  and s o u t h e r n  a r e a s  t o  
prawn grounds i n  t h e  Gulf o f  Guinea and deep wate r  sh r imps  from Senega l  t o  Angola. 
A s  f a r  a s  p o t e n t i a l  developments concerned  t h e  e u p h a s i i d s  and d i f f e r e n t  g roups  o f  
v e r t i c a l l y  m i g r a t i n g  s p e c i e s ,  e . g .  t h e  myctophids,  a r e  of  p a r t i c u l a r  i n t e r e s t  (Bas ,  
1 9 8 3 ) .  

The d e t a i l e d  d i s t r i b u t i o n  and abundance of p e l a g i c  f i s h  have been s t u d i e d  i n  some 
a r e a s  i n  connec t ion  wi th  r e s e a r c h  programmes concerned i n  p a r t i c u l a r  w i t h  t h e  
upwel l ing  a r e a s .  Thorne e t  a l . ,  (1977)  observed t h e  c o n g r e g a t i o n s  of  f i s h  a s s o c i a t e d  
w i t h  t h e  upper c o n t i n e n t a l  s l o p e  and m i d s h e l f ,  r e s p e c t i v e l y ,  a t  abou t  21Â N d u r i n g  
t h e  C o a s t a l  Upwelling Ecosystem A n a l y s i s  (CUEA) i n v e s t i g a t i o n s .  T h i s  abundance o f  
f i s h  cou ld  be connected w i t h  t h e  d i s t r i b u t i o n  of zooplankton i n  t h e  n o r t h e r n  
upwel l ing  a r e a .  The s l o p e  c o n g r e g a t i o n  p r i m a r i l y  o f  h o r s e  mackerel  (Trachurus  s p .  1 
was a s s o c i a t e d  with  t h e  h igh  abundance of l a r g e  (over  500 mcm) zoop lank ton ,  w h i l e  
t h e  midshe l t  congrega t ion  was p r i m a r i l y  s a r d i n e  a s s o c i a t e d  w i t h  t h e  s m a l l  
zooplankton and phytoplankton maxima o f  t h e  m i d s h e l f .  The a u t h o r s  e s t i m a t e d  t h e  

2 a v e r a g e  abundance of  f i s h  a t  60 g m  wet weight  over  an a r e a  of  4 ,000 m . T h i s  
c l e a r l y  i n d i c a t e s  how t h e  d i f f e r e n t  f i s h  d i s t r i b u t i o n s  a r e  r e l a t e d  t o  pr imary 
b i o l o g i c a l  and p h y s i c a l  c o n d i t i o n s .  T h i s  is f u r t h e r  e l u c i d a t e d  below. 

L i v i n g  r e s o u r c e s  i n  t h e  marine  and c o a s t a l  a r e a s  o f  t h e  Region a r e  ex t remely  
abundant ,  but t h e i r  g e o g r a p h i c a l  d i s t r i b u t i o n  between d i f f e r e n t  West A f r i c a n  
c o u n t r i e s  and zones is i r r e g u l a r .  Except f o r  t u n a ,  t h e  impor tan t  f i s h e r y  r e s o u r c e s  
( p e l a g i c  and demersa l )  of West A f r i c a  a r e  c o n c e n t r a t e d  on t h e  c o n t i n e n t a l  s h e l f .  
Rich p o p u l a t i o n  of shr imps and marine m o l l u s c s  a r e  a l s o  l o c a t e d  t h e r e  ( f i g u r e  1 0 ) .  

The most c o n s i d e r a b l e  f i s h i n g  g rounds  a r e  found i n  a r e a s  of  upwel l ing ,  where deep 
n u t r i e n t - l a d e n  w a t e r s  brought  towards  t h e  s u r f a c e  a r e  r e s p o n s i b l e  f o r  ex t remely  
l a r g e  pr imary p roduc t ion  of  o r g a n i c  m a t t e r .  Th i s  is consumed by zoop lank ton  and 
s u c c e s s i v e l y  h i g h e r  t r o p h i c  l e v e l s .  For example, zooplankton biomass i n  t h e s e  a r e a s  
a c h i e v e s  400 mq/m2 and more ( s e e  f i g u r e  1 1 )  and pr imary p r o d u c t i o n  o f  Phy top lank ton ,  
500 mg C/m2/day and more ( s e e  f i g u r e  1 2 ;  Krey, 1 9 7 5 ) .  High p r o d u c t i v i t y  and hence 
r i c h  f i s h e r y  r e s o u r c e s  a r e  l i n k e d  wi th  t h e  f o l l o w i n g  enr ichment  a r e a s :  

( 1 )  a long  t h e  c o a s t  from Senegal  t o  L i b e r i a  p a r t i c u l a r l y  d u r i n g  February-March and 
July-August.  T h i s  is a s s o c i a t e d  w i t h  t h e  upwel l ing  i n  t h e  nor th-west  f r o n t a l  
zone ; 

) from Gabon t o  Congo, f o r  July-August and February-March, l i n k e d  wi th  t h e  
upwel l ing zone i n  t h e  Bengueia C u r r e n t  regime; 
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Figure 10: The distribution by depth of fish species and species groups off 
the coast of West Africa between 20Â° and 15"s (Saentongo, 1979) 



3 
F i g u r e  11: Biomass o f  z o o p l a n k t o n  ( i n  mg/m ) ( ~ e l a ,  L a e v a s t u ,  1 9 6 2 )  

2 
F i g u r e  12: P r imary  p r o d u c t i o n  o f  p h y t o p l a n k t o n  ( i n  m g  c / m  / day )  

(Koblenz-Mishke e t  a 1  . , 1 9 7 1 )  



) a t h i r d  r e g i o n  o f  h i g h  p r o d u c t i v i t y  is l o c a t e d  a l o n g  t h e  c o a s t  o f  Ghana-Ivory 
Coast and a s s o c i a t e d  w i t h  s e a s o n a l  upwel l ing  d u r i n g  J u l y -  August; 

) high  p r o d u c t i v i t y  i s  a l s o  known i n  t h e  o u t f l o w  r e g i o n  o f  t h e  Zaire/Congo r i v e r  
t o  a  d i s t a n c e  o f  a b o u t  300 miles. 

A l l  t h e  b a s i c  f i s h e r y  a r e a s  i n  t h e  Region and m i g r a t i o n  p a t t e r n s  o f  impor tan t  
p e l a g i c  f i s h  a r e  shown i n  f i g u r e  13.  Thus t h e  r i c h e s t  f i s h i n g  g rounds  i n  t h e  Region 
a r e  a s s o c i a t e d  w i t h  d e s e r t  c o a s t s  and r e l a t i v e l y  low p o p u l a t i o n s ,  w h i l e  t h e  most 
popu la ted  s t a t e s  s u c h  a s  Ghana, N i g e r i a  and I v o r y  Coast  have r e l a t i v e l y  s m a l l e r  
f i s h e r i e s  r e s o u r c e s  (Wi l l i ams ,  1975; FAO, 1979) .  

The importance o f  f i s h i n g  v a r i e s  c o n s i d e r a b l y  from c o u n t r y  t o  c o u n t r y .  In  
Maur i t an ia  f i s h  e x p o r t s  r a n k  second ,  bu t  well below i r o n  o r e .  Senegal  ach ieved  a  
remarkab le  i n c r e a s e  i n  f i s h i n g  i n  t h e  l a s t  decade  and ocean p r o d u c t s  f e a t u r e d  
s i g n i f i c a n t l y  among its e x p o r t s .  About 70 pe r  c e n t  o f  t h e  c a t c h  is e x p o r t e d ,  
i n c l u d i n g  shr imp,  o f  which i t  is A f r i c a ' s  l e a d i n g  p roducer .  Domestic consumption is 
a l s o  h igh  and t h e  c o u n t r y  r a n k s  f i f t h  i n  t h e  world p e r  c a p i t a  u s e  o f  f i s h .  Gambia's 
c a t c h  is a l s o  i n c r e a s i n g  s t e a d i l y  and a  new company is p r o c e s s i n g  c r a b s ,  o y s t e r s  and 
l o b s t e r s  (Ssen tongo ,  1979) .  

S e v e r a l  of  t h e  c o u n t r i e s  t end  t o  be n e t  i m p o r t e r s ,  though many e x p o r t  tuna and 
shr imp.  L i b e r i a ,  Ghana, Togo and Benin have many communit ies  engaged i n  f i s h i n g .  
N i g e r i a  consumes t h e  c o n t i n e n t ' s  l a r g e s t  q u a n t i t i e s  o f  f i s h ,  b u t  i m p o r t s  abou t  t h r e e  
q u a r t e r s  of  i ts  needs .  

Among t h e  West and C e n t r a l  A f r i c a n  c o u n t r i e s ,  t h e  l a r g e s t  c a t c h e s  a r e  t h o s e  o f  
Namibia, fo l lowed by N i g e r i a ,  Senega l ,  Ghana and Angola ( s e e  t a b l e  7 ) .  

The d a t a  g iven  i n  t a b l e  7  show t h a t  dur ing  t h e  l a s t  decade f i s h  c a t c h e s  have been 
s u b j e c t  t o  b i g  changes .  I n  some c o u n t r i e s  such  a s  M a u r i t a n i a ,  Angola, Senega l ,  
Gabon and Congo, t h e  amount o f  t h e  c a t c h  f l u c t u a t e d  d u r i n g  t h i s  p e r i o d .  The g e n e r a l  
tendency f o r  most o f  t h e  c o u n t r i e s  is t o  i n c r e a s e  t h e i r  c a t c h .  However, on t h e  
o t h e r  hand, Angola and Namibia have had c o n s i d e r a b l y  s m a l l e r  c a t c h e s  o f  f i s h  and 
o t h e r  marine r e s o u r c e s  i n  t h e  l a s t  f i v e  y e a r s .  

Fore ign  v e s s e l s  a l s o  p l a y  a  ve ry  l a r g e  r o l e  i n  s e a  f i s h e r i e s ,  p a r t i c u l a r l y  i n  more 
d i s t a n t  w a t e r s  f o r  tuna .  The USSR, S p a i n ,  Japan and Norway u s e  l a r g e  
f r e e z e r - t r a w l e r s  and f a c t o r y  f i s h m e a l  s h i p s  t h a t  a r e  c a p a b l e  o f  c a t c h i n g  and 
p r o c e s s i n g  g r e a t  q u a n t i t i e s  of  f i s h  wi thou t  b e i n g  dependent  on nearby  p o r t s  
( F e r r e i r a ,  1979) .  

The l agoons  a long  t h e  c o a s t  a r e  a l s o  a r e a s  o f  h i g h  p r o d u c t i v i t y .  I n  g e n e r a l ,  t h i s  
is a s s o c i a t e d  w i t h  t h e  d r y  season  when n u t r i e n t s  a r e  be ing  c o n c e n t r a t e d .  
P r o d u c t i v i t y  d u r i n g  f l o o d s  o r  t h e  r a i n y  s e a s o n s  is g e n e r a l l y  poor  i n  t h e  l agoons .  

F i s h  and shr imp a r e  t h e  major  r e s o u r c e s  o f  t h e  Region, and a t  t h e  same t i m e  i n  some 
c o u n t r i e s  l i k e  S e n e g a l ,  S i e r r a  Leone, N i g e r i a  and o t h e r s ,  e d i b l e  m o l l u s c s  from 
near - shore  a r e  h a r v e s t e d  i n  c o n s i d e r a b l e  q u a n t i t i e s  (Offurum, 1981) .  The p r e s e n t  
t o t a l  annua l  c a t c h  e s t i m a t e d  by FAO's F i s h e r y  Committee f o r  E a s t e r n  C e n t r a l  A t l a n t i c  
F i s h e r i e s  (CECAF) is 3.5 m i l l i o n  tonnes .  

The development o f  f i s h e r i e s  i n  t h e  CINECA r e g i o n  (Co-operat ive  I n v e s t i g a t i o n  o f  t h e  
Northern P a r t  o f  t h e  E a s t e r n  C e n t r a l  A t l a n t i c )  ex tend ing  from G i b r a l t a r  t o  1 O 0 N ,  h a s  
been s t u d i e d  i n  t h e  c o o p e r a t i v e  FAO/UNDP p r o j e c t .  Ansa-Emmin (1982) d i s t i n g u i s h e d  
between a r t i s a n a l ,  l o c a l  s e m i - i n d u s t r i a l  o r  i n d u s t r i a l ,  and long-d i s tance  f i s h e r i e s  



mainly conducted by non-Af r i c a n  c o u n t r i e s .  In Senegal  t h e  a r t i s a n a l  l a n d i n g s  
c a r r i e d  o u t  from canoes  i n c r e a s e d  from 83,000 t i n  1965 t o  278,400 t i n  1975. I n  
Gambia t h e  a r t i s a n a l  c a t c h e s  i n c r e a s e d  from 3,000 t i n  1965 t o  14 ,000  t i n  1976, and 
a r t i s a n a l  l a n d i n g s  i n  Guinea were e s t i m a t e d  a t  7 ,000 t a t  t h a t  t i m e .  In  1976 t h e  
l a n d i n g s  of  t h e  t e n  most i m p o r t a n t  s p e c i e s  i n  t h e  i n d u s t r i a l i z e d  l o c a l  f i s h e r i e s  i n  
Senegal  was abou t  64,000 t , i n c l u d i n g  t r a w l e r s ,  s h r i m p e r s  and p u r s e  s e i n e r s .  The 
l o n g - d i s t a n c e  f i s h i n g  i n  t h e  CINECA r e g i o n  i n c l u d e  f i s h e r i e s  by European c o u n t r i e s ,  
t h e  USSR, Japan and Korea. ' A s  examples o f  t h e  c a t c h e s  by t h e s e  f l e e t s  i t  can  be 
mentioned t h a t  v e s s e l s  from France and Spain f i s h i n g  o f f  Morocco and t h e  Sahara  i n  
1970 caught  up t o  42,000 t o f  s a r d i n e ,  and t h a t  one f a c t o r y  s h i p  ( Interpi2che)  
y i e l d e d  between 80,000 t and 216,000 t i n  1973-1977 f o r  t h e  C I N E C A  r e g i o n .  
Ansa-Emmin (1982)  summarized t h e  knowledge of  t h e  s t a t e  of  e x p l o i t a t i o n  of  v a r i o u s  
s t o c k s  i n  t h e  CINECA r e g i o n ,  and concluded t h a t  most of  t h e  major  r e s o u r c e s  i n  t h e  
a r e a  a r e  f u l l y  e x p l o i t e d .  He a l s o  concluded,  however, t h a t  c a t c h  i n f o r m a t i o n  was 
f a r  from s a t i s f a c t o r y  and t h a t  f i s h e r i e s  assessment  and management p a r t l y  f o r  t h i s  
r e a s o n  were deve lop ing  on ly  s lowly .  In fo rmat ion  on a c t i v i t i e s  o f  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  concerned wi th  f i s h e r i e s  and on r e g i o n a l  f i s h e r y  b o d i e s  c a n  be 
o b t a i n e d  from FA0 (1981) .  

6 . 3  S p e c i a l  ecosystems and r e s o u r c e s  

There  a r e  a  l a r g e  number o f  n e a r s h o r e  and c o a s t a l  zone ecosys tems  i n  t h e  Region 
which r e q u i r e  s p e c i a l  c o n s i d e r a t i o n  i n  r e l a t i o n  t o  t h e i r  s u p p o r t  f o r  t h e  o f f s h o r e  
s y s t e m s  and f o r  t h e i r  s e n s i t i v i t y  t o  p o l l u t i o n .  A rev iew o f  t h e s e  h a s  been g i v e n  i n  
IMCO/UNEP (1982) .  Among them a r e :  

Rocky beach communities,  s u b j e c t  t o  much p h y s i c a l  i n f l u e n c e ,  and making use  
o f  s h e l t e r e d  rocky c o a s t s  and g e o l o g i c a l  s t r u c t u r e s  f o r  p r o t e c t i o n  from s u r f ,  
t i d a l  c u r r e n t s  and waves; 

F l a t ,  f i n e - g r a i n e d  sandy beaches  and s l o p i n g ,  medium-to-coarse grained-sandy 
beaches ;  

Gravel beaches  w i t h  e x t e n s i v e  b i o l o g i c a l  a c t i v i t y ;  

E s t u a r i e s ,  which a r e  o f t e n  impor tan t  a s  spawning and n u r s e r y  a r e a s  f o r  many 
commercially impor tan t  s p e c i e s ,  e . g . ,  o y s t e r s ,  c r a b s ,  sh r imps ;  

Mangroves which harbour  a  l a r g e  animal community, and supp ly  f i s h ,  m o l l u s c s ,  
c r u s t a c e a n s  wi th  food and s h e l t e r ;  

S a l t  marshes ,  o f t e n  be ing  n u r s e r y  grounds f o r  i m p o r t a n t  s p e c i e s ,  and o f t e n  
b o t h  impor t ing  and e x p o r t i n g  b i o l o g i c a l l y  impor tan t  components;  

Bays and l agoons ,  found throughout  t h e  Region, a r e  of  g r e a t  importance a s  
n u r s e r y  grounds f o r  s h e l l f i s h ,  s p o r t  and commercial  f i s h e r i e s ,  a s  w e l l  a s  
g e n e r a t o r s  o f  primary and secondary p r o d u c t i o n  which c a n  be used f o r  o t h e r  
p a r t s  o f  t h e  system.  These beaches  and n e a r s h o r e  p a r t s  o f  t h e  o v e r a l l  
ecosystem a r e  o f t e n  p a r t i c u l a r l y  s e n s i t i v e  t o  e x p l o i t a t i o n  and p o l l u t i o n .  

7. NON-LIVING RESOURCES OF THE R E G I O N  

C o u n t r i e s  o f  t h e  Region have  r i c h  and d i v e r s e  m i n e r a l  r e s o u r c e s .  Many o f  t h e  
land-based minera l  d e p o s i t s  have a l r e a d y  been exp lored  o r  a r e  a t  t h e  s t a g e  of a c t i v e  



e x p l o i t a t i o n .  A l l  t h e  i m p o r t a n t  b a s i c  m i n e r a l s  o f  t h e  Region c a n  be  combined i n t o  
s e v e r a l  groups:  t h e  i r o n  and f e r r o - a l l o y s  group (main1 y manganese),  non-ferrous  
i n d u s t r i a l  m e t a l s  s u c h  a s  t i n  and b a u x i t e ,  m i n e r a l  f u e l s  (u ran ium) ,  and non-metals 
such  a s  phospha te  rock  and s u l p h u r .  Some c o u n t r i e s  o f  t h e  Region have l a n d  based 
m i n e r a l  d e p o s i t s  which a r e  o f  g r e a t  impor tance  on a world s c a l e .  For example Guinea 
h a s  ve ry  r i c h  r e s o u r c e s  o f  b a u x i t e ,  Gabon h a s  l a r g e  d e p o s i t s  o f  manganese and i r o n  
o r e s ,  Z a i r e  is t h e  main producer  o f  c o b a l t ,  t i n  and c o p p e r ,  Togo and Senegal  have 
r i c h  d e p o s i t s  o f  phospha te  r o c k s  (Offurum, 1981) .  Angola, Namibia and Zaire p l a y  an 
i m p o r t a n t  r o l e  i n  t h e  world market a s  p r o d u c e r s  o f  diamonds, go ld  and uranium 
( C o u n t r i e s  o f  t h e  World, 1979; C o u r i e r ,  1978) .  

The e x p l o r a t i o n  o f  mar ine  m i n e r a l  r e s o u r c e s  h a s  r e c e n t l y  been s t a r t e d  i n  t h e  c o a s t a l  
a r e a s  o f  t h e  Region. Now w e  can speak abou t  r i c h  d e p o s i t s  o f  o i l  and g a s  i n  t h e  
submer id iona l  be1  t o f  c o a s t a l  b a s i n s  which ex  t end  th roughout  t h e  whole Region ( s e e  
f i g u r e  1 4 ) ,  t h e  diamond f i e l d s  o f  Z a i r e ,  Angola and Namibia, and t h e  phosphorus 
e n r i c h e d  bottom sed iments  i n  o f f s h o r e  a r e a s  o f  t h e  Gulf o f  Guinea ( F e r r e i r a ,  1979; 
Chukumerije,  1981; Ocean I n d u s t r y  1980) .  

The i n d u s t r i a l i z e d  c o u n t r i e s  o f  t h e  world ,  now a f f e c t e d  by e n e r g y  c r i s e s ,  pay t h e i r  
a t t e n t i o n  p r i m a r i l y  t o  t h e  o i l  r e s o u r c e s  o f  t h e  Region. S ix  c o u n t r i e s  o f  West 
A f r i c a  have a l r e a d y  a c t i v e l y  s t a r t e d  t o  e x p l o i t  t h e i r  o i l  r e s o u r c e s  and from 50 t o  
95  p e r  c e n t  o f  t h e  c r u d e  o i l  e x t r a c t e d  is be ing  expor ted  t o  Western Europe and 
h o r t h e r n  America (Ocean I n d u s t r y ,  1900; Hunn e t  e l . ,  1 9 8 1 ) .  

The o i l  r e s o u r c e s  o f  t h e  Region a l r e a d y  e x p l o r e d  a r e  e s t i m a t e d  a t  abou t  2,400 
m i l l i o n  tonne  and more than  80 p e r  c e n t  o f  them belong t o  Niger ia .  Based on t h e  
p r e s e n t  r a t e  (1980-1982) of o i l  p roduc t ion  (abou t  130 m i l l i o n  t / y ) ,  c o u n t r i e s  o f  t h e  
Region w i l l  be  a b l e  t o  e x p l o i t  t h e i r  d e p o s i t s  f o r  a t  l e a s t  1 8  y e a r s .  

These f i g u r e s  a r e  o b v i o u s l y  e s t i m a t e s  and w i l l  p robab ly  be  s u b j e c t  t o  changes a s  new 
r e s e r v e s  a r e  found. The r a p i d  development is i l l u s t r a t e d  by t h e  i n c r e a s e  i n  
r e f i n i n g  c a p a c i t y  i n  c o u n t r i e s  such  a s  Angola, Ghana, I v o r y  Coas t ,  Niger ia  and 
Senegal  from 2,000 b a r r e l s  p e r  day i n  1960 t o  276,000 b a r r e l s / d a y ,  o r  13.9  m i l l i o n  
tonne  p e r  y e a r ,  i n  1979. The average  o f f s h o r e  p r o d u c t i o n  ( i n  1 ,000 b/d) was i n  1979 
i n  Niger ia  abou t  380 b/d, i n  Cameroon abou t  10  b/d,  i n  Angola abou t  95  b/d and i n  
Gabon abou t  120 b/d (IMCO/UNEP, 1982, s e e  f i g u r e s  3-6). In  a l l ,  e i g h t  r e f i n e r i e s  
a r e  s i t u a t e d  a long  t h e  c o a s t  from Senegal t o  Angola. 

Data combined i n  t a b l e  8 show t h a t  f o r  f i v e  c o u n t r i e s  o u t  o f  s i x ,  t h e  main o i l  
p r o d u c t i o n  is  connec ted  wi th  d e p o s i t s  i n  t h e  c o a s t a l  a r e a s  and o n l y  Niger ia  h a s  
e x t r a c t e d  more t h a n  75 p e r  c e n t  o f  t o t a l  o i l  from land-based bore- h o l e s .  

A t  p r e s e n t ,  t h e  a v e r a g e  r a t i o  between c o n t i n e n t a l  and marine o i l  p roduc t ion  i n  t h e  
Region is approx imate ly  3 t o  1. The d e g r e e  o f  impor tance  t h a t  each  c o u n t r y  o f  t h e  
Region a s s i g n s  t o  i ts  m i n e r a l  r e s o u r c e  development v a r i e s  a s  much a s  t h e  proven 
s t o c k  o f  m i n e r a l  r e s o u r c e s  o f  t h e  t y p e s  mentioned above and t h e  a v a i l a b i l i t y  o f  t h e  
n e c e s s a r y  economic and s o c i a l  i n f r a s t r u c t u r e .  In  t h i s  s i t u a t i o n  t h e r e  is a group of  
c o u n t r i e s  i n  t h e  Region i n c l u d i n g  a l l  o i l - p r o d u c e r s ,  L i b e r i a  and S i e r r a  Leone whose 
economies depend c o n s i d e r a b l y  upon n a t i o n a l  m i n e r a l  d e p o s i t s  and t h e  a c t i v i t y  o f  
mining and p r o c e s s i n g  i n d u s t r i e s .  I n  o t h e r  c o u n t r i e s  such a s  Cape Verde, Guinea 
B i s s a u ,  Sao Tome and P r i n c i p e ,  Benin and E q u a t o r i a l  Guinea t h e r e  is p r a c t i c a l l y  no 
mining,  a l t h o u g h  some m i n e r a l  d e p o s i t s  a r e  a v a i l a b l e  t h e r e  ( A f r i c a  South o f  t h e  
S a h a r a ,  1980)  . 
Most of  t h e  Region is  s i t u a t e d  i n  a l a t i t u d i n a l  b e l t  where ocean the rmal  energy 
e x t r a c t i o n  is f e a s i b l e ,  and f o r  some o f  t h e  c o u n t r i e s  i n  t h e  Region t h i s  energy  
s o u r c e  h a s  a v e r y  h i g h  p o t e n t i a l  (UNDIESA/UNEP, 1983) .  Another p o t e n t i a l  energy 
s o u r c e  is o c e a n i c  b i o c o n v e r s i o n  f o r  which t h e  e n t i r e  Region c o n t a i n s  s u i t a b l e  s i t e s .  
Both t h e s e  e n e r a v  s o u r c e s  w i 1  1 r e n i ~ i r e  c n m o  roconrt-h no t n  o ~ i , i ' ~ ' n n m o i - i i - ~ i  <----t. --A 



11. STATE OF THE MARINE E N V I R O N M E N T  

8.  SOURCES AND INPUTS OF POLLUTANTS 

8 . 1  I n t r o d u c t i o n  

V a r i o u s  t y p e s  o f  s u b s t a n c e s  ( o f t e n  r e f e r r e d  t o  a s  p o l l u t a n t s )  a r e  i n t r o d u c e d  i n t o  
t h e  mar ine  env i ronmen t  t h r o u g h  human a c t i v i t i e s .  The r e s u l t i n g  c o n t a m i n a t i o n  may 
g i v e  rise t o  a  d e l e t e r i o u s  e f f e c t  which  t h e n  c o n s t i t u t e s  p o l l u t i o n .  I t  s h o u l d  be  
r e c a l l e d  t h a t  m a r i n e  p o l l u t i o n  is d e f i n e d  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 ronmen t  ( 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 ea -wa te r  and r e d u c t i o n  o f  a m e n i t i e s "  (GESAMP, 1977). 

S e v e r a l  p o t e n t i a l  s o u r c e s  o f  m a r i n e  c o n t a m i n a t i o n  a r e  p r e s e n t  i n  t h e  Region o r  w i l l  
a p p e a r  t h e r e  i n  t h e  n e a r  f u t u r e .  The main o n e s  a r e :  

- I n d u s t r i a l  p o l l u t i o n  ( i n c l u d i n g  t h e  r e f i n i n g  of o i l )  

- M u n i c i p a l  sewage 

- A g r i c u l t u r a l  w a s t e  

- O i l  p o l l u t i o n  ( i n c l u d i n g  p o l l u t i o n  from mining and t r a n s p o r t a t i o n ) .  

Su rveys  o f  r i v e r  i n p u t s  o f  w a t e r ,  s e d i m e n t  and q u a n t i t i e s  o f  c h e m i c a l  compounds, and 
o f  i n p u t s  from i n d u s t r i a l  s o u r c e s  t o  t h e  Region have  r e c e n t l y  been comple t ed  
(UNIDO/UNEP, 1982;  UNESCO/UNEP, 19821,  a s  w e l l  a s  a  s u r v e y  o f  t h e  s t a t u s  o f  o i l  
p o l l u t i o n  ( IMCO/UNEP, 1 9 8 2 ) .  Here i n f o r m a t i o n  r e l e v a n t  t o  t h e  problem o f  a s s e s s i n g  
t h e  s t a t e  o f  t h e  mar ine  env i ronmen t  o f  t h e  Region w i l l  be  summarized,  c o n s i d e r i n g  
t h e  n o r t h e r n ,  m i d d l e  and s o u t h e r n  z o n e s  s e p a r a t e l y  ( s e e  f i g u r e  1 f o r  d e f i n i t i o n  o f  
t h e  z o n e s ) .  

B e f o r e  do ing  t h i s ,  however,  i t  is i l l u s t r a t i v e  t o  summarize t h e  s i t u a t i o n  i n  
N i g e r i a ,  t h e  most i m p o r t a n t  c o u n t r y  i n  t h e  UNEP West and C e n t r a l  A f r i c a n  Reg iona l  
S e a s  A c t i v i t y  Programme, a s  i t  was p r e s e n t e d  r e c e n t l y  by  O s i b a n j o  ( 1 9 8 3 ) .  N i g e r i a  
is t h e  l e a d i n g  o i l  p roduce r  o f  A f r i c a .  The p o p u l a t i o n  is o v e r  80  m i l l i o n ,  o r  a b o u t  
20 p e r  c e n t  o f  t h e  c o n t i n e n t ' s  t o t a l ,  w i t h  a b o u t  1 2  m i l l i o n  l i v i n g  a t  t h e  c o a s t .  
Lagos ,  w i t h  a b o u t  5 m i l l i o n  i n h a b i t a n t s ,  i s  t h e  c a p i t a l  and main p o r t .  The Niger  
D e l t a  and t h e  Lagos Lagoon s u p p o r t  major  c o a s t a l  e c o s y s t e m s  o f  g r e a t  i m p o r t a n c e  f o r  
t h e  c o a s t a l  p o p u l a t i o n .  Major h igh -g rade  c r u d e  pe t ro l eum p r o d u c t i o n  o c c u r s  i n  t h e  
Nige r  D e l t a  b a s i n .  

A l l  t h e  ma jo r  s o u r c e s  o f  p o l l u t i o n  t o  t h e  c o a s t a l  zone  r e f e r r e d  t o  above  a r e  p r e s e n t  
i n  N i g e r i a  and produce  a  v e r y  s i g n i f i c a n t  l o a d  on t h e  n e a r s h o r e  and c o a s t a l  zones .  
D i v e r s e  i n d u s t r i e s  a r e  d e v e l o p i n g  r a p i d l y  and l a r g e  c o n c e n t r a t i o n s  o f  p o p u l a t i o n  a r e  
e v o l v i n g  w i t h  newly b u i l t  c i t i e s  and p o r t s .  Development and c o n s t r u c t i o n  o f  p r o p e r  
w a s t e  t r e a t m e n t  p l a n t s  and w a s t e  d i s p o s a l  f a c i l i t i e s  a r e  l a g g i n g  b e h i n d .  T h i s  h a s  
i n c r e a s e d  t h e  p o l l u t i o n  l o a d .  The r a p i d  p h y s i c a l  development  h a s  a l s o  b r o u g h t  a b o u t  
i n c r e a s e d  p h y s i c a l  p r e s s u r e  on t h e  c o a s t a l  zone ,  i n c l u d i n g  i n c r e a s e d  e r o s i o n .  

About 6 0  p e r  c e n t  o f  t h e  . i n d u s t r y  is l o c a t e d  i n  c o a s t a l  c i t i e s .  F a c i l i t i e s  f o r  
w a t e r  o r  a i r  p o l l u t i o n  c o n t r o l  a r e  u s u a l l y  v e r y  l i m i t e d .  I n  Lagos  raw i n d u s t r i a l  
e f f l u e n t s  a r e  d i s c h a r g e d  d i r e c t l y  i n t o  t h e  l agoon  and s t r e a m s .  The i m p l i c a t i o n s  a r e  



i n c r e a s e s ,  by f a c t o r s  o f  5  t o  50,  of  suspended s o l i d s ,  BOD and COD ( i n  m g 0  p e r  
l i t r e )  i n  t h e  r e c e i v i n g  s t r e a m s  compared t o  a  t y p i c a l  u n p o l l u t e d  s t ream (Ajay i  and 
Os iban jo ,  1981) .  

Domest ic ,  l i q u i d  w a s t e s  a r e  g e n e r a l l y  d i s c h a r g e d  d i r e c t l y  i n t o  open d r a i n s ,  s t r e a m s  
o r  l agoons .  I n  Lagos l a r g e  amounts o f  u n t r e a  ed domes t i c  l i q u i d  was te  a r e  dumped i n  ^ 
t h e  l agoon ,  which r e c e i v e s  more t h a n  60.10 l i t r e s  a n n u a l l y  i n  t h i s  way (Ekundayo 
1977; P h i l l i p s  1982) .  Domestic s o l i d  w a s t e s  a r e  l i k e w i s e  o f t e n  dumped i n  s t r e a m s ,  
a l t h o u g h  open i n c i n e r a t i o n  and dumping a t  l a n d f i l l  s i t e s  a l s o  commonly occur .  

A s t r o n g  i n c r e a s e  i n  food p roduc t ion  h a s  been accompanied by an enhenced u s e  o f  
f e r t i l i z e r s  ( n i t r o g e n ,  phosphorus) a s  w e l l  a s  o r g a n o c h l o r i n e  p e s t i c i d e s  such  a s  DDT,  
l i n d a n e ,  d i e l d r i n  and h e r b i c i d e s .  Due t o  heavy p r e c i p i t a t i o n  i n  some a r e a s ,  
c o n s i d e r a b l e  run-off o f  f e r t i l i z e r s  and p e s t i c i d e s  o c c u r s  from fa rmlands  i n t o  r i v e r s  
and c o a s t a l  zones .  C o n c e n t r a t i o n  l e v e l s  i n  f r e s h w a t e r  f i s h  o f  t o t a l  DOT f a l l  i n  t h e  
r a n g e  0.05-2.1 mg/kg wet weight (Os iban jo  and J e n s e n ,  1980) .  T h i s  may be compared 
w i t h  l e v e l s  i n  t h e  r a n g e  1-200 mg/kg wet weight  found i n  B a l t i c  cod (GESAMP, 1982) .  

The o i l  r evenues  a r e  ex t remely  i m p o r t a n t  f o r  N i g e r i a .  A t  t h e  same time petroleum 
p o l l u t i o n  is t h e  major  t h r e a t  t o  mar ine  ecosys tems  t h e r e .  The major s o u r c e  is 
s p i l l a g e  d u r i n g  p r o d u c t i o n ,  wi th  o t h e r  s o u r c e s  i n  d e c r e a s i n g  o r d e r  o f  importance 
be ing  t r a n s p o r t a t i o n  by t a n k e r s ,  r e f i n e r y  d i s c h a r g e s ,  normal s h i p  t r a f f i c  d i s c h a r g e s  
and r i v e r  i n p u t s .  A r ev iew of o i l  s p i l l  i n c i d e n t s  d u r i n g  1976-1980 s u g g e s t e d  t h a t  
s p i l l s  occur  main ly  i n  swamp zones o f  t h e  Niger D e l t a  and o f f s h o r e  (Awobajo 1981) .  

The worst  i n c i d e n t  a s  y e t  h a s  been t h e  o f f s h o r e  blow-out on 1 7  January  1980 when 
421,000 b a r r e l s  were r e l e a s e d .  Farming a r e a s  and mangroves were a f f l i c t e d  and 
marine a n i m a l s  were k i l l e d .  F i s h e r i e s  were t e m p o r a r i l y  d i s r u p t e d .  I n  a d d i t i o n  
c o n t a m i n a t i o n  o f  d r i n k i n g  water  and t a i n t i n g  o f  f i s h  c a n  o f t e n  be r e l a t e d  t o  o i l  
p o l l u t i o n .  

S t u d i e s  have i n d i c a t e d  t h a t  most o f  t h e  r i v e r s  and s t r e a m s  i n  t h e  Niger D e l t a  a r e  
contaminated by o i l  (Imevbore and Adeyemi, 1 9 8 3 ) ,  w i t h  o i l  l e v e l s  i n  s u r f a c e  w a t e r s  
i n  t h e  r a n g e  10-65 ppm, g e n e r a l l y  i n c r e a s i n g  towards  t h e  s e a c o a s t .  Th i s  cou ld  be 
compared w i t h  t h e  l e v e l s  o f  1.3-13 ppb i n  t h e  s u r f a c e  l a y e r s  o f  t h e  open ocean o f  
t h e  Region found by Brown and Huffman (1976).  

F u r t h e r  d i s c u s s i o n  o f  t h e  marine  p o l l u t i o n  l o a d  i s g i v e n  by Tutuwan (1981) .  

E x i s t i n g  d a t a  do n o t  p e r m i t  an e v a l u a t i o n  o f  t h e  env i ronmenta l  consequences  o f  t h e  
development d e s c r i b e d  above. However, i t  s h o u l d  be f a i r l y  obv ious  t h a t  p roper  
c o n s i d e r a t i o n  must be  g i v e n  t o  p r e v e n t i o n  o f  env i ronmenta l  d e t e r i o r a t i o n  and 
p r o t e c t i o n  o f  human h e a l t h ,  marine  r e s o u r c e s  and a m e n i t i e s .  

8 . 2  I n d u s t r i a l  c o n t a m i n a t i o n  

I n d u s t r i a l  con tamina t ion  i n  t h e  Region is connec ted  w i t h  c o a s t a l  i n d u s t r i a l  c e n t r e s ,  
s e a  p o r t s  and t r a f f i c .  A t  t h e  same t ime  t h i s  t y p e  o f  con tamina t ion  cou ld  be brought  
i n t o  t h e  c o a s t a l  zone by r i v e r s  and temporary s t r e a m s  from more remote land-based 
s o u r c e s .  The compos i t ion  and c o n c e n t r a t i o n  o f  i n d u s t r i a l  waste  depend on t h e  t y p e  o f  
i n d u s t r y  and t h e  e f f i c i e n c y  o f  a v a i l a b l e  waste  wa te r  t r e a t m e n t  f a c i l i t i e s .  
P o l l u t i o n  from p o r t  a c t i v i t i e s  c a n  be due t o  l o s s e s  d u r i n g  l o a d i n g ,  r e l e a s e s  from 
s h i p s  and a c c i d e n t a l  l o s s e s .  

Mining of  m i n e r a l s  i n  t h e  c o a s t a l  zone can g e n e r a t e  was tes  harmful  t o  mar ine  
ecosystems:  c o r a l  r e e f s ,  mangroves and f i s h e r i e s  r e s o u r c e s  (UNEP, 1977) .  The mining 
nrnppee item1 f mn\, nl en 1 n m A  tn n m n c w e t a m  ,-tarnone 



A d d i t i o n a l  damage concerns  t h e  a e s t h e t i c  q u a l i t y  o f  t h e  beaches  and r e d u c t i o n  o f  
t h e i r  u s e  f o r  tour i sm and r e c r e a t i o n .  

Beach-sand mining 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  d o e s  n o t  u s u a l l y  i n t r o d u c e  any 
p o l l u t a n t s  t o  t h e  mar ine  environment ,  b u t  i t  can  produce 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  and can  l e a d  t o  t h e  d e a t h  o f  mangroves, which a r e  abundant  i n  t h e  
r e g i o n  (GESAMP, 1980) .  

I t  is n e c e s s a r y  t o  emphasize t h a t  t h e  e x p e r t s  who e v a l u a t e d  t h e  s t a t e  o f  i n d u s t r i a l  
marine  p o l l u t i o n  i n  t h e  Region (IMCO/UNEP, 1982; UNIDO/UNEP, 1982)  cou ld  n o t  u s e  
d i r e c t  measurments o f  p o l l u t a n t s  i n  c o a s t a l  wa te r s .  They had a t  t h e i r  d i s p o s a l  o n l y  
i n f o r m a t i o n  concern ing  t y p e s  and q u a n t i t y  o f  i n d u s t r i a l  and semi-manufactured goods 
produced by e n t e r p r i s e s  i n  t h e  Region. On t h i s  b a s i s  t h e  e x p e r t s  c o u l d  o n l y  
e s t i m a t e  t h e  p o s s i b l e  o u t p u t  o f  p o l l u t a n t s  from d i f f e r e n t  i n d u s t r i e s .  

8.2.1 Northern zone 

C o u n t r i e s  i n c l u d e d  i n  t h i s  zone cou ld  be c o n d i t i o n a l l y  d i v i d e d  i n t o  two groups .  One 
o f  them combines Cape Verde, t h e  Gambia and Guinea-Bissau, which a r e  a t  p r e s e n t  n o t  
i n d u s t r i a l l y  developed.  They a r e  mainly  a g r i c u l t u r a l  c o u n t r i e s  and owing t o  
f a v o u r a b l e  n a t u r a l  c o n d i t i o n s  t h e y  have a n  o p p o r t u n i t y  t o  u s e  mar ine  f i s h e r i e s  
r e s o u r c e s .  These c o u n t r i e s  a l s o  have v a r i o u s  and f a i r l y  r i c h  m i n e r a l  d e p o s i t s  bu t  
t h e i r  r e s e a r c h  and mining a r e  o n l y  a t  t h e  i n i t i a l  s t a g e .  Accordingly t h e y  have no 
l a r g e  s e a  p o r t s  and i n d u s t r i a l  c e n t r e s .  Th i s  s i t u a t i o n  e x p l a i n s  t h e  r e l a t i v e l y  
s m a l l  q u a n t i t y  of  i n d u s t r i a l  con tamina t ion  i n  t h e i r  c o a s t a l  a r e a s  a t  p r e s e n t .  
P o s s i b l y  t h e s e  c o u n t r i e s  w i l l  f a c e  such  problems i n  t h e  f u t u r e ,  when t h e y  s t a r t  
mining and minera l  p r o c e s s i n g  a c t i v i t i e s ,  e s p e c i a l l y  i n  t h e  s h e l f  zone. 

The o t h e r  group of  c o u n t r i e s  i n  t h e  zone l i k e  Maur i t an ia ,  Senega l ,  Ghana, L i b e r i a  
and S i e r r a  Leone a r e  r e l a t i v e l y  developed.  Some of  them have wel l -explored and 
a c t i v e l y  e x p l o i t e d  d e p o s i t s  o f  Fe and Cu o r e s ,  o i l  and g a s .  I n  t h e  c o a s t a l  a r e a s  
t h e y  have l a r g e  s e a  p o r t s  and i n d u s t r i a l  c e n t r e s  l i k e  Dakar,  Conakry, Freetown and 
Monrovia. A l l  o f  them have s o u r c e s  o f  i n d u s t r i a l  con tamina t ion  because o f  w a s t e s  
from t h e  m i n e r a l  p r o c e s s i n g ,  m e t a l l u r g i c a l ,  t e x t i l e  and food p r o d u c t i o n  and o t h e r  
i n d u s t r i e s .  T r a n s p o r t a t i o n  and l o a d i n g  o f  raw m a t e r i a l s  and semi-manufactured goods 
a r e  a l s o  s o u r c e s  o f  c o n t a m i n a t i o n ,  a s  is t h e  p r o c e s s  o f  o i l  r e f i n i n g ,  which is 
c a r r i e d  o u t  i n  a t  l e a s t  t h r e e  o f  t n e s e  c o u n t r i e s .  

Da ta ,  summarized i n  t a b l e  9 (UNIDO/UNEP, 19821, show t h a t  t h e  most o f  t h e  
con taminan t s  d i scharged  i n t o  t h i s  zone r e s u l t  from t h e  a c t i v i t i e s  o f  two i n d u s t r i e s :  
e d i b l e  o i l s  and l e a t h e r .  They t o g e t h e r  c a u s e  about  70 p e r  c e n t  o f  a l l  i n d u s t r i a l  
c o n t a m i n a t i o n ,  i n c l u d i n g  71 p e r  c e n t  o f  t o t a l  BOD5, 65 p e r  c e n t  SS, 71 p e r  c e n t  COD 
ana 82 p e r  c e n t  o f  o i l  and g r e a s e .  The main c e n t r e s  o f  e d i b l e  o i l s  and l e a t h e r  
p r o d u c t i o n  a r e  l o c a t e d  i n  Dakar ( S e n e g a l ) ,  H e  d e  Kassia  (Guinea)  and Freetown 
( S i e r r a  Leone) . 
Cons iderab le  amounts of  s o l i d  suspended p o l l u t a n t s  (up t o  30 p e r  c e n t ) ,  BOD5 (22 p e r  
c e n t )  and COD (about 15 p e r  c e n t )  a r e  p r e s e n t  i n  was tes  o f  e n t e r p r i s e s  producing 
v a r i o u s  d r i n k s  and food p r o d u c t s  ( b e e r ,  s o f t  d r i n k s ,  s u g a r ,  d a i r y  p r o d u c t s ,  mea t ) .  
The t e x t i l e  i n d u s t r y  is  one  o f  t h e  s o u r c e s  o f  COD (up t o  8-9 p e r  c e n t )  and p h e n o l s  
(more than  50 p e r  c e n t )  i n  t h i s  zone. 

Petroleum r e f i n i n g  and hand l ing  e n t e r p r i s e s  a l s o  produce d i f f e r e n t  con taminan t s  
i n c l u d i n g  5  p e r  c e n t  EOD5, 2 .5  p e r  c e n t  s o l i d  was te ,  5 p e r  c e n t  o i l  and g r e a s e ,  and 
5 .5  p e r  c e n t  CCD. Bes ides  t h i s  i n d u s t r y  is r e s p o n s i b l e  f o r  100 p e r  c e n t  o f  ammonia 
n i t r o g e n  and 45 p e r  c e n t  o f  p h e n o l s  i n  t h e  t o t a l  sum of p o l l u t a n t s  i n  t h i s  c o a s t a l  
a r e a .  A l l  t h e  petroleum r e f i n i n g  c e n t r e s  a r e  a s s o c i a t e d  wi th  s e a  p o r t s .  The t o t a l  



Table 9: Es t imated  mass o f  p o l l u t a n t s  d i scharged  t o  t h e  Northern zone o f  t h e  Region by I n d u s t r i a l  s e c t o r s  ( i n  tonne/year)  , 

Type of  p o l l u t a n t s  

Type of  i n d u s t r y  BOD5* SS* Oil+* COD* Ammonia Phenols  T o t a l  F l u o r i d e  Cyanide T o t a l  To ta l  
Grease Ni t rogen Chrome Phosphorus 

Petroleum r e f i n i n g  
and hand1 ing  

E d i b l e  o i l s  

Beer 

S o f t  d r i n k s  

Soap and d e t e r g e n t s  

F i s h  and shrimps 

Sugar 

T e x t i l e  

P a i n t  

Rice  

D a i r y  p r o d u c t s  

F r u i t s  and v e g e t a b l e s  34.9 

Meat 

Lea ther  

F e r t i l i z e r  

Aspha l t  

Metal working and 
c o a t i n g  

Alcotiol and blending 
o f  s p i r i t s  

Exp los ives  

F lour  

T o t a l  

* The e x p l a n a t i o n  o f  s p e c i f i c  pa ramete r s  used i n  t h e  t e x t  and t a b l e s  (BOD5, 
appendix . 55, O i l  and Grease ,  COD) a r e  g i v e n  i n  t h e  



d i s c h a r g e  by i n d u s t r i a l  s e c t o r s  i n t o  t h i s  zone is e v a l u a t e d  a t  approx imate ly  20 p e r  
c e n t  of  t h e  t o t a l  i n d u s t r i a l  i n p u t  t o  t h e  Region ( t a b l e  1 0 ) .  

8.2.2 Middle zone 

The i n d u s t r i a l  development o f  c o u n t r i e s  i n  t h i s  zone is much h i g h e r  t h a n  i n  t h e  
o t h e r  r e g i o n s .  The main r e a s o n  f o r  t h i s  is a s s o c i a t e d  wi th  t h e  p r e s e n c e  o f  r i c h  o i l  
and g a s  d e p o s i t s  i n  t h e  Gulf o f  Guinea. A t  l e a s t  f i v e  c o u n t r i e s  (Ghana, Togo, 
Cameroon, Niger ia  and Gabon) o u t  o f  t h e  e i g h t  a r e  o i l - p r o d u c i n g  and each o f  them h a s  
a  h i g h 1  y  developed o i l - p r o c e s s i n g  i n d u s t r y .  Wastes from petroleum r e f i n i n g  
e n t e r p r i s e s  and o i l  l e a k a g e s  from s t o r a g e  and p i p e l i n e s  produce c o n s i d e r a b l e  i n p u t s  
t o  t h e  c o a s t a l  a r e a s ,  e s p e c i a l l y  n e a r  s e a  p o r t s .  

The t o t a l  c o n t r i b u t i o n  o f  t h i s  i n d u s t r y  t o  i n d u s t r i a l  d i s c h a r g e  i n  t h i s  zone r e a c h e s  
25 p e r  c e n t  and i t  a c c o u n t s  a b o u t  97 p e r  c e n t  o f  t h e  t o t a l  o i l  and g r e a s e  and 87 p e r  
c e n t  o f  ammonia n i t r o g e n  ( t a b l e  11). 

Many c o u n t r i e s  h e r e  a l s o  have r i c h  m i n e r a l  d e p o s i t s ,  i n c l u d i n g  manganese, 
phospha tes ,  b a u x i t e s  and cement raw m a t e r i a l s .  Mineral  mining p r o c e s s e s  and t h e  
p r e l i m i n a r y  p r o c e s s i n g  and t r a n s p o r t a t i o n  o f  p r o d u c t s  g i v e  r i s e  t o  d i f f e r e n t  t y p e s  
o f  con taminan t s .  

Large q u a n t i t i e s  o f  suspended s o l i d s  (up  t o  38 p e r  c e n t )  a r e  c a r r i e d  o u t  t o  t h e  
c o a s t a l  a r e a s  w i t h  was tes  r e l e a s e d  from phospha te  mining and p r o c e s s i n g  e n t e r p r i s e s .  

Sewage from t h i s  i n d u s t r y  a l s o  c o n t a i n s  f l u o r i d e  (abou t  60 p e r  c e n t  o f  t h e  t o t a l  
f l u o r i d e  amount i n  t h e  i n d u s t r i a l  d i s c h a r g e  o f  t h i s  zone) and t o t a l  phosphorous 
( p r a c t i c a l l y  100 p e r  c e n t ) .  

The cement i n d u s t r y  i n  Gabon and Togo produces  a  c o n s i d e r a b l e  amount o f  p a r t i c l e  
r i c h  waste  wa te r  and a tmospher ic  p o l l u t a n t s .  The p r o c e s s  o f  s m e l t i n g  aluminium from 
b a u x i t e  i n  Ghana and Cameroon is accompanied by i n d u s t r i a l  w a s t e s  w i t h  h i g h  
c o n c e n t r a t i o n s  o f  s o l i d  p a r t i c l e s  and f l u o r i d e .  

An impor tan t  s o u r c e  of  p o l l u t a n t s  i n  t h i s  zone (abou t  40 p e r  c e n t )  is made up o f  
was te  from t h e  t e x t i l e  i n d u s t r y ,  whose b a s i c  e n t e r p r i s e s  a r e  l o c a t e d  i n  Ghana 
(Tern&), Benin (Cotonou) and some o f  t h e  towns and v i l l a g e s  on t h e  Niger ian  c o a s t .  
Th i s  i n d u s t r y  produces  abou t  6 5  p e r  c e n t  o f  COD i n  t h i s  zone, abou t  30 p e r  c e n t  o f  
5 5 ,  c o n s i d e r a b l e  amounts o f  BOO5, Pheno ls  and Chrome. 

S i g n i f i c a n t  volumes o f  i n d u s t r i a l  waste  w a t e r s  a r e  produced i n  t h e  zone by t h e  
p r o c e s s i n g  o f  a g r i c u l t u r a l  and food p r o d u c t s  (up t o  1 0  p e r  c e n t ) ,  and p r i m a r i l y  by 
i n d u s t r i e s  producing e d i b l e  o i l s  and brewage. 

The wood p r o c e s s i n g  i n d u s t r y ,  developed i n  p r a c t i c a l l y  a l l  c o u n t r i e s  o f  t h e  Region, 
a l s o  p roduces  was tes  i n c l u d i n g  s u b s t a n c e s  such a s  s m a l l  p i e c e s  o f  wood, s h a v i n g s ,  
g l u e s  and v a r n i s h e s  , which can  be harmful  t o  t h e  c o a s t a l  environment .  These l i q u i d  
and s o l i d  w a s t e s  decay i n  o f f s h o r e  l a g o o n s  and can have d e l e t e r i o u s  e f f e c t s  on 
marine organisms,  e s p e c i a l l y  f i s h  and shr imps.  

There i s  l i t t l e  doubt  t h a t  a l l  t h e  main s o u r c e s  o f  i n d u s t r i a l  d i s c h a r g e s  i n  t h e  zone 
a r e  c o n c e n t r a t e d  i n  t h e  b i g  c i t i e s  and s e a  p o r t s ,  s u c h  a s  Abid jan ,  Accra,  Lagos and 
L i b r e v i l l e .  Some e n t e r p r i s e s  a r e  l o c a t e d  near  c o a s t a l  l agoons  and t h e y  u s u a l l y  
d i s c h a r g e  was te  i n t o  them. I n  t h e s e  c a s e s  a  c o n s i d e r a b l e  number o f  l i v i n g  mar ine  
o rgan i sms  may be k i l l e d  and t h e s e  l agoons  may become a  s o u r c e  o f  c o a s t a l  p o l l u t i o n  
and i n f e c t i o n .  



1 ]ab le  10: Estimated mass of  p o l l u t a n t s  discharged t o  the  Region by i n d u s t r i a l  s e c t o r s  ( i n  tonne/year) (UNIDO/UNEP, 1982) 

8 Type of po l lu t an t s  
Zones 

BOD5 
S S Oil+ COD Ammonia Phenols Total  Fluoride Cyanide Total  Total  % 

Grease Nitrogen Chrome Phosphorus 

Northern 15,319.5 18,540.5 5,425.5 37,596.9 149.0 7.7 147.4 38.9 - 114.6 77,340.0 19.6 

I Middle 29,960.9 61,242.4 61,690.1 138,217.5 456.8 339.8 244.4 3,915.7 9.0 7,065.3 303,141.9 76.8 

I Southern 2,006.7 1,400.1 5,072.7 5,470.9 63.5 6.5 7.4 - 0.5 - 14,048.4 3.6 

Total 47,267.0 81,142.8 72,168.2 178,993.8 669.3 354.0 399.2 3,954.6 9.5 7,179.9 394,550.3 100% 



The t o t a l  amount o f  p o l l u t a n t s  d i s c h a r g e d  t o  t h e  c o a s t a l  a r e a  o f  t h e  zone is much 
g r e a t e r  than  i n  t h e  o t h e r  two zones .  The t o t a l  weight  o f  suspended s o l i d s  i n  
i n d u s t r i a l  w a s t e s  r e l e a s e d  i n t o  t h e  Gulf of  Guinea is t h r e e  t i m e s  more t h a n  i n  t h e  
Northern zone,  and s i m i l a r  r a t i o s  ho ld  f o r  o t h e r  con tamina t ions .  

The t o t a l  mass o f  i n d u s t r i a l  d i s c h a r g e s  produced i n  a l l  t h e  c o u n t r i e s  o f  t h e  zone is 
e s t i m a t e d  a t  more t h a n  75 p e r  c e n t  o f  i n d u s t r i a l  d i s c h a r g e  o f  t h e  Region ( s e e  t a b l e  
1 0 ) .  

8 . 2 . 3  Southern zone 

The c o u n t r i e s  of  t h i s  zone a r e  n o t  a t  a  h i g h  economic l e v e l  a t  p r e s e n t ,  b u t  t h e y  
p o s s e s s  r i c h  d e p o s i t s  o f  i m p o r t a n t  m i n e r a l s .  The main p e r s p e c t i v e s  a r e  a s s o c i a t e d  
w i t h  l a r g e  o i l  d e p o s i t s  i n  t h e  c o a s t a l  a r e a .  Although t h e  e x p l o i t a t i o n  and 
p r o c e s s i n g  o f  o i l  and g a s  r e s o u r c e s  a r e  on ly  a t  t h e  p r e l i m i n a r y  s t a g e  i n  t h e  zone,  
t h e r e  a r e  a l r e a d y  t h r e e  q u i t e  l a r g e  c e n t r e s  f o r  petroleum r e f i n i n g  i n  Luanda and 
Cabinda ( ~ n g o l a )  and P o i n t e  Noi re  (Congo). These i n d u s t r i e s  produce t h e  l a r g e s t  
q u a n t i t y  o f  d i s c h a r g e s  i n  t h e  zone ( a b o u t  50 p e r  c e n t )  i n c l u d i n g  9 8  p e r  c e n t  o f  t h e  
t o t a l  o i l  and g r e a s e  and 2 1  p e r  c e n t  COD f o r  t h e  whole zone ( t a b l e  12). 

Some c o u n t r i e s  o f  t h e  zone, and f i r s t  of  a l l  Congo and Angola, a r e  f a i r l y  i m p o r t a n t  
e x p o r t e r s  o f  p r i n t e d  t e x t i l e s  f o r  t h e  i n t e r n a l  A f r i c a n  marke t .  Large t e x t i l e  
e n t e r p r i s e s  i n  B r a z z a v i l l e  (congo) and Huambo (Angola) produce d i f f e r e n t  t y p e s  o f  
c c n t a m i n a n t s ,  i n c l u d i n g  t e x t i l e  dyes .  

T e x t i l e  e n t e r p r i s e s  a r e  c o n s i d e r a b l e  c o n t r i b u t o r s  t o  p o l l u t i o n  i n  t h e  zone (16,151 p e r  
c e n t )  i n c l u d i n g  33 p e r  c e n t  COD and 27.2 pe r  c e n t  SS. A t  t h e  same time t h i s  
i n d u s t r y ,  t o g e t h e r  wi th  petroleum r e f i n i n g ,  d i s c h a r g e s  more t h a n  65 p e r  c e n t  o f  
pheno ls  and 100 p e r  c e n t  o f  t o t a l  chrome. 

The p r o c e s s i n g  of a g r i c u l t u r a l  raw m a t e r i a l s  and t h e  manufac tu re  o f  food p r o d u c t s ,  
bo th  f o r  domes t i c  consumption and f o r  e x p o r t ,  a r e  a l s o  q u i t e  i m p o r t a n t  s o u r c e s  o f  
con taminan t s  i n  t h e  r e g i o n .  

F i s h e r y  and f i s h  p r o c e s s i n g  a r e  w e l l  developed i n  t h e  c o u n t r i e s  o f  t h e  zone. The 
s h e l f  a r e a  u s u a l l y  a s s o c i a t e d  w i t h  p r o d u c t i v e  f i s h e r i e s  is  v e r y  narrow n e a r  Angola 
and Namibia, b u t  t h e  n u t r i e n t - r i c h  wat rs of  t h e  Benguela c u r r e n t  c a n  s u p p o r t  an 9 
annua l  c a t c h  o f  approx imate ly  1 ,500.10 t o n n e s  (FAO, 1980) .  Large f i s h  p r o c e s s i n g  
and f r e e z i n g  e n t e r p r i s e s  a r e  l o c a t e d  i n  Mo~amedes end Benguela (Angola)  and Walvis 
Bay (Namibia) .  

Sorrie q u a n t i t i e s  of  p o l l u t a n t s  ( abou t  5-6 p e r  c e n t )  a r e  a s s o c i a t e d  w i t h  t h e  e d i b l e  
o i l s  i n d u s t r y .  I t  is e s t i m a t e d  t h a t  t h e  waste  from e d i b l e  o i l  e n t e r p r i s e s  c o n t a i n s  
c o n s i d e r a b l e  amounts o f  BOD (more t h a n  6 p e r  c e n t ) ,  SS (10.6  p e r  c e n t )  and COD (7 .5  
p e r  c e n t ) .  Large amounts o f  BOD (45 .3  p e r  c e n t )  and SS (abou t  31 p e r  c e n t )  a r e  

5 .  
c o n t a i n e d  i n  t h e  sewage o f  b r e w e r i e s .  

Wastes d i s c h a r g e d  a f t e r  manufac tu r ing  plywood, v e n e e r s ,  lumber ,  p a p e r ,  e tc.  c o n t a i n  
h i g h  c o n c e n t r a t i o n s  o f  d i f f e r e n t  c h e m i c a l s  and suspended wood remains .  One o f  t h e  
b a s i c  wood p r o c e s s i n g  c e n t r e s  is l o c a t e d  i n  P o i n t e  Noire (Congo). 

A c o n s i d e r a b l e  amount o f  con tamina t ion  may p o s s i b l y  appear  i n  t h e  zone due t o  mining 
and p r o c e s s i n g  of s o l i d  m i n e r a l s .  For example, r i c h  o r e  d e p o s i t s  o f  Pb, Zn, Sn and 
Cu have r e c e n t l y  been d i s c o v e r e d  i n  t h e  Congo. Z a i r e  a t  p r e s e n t  p roduces  t h e  
w o r l d ' s  l a r g e s t  q u a n t i t y  of  c o b a l t  ( abou t  43 p e r  c e n t )  and i t  is a l s o  one o f  t h e  
b i g g e s t  p r o d u c e r s  o f  copper  and t i n .  



Fable 12: Estimated mass o f  p o l l u t a n t s  discharged to  the  Southern zone o f  the Region by I h d u s t r i a l  sec tors  
( i n  tonne/year ) (UNIDO/UNEP , 1982 ) 

Type o f  p o l l u t a n t s  

Type o f  i ndus t r y  
B0D5 

S S O i l +  COD Ammonia Phenols Tota l  F luo r i de  Cyanide To ta l  To ta l  
Grease Ni t rogen Chrome Phosphorus 

Petroleum r e f i n i n g  
and handl ing 

Ld ib le  o i l s  

Beer 

S o f t  d r i n k s  

Soap and detergents 

F ish  and shrimps 

Sugar 

Tex t i l es  

Explosives 

Pa in t  

F lour  

Da i ry  products 

342.1 238.0 4948.6 

164.1 143.5 103.0 

900.7 417.7 - 

56.7 77.9 - 

5.9 10.1 0.7 

no data 

- 
- 

no data 

20.1 20.1 - 

96.6 85.7 - 

no data 





The e s t i m a t e d  d i s c h a r g e  o f  i n d u s t r i a l  p o l l u t a n t s  i n  t h e  c o a s t a l  w a t e r s  o f  t h e  zone 
is t h e  l o w e s t  f o r  t h e  Region. For example, t h e  t o t a l  mass o f  BOD i n  t h i s  zone is 

5 1 ,990  t o n n e s / y e a r ,  o r  15 times l e s s  than  t h e  same f o r  t h e  Middle zone and e i g h t  times 
less t h a n  f o r  t h e  Northern zone. 

The t o t a l  d i s c h a r g e  by a l l  t h e  i n d u s t r i a l  c e n t r e s  o f  t h e  zone h a s  been e s t i m a t e d  a t  
a b o u t  4 p e r  c e n t  o f  t o t a l  i n d u s t r i a l  d i s c h a r g e  i n  t h e  Region ( s e e  t a b l e  1 0 ) .  

8.2.4 D i s c u s s i o n  

The main p r o d u c e r  o f  i n d u s t r i a l  p o l l u t a n t s  ( b y  we igh t )  i n  t h e  r e g i o n  is t h e  t e x t i l e  
i n d u s t r y  whose sewage c o n t a i n s  more t h a n  30 p e r  c e n t  o f  a l l  p o l l u t i n g  s u b s t a n c e s ,  
i n c l u d i n g  1 6  p e r  c e n t  BOD 24 p e r  c e n t  SS and 52 p e r  c e n t  COD. I t  is a l s o  

5' 
r e s p o n s i b l e  f o r  d i s c h a r g e s  o f  such p o l l u t a n t s  a s  p h e n o l s  (37 p e r  c e n t )  and t o t a l  
chrome ( 3 3  p e r  c e n t ) .  Contaminat ion o f  t h e  c o a s t a l  areas by o i l y  wa te r  d i s c h a r g e s  
is i n e v i t a b l e  and i n  t h e  a r e a s  where t h e y  f l o w  d i r e c t l y  i n t o  t h e  l agoons ,  t h e  
problem is p a r t i c u l a r l y  s e r i o u s .  Petroleum r e f i n i n g  and h a n d l i n g  i n d u s t r i e s  produce 
abou t  20 p e r  c e n t  o f  a l l  t h e  p o l l u t i o n  i n  t h e  Region. Among them a r e  90 p e r  c e n t  o f  
t o t a l  o i l  and g r e a s e  and 90 p e r  c e n t  of  ammonia n i t r o g e n .  C o n s i d e r a b l e  amounts o f  
p o l l u t a n t s  ( a b o u t  25 p e r  c e n t )  a r e  connec ted  w i t h  t h e  o u t p u t  o f  food p r o d u c t s ,  
i n c l u d i n g  b e e r ,  s o f t  d r i n k s  and s p i r i t s .  E n t e r p r i s e s  i n  t h e s e  i n d u s t r i e s  a n n u a l l y  
r e l e a s e  i n t o  t h e  c o a s t a l  a r e a  5 1  p e r  c e n t  BOD 26 p e r  c e n t  55, 27 p e r  c e n t  COD and 
8 .5  p e r  c e n t  o i l  and g r e a s e .  

5' 

Mineral  e x p l o i t a t i o n  i n  t h e  r e g i o n  and,  f i r s t  of  a l l ,  mining and p r o c e s s i n g  of  
phospha te  m i n e r a l s  i n t o  f e r t i l i z e r s ,  produce c o n s i d e r a b l e  d i s c h a r g e s ,  t h e  amount o f  
which is e s t i m a t e d  a s  8 , 5  p e r  c e n t .  The main hazard  o f  t h i s  p r o c e s s  i s  t h e  
d i s c h a r g e  i n t o  c o a s t a l  w a t e r s  o f  huge q u a n t i t i e s  o f  suspended s o l i d s  (abou t  30 p e r  
c e n t  of t h e  t o t a l  amount) ,  which have p h y s i c a l  and chemica l  i n f l u e n c e s  on t h e  
c o a s t a l  environment .  Large amounts o f  f l u o r i d e  (abou t  60 p e r  c e n t )  and t o t a l  
phosphorus  ( a l m o s t  100  p e r  c e n t )  a r e  a l s o  connec ted  w i t h  t h e  p r o d u c t i o n  o f  
f e r t i l i z e r s .  

These p o l l u t a n t s  form abou t  95  p e r  c e n t  of  t h e  t o t a l  r e l e a s e  t o  t h e  Region. Other  
t y p e s  a r e  d i s c h a r g e d  i n t o  c o a s t a l  a r e a s  i n  r e l a t i v e l y  s m a l l  c o n c e n t r a t i o n s  and, i n  
g e n e r a l ,  t h e y  canno t  e x e r t  a d e c i s i v e  i n f l u e n c e  on the  s t a t e  o f  t h e  environment  i n  
t h e  Region, a l t h o u g h  i n  some c a s e s  such  p o l l u t a n t s ,  e.g.  c y a n i d e s ,  a r e  a l s o  v e r y  
dangerous .  

The main i n d u s t r i e s  r e s p o n s i b l e  f o r  s e l e c t e d  t y p e s  o f  p o l l u t a n t s  i n  t h e  Region a r e  
shown i n  t a b l e  1 3  (UNIDO/UNEP, 1982) .  

The t o t a l  amount o f  con taminan t s  d i s c h a r g e d  t o  t h e  c o a s t a l  a r e a s  o f  t h e  Region from 
i n d u s t r i a l  s o u r c e s  h a s  been e s t i m a t e d .  Lack o f  d a t a  on c o n c e n t r a t i o n  l e v e l s  i n  t h e  
mar ine  environment  t h e r e  makes it i m p o s s i b l e  t o  r e l a t e  t h e  i n p u t  t o  l e v e l s  i n  t h e  
environment .  From t h e  p r e s e n t  in fo rmat ion  on t o t a l  i n p u t s  a s  compared wi th  i n p u t s  
i n  a r e a s  i n  Europe, t h e  Uni ted S t a t e s  and Japan  it might  be  judged t h a t  t h e  
i n d u s t r i a l  c o n t a m i n a t i o n  o f  t h e  mar ine  environment  o f  t h e  Region a t  p r e s e n t  d o e s  n o t  
g i v e  reason  f o r  concern  (Goldberg,  1976; Bunich, 1 9 7 7 ) .  However, a b a s e l i n e  s t u d y  
o f  t h e  c o a s t a l  zones  o f  t h e  Region would g i v e  a much f i r m e r  b a s i s  f o r  an e v a l u a t i o n .  
The con t inued  development o f  i n d u s t r y  i n  t h e  Region emphasizes  t h e  need f o r  t h i s  
( s e e  f i g u r e  15).  



8 .3  Municipal  sewaqe i n p u t  

8.3.1 General  c o n s i d e r a t i o n s  

The munic ipa l  o r  domes t i c  sewage i n p u t  is t h e  most common s o u r c e  o f  con taminan t s  i n  
t h e  c o a s t a l  zone. Munic ipa l ,  sewage a s  unders tood  h e r e  c o n t a i n s  domes t i c  was tes :  
o r g a n i c  m a t t e r ,  n u t r i e n t s ,  micro-organisms ( b a c t e r i a ,  v i r u s e s )  and p a r a s i t i c  worms. 
O i l  and metals may a l s o  b e  p r e s e n t .  I t  shou ld  be no ted  t h a t  o f t e n  m u n i c i p a l  
d r a i n a g e  sys tems  may be  mixed w i t h  i n d u s t r i a l  w a s t e s ,  add ing  c h e m i c a l s  t o  t h e  
sewage. Wastes from munic ipa l  s e r v i c e s  a r e  u s u a l l y  i n c l u d e d ,  e.g. from h o s p i t a l s .  

The amount o f  l i q u i d  sewage u s u a l l y  depends upon t h e  water  usage p e r  c a p i t a  which is 
400 t o  800 l i t res  per  day p e r  pe r son  i n  developed c o u n t r i e s .  The s o l i d  was te  is 
e s t i m a t e d  a t  1.5-2.5 kg. I t  is n o t  known how l a r g e  t h e  usage  pe r  c a p i t a  is i n  t h e  
Region: abou t  50 p e r  c e n t  o f  t h e  consumption i n  h i g h l y  developed c o u n t r i e s  might b e  
used f o r  a n  e s t i m a t e .  

k a r i n e  p o l l u t i o n  caused by m u n i c i p a l  sewage mainly  from urban a r e a s  is g e n e r a l l y  
known t o  be  a problem i n  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  
w i t h i n  t h e  c o a s t a l  a r e a .  The absence  o f  p roper  sewage sys tems  and t h e  l a c k  o f  any  
o t h e r  t r e a t m e n t  f a c i l i t i e s  l e a d  t o  a c u t e  problems i n  a few c o u n t r i e s  o f  t h e  Region. 

P r a c t i c a l l y  everywhere waste  t r e a t m e n t  p l a n t s  a r e  o n l y  i n  t h e  p l a n n i n g  s t a g e  and 
w i t h  a few e x c e p t i o n s  a l l  was tes  e r e  d i r e c t l y  dumped i n t o  t h e  s e a  o r  on t o  t h e  
beaches .  

Almost a l l  t h e  non-water c o n t e n t ,  a p a r t  from t h e  i n e r t  s o l i d s  r e l a t e d  t o  t h e  washing 
o f  c l o t h e s  and food, a r e  d e g r a d a b l e  and have a r a p i d  and h i g h  oxygen demand. Thus, 
i f  d i s c h a r g e d  i n t o  r e l a t i v e l y  s t a g n a n t  wa te r  wi th  poor wa te r  exchange,  t h e  p r o c e s s  
o f  deoxygenat ion o f  t h e  r e c e i v i n g  wate r  may o c c u r ,  e s p e c i a l l y  i n  c o a s t a l  l agoons .  
I f  t h e  sewaqe s o l i d s  s e t t l e  i n  q u a n t i t y  on t h e  s e a  o r  lagoon bottom they  may 
accumulate  t h e r e  f a s t e r  t h a n  t h e  d e g r a d a t i o n  p r o c e s s  can decompose them. The 
sed iments  i n  t h i s  c a s e  become a n a e r o b i c  and t h i s  l e a d s  t o  a f o u l  s m e l l  a s  t h e  g a s e s  
g i v e n  o f f  come t o  t h e  s u r f a c e .  And t h i s  is o n l y  one impor tan t  problem among many 
env i ronmenta l  problems connec ted  wi th  munic ipa l  sewage. 

C o u n t r i e s  o f  t h e  Region a r e  r e l a t i v e l y  h e a v i l y  popu la ted .  The t o t a l  p o p u l a t i o n  is 
abou t  175 m i l l i o n ,  and 8-10 p e r  c e n t ,  o r  about  17 m i l l i o n  peop le  l i v e  i n  t h e  towns 
and v i l l a g e s  o f  t h e  c o a s t a l  zone g e n e r a t i n g  a d i r e c t  i n p u t  o f  domes t i c  sewage t o  t h e  
c o a s t a l  zone. 

The p o r t  c a p i t a l s  a r e  l o c a t e d  i n  t h e  a r e a s  where major i n d u s t r i a l  and o t h e r  
socio-economic a c t i v i t i e s  a r e  c o n c e n t r a t e d .  The t o u r i s t  i n d u s t r y  is growing r a p i d l y  
and may a t  times s i g n i f i c a n t l y  i n c r e a s e  t h e  e f f e c t i v e  p o p u l a t i o n  of  c e r t a i n  c o a s t a l  
a r e a s .  I t  is t h u s  expec ted  t h a t  t h e  c o a s t a l  a r e a s  around t h e s e  p o p u l a t i o n  c e n t r e s  
and a r e a s  of  human a c t i v i t y  w i l l  be  t h e  f o c i  o f  concern a s  r e g a r d s  c o a s t a l  
p o l l u t i o n .  

B a s i c  a v a i l a b l e  i n f o r m a t i o n  concern ing  sewage produced by t h e  p o p u l a t i o n  o f  t h e  
Region is combined i n  t a b l e  14.  A l l  t h e  d a t a  f o r  t h i s  t a b l e  were c o l l e c t e d  and 
p rocessed  by t h e  same U N I D O  e x p e r t s  who had p repared  t h e  m a t e r i a l s  on i n d u s t r i a l  
p o l l u t i o n  d e s c r i b e d  i n  t h e  p r e v i o u s  c h a p t e r  (UNIDO/LINEP, 1982) .  

Table  14  s h o w  a comparison of  t h e  amount of  BOD and SS p o t e n t i a l l y  d i s c h a r g e d  t o  
5 

t h e  ocean by  t h e  p o p u l a t i o n  o f  t h e  major c o a s t a l  c i t i e s  and i n d u s t r i a l  s e c t o r s .  The 
BOGr e s t i m a t e  was based upon a pe r  c a p i t a  d i s c h a r g e  o f  64 grammes p e r  day and 91  I 
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grammes p e r  c a p i t a  pe r  day was used t o  e s t i m a t e  t h e  SS d i s c h a r g e d  by t h e  p o p u l a t i o n  
o f  t h e  Region. 

I t  shou ld  be s t r e s s e d  t h a t  p r a c t i c a l l y  everywhere i n  t h e  Region t h e  amount of  
munic ipa l  sewage is much l a r g e r  t h a n  t h e  i n d u s t r i a l  was te  d i s c h a r g e .  

8 . 3 . 2  Northern zone 

The t o t a l  p o p u l a t i o n  i n  t h i s  zone is e v a l u a t e d  a t  abou t  17.5  m i l l i o n  o r  abou t  10  p e r  
c e n t  of t h e  p o p u l a t i o n  i n  t h e  Region. The e s t i m a t e d  mass o f  m u n i c i p a l  p o l l u t a n t s  
( f o r  500, and SS t o g e t h e r )  is 21.6 p e r  c e n t  of  t h e  t o t a l .  The main p r o d u c e r s  o f  
t h i s  sewage a r e  t h e  l a r g e  m e t r o p o l i a n  c i t i e s  and s e a  p o r t s  s u c h  a s  Dakar,  Conakry, 
Freetown and Monrovia. They a r e  r e s p o n s i b l e  For about  72 p e r  c e n t  BODc and 72.5  p e r  
c e n t  SS d i s c h a r g e d  t o  t h e  c o a s t a l  a r e a  of  t h e  zone. 

The d i s t r i b u t i o n  o f  munic ipa l  sewage between t h e  c o u n t r i e s  is a l s o  i r r e g u l a r .  For  
example Senega l ,  be ing  one of  t h e  most developed c o u n t r i e s  i n  t h e  t h e  zone, h a s  t h e  
b i g g e s t  c o a s t a l  p o p u l a t i o n  ( a b o u t  8 p e r  c e n t  o f  t h e  t o t a l  p o p u l a t i o n  o f  t h i s  z o n e ? ,  
which produces  45 p e r  c e n t  BODr and SS o f  t h e  whole munic ipa l  sewage of  t h e  zone. 
f o r  comparison, S i e r r a  Leone h a s  abou t  2 p e r  c e n t  o f  t h e  o o p u l a t i o n  i n  t h e  c o a s t a l  
a r e a  which p roduces  abou t  12 p e r  c e n t  BODc and SS. 

8 . 3 . 3  Middle zone 

The midd le  zone is t h e  most i n d u s t r i a l i z e d .  About 70 O R ?  c e n t  o f  t h e  p o p u l a t i o n  o f  
t h e  Region l i v e s  t h e r e ,  a c o n s i d e r a b l e  amount o f  it ( a b o i ~ t  14.0 m i l l i o n  o r  12 p e r  
c e n t )  i n  t h e  c o a s t a l  a r e a .  For  t h i s  r e a s o n  t h e  t o t a l  amount o f  domest ic  sewage 
t h e r e  a c h i e v e s  71  o e r  c e n t  o f  t h e  t o t a l  amount f o r  t h e  Region. 

Although i n d u s t r y  i n  t h e  zone p roduces  c o n s i d e r a b l e  amounts o f  was te ,  t h e  domes t i c  
sewage p roduc t ion  is u s u a l l y  l a r g e r ,  e c e p t  i n  a few c o u n t r i e s ,  l i k e  Togo. There  5 
t h e  i n d u s t r i a l  waste  c o n t a i n s  about  24.10 t o n n e  of suspended s o l i d s ,  abou t  a  f a c t o r  
o f  t h r e e  more t h a n  t h e  munic ipa l  waste .  

8.3.4 Southern  zone 

The t o t a l  popu la t ion  o f  t h i s  zone is about  37 m i l l i o n ,  o r  20 p e r  c e n t  o f  t h e  
p o p u l a t i o n  i n  t h e  Region. However, t h e  p o p u l a t i o n  on t h e  c o a s t  is v e r y  l i m i t e d ,  t h e  
major c i t i e s  n o t  exceeding 100-200 thousand i n h a b i t a n t s .  The l a r g e s t  i n d u s t r i a l  
c e n t r e  a t  Luanda h a s  600 thousand i n h a b i t a n t s  ( A f r i c a  South o f  t h e  Sahara ,  1980) .  
T h i s  means t h a t  t h e  munic ipa l  sewage r e l e a s e d  t o  t h e  c o a s t a l  a r e a  i n  t h i s  zone is 
r e l a t i v e l y  s m a l l ,  abou t  7  p e r  c e n t  o f  t h e  t o t a l  domes t i c  sewage o f  t h e  Region. The 
i n d u s t r i a l  d i s c h a r g e  is a l s o  s m a l l  i n  t h i s  zone ( s e e  t a b l e  1 2 ) .  

However, t h e  c o u n t r i e s  o f  t h i s  zone have r a t h e r  good p r o s p e c t s  f o r  i n d u s t r i a l  
development o f  t h e i r  c o a s t a l  a r e a s .  This  w i l l  undoubtedly  l e a d  t o  a c o n s i d e r a b l e  
i n f l u x  o f  manpower i n t o  growing c i t i e s  and a l s o  i n c r e a s e  t h e  amount o f  m u n i c i p a l  and 
i n d u s t r i a l  d i s c h a r g e s .  

8 .4  A q r i c u l t u r a l  waste  

T h i s  t y p e  o f  marine con tamina t ion  i n  t h e  Region is mainly  composed o f  f e r t i l i z e r s  
and p e s t i c i d e s .  Most o f  t h e  Af r ican  c o u n t r i e s  a r e  a l r e a d y  s e l f - s u f f i c i e n t  i n  t e r m s  
o f  a g r i c u l t u r a l  p roduc t ion  and i n  many c a s e s  t h e y  depend h e a v i l y  on t h e  e x p o r t  0 

such  p r o d u c t s  a s  c o f f e e ,  cocoa ,  palm o i l ,  s u g a r  and c o t t o n .  Worldwide demand f o r  
t h e s e  goods is  growing a n n u a l l y  and t h e  use  of  f e r t i l i z e r s  is one of t h e  e f f i c i e n t  
means t o  i n c r e a s e  t h e  h a r v e s t  and improve t h e  q u a l i t y  o f  a g r i c u l t u r a l  goods. 



The i n o r g a n i c  f e r t i l i z e r s  used i n  t h e  Region a r e  main ly  n i t r o g e n  and phosphorus- 
based compounds. I t  i s  probab ly  s a t e  t o  s a y  t h a t  a g r i c u l t u r a l  development i s  be ing  
pursued i n  a l l  t h e  c o u n t r i e s  and i n  o r d e r  t o  i n c r e a s e  y i e l d s  f e r t i l i z e r s  are be ing  
used on a  v e r y  wide s c a l e .  For  t h i s  r eason  some c o u n t r i e s  o f  t h e  Region have 
a l r e a d y  b u i l t  o r  a r e  go ing  t o  b u i l d  i n  t h e  n e a r  f u t u r e  f e r t i l i z e r - p r o d u c i n g  
e n t e r p r i s e s  wi th  p r o d u c t i o n  based on l o c a l  raw m a t e r i a l s .  

Such e n t e r p r i s e s  have been b u i l t  i n  Senegal  wi th  a p r o d u c t i o n  r a t e  of  more than  
110,000 tonnes /year  and I v o r y  Coast  (more t h a n  85,000 t o n n e d y e a r )  . 
Semi-manufactured goods f o r  a g r i c u l t u r a l  f e r t i l i z e r s  are b e i n g  produced i n  Togo 
(abou t  7 m i l l i o n  tonnes /year )  (Middlebrooks e t  a l . ,  1980a) .  The o p e r a t i o n  o f  a  
l a r g e  f e r t i l i z e r  p l a n t  is planned i n  Cameroon. The Congo, one of  t h e  b a s i c  Af r ican  
s u p p l i e r s  o f  p o t a s h ,  p roduces  a b o u t  300,000 t o n n e d y e a r  o f  potass ium f e r t i l i z e r s .  
P r a c t i c a l l y  a l l  t h e  f e r t i l i z e r s  produced i n  t h e s e  c o u n t r i e s  a r e  be ing  used w i t h i n  
t h e  West and C e n t r a l  A f r i c a n  Region and a lmost  e v e r y  c o u n t r y  i n  t h e  Region i m p o r t s  
v a r i o u s  chemical  f e r t i l i z e r s  from t h e  i n d u s t r i a l i z e d  s t a t e s  o f  Europe and North 
America ( World i n  f i g u r e s ,  1978) .  N e v e r t h e l e s s  t h e  t o t a l  volume o f  a g r i c u l t u r a l  
f e r t i l i z e r s  a n n u a l l y  used i n  t h e  Region does  n o t  y e t  g i v e  r ise t o  g r e a t  concern from 
t h e  environmental  p o i n t  o f  view. Except  i n  e s t u a r i e s  and a r e a s  w i t h  l i m i t e d  wa te r  
exchange, i t  is u n l i k e l y  t h a t  t h e  use  of f e r t i l i z e r s  on l a n d  and t h e i r  subsequen t  
run-of t  i n t o  t h e  s e a  a r e  go ing  t o  c a u s e  harmful  e u t r o p h i c a t i o n .  I t  is c e r t a i n l y  
u n l i k e l y  t h a t  it w i l l  be  s u f f i c i e n t  t o  s t a r t  t h e  p r o c e s s  o f  e u t r o p h i c a t i o n  i n  t h e  
c o a s t a l  a r e a  on a  l a r g e  s c a l e .  

The r a t e  of u s e  of  p e s t i c i d e s  i n  t h e  world h a s  grown s i n c e  World War 11. During 
t h i s  p e r i o d  t h e y  have p layed  an impor tan t  r o l e  i n  t h e  c o n t r o l  of  d i f f e r e n t  
a g r i c u l t u r a l  p e s t s ,  i n c l u d i n g  i n s e c t s ,  nematodes,  v e r t e b r a t e s ,  weeds, f u n g i  and 
o t h e r s .  Var ious  a r t i f i c i a l  and n a t u r a l  poisonous s u b s t a n c e s  a r e  wide ly  used a g a i n s t  
a g r i c u l t u r a l  vermin and h e l p  t o  p r o t e c t  t h e  h a r v e s t .  Th i s  is ex t remely  impor tan t  
f o r  Af r ican  c o u n t r i e s  because  of t h e  l e a d i n g  r o l e  of a g r i c u l t u r e  i n  t h e i r  economy. 

One of  t h e  most i m p o r t a n t  a p p l i c a t i o n s  o f  p e s t i c i d e s  is connected w i t h  t h e  c o n t r o l  
o f  d i f f e r e n t  a r t h r o p o d s  of  g r e a t  medical  impor tance ,  a s  t h e y  a r e  t h e  i n d i r e c t  c a u s e  
o f  such d i s e a s e s  a s  m a l a r i a ,  f i l a r i a s i s ,  yel low f e v e r  and b i l h a r z i a s i s .  The peop le  
o f  t h e  Region o f t e n  s u f f e r  from v a r i o u s  i n f e c t i o u s  d i s e a s e s  and from t h i s  p o i n t  of  
view t h e  use  of  p e s t i c i d e s  is  ex t remely  impor tan t  ( A t a y i ,  1978; Meith-Avcin and 
Helmer, 1978) .  

I t  is known t h a t  p e s t i c i d e s  a r e  be ing  u t i l i z e d  i n  a lmos t  a l l  t h e  c o u n t r i e s  o f  t h e  
Region. I n  1972 o n l y ,  n e a r l y  10,000 tonnes  o f  p e s t i c i d e s  were used i n  a g r i c u l t u r e  i n  
s i x  c o u n t r i e s  or  t h e  Gulf or Guinea and i n  1974 o n l y  two o f  t h e s e  c o u n t r i e s  used 
over  8 ,000 t o n n e s  ( C v j e t a n o v i c ,  1977) .  The p roduc t ion  o f  p e s t i c i d e s  is mainly 
developed i n  such  c o u n t r i e s  a s  Senegal  (1 ,690  t o n n e s / y e a r  i n  powder and 800,000 
s p r a y  c a n s i y e a r )  and I v o r y  Coast (2 ,300  t o n n e s / y e a r )  (Middlebrooks e t  a l . ,  1980b) .  
Cons iderab le  amounts o f  p e s t i c i d e s  a r e  imported by A f r i c a n  c o u n t r i e s  from Europe and 
t h e  United S t a t e s .  According t o  s t a t i s t i c s  a l l  t n 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  
world  i n c l u d i n g  t h o s e  o f  t h e  Region consume a n n u a l l y  8-10 p e r  c e n t  o f  a l l  p e s t i c i d e s  
produced i n  t h e  world (Odhiambo, 1979) .  

P e s t i c i d e s ,  t o g e t h e r  wi th  f e r t i l i z e r s  b e i n g  used f o r  a g r i c u l t u r a l  needs  i n  t h e  
i n t e r n a l  c o n t i n e n t a l  a r e a s  o r  t h e  Region, can  p a r t l y  e n t e r  r i v e r s  o r  temporary 
s t r e a m s  and by t h e s e  means be  c a r r i e d  o u t  t o  t h e  c o a s t a l  a r e a s .  

P r a c t i c a l l y  a l l  t h e  f i s h ,  c r a b s  and shr imp i n  t h e  c o a s t a l  a r e a s  a r e  exposed t o  
p e s t i c i d e s  which p e n e t r a t e  i n t o  o rgan i sms  a long  w i t h  w a t e r  and food and a r e  
accumulated t h e r e .  The danger  f o r  human b e i n g s  posed by t h e  consumption o f  
p e r s i s t e n t  chemical  p o i s o n s  w i t h  food is now well known (Goldberg,  1976) .  



Together  wi th  o t h e r  suspended and d i s s o l v e d  chemical  s u b s t a n c e s  p e s t i c i d e s  can  
p a r t i c i p a t e  i n  t h e  p r o c e s s e s  o f  c o a s t a l  s e d i m e n t a t i o n ,  and i n  t h e  c a s e  of  a  l a r g e  
i n f l u x  of  p e s t i c i d e s  i n t o  sea-water t h i s  might c r e a t e  zones  o f  h i g h  c o n c e n t r a t i o n  
l e v e l s  f o r  long  p e r i o d s .  

8.5 Petroleum hydrocarbons 

8.5.1 General  a s p e c t s  

Petroleum is a  complex mix tu re  of compounds wi th  d i f f e r e n t  p h y s i c a l  and chemical  
p r o p e r t i e s .  No s i n g l e  method e x i s t s  f o r  t h e  a n a l y s i s  o f  t o t a l  o i l  which would be 
a c c e p t a b l e  i n  a l l  s i t u a t i o n s ,  and g r e a t  c a r e  must b e  t a k e n  i n  sampling.  
Hydrocarbons a r e  s y n t h e s i z e d  by l i v i n g  organisms and t h e  b i o t i c  p roduc t ion  
components a r e  v e r y  d i f f e r e n t  from t h o s e  of  petroleum t h a t  c a u s e  concern :  l i g h t  o r  
p o l y c y c l i c  a r o m a t i c  hydrocarbons,  l i g h t  a l i c y c l i c s ,  h e t e r o c y c l i c  n u c l e i  and t h e i r  
a l k y l  d e r i v a t i v e s  which a r e  n o t  known t o  be produced th rough  r e c e n t  b i o s y n t h e s i s  
(GESAMP, 1982) .  B i o t i c  p roduc t ion  of  a l k a n e s  g r e a t l y  e x c e e d s  t h e  petroleum d i s c h a r g e  
i n t o  t h e  s e a .  

Contaminat ion by c r u d e  and r e f i n e d  o i l  a r i s e s  from t a n k e r  a c c i d e n t s ,  d e b a l l a s t i n g  
o p e r a t i o n s  and t ank  washing, r e f i n e r y  d i s c h a r g e s ,  munic ipa l  and i n d u s t r i a l  w a s t e s ,  
l o s s e s  from p i p e l i n e s  and o f f s h o r e  p roduc t ion .  O i l  a l s o  e n t e r s  t h e  s e a  from n a t u r a l  
seepages .  The b e s t  r e c e n t  e s t i m a t e  of t h e  t o t a l  i n p u t  o f  petroleum t o  t h e  mar ine  
environment is about  s i x  m i l l i o n  tonnes .  

O i l  e n t e r i n g  t h e  s e a  th rough  s p i l l s  w i l l  be s u b j e c t  t o  many p h y s i c a l ,  chemica l  and 
b i o l o g i c a l  p r o c e s s e s .  The f i r s t  few days  a f t e r  a  s p i l l ,  s p r e a d i n g  and e v a p o r a t i o n  
t o g e t  h e r  w i t h  photochemical  and o t h e r  o x i d a t i v e  p r o c e s s e s  a r e  i m p o r t a n t .  A f t e r  
t h i s ,  d e g r a d a t i o n  by micro-organisms becomes s i g n i f i c a n t ,  i n  p a r t i c u l a r  f o r  t h e  
p a r a f f i n i c  and o l e f i n i c  f r a c t i o n s .  O i l  components l i k e  PNAHs become o x i d i z e d  t o  a  
form which canno t  be f u r t h e r  broken down by b a c t e r i a .  B a c t e r i a  can  d e s t r o y  up t o  50 
p e r  c e n t  o f  such  s t a b l e  components a s  benzo ( a )  pyrene ( I z r a e l  and Tsyban, 1981) .  
Degradat ion by micro-organisms r e q u i r e s  an adequa te  oxygen and n u t r i e n t  supp ly .  

P a r t i c u l a t e  o i l  r e s i d u e s  a r e  d i s t r i b u t e d  throughout  t h e  oceans ;  a  r e c e n t  e s t i m a t e  
y i e l d s  15 ,000  t o  20,000 t o n n e s  on t h e  s u r f a c e  of  t h e  North A t l a n t i c  (GESAMP, 1982) .  
These r e s i d u e s  a r e  formed f o l l o w i n g  an o i l  d i s c h a r g e  from t a n k e r  washings ,  o r  a r e  
formed over  l o n g e r  p e r i o d s  i n  t h e  s e a  from weather ing of  s p i l l e d  c r u d e  o r  heavy o i l  
p roduc t s .  The l e v e l  of  con tamina t ion  is  c l o s e l y  connected wi th  t a n k e r  and o t h e r  
s h i p p i n g  l i n e s ,  which is a l s o  q u i t e  marked o u t s i d e  A f r i c a ,  b o t h  E a s t  and West 
( f i g u r e  1 6 ) .  Cons iderab le  f o u l i n g  of sandy beaches  i n  t h e  Region by p e l a g i c  t a r  
h a s  a l s o  been r e p o r t e d .  Okera (1974) observed l a r g e  q u a n t i t i e s  o f  s o f t ,  
brownish-black lumps up t o  7-8 cm i n  d iamete r  washed a s h o r e  on S i e r r a  Leone beaches .  
The maximum occur red  from June  t o  August, p robab ly  a s  a  r e s u l t  o f  t h e  south-west  
monsoon and t h e  s t r e n g t h e n i n g  of  t h e  Guinea Cur ren t .  

I t  had e a r l i e r  been concluded by IOC/FAO/WHO/UNEP (1978)  t h a t  " p o l l u t i o n  by 
petroleum hydrocarbons is i n c r e a s i n g  i n  t h e  c o a s t a l  w a t e r s  and on t h e  beaches  a long  
t h e  whole c o a s t  o f  t h e  Gulf o f  Guinea and a d j a c e n t  a r e a s .  The o r i g i n  o f  t h i s  
p o l l u t i o n  is  p r i m a r i l y  t h e  heavy mar i t ime  t r a n s p o r t  o f  c r u d e  o i l ,  and t o  a  l e s s e r  
e x t e n t  t h e  l o c a l  e x p l o r a t i o n ,  e x p l o i t a t i o n  and re f inement  o f  petroleum.' '  However, 
t h e r e  is c e r t a i n l y  l i k e l i h o o d  o f  an i n c r e a s e  i n  l o c a l  d i s c h a r g e s  th rough  o f f s h o r e  
e x p l o i t a t i o n  and re f inement .  

Contaminat ion of t h e  c o a s t a l  environment i n  t h e  Region by petroleum hydrocarbons 
seems t o  be one o f  t h e  most impor tan t  p o l l u t i o n  problems c u r r e n t l y .  O i l  s t r a n d e d  on 



(b) L o c a t i o n  a t  which v i s i b l e  o i l  s l i c k s  wpre p r e s e n t e d  a t  t h e  t i m e  o f  
o b s e r v a t i o n  ( I O C ,  1982)  

F i g u r e  16: O i l  c o n t a m i n a t i o n s  c o n n e c t e d  w i t h  t a n k e r s  and o t h e r  
s h i p p i n g  l i n e s  



t h e  beaches  is u n s i g h t l y  and g e t s  on p e o p l e ' s  s k i n  and c l o t h e s  i f  t h e y  walk,  s i t  o r  
s w i m  i n  t h e  a r e a s  contaminated by o i l .  Sea b i r d s ,  e s p e c i a l l y  d i v e r s ,  a r e  l i a b l e  t o  
become covered by o i l  and i n  t h e i r  a t t e m p t s  t o  c l e a n s e  themse lves  might i n g e s t  t h e  
o i l .  In  t h e  most s e r i o u s  c a s e s  t h e i r  f e a t h e r s  a r e  s o  mat ted wi th  o i l  t h a t  t h e y  
become h a r d l y  r e c o g n i z a b l e  and p e r i s h .  

modern equipment.  Up t o  1981  t h r e e  o i l  r i g  blow-outs had o c c u r r e d  i n  t h e  Region 

went t o  Western Europe by t h i s  r o u t e  i n  1976. O i l  is a l s o  imported i n t o  t h e  Region 
f o r  r e f i n i n g ,  and t h e  r e f i n e d  p r o d u c t s  produced d o m e s t ' c a l l y  a r e  e x p o r t e d .  About 

3 
Only one tonne  of  c r u d e  o i l  c o v e r s  abou t  12.10 h e c t a r e s  o f  s e a  s u r f a c e  wi th  a  t h i n  
l a y e r  i m p e n e t r a b l e  t o  any g a s .  During t h i s  p r o c e s s  a l l  t h e  l i g h t  f r a c t i o n s  o f  o i l  
a r e  e v a p o r a t e d ,  b u t  heavy f r a c t i o n s  c o n t a i n i n g  s u l p h u r ,  m e t a l s  and p a r a f f i n  a r e  
g r a d u a l l y  accumulated.  

There  is no doubt  t h a t  pet roleum c o n t a i n s  many compounds harmful  t o  marine  
organisms,  e s p e c i a l l y  a t  t h e  most s e n s i t i v e  s t a g e s  o f  l i f e  s u c h  as e g g s  and l a r v a e .  
I n  t h e  c a s e  o f  a l a r g e  s p i l l a g e  i n  a  f i s h  spawning o r  n u r s e r y  ( l a r v a l )  a r e a  i t  is 
c e r t a i n l y  c o n c e i v a b l e  t h a t  a p r o p o r t i o n  o f  e g g s  o r  l a r v a e  might b e  a f f e c t e d ,  even i n  
r e l a t i o n  t o  t h e  s c a l e  of  n a t u r a l  m o r t a l i t y .  However, i t  is u n l i k e l y  t h a t  d e t e c t a b l e  
e f f e c t s  would be caused on a  y e a r  c l a s s  and hence t h e  o v e r a l l  s t o c k  o f  p a r t i c u l a r  
s p e c i e s .  

I 

There a r e  s e v e r a l  major p o t e n t i a l  s o u r c e s  o f  o i l  con tamina t ion  i n  t h e  c o a s t a l  a r e a  
o f  t h e  Region. 

8.5.2 O i l  p o l l u t i o n  from produc t ion  and r e f i n i n g  

The t o t a l  world f l u x  of  o i l  t o  t h e  c o a s t a l  w a t e r s  from underwater  d r i l l i n g  and 
p roduc t ion  o p e r a t i o n s  is e s t i m a t e d  t o  be 0.06 m i l l i o n  t o n n e s  p e r  y e a r .  About 
t h r e e - q u a r t e r s ,  o r  0.06 m i l l i o n  t o n n e s  p e r  year  is l o s t  from major a c c i d e n t s  and 
s p i l l s  ( i . e .  s o i l l s  above e i g h t  tonne3  e a c h ) ,  u s u a l l y  u f  an u n p r e d i c t a b l e  n a t u r e .  
Normal o p e r a t i o n s  have been assumed t o  account  f o r  0.02 megatonne p e r  y e a r  th rough  
i n d i v i d u a l  d i s c h a r g e s  o f  e i g h t  t o n n e s  o r  l e s s  (Goldberg,  1976) .  

A number o f  s o u r c e s  can g i v e  r i s e  t o  o i l  p o l l u t i o n  from produc t ion :  d r a m a t i c  b u t  
s h o r t - l i v e d  s p i l l a g e s  ( p l a t f o r m  f i r e s ,  blow-outs,  p i p e l i n e  a c c i d e n t s ) ;  c h r o n i c  
c a u s e s  i n  t h e  form of d r i l l i n g  muds, deck d r a i n a q e  from p l a t f o r m s ,  and o i l  i n  
produced fo rmat ion  wa te r  d i s c h a r g e d  i n t o  t h e  s e a .  In  1979 t e n  o i l  s p i l l s  o c c u r r e d  
t h a t  were due t o  p roduc t ion  - and r e f i n i n g  - r e l a t e d  c a u s e s ,  i n d i c a t i n g  t h e  
p o t e n t i a l  o f  t h i s  p o l l u t i o n  s o u r c e  ( IMCOjUNEP, 1982) .  

D r i l l i n g  a c t i v i t y  i n  t h e  Region is now o f  wide coverage ,  u s i n g  h igh  t echno logy  and 

(Times A t l a s ,  1983) .  

The p o t e n t i a l  f o r  f u r t h e r  development and f u r t h e r  o i l  and g a s  d i s c o v e r i e s  i n  t h e  
Region is l a r g e .  Most of  t h e s e  a r e a s  a r e  l o c a t e d  i n  t h e  o f f s h o r e  z o n e . .  Areas o f  
r e l a t i v e l y  h i g h  risk a s s o c i a t e d  wi th  p o l l u t i o n  r e l a t e d  t o  e x p l o i t a t i o n  o f  s u c h  
r e s o u r c e s  a r e  shown i n  f i g u r e  14.  

8 .5 .3  O i l  p o l l u t i o n  from s h i p p i n g  

There  is very  heavy t a n k e r  t r a f f i c  through t h e  Region t r a n s p o r t i n g  c r u d e  o i l  t o  
Europe, t h e  United S t a t e s  and South America; about  420 m i l l i o n  t o n n e s  o f  c r u d e  o i l  

I l l  m i l l i o n  tonnes  l e f t  t h e  a r e a  i n  1976 (IMCO/UNEP, 1982 . I t  is  c l e a r  t h a t  t h i s  
ve ry  c o n s i d e r a b l e  a c t i v i t y  y i e l d s  a  p o t e n t i a l  f o r  o i l  p j ' . l u t ion .  Portmann (1978)  
found t h a t  n e a r l y  t h r e e  q u a r t e r s  o f  t h e  n a t i o n s  have "cornni~n" t o  " s e r i o u s "  l e v e l s  o f  
o i l  p o l l u t i o n  on t h e i r  beaches .  Much of t h i s  is undoubtedly due t o  t h e  o f f s h o r e  



t anke r  t r a f f i c ,  s i n c e  p reva i l i ng  c u r r e n t s  and winds i n  l a r g e  a r e a s  of t h e  Region 
w i l l  t r a n s f e r  o i l  r e s idues  on t h e  su r f ace  towards t h e  beaches. The worst problems 
occur ,  according t o  Portmann (19781, i n  and around p o r t s ,  e s p e c i a l l y  those  handling 
o i l  expor t s  and imports.  

I t  is very d i f f i c u l t  t o  p r e d i c t  sh ippinq-re la ted  s p i l l s ,  bu t  empir ica l  r e l a t i o n s  
have been worked ou t  r e l a t i n g  the  number of  s p i l l s  t o  t h e  t o t a l  production volume 
per  year. Using such a  format f o r  t h e  Region would i n d i c a t e  a  t o t a l  o i l  input  of  
about 34 mi l l i on  tonnes per  year i n  t h e  form of l a r g e r  s p i l l s  o f  over  1,000 b a r r e l s .  
One major s p i l l  occurred i n  1979 (IMCO/UNEP, 1982). A l a r g e r  number of smal le r  
s p i l l s  would a l s o  be expected,  about 500 pe r  year  based on ex t r apo la t i on  of 
exper ience  from t h e  United S t a t e s  (IMCO/UNEP, 1982); t h i s  may, however, be 
misleading a s  tanker  acc iden t s  i n  t h e  Region have occurred only about 10 t imes  i n  
t h e  per iod  1975-80. Up t o  1981 t h r e e  major t anke r  a c c i d e n t s  (50,000-236,OOO tonnes)  
had occurred i n  t h e  Region (Times At l a s ,  1983). 

More than 70 p e r  cen t  o f  a l l  t h e  o i l  discharged o r  s p i l l e d  from t anke r s  is due t o  
r o u t i n e  ope ra t ions ,  p a r t i c u l a r l y  b i l g e  washings. An inc reas ing  number of  t anke r s  
have s e p a r a t e  b a l l a s t  systems, thanks t o  t h e  wide adoption of i n t e r n a t i o n a l  codes 
and conventions,  but  many t a n k e r s  st i l l  load  t h e  empty o i l  t anks  with sea-water f o r  
t h e  r e t u r n  l e g  of a  t r i p .  O i l y  b a l l a s t  water is then discharged on a r r i v a l .  It has 
been es t imated  t h a t  t h e  d ischarge  of such un t r ea t ed  b a l l a s t  might be a s  high a s  0.5 
per  cen t  of t h e  t o t a l  o i l  shipment (Goldberg, 1976). S t a t i s t i c s  of  t h e  d ischarges  
of o i l y  water a f t e r  washing t h e  b i l g e s  and tanks show t h a t  a zone of high r i s k  from 
t h i s  type of o i l  p o l l u t i o n  is loca ted  near t h e  nor thern  p a r t  o f  t h e  Gulf o f  Guinea 
and cont inues  nor th  t o  Mauritania ( s e e  f i g u r e  17 ) .  Zones of  pos s ib l e  dangerous 
impact of t h i s  p o l l u t i o n  on c o a s t a l  a r e a s  a r e  l oca t ed  from Nigeria  t o  L ibe r i a .  

To reduce po l lu t i on  from t h i s  source  a  number of  d i f f e r e n t  systems have been worked 
out  r e c e n t l y .  Most of t h e  t anke r s  turn ing  round t h e  Cape of Good Hope a r e  VLCC 
(very l a r g e  c rude  c a r r i e r s ) ,  more than h a l f  o f  which a r e  now equipped with 
s p e c i a l i z e d  washing f a c i l i t i e s  (LOT) which e l i m i n a t e  t h e  need f o r  water washing 
(Por tmann, 1978). 

8.5.4 Other sou rces  o f  o i l  po l lu t i on  

One of t h e  poss ib l e  sources  o f  o i l  po l lu t i on  i n  t h e  Region is connected with var ious  
p i p e l i n e s  of ten  used f o r  d i r e c t  t r a n s p o r t a t i o n  of o i l .  Usually they a r e  made of 
s t e e l ,  a l though m a t e r i a l s  l i k e  aluminium a r e  a l s o  being used. To prepare s t e e l  
p i p e l i n e s  f o r  underwater e x p l o i t a t i o n  they a r e  t r e a t e d  with substances h ighly  
r e s i s t a n t  t o  co r ros ion  ( f o r  example by coa t ing  them with epoxy r e s i n  and co ld  
appl ied  enamel). However, abras ion  t akes  p lace  t h a t  l e a d s  t o  s t e e l  cor ros ion  and 
sometimes t h e  d e s t r u c t i o n  of tubes and, due t o  t h i s ,  dangerous acc iden t s  occur. 
Considerable amount of o i l  p o l l u t i o n  is a l s o  a s soc i a t ed  with va r ious  k inds  of  po r t  
a c t i v i t i e s .  S p i l l a g e  r a  e s  a t  t e rmina l  ope ra t ions  i n  well  c o n t r o l l e d  po r t s  a r e  i n  i t h e  o rde r  of (1 .1 -2 .2 ) .10  t imes t h e  amount pumped from tanker  t o  o i l  s tore-houses 
and back. The range of l o s s e s  a t  t e rmina ls  is between 0.0015 t o  0.005 mi l l i on  tonne 
per  year .  The r a t e  of l o s s  due t o  b i l g e s  and bunkering is est imated t o  be 0 , 5  
m i l l i o n  tonnes per  year ,  which is equiva len t  t o  about 10 tonnes per  s h i p  pe r  year 
(Goldberg, 1976). 

A l l  t h e  main p o r t s  of  the  Region p a r t i c i p a t i n g  i n  t h e  handling of c rude  o i l  and o i l  
products  a r e  shown i n  f i g u r e  17 and so a r e  t h e  b a s i c  "high r i s k  zones" connected 
with t h e s e  opera t ions .  



, Dakar, Senegal  
!. Freetown, S i e r r a  Leone 
3. Monrovia, biberia 
4 .  Abidjan, Ivory  Coast  
5. Lome, Togo 
6 .  Lagos,  ~ i g e r i . 4  
7 .  Por t  Harcoort ,  Niger ia  
8 .  Bonny, Nige r t a .  
9. Bata,   qua tor. Guinea 
0. Cape Lopez, Gabon 
1. Por t  G e n t t i ,  Gabon 

2 .  Gainba, Gabon 
- 3 .  Pointe Noire, Congo 
~ 4 .  . Cabinda, Angola 
i5. Luanda, Angola 

1. ~ a s i c  o i l - t r a n s p o r t i n g  p o r t s  
2.  ~ a s i c  o i l - r e f i n i n g  c e n t r e s  
3 .  High r i s k  zone of p o r t  a c t i v i t y  
4 .  High r i s k  zone- of crude o i l  p o l l u t i o n  
5. High r i s k  zone of t anker  t r a f f i c  
6. Hiqh r i s k  zone of b a l l a s t  and tank washing 



The world a tmospher ic  f l u x  o f  petroleum is e s t i m a t e d  t o  be abou t  7 0  m i l l i o n  t o n n e s  
p e r  y e a r  and a  c e r t a i n  p r o p o r t i o n  of t h i s  amount e n t e r s  t h e  ocean s u r f a c e  wi th  r a i n ,  
f a l l - o u t s  o r  a i r - s e a  i n t e r a c t i o n .  According t o  some e s t i m a t e s  t h e  a v e r a g e  v a l u e  of  
a tmospher ic  o i l - p o l l u t i o n  is about  0.6 m i l l i o n  t o n n e s  p e r  y e a r  f o r  t h e  world ocean 
(Goldberg,  1976) .  

The t o t a l  d i s c h a r g e  from a l l  t h e s e  s o u r c e s  h a s  been e s t i m a t e d  a t  more t h a n  6 m i l l i o n  
t o n n e s  o f  c r u d e  o i l  and o i l  p r o d u c t s  t o  t h e  ocean environment i n  a  yea r  (Goldberg, 
1976) .  Some o t h e r  e v a l u a t i o n s  even exceed 10-12 m i l l i o n  t o n n e s  (Bunich, 1977) .  In  
t h i s  r ev iew w e  have  no o p p o r t u n i t y  t o  e s t i m a t e  t h e  amount o f  o i l  p o l l u t i o n  i n  t h e  
c o a s t a l  a r e a  of  t h e  whole Region because o f  t h e  l a c k  o f  n e c e s s a r y  i n f o r m a t i o n .  In  
some o i l -p roduc ing  c o u n t r i e s  such  a s  N i g e r i a ,  Gabon and Angola a  r a t h e r  s e r i o u s  
l e v e l  o f  o i l  p o l l u t i o n  is i n d i c a t e d  a t  p r e s e n t .  Taking i n t o  c o n s i d e r a t i o n  t h e  
a c t i v e  development o f  o i l  p roduc t ion  i n  most o f  t h e  c o u n t r i e s ,  e s p e c i a l l y  i n  t h e i r  
s h e l f  a r e a s ,  t h e  Region is p o t e n t i a l l y  f a c i n g  v e r y  s e r i o u s  o i l  p o l l u t i o n  problems i f  
e f f i c i e n t  p r e v e n t i v e  measures  a r e  n o t  i n s t i g a t e d .  

8.6 O v e r a l l  e v a l u a t i o n  

The e s t i m a t e s  o f  was te  i n p u t s  g iven  above a r e  mainly  based  on p r o j e c t i o n s  o f  was te  
wa te r  amounts u t i l i z i n g  p r o d u c t i o n ,  employee o r  water  consumption d a t a  (UNIDO/UNEP, 
1982) .  T h i s  is an a c c e p t e d  method, b u t  i t  is  v e r y  d e s i r a b l e  t h a t  d i r e c t  i n f o r m a t i o n  
is g a t h e r e d  i n  f u t u r e  on q u a n t i t i e s  o f  waste  wa te r  d i s c h a r g e s  and t h e i r  c o n t e n t  o f  
con taminan t s  and o t h e r  c h a r a c t e r i s t i c s .  This would p robab ly  y i e l d  a s a f e r  b a s i s  f o r  
an env i ronmenta l  a ssessment .  

The UNIDO/UNEP s t u d y  (uNIDO/UNEP, 1982) conc ludes  t h a t  immediate p lann ing  and 
implementat ion of  p o l l u t i o n  c o n t r o l  programmes a r e  needed i n  t h e  zone o f  g r e a t e s t  
i n d u s t r i a l i z a t i o n ,  i n c l u d i n g  N i g e r i a ,  Cameroon, E q u a t o r i a l  Guinea, Sao Tome and 
P r i n c i p e  and Gabon, and t h a t  t h e  l a r g e s t  p o t e n t i a l  f o r  a s e r i o u s  problem t o  deve lop  
on a  l a r g e  s c a l e  is a t  hand i n  t h a t  zone. The same s t u d y  concluded t h a t ,  i n  g e n e r a l ,  
t h e  i n d u s t r i a l  development was r e l a t i v e l y  l i m i t e d  and t h a t  t h e  d i s c h a r g e s  from 
i n d u s t r i e s  were c u r r e n t 1  y  c r e a t i n g  l i t t l e  impact  on t h e  environment  e x c e p t  i n  
i s o l a t e d  c a s e s .  However, t h a t  s i t u a t i o n  is l i k e l y  t o  change because o f  t h e  
c o n c e r t e d  e f f o r t s  b e i n g  made towards  expanding i n d u s t r y  i n  t h e  Region. 

S u b s t a n t i a l  q u a n t i t i e s  o f  o i l ,  brewery, t a n n e r y ,  non-carbonated beverages ,  t e x t i l e  
and food  p r o c e s s i n g  w a s t e s  a r e  d i s c h a r g e d  i n  some a r e a s  o f  t h e  Region. Receiving 
w a t e r s  have been p o l l u t e d ,  and i t  is c o n c e i v a b l e  t h a t  harmful e f f e c t s  may r e s u l t .  
The o i l  p o l l u t i o n  is n o t i c e a b l e  th rough  t h e  accumulat ion o f  o i l  r e s i d u e s  on t h e  
beaches ,  and c o a t i n g  o f  b o a t s  wi th  o i l .  

The s t a t u s  o f  o i l  p o l l u t i o n  problems is p r e s e n t e d  i n  f a i r  d e t a i l  on a  c o u n t r y  by 
c o u n t r y  b a s i s  i n  t h e  IMCO/UNEP r e p o r t  (IMCO/UNEP, 1982) .  

Sewage d i s p o s a l  is a  major  problem i n  t h e  Region. P roper  waste  o u t f a l l s  w i l l  have 
t o  be c o n s t r u c t e d ,  and t h e  c h a r a c t e r i s t i c s  o f  t h e  r e c e i v i n g  c o a s t a l  w a t e r s  must be  
c o n s i d e r e d .  I n  a r e a s  o f  s t r o n g  t i d e s ,  c u r r e n t s  and wave a c t i o n ,  d i l u t i o n  and 
removal of  r e l e a s e d  m a t e r i a l  can  be ach ieved .  

Waste t r e a t m e n t  f a c i l i t i e s  w i l l  a l s o  have t o  be i n s t a l l e d  and made t o  f u n c t i o n .  
However, t e c h n o l o g i c a l  developments  may w e l l  be r e q u i r e d  f o r  t h i s  i n  some a r e a s ,  due 
t o  t h e  s p e c i a l  c l i m a t i c  c o n d i t i o n s .  These must i n  any c a s e  be  p r o p e r l y  c o n s i d e r e d  
i n  t h e  c o n s t r u c t i o n  o f  t r e a t m e n t  p l a n t s .  Co-ordinat ion between i n d u s t r i a l  and 
munic ipa l  sys tems  s h o u l d  always be  e s t a b l i s h e d .  But t h e  d e s i r a b i l i t y  o r  
a p p r o p r i a t e n e s s  of  combining i n d u s t r i a l  and domest ic  was te  t r e a t m e n t s  shou ld  be 
c a r e f u l l y  c o n s i d e r e d  i n  d i f f e r e n t  c a s e s .  



f o u l e d  w i t h  c e r t a i n  p o l l u t a n t s ,  e s p e c i a l l y  i n t a c t  f a e c a l  m a t e r i a l s .  Some s t u d i e s  
have t r a c e d  human d i s e a s e s  t o  c o n t a c t  wi th  f a e c a l  r emains  i n  t h e  beach environment .  

A e s t h e t i c  v a l u e s  a r e  a l s o  i m p o r t a n t ,  and p o l l u t i o n  can d r a s t i c a l l y  degrade  t h e s e .  
Water p o l l u t i o n  i n  t h e  c o a s t a l  a r e a s  produces  such  v i s u a l  m a n i f e s t a t i o n s  a s  foan 
caused  by d e t e r g e n t s  and p u l p m i l l  e f f l u e n t s ,  and f l o a t a b l e s  a r i s i n g  from sewage anc 
o t h e r  waste  wa te r s .  T u r b i d i t y  i n t r o d u c e d  by mine t a i l i n g s  and brownish waste  waters  
from s u g a r  r e f i n e r i e s  and d i s t i l l e r i e s  a l l  t end  t o  d i s c o l o u r  and g i v e  an unp leasan t  
appearance  t o  t h e  ocean ic  water  i n t o  which t h e y  a r e  d i s c h a r g e d .  In  t h e  same way, 
p l a s t i c s  and o t h e r  d i s c a r d s  o f  o u r  modern s o c i e t y  a r e  repugnant  t o  t h e  eye.  

I t  is c l e a r  t h a t  p o l l u t i o n  can have a  g r e a t  impact  on major  i n d u s t r i e s  o f  the 
r e g i o n .  Acute a s  w e l l  a s  c h r o n i c  o i l  s p i l l s  can  g i v e  rise t o  t a i n t i n g  of marine 
p r o d u c t s ,  making them u s e l e s s  a s  human food (GESAMP 1977a; 1 9 8 2 ) .  TS-UJs t \ e  f i s h i n c  
i n d u s t r y  canno t  market t h e i r  p roduc t s .  The tour i sm i n d u s t r y  *ill be a f f e c t e d  botp 

by t h e  d e t e r i o r a t i n g  c o n d i t i o n  of  beaches  and swimming w a t e r ,  and by low-qua l i ty  01 

u n r e l i a b l e  food p r o d u c t s .  

9. EFFECTS OF CONTAMINANTS ON THE MARINE ENVIRONMENT OF THE R E G I O N  

9 .1  Genera l  comments 

Lack of  d a t a  from t h e  Region makes i t  v e r y  d i f f i c u l t  t o  a s s e s s  t h e  mar ine  p o l l u t i o n  
e f f e c t s .  In  some c a s e s  i n f e r e n c e s  can  be made from o b s e r v a t i o n s  and e x p e r i e n c e s  i n  
o t h e r  r e g i o n s .  

Let  u s  f i r s t  n o t e  some g e n e r a l i t i e s .  

The environment  does  have a c a p a c i t y  t o  r e c e i v e  waste  of  a l l  k i n d s  and i t  must b e  
recogn ized  t h a t  t h e  d i s p o s a l  o f  a  s m a l l  q u a n t i t y  o f  even h i g h l y  t o x i c  m a t e r i a l  does  
n o t  n e c e s s a r i l y  c a u s e  p o l l u t i o n .  The c a p a c i t y  o f  t h e  environment  t o  r e c e i v e  was te  
v a r i e s  c o n s i d e r a b l y  and it depends p a r t i c u l a r l y  on t h e  n a t u r e  of  t h e  waste  and t h a t  
o f  t h e  r e c e i v i n g  wate r s .  The c o a s t a l  environment is a  h i g h l y  v a r i a b l e  one, b e i n g  
dependent  on l o c a l  marine  c h a r a c t e r i s t i c s  and s t r o n g l y  i n f l u e n c e d  by l a n d  p r o c e s s e s .  
I t  i s  a  v e r y  s e n s i t i v e  and f r a g i l e  system s u b j e c t  t o  i r r e v e r s i b l e  a l t e r a t i o n s .  The 
c o a s t a l  a r e a  is a " n a t u r a l  f i l t e r "  f o r  a l l  k i n d s  o f  p o l l u t a n t s  poured o u t  from t h e  
l a n d  and l i v i n g  organisms p lay  a  r a t h e r  impor tan t  r o l e  i n  t h e  f i l t r a t i o n  p r o c e s s .  

I t  is e s t i m a t e d  t h a t  c o a s t a l  w a t e r s  t o  t h e  edge  of  t h e  c o n t i n e n t a l  s h e l f  c o n s t i t u t e  
o n l y  about  10  p e r  c e n t  of  t h e  whole world ocean a r e a .  But i t  shou ld  be t a k e n  i n t o  
c o n s i d e r a t i o n  t h a t  about 99 p e r  c e n t  o f  t h e  world f i s h  c a t c h  o r i g i n a t e s  from t h e s e  
c o a s t a l  w a t e r s  and from r e l a t i v e 1  y  s m a l l  ( 0 . 1  p e r  c e n t )  t ipwelling zones (Ssen tongo ,  
1979) .  The c o a s t a l  zone 'of t h e  Region is a v e r y  i m p o r t a n t  r e s o u r c e  f o r  t h e  
p o p u l a t i o n  and of g r e a t  economic v a l u e .  

C o n d i t i o n s  i n  t h e  n e a r s h o r e  and c o a s t a l  mar ine  environment can a l s o  i n f l u e n c e  t h e  
h e a l t h  of  t h e  l o c a l  popu la t ion  and of  t o u r i s t s .  

Typhoid f e v e r ,  pa ra typho id  f e v e r  and i n f e c t i o u s  h e p a t i t i s  a r e  examples o f  d i s e a s e s  
t h a t  have been caused by t h e  consumption o f  raw o r  p a r t i a l l y  cooked o y s t e r s ,  c l ams  
and musse l s  t h a t  have been h a r v e s t e d  from c o a s t a l  w a t e r s  i n t o  wnich raw o r  
i n a d e q u a t e l y  t r e a t e d  sewage had been d i s c h a r g e d  (Meith-Avcin and Helmer, 1978). One 
o f  t h e  most known forms o f  po i son ing  by s e a  food is s o  c a l l e d  "Minamata d i s e a s e " ,  
caused  by consumption of  methyl  mercury contaminated f i s h  and s h e l l - f i s h .  

There  is a  r i s k  o f  e n t e r i c  i n f e c t i o n  from swimming i n  wa te r  c o n t a i n i n g  u n t r e a t e d  o r  
i n a d e q u a t e l y  t r e a t e d  sewage. A h e a l t h  hazard  a l s o  e x i s t s  i f  t h e  beaches  become 



9 . 2  E f f e c t s  on mar ine  ecosystems 

I t  is c l e a r  t h a t  t h e  most s i g n i f i c a n t  e f f e c t s  o f  mar ine  p o l l u t i o n  occur  i n  t h e  
c o a s t a l  zone (GESAMP, 1982) where v u l n e r a b l e  ecosys tems  c a n  be  wiped o u t .  Again, 
h a r d  b a s i c  d a t a  from t h e  Region a r e  l a c k i n g .  In  g e n e r a l ,  i t  is v e r y  d i f f i c u l t  t o  
a s s e s s  ecosystem e f f e c t s  and r e l a t e  them t o  g i v e n  s o u r c e s  o f  con taminan t s .  Some 
g e n e r a l  comments c a n  be  made h e r e ,  which a r e  e s p e c i a l l y  p e r t i n e n t  t o  t h e  c o n d i t i o n s  
and a c t i v i t i e s  i n  t h e  Region. 

H a b i t a t s  of  mar ine  organisms might be  a d v e r s e l y  a f f e c t e d  by s o l i d s  s e t t l i n g  on t h e  
bottom and by m a t e r i a l s  l eached  from them. Sed imenta t ion  from c o a s t a l  mining 
o p e r a t i o n s  may a l t e r  t r o p i c a l  w a t e r s  unfavourab ly .  C o r a l  r e e f s  and mangrove a r e a s  
can  be s e r i o u s l y  a f f e c t e d  (Uni ted Nations/GESAMP, 1977, 1980) .  Eros ion  from 
improper l a n d  management may a f f e c t  c o a s t a l  spawning g rounds  a s  w e l l  a s  t h o s e  of  t h e  
r i v e r s .  Organic  s u b s t a n c e s  i n  bo th  d i s s o l v e d  and s o l i d  forms decompose and remove 
oxygen from t h e  wa te r .  Th i s  can  be a  s e r i o u s  problem i n  p a r t i a l l y  c o n f i n e d  a r e a s ,  
such  a s  embayrnents and l agoons ,  where t h e  wa te r  is n o t  f r e q u e n t l y  r e p l a c e d .  I t  may 
even occur  i n  b a s i n s  on t h e  exposed c o n t i n e n t a l  s h e l f  where t h e r e  is l i t t l e  o r  no 
f l u s h i n g  a c t i o n  by bot tom c u r r e n t s .  In a r e a s  where t h e  volume o f  waste  is very  
l a r g e  compared t o  t h e  amount o f  water  a v a i l a b l e  t o  d i l u t e  i t ,  even t h e  s a l t  
composi t ion o f  sea-water  might  be  changed s i g n i f i c a n t l y .  The i n f l o w  o f  f r e s h  water  
over  c o a s t a l  sea-water  c a u s e s  a  s t r a t i f i c a t i o n  t o  t a k e  p l a c e  i n  t h e  absence of  t i d a l  
and wind mixing.  T h i s ,  i n  e f f e c t ,  r e d u c e s  v e r t i c a l  mixing,  and such p r o c e s s e s  a s  
a e r a t i o n  o f  deeper  wa te r  t e n d  t o  be minimized. Moreover, t h e  comparat ive1 y  f r e s h  
s u r f a c e  l a y e r  may have a  low b u f f e r i n g  c a p a c i t y  and can be a f f e c t e d  by a  p o l l u t a n t  
i n  much t h e  same way a s  a  r i v e r  o r  a  l a k e .  

P a r t i c u l a r l y  impor tan t  f o r  .the c o u n t r i e s  of  t h e  Region i n  connec t ion  with  t h e  e f f e c t  
of p o l l u t a n t s  on c o a s t a l  ecosystems is t h e  impact  o f  p o l l u t i o n  and h igh  silt l o a d  on 
mangrove a r e a s  (UNEP/UNESCO, 1981; Portmann, 1978) .  

Mangroves p rov ide  an a r e a  of s h e l t e r  f o r  t h e  j u v e n i l e  forms o f  many f i s h  s p e c i e s  and 
a  s o u r c e  o f  food ,  s h e l t e r  and s e t t l e m e n t  s u b s t r a t e  f o r  a  wide v a r i e t y  o f  s h e l l f i s h .  
The mangrove r o o t s  can  a l s o  g r e a t l y  r e d u c e  t h e  impact  o f  t h e  s e a  waves on t h e  l a n d .  

The i n f l u e n c e  o f  chemica l  and e s p e c i a l l y  o i l  p o l l u t i o n  on t h e  mangroves 
s i m u l t a n e o u s l y  w i t h  t h e  impact  o f  a  h i g h  si l t  l o a d ,  is  v e r y  d e s t r u c t i v e .  In  some 
c a s e s  mangroves c a n  d i e  w i t h i n  a  few weeks. The l o s s  o f  t h e  n a t u r a l  mangrove b u f f e r  
between s e a  and l a n d ,  a p a r t  from t h e  obvious  p o t e n t i a l  e f f e c t  o f  l o s s  o f  f i s h  and 
s h e l l f i s h  s h e l t e r  a r e a s ,  can  mean t h e  o n s e t  o f  c o a s t a l  e r o s i o n .  Th i s  is a l r e a d y  a  
s e r i o u s  problem i n  many a r e a s  of  t h e  Region. Another problem is connected w i t h  t h e  
p r o b a b i l i t y  o f  t r o p i c a l  r e e f  ecosystems be ing  a f f e c t e d  by o i l  and o t h e r  t y p e s  o f  
p o l l u t i o n .  Cora l  r e e f s  a r e  an i n t e g r a l  p a r t  o f  t h e  c o a s t a l  environment i n  t r o p i c a l  
a r e a s  o f  t h e  Region. 

S u b l e t h a l ,  c h r o n i c  e f f e c t s  o f  p o l l u t a n t s  may i n c l u d e  r e t a r d a t i o n  of  growth,  
a l t e r a t i o n  of chemorecept ion i n  food-f inding and mat ing ,  a b e r r a n t  b e h a v i o u r ,  
p h y s i o l o g i c a l  s t r e s s e s  a f f e c t i n g  t h e  v igour  of  o rgan i sms ,  and r e p r o d u c t i v e  f a i l u r e .  
An e x c e s s  o f  n u t r i e n t s  may cause  dense, a l g a l  growths  (abnormal blooms) t h a t  
a d v e r s e l y  a f f e c t  h i g h e r  forms o f  l i f e  such  a s  f i s h  and s h e l l f i s h ,  and may l e a d  t o  
s e r i o u s  l o c a l  oxygen d e p l e t i o n .  

B i o l o g i c a l  and ecosystem e f f e c t s  moni to r ing  has  been s u b j e c t  t o  r e c e n t  r ev iews  
(GESAMP 1981; ICES 1 9 7 9 ) .  They bo th  propose t h a t  a  s e t  o f  supplementary t e c h n i q u e s  
be used ,  i n c l u d i n g  f i s h  d i s e a s e s  and d e f o r m a t i o n s ,  abnormal blooms, a s p e c t s  o f  
pr imary p r o d u c t i o n ,  p l a n k t o n  community s t u d i e s .  Microorganism s t u d i e s  can  a l s o  be 
used.  
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I t  seems a p p r o p r i a t e  t o  d i s c u s s  b r i e f l y  t h e  p o t e n t i a l  p o l l u t i o n  e f f e c t s  o f  t h e  
d i f f e r e n t  wastes  c o n s i d e r e d  i n  s e c t i o n  8, us ing  a  d i f f e r e n t  d i v i s i o n .  Again, d a t a  
from t h e  Region a r e  v e r y  l i m i t e d  and s t a t e m e n t s  w i l l  o f t e n  have t o  be based on 
r e s u l t s  from o t h e r  a r e a s  of  t h e  world ocean ,  f o l l o w i n g  c o n s i d e r a t i o n s  by,  f o r  
example GESAMP (1982) .  

9 . 3  Review o f  p o t e n t i a l  e f f e c t s  o f  v a r i o u s  w a s t e s  

9 .3 .1  Domestic sewage 

The main impact o f  u n t r e a t e d  sewage d i s p o s a l  is t o  be expec ted  i n  t h e  v i c i n i t y  o  
t h e  o u t f a l l  where t u r b i d i t y  can  d e p r e s s  t h e  pr imary p r o d u c t i o n  and t h e  b e n t h i  
community c a n  be a f f e c t e d  o r  smothered by s e d i m e n t a t i o n .  A t  a  d i s t a n c e  t h e  e f f e c  
can  be an enhancement o f  t h e  b i o l o g i c a l  communities due t o  t h e  i n p u t  o f  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 s .  Discharge  on s h o r e l i n e s  can enhance seaweeds and i n t e r t i d a l  
s p e c i e s  adap ted  t o  h i g h  n u t r i e n t  l e v e l s .  T h i s  w i l l  l e a d  t o  a  d i s t u r b a n c e  i n  t h  
eco-dynamics which can imply a  g r e a t l y  reduced s p e c i e s  d i v e r s i t y .  The impact  o  
t h i s  can be Large on c o r a l  r e e f s .  Dumping of u n t r e a t e d  sewage i n  a r e a s  o f  l i m i t e  
w a t e r  exchange can g i v e  rise t o  ve ry  s e r i o u s  environmental  d e t e r i o r a t i o n .  

I n  r e l a t i o n  t o  human h e a l t h  a  major concern o f  sewage d i s p o s a l  is t h e  t r a n s m i s s i o  
o f  i n f e c t i o u s  d i s e a s e s ,  which can  occur  both  a s  a r e s u l t  o f  b a t h i n g  and consumptio 
o f  marine  produce. S e v e r a l  o u t b r e a k s  o f  h e p a t i t i s ,  s h i g e l l o s i s  and c h o l e r a  i n  t h  
Uni ted S t a t e s  and Europe have been a t t r i b u t e d  to swimming o r  s h e l l f i s h  consumptio 
i n  sewage-contaminated areas.  I t  is c l e a r  t h a t  t h i s  can  a l s o  o c s u r  i n  t h e  Region. 

Dumping of  u n t r e a t e d  sewage and household r e f u s e  on beaches  and i n  l a g o o n s  o c c u r s  i 
t h e  Region and probably c o n s t i t u t e s  one of t h e  most s e r i o u s  p o l l u t i o n  problems i 
some p a r t s  of  t h e  Region. 

9.3.2 Organoch lor ines  

F i s h  and o t h e r  marine  organisms can  t a k e  PCBs from wate r  and food. The e f f e c t s  o  
PCBs on marine organisms have been observed i n  l a b o r a t o r y  s t u d i e s ,  u s i n g  r e l a t i v e 1  
h i g h  c o n c e n t r a t i o n s .  E f f e c t s  i n c l u d e  m o r t a l i t y ,  r e t a r d a t i o n  of  growth,  an 
impairment of  r e p r o d u c t i o n  i n  f i s h  and i n v e r t e b r a t e s .  PCBs a l s o  a f f e c t  on hurna 
h e a l t h  and r e s i d u e s  i n  marine  food p roduc t s  c o u l d  r e p r e s e n t  a p u b l i c  h e a l t h  problem 
a l t h o u g h  t h e r e  appear  t o  be no confirmed c a s e s  o f  d i s e a s e s  due t o  t h i s  s o u r c e .  

DOT is known t o  have d e l e t e r i o u s  e f f e c t s  on t h e  ecosystem,  an impor tan t  one b e i n  
e g g s h e l l  t h i n n i n g  i n  b i r d s  l e a d i n g  t o  much reduced r e p r o d u c t i o n .  Marine organism 
show c o n s i d e r a b l e  d i f f e r e n c e s  i n  s e n s i t i v i t y  t o  DOT.  For  zooplankton t h e  l e t h a  
c o n c e n t r a t i o n  s t a r t s  a t  0.01 mcg/l; f o r  f i s h  a t  0 . 1  mcg/l; phy top lank ton  
c r u s t a c e a n s  and mol luscs  a r e  a f f e c t e d  by c o n c e n t r a t i o n s  above 1 .0  mcg/l. 

There  a r e  s e v e r a l  o t h e r  s y n t h e t i c  o r g a n i c  s u b s t a n c e s ,  e .g .  hexachlorobenzene (HCB) 
mirex and toxaphenes .  A common name f o r  a l l  t h e s e  p r o d u c t s  is x e n o b i o t i c s .  I t  i 
l i k e l y  t h a t  t h e  con t inued  use  of  PCBs and DOT i n  v a r i o u s  p a r t s  o f  t h e  t r o p i c s  an 
s o u t h e r n  hemisphere w i l l  l e a d  t o  concern f o r  p a r t s  o f  t h e  mar ine  environment and it 
p r o d u c t s .  The use  of x e n o b i o t i c s  i n  t h e  Region is a l s o  f a i r l y  widespread.  

9.3 .3  M e t a l s  

Many m e t a l s :  Fe ,  Cu, Zn, Co, Mn, Cr, Mo, V ,  Se ,  N i  and Sn a r e  known t o  be e s s e n t i a  
n u t r i e n t s  and an i n s u f f i c i e n t  supp ly  of  t h e s e  e lements  w i l l  l e a d  t o  deficient 
d i s e a s e s .  However, exposure  above a  c e r t a i n  l e v e l  may c a u s e  a d v e r s e  e f f e c t s .  I t  i 



d i f f i c u l t  t o  d e t e c t  e f f e c t s  o f  metals on mar ine  organisms in t h e  f i e l d  mainly  
because  o t h e r  waste m a t e r i a l s  a r e  u s u a l l y  d e p o s i t e d  t o g e t h e r  w i t h  t h e  m e t a l s .  
T h e r e f o r e  c o n t r o l l e d  exper imenta l  s t u d i e s  i n  t h e  l a b o r a t o r y  and possibly i n  t h e  
f i e l d  must be i n c l u d e d  i n  s t u d i e s  aimed a t  a s s e s s i n g  e f f e c t s  of meta l s .  The 
s e n s i t i v i t y  of mar ine  o rgan i sms  is v e r y  v a r i a b l e ,  many b e n t h i c  inver tebra tes  f o r  
i n s t a n c e  b e i n g  v e r y  t o l e r a n t ,  and a l s o  depends markedly on t h e  s t a g e  of development 
o f  t h e  organisms.  E f f e c t s  of  meta l  c o n t a m i n a t i o n  from mar ine  p roduc t s  on human 
h e a l t h  c a n  be of concern ,  and have been e x t e n s i v e l y  i n v e s t i g a t e d  i n  i n d u s t r i a l i z e d  
a r e a s .  R e s u l t s  s u g g e s t  t h a t  t h e r e  is no g e n e r a l  t h r e a t  t o  a v e r a g e  consumption. The 
t o x i c i t y  o f  m e t a l s  is g e n e r a l l y  g i v e n  i n  t h e  o r d e r  Hg>Ag>Cu>Zn>Ni>Pb>cd>~s>~r>Sn> 
>Fe>Mn>Al>Be>Li. F i v e  c a s e s  of po i son ing  of humans from t o x i c  m e t a l s  i n  marine  food 
have been r e c o r d e d  i n  J a p a n ,  from Hg, Cd and Cr. 

The few d a t a  a v a i l a b l e  on m e t a l  c o n c e n t r a t i o n s  i n  t h e  Region d o  n o t  s u g g e s t  h i g h e r  
t h a n  average  l e v e l s  e x c e p t  pe rhaps  f o r  Cu i n  t h e  n o r t h e r n  upwel l ing  a r e a .  T h i s  is, 
however, a  p e r f e c t l y  n a t u r a l  cause .  I n  g e n e r a l ,  c o n c e n t r a t i o n  l e v e l s  i n  marine  food 
a r e  n o t  known. Such l e v e l s  ought  t o  be e s t a b l i s h e d ,  e .g .  th rough  a  b a s e l i n e  s tudy .  

9 . 3 . 4  Petroleum 

There  is ample e v i d e n c e  t h a t  o i l  s p i l l s  can have e f f e c t s  on t h e  marine  ecosystem 
which a r e  o f t e n  of  a  temporary n a t u r e  depending upon c o n d i t i o n s  (IMCO/UNEP 1982) .  
Usua l ly  e f f e c t s  o c c u r  i n  t h e  c o a s t a l  zone. They appear  t o  be  l i m i t e d  i n  time i n  
rocky s h o r e  a r e a s  where t h e  p h y s i c a l  e r o s i o n  o f  t h e  o i l ,  f o r  i n s t a n c e  by a c t i v e  wave 
motion,  is f a i r l y  s t r o n g .  On sandy beaches  where wave motion is weak, e f f e c t s  of  
o i l  d r i f t i n g  a s h o r e  from a  s p i l l  can be of  v e r y  l o n g  d u r a t i o n .  

E f f e c t s  on ecosystems c a n  a r i s e  from t o x i c i t y ,  from smother ing  and c l o g g i n g ,  and 
h a b i t a t  d e s t r u c t i o n .  Apart  from a c u t e  t o x i c  e f f e c t s ,  s u b l e t h a l  ( c h r o n i c )  e f f e c t s  
c a n  a l s o  o c c u r ,  s u c h  a s  i n t e r f e r e n c e  with  f e e d i n g  and r e p r o d u c t i o n ,  abnormal growth 
and behav iour ,  s u s c e p t i b i l i t y  t o  p r e d a t i o n .  Changes i n  abundance and d i s t r i b u t i o n  
o f  s p e c i e s  may r e s u l t .  G e n e r a l l y  t h e  e f f e c t s  a r e  more s e v e r e  when t h e  d i s c h a r g e  o f  
o i l  o c c u r s  i n  e s t u a r i e s  o r  c o a s t a l  zones  t h a n  when it o c c u r s  i n  t h e  open s e a .  

O i l  s l i c k s  a t  s e a  c a n  have a d v e r s e  e f f e c t s  on p l a n k t o n ,  f i s h  e g g s  and l a r v a e  o f  f i s h  
and b e n t h i c  i n v e r t e b r a t e s  (ICES, 1980) .  The long-term o r  e c o l o g i c a l  s i g n i f i c a n c e  of  
t h e s e  e f f e c t s  canno t  a s  y e t  be a s s e s s e d .  

Marine food p r o d u c t s  can  e a s i l y  be  t a i n t e d  by o i l  c o n t a m i n a t i o n  s o  a s  t o  become 
u n a c c e p t a b l e  f o r  human consumption. Sev e r a 1  such  c a s e s  have been recorded .  
C r u s t a c e a n s ,  f i s h ,  and m o l l u s c s  exposed t o  o i l y  c o n d i t i o n s  can a c q u i r e  a n  o i l y  
t a s t e ,  u s u a l l y  r e l a t e d  t o  v o l a t i l e  compounds from o i l s  and d i s p e r s a n t s .  

I t  is c l e a r  t h a t  o i l  p o l l u t i o n  can  be o f  s e r i o u s  concern  i n  many p a r t s  of  t h e  
Region. I t  is n o t  p o s s i b l e  t o  a s s e s s  t h e  i n f l u e n c e  o f  t h e  con tamina t ion  on t h e  
ecosystem l e v e l  o r  on i n d i v i d u a l  s p e c i e s  o r  p a r t s  of  t h e  food web. However, e f f e c t s  
on t h e s e  l e v e l s  may o c c u r  on a  l o c a l i z e d  b a s i s  and t h e  o c c u r r e n c e  of  o t h e r  forms of  
o i l  p o l l u t i o n  ( t a r  b e l l s ,  s l i c k s )  should be t aken  a s  warning s i g n a l s .  An a c t i v e  
c o n t r o l  and d i s c h a r g e  p o l i c y  is r e q u i r e d  (IMCC/UNEP, 1982) .  

A s p e c i a l  concern i n  r e l a t i o n  t o  o i l  p o l l u t i o n  may be t h e  e f f e c t  on human h e a l t h  and 
t h e  r o l e  o f  t h e  p o l y n u c l e a r  a r o m a t i c  hydrocarbons (PNAtis) known t o  be c a r c i n o g e n i c  
t o  mammals. F i s h  and s h e l l f i s h  c a n  c o n c e n t r a t e  PNAHs w i t h i n  t h e i r  t i s s u e s  when 
exposed t o  o i l .  However, t h e y  do n o t  seem t o  r e t a i n  t h e s e  l e v e l s  i n d e f i n i t e l y ,  o n l y  
some 1-IC p e r  c e n t  o f  t h e  i n i t i a l  l e v e l s  seem t o  remain some days  a f t e r  t h e  
exposure .  On t h e  b a s i s  o f  p r e s e n t  s c i e n t i f i c  i n f o r m a t i o n  it is n o t  p o s s i b l e  t o  s a y  
d e f i n i t e l y  how s i g n i f i c a n t  t h i s  t h r e a t  t o  human h e a l t h  is, a l t h o u g h  it a p p e a r s  
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r e a s o n a b l e  t o  assume t h a t  PNAHs accumulated from mar ine  p r o d u c t s  would n o t  a t  
p r e s e n t  c a u s e  c a n c e r  wi thou t  a d d i t i o n a l  exposure.  

9 .4  Other f a c t o r s  of concern  

According t o  t h e  GESAMP d e f i n i t i o n  marine p o l l u t i o n  is r e l a t e d  t o  i n p u t  of  
s u b s t a n c e s  o r  energy. However, t h e r e  a r e  a l s o  o t h e r  f a c t o r s  which need t o  be 
c o n s i d e r e d  i n  r e l a t i o n  t o  env i ronmenta l  d e g r a d a t i o n ,  which c a n  be a n a t u r a l  p r o c e s s  
o r  induced by human a c t i v i t i e s .  One such p r o c e s s  o f  g r e a t  concern  f o r  l a r g e  a r e a s  
of t h e  Region is c o a s t a l  e r o s i o n .  T h i s  problem was s p e c i f i c a l l y  c o n s i d e r e d  f o r  Togo 
and Benin d u r i n g  an e x p e r t  workshop i n  1979 (Uni ted  Na t ions ,  1981).  I n  Togo, 
e r o s i o n  h a s  had s e r i o u s  s o c i a l  and economic consequences ,  i n c l u d i n g :  d e s t r u c t i o n  of  
f i s h i n g  v i l l a g e s ;  d e s t r u c t i o n  and r e c o n s t r u c t i o n  of  c o a s t a l  r o a d s ;  t h r e a t s  t o  
t o u r i s m  developments ,  bo th  a s  r e g a r d s  h o t e l  and o t h e r  i n f r a s t r u c t u r e  i n s t a l l a t i o n s ,  
and a s  r e g a r d s  a m e n i t i e s .  I n  Benin t h e  c o n s t r u c t i o n  of  t h e  p o r t  o f  Cotonou caused  
e r o s i o n  of t h e  c o a s t l i n e  e a s t  of  t h e  p o r t ,  and a  permanent opening t o  t h e  l agoon  
Lake Nokone, b r i n g i n g  abou t  e r o s i o n  i n  t h e  channe l  and m o d i f i c a t i o n  o f  t h e  
e c o l o g i c a l  ba lance  i n  t h e  l a k e .  

C o a s t a l  e r o s i o n  may be due t o  n a t u r a l  changes i n  t h e  s e d i m e n t a t i o n  c o n d i t i o n s  a long  
t h e  c o a s t ,  i n c l u d i n g  t h e  e f f e c t s  o f :  sea-Level v a r i a t i o n s ;  wind-generated waves; 
o s c i l l a t i o n s  of t h e  t i d a l  c y c l e ;  changes i n  t h e  n a t u r a l  sed iment  s u p p l y ,  f o r  example 
due t o  c l i m a t i c  v a r i a t i o n s .  Eros ion  may a l s o  be caused by human a c t i v i t i e s ,  e .g . ,  
r i v e r  f low modif i c a t i o n s  th rough  dam c o n s t r u c t i o n s ;  s a n d  minnig,  on t h e  beach and 
o f f s h o r e ;  t h e  b u i l d i n g  of  s t r u c t u r e s  changing t h e  s h o r e 1  i n e  morphology, e .g . , 
j e t t i e s ,  p i e r s ,  o u t f a l l s ,  b r e a k w a t e r s ,  p o r t s  and d redg ing  f o r  p o r t s ,  u r b a n i z a t i o n  of  
t h e  c o a s t .  A i l  t h e s e  c a u s e s  a r e  d i s c u s s e d  and e x e m p l i f i e d  th rough  t h e  c a s e s  o f  Togo 
and Benin i n  t h e  workshop r e p o r t  (Uni ted  Na t ions ,  1 9 8 1 ) ,  where s o l u t i o n s  t o  t h e  
problem a r e  a l s o  d i s c u s s e d .  For bo th  n a t i o n s  t h e  e r o s i o n  is due t o  a  combinat ion of  
n a t u r a l  and man-induced c a u s e s .  

I n  r e g a r d  t o  t h e  growing o f f s h o r e  o i l  e x p l o i t a t i o n ,  t h e  i n f l u e n c e  of  o f f s h o r e  
c o n s t r u c t i o n s  on t h e  s e a  bed on t h e  d i s t r i b u t i o n  of  l i v i n g  r e s o u r c e s  and on l o c a l  
f i s h i n g  a c t i v i t i e s  w i l l  need c o n s i d e r a t i o n .  I t  shou ld  be no ted  t h a t  e x p l o r a t i o n  
p l a t f o r m s  can l e a v e  d e b r i s ,  d r i l l i n g  muds and o t h e r  l e f t - o v e r s  on t h e  s e a  bed,  which 
may a l s o  c a u s e  i n t e r f e r e n c e  wi th  f i s h e r i e s .  (GESAMP, 1977b) .  

A c t i v i t i e s  of  mining,  sand and g r a v e l  e x t r a c t i o n  w i l l  a l s o  i n f l u e n c e  t h e  s e a  bed. 
These a c t i v i t i e s  can  g i v e  rise t o  en i n c r e a s e d  t u r b i d i t y  i n f l u e n c i n g  t h e  b i o l o g i c a l  
system by l i g h t  r e d u c t i o n  i n  t h e  wa te r .  They c a n  a l s o  b r i n g  abou t  a  r e l e a s e  of  
con taminan t s  c o n t a i n e d  i n  t h e  sed iments  t o  t h e  wa te r  column, such  a s  m e t a l s ,  PCBs, 
D D T s ,  o r g a n i c  m a t e r i a l  (GESAMP, 1977b).  

The ecosystem w i l l  i n  g e n e r a l  be i n f l u e n c e d  by a l l  t h e s e  a c t i v i t i e s  and p r o c e s s e s .  
Eros ion  can have s e r i o u s  n e g a t i v e  i m p l i c a t i o n s  f o r  t h e  beach and n e a r s h o r e  
ecosystems.  Since t h e s e  o f t e n  p l a y  an impor tan t  r o l e  i n  t h e  development o f  o f f s h o r e  
f i s h  s t o c k s  a s  w e l l ,  t h e  consequences  o f  c o a s t a l  d e s t r u c t i o n  can  be f a r - r e a c h i n g  f o r  
marine  ecosystems.  

9.5 O v e r a l l  e v a l u a t i o n  

The Region has  v e r y  r i c h  mar ine  r e s o u r c e s :  f i s h e r i e s  and o f f s h o r e  o i l  and m i n e r a l s  
which r e p r e s e n t  g r e a t  ameni ty  v a l u e s  f o r  t h e  b e n e f i t  of t h e  Region. The f i s h e r i e s  
r e s o u r c e s  a r e  probably f u l l y  e x p l o i t e d  b u t  t h e  e x p l o i t a t i o n  of  n c n - l i v i n g  r e s o u r c e s  
has  on ly  begun f a i r l y  r e c e n t l y .  



The Region is  f a c i n g  env i ronmenta l  problems r e l a t e d  t o  p o l l u t i o n ;  changes 
o f  t h e  c o a s t  th rough  e r o s i o n ,  which can  be  n a t u r a l  as well a s  induced by human 
c o n s t r u c t i o n s ;  e x p l o i t a t i o n  of r e s o u r c e s  on a  l a r g e  s c a l e  witho& having a c c e s s  t o  
f u l l y  developed management and c o n t r o l  mechanisms. The se r iousness  of t h e s e  
problems vary .  U n f o r t u n a t e l y  a  s a t i s f a c t o r y  o v e r a l l  e v a l u a t i o n  cannot be made on 
t h e  b a s i s  o f  e x i s t i n g  d a t a ,  and few l o c a l  a s s e s s m e n t s  a r e  a v a i l a b l e .  The one by 
Os iban jo  (1963)  f o r  N i g e r i a  s u g g e s t s  t h a t  t h e  problems a r e  r a t h e r  s e r i o u s .  
Comparison between s t a t e m e n t s  i n  r e p o r t s  from Regional  workshops (IOC/FAO/WHO/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  Gulf o f  Guinea and Adjacent Areas, 
Abidjan 1978, and t h e  IOC Workshop on Regional  Co-operation i n  Marine Sc ience  i n  t h e  
C e n t r a l  E a s t e r n  A f r i c a ,  T e n e r i f e  1983)  s u g g e s t s  t h a t  t h e  t r e n d s  a r e  not towards a  
g e n e r a l  improvement. 

I t  seems c l e a r  t h a t  t h e  n e a r s h o r e  and c o a s t a l  zone problems a r e  t h e  most p r e s s i n g .  
I n  o r d e r  t o  e s t a b l i s h  a  b a s i s  f o r  p roper  management and c o n t r o l ,  t h e  e x i s t i n g  d a t a  
base  must b e  improved bo th  a s  r e g a r d s  i n f o r m a t i o n  on env i ronmenta l  c h a r a c t e r i s t i c s  
and i n f o r m a t i o n  on contaminant  l e v e l s  i n  b i o t a ,  s e d i m e n t s  and p o s s i b l y  water .  The 
env i ronmenta l  a ssessment  and management p r o j e c t s  o f  t h e  Ac t ion  Plan f o r  t h e  
P r o t e c t i o n  and Development o f  t h e  Marine Environment and C o a s t a l  Areas o f  t h e  West 
and C e n t r a l  A f r i c a  Region, implemented th rough  co-opera t ion  wi th  Uni ted Nat ions  
a g e n c i e s ,  w i l l  supp ly  much r e l e v a n t  i n f o r m a t i o n  (UNEP, 1 9 8 2 ~ ) .  The o b j e c t i v e s  of 
t h e s e  i n c l u d e :  development o f  con t ingency  p l a n s  i n  r e l a t i o n  t o  emergency s i t u a t i o n s  
a s s o c i a t e d  w i t h  o i l  s p i l l s  and i n d u s t r i a l  i n s t a l l a t i o n s  (WACAF/l); t r a i n i n g  of 
r e g i o n a l  s c i e n t i s t s  i n  mar ine  p o l l u t i o n  measurement, development o f  programmes f o r  
moni to r ing  p o l l u t a n t s  i n  t h e  marine  environment ,  and c o m p i l a t i o n  o f  a  d a t a  base  on 
p o l l u t i o n  and e f f e c t s  o f  p o l l u t a n t s  (WACAF/2); r e s e a r c h  and t r a i n i n g  r e q u i r e d  t o  
assume c o n t r o l  over  c o a s t a l  e r o s i o n ,  f o r m u l a t i o n  o f  a  framework f o r  t h e  enforcement 
of  c o a s t a l  e r o s i o n  c o n t r o l  measures ,  and development o f  a p p r o p r i a t e  t e c h n o l o g i e s  and 
t h e i r  a p p l i c a t i o n  t o  t h e  problems of  c o a s t a l  e r o s i o n  (WACAF/3). Within  WACAF/2, FA0 
has  e s t a b l i s h e d  a  p o l l u t i o n  a n a l y s i s  network which s h o u l d  s u p p l y  d a t a  t o  a l l o w  an 
assessment  o f  t h e  l e v e l  o f  p o l l u t a n t s  i n  mar ine  organisms.  I n t e r c a l i b r a t i o n  of  
sampling and a n a l y t i c a l  t e c h n i q u e s  w i l l  be o rgan ized  and a s s i s t a n c e  t o  maintenance 
of  equipment.  O b s e r v a t i o n s  o f  o i l  s l i c k s  and t a r  b a l l s  w i l l  be o rgan ized  through 
I O C ,  and m i c r o b i a l  con tamina t ion  of  sea-water  and s h e l l f i s h  w i l l  be  i n v e s t i g a t t e d  by 
n a t i o n a l  l a b o r a t o r i e s  f o l l o w i n g  s u g g e s t i o n s  from WHO. 

I n  a d d i t i o n  t o  t h e s e  p r o j e c t s ,  s t u d i e s  w i l l  be needed t o  p r o v i d e  b a s i c  i n f o r m a t i o n  
on c o a s t a l  zone c o n d i t i o n s ,  i n c l u d i n g  t e m p e r a t u r e ,  s a l i n i t y ,  w a t e r  l e v e l  v a r i a t i o n s ,  
t i d e s ,  c u r r e n t s  and winds.  Such i n f o r m a t i o n  can  be  g a t h e r e d  without  u s e  o r  
i n s t a l m e n t  o f  ve ry  s o p h i s t i c a t e d  equipment ( s e e  f o r  example GESAMP, 1980a) .  
Observa t ions  can be  c a r r i e d  o u t  from b o a t s ,  s m a l l  s h i p s ,  f i s h i n g  v e s s e l s  and harbour  
j e t t i e s .  Long time s e r i e s  o b s e r v a t i o n s  o f  s e a  s u r f a c e  t e m p e r a t u r e s  from p a r t s  o f  
t h e  Region e x i s t  and have been used t o  i n v e s t i g a t e  t h e  i n f l u e n c e  o f  wind c o n d i t i o n s  
on t h e  t e m p e r a t u r e  and t h e  p o s s i b i l i t y  o f  p r e d i c t i n g  t h e  t e m p e r a t u r e  development 
from m e t e o r o l o g i c a l  d a t a  (e .9 .  V e r s t r a e t e ,  1983; G a l l a r d o ,  1983) .  

I n  o r d e r  t o  make t h e  b e s t  u s e  o f  d a t a  c o l l e c t e d  a t  d i f f e r e n t  p a r t s  o f  t h e  c o a s t l i n e ,  
i n f o r m a t i o n  on measur ing programmes end exchange of  d a t a  between t h e  i n s t i t u t i o n s  i n  
t h e  d i f f e r e n t  c o u n t r i e s  is v e r y  d e s i r a b l e .  Th i s  may be o rgan ized  on a  b i l a t e r a l  
b a s i s  o r  on a  r e g i o n a l  b a s i s ,  th rough  d i r e c t  c o n t a c t s  and c o n t a c t s  v i a  t h e  r e l e v a n t  
governmental i n s t i t u t i o n s .  T h i s  a s p e c t  a l s o  forms p a r t  o f  t h e  WACAF programmes. 

F i n a l l y ,  i t  seems a p p r o p r i a t e  t o  n o t e  t h a t  f a i r l y  l e n g t h y  p e r i o d s  o f  development and 
implementa t ion  a r e  needed f o r  programme components o f  t h e  k ind  d i s c u s s e d  above. 
C o n s i d e r a b l e  e x p e r i e n c e  h a s  been ga ined  i n  o t h e r  r e g i o n s ,  e.g. t h e  B a l t i c  Sea (ICES, 
1977b; Melvasalo  e t  a l . ,  19811,  and t h e  whole North A t l a n t i c  a r e a  (ICES 19838; 
Pawlak 1983). I t  s h o u l d  a l s o  be noted t h a t  t h e  i n t e r p r e t a t i o n  o f  t h e  i n f o r m a t i o n  



g a t h e r e d  i n  v a r i o u s  programmes shou ld  be  used t o  f o r m u l a t e  and implement management 
and c o n t r o l  measures.  For  t h i s  an o v e r a l l  a s sessment  on a  r e g i o n a l  o r  s u b r e g i o n a l  
b a s i s  can  form a  ve ry  v a l u a b l e  i n p u t  (Melvasalo  e t  a l . ,  1981; ICES, 1983b) .  

10 .  SCIENTIFIC INFRASTRUCTURE 

There is a  g r e a t  need f o r  p o l l u t i o n - o r i e n t e d  s t u d i e s  o f  t h e  mar ine  environment  i n  
t h e  Region. This  i n c l u d e s  b a s i c  r e s e a r c h  on t h e  govern ing  p r o c e s s e s  and 
c h a r a c t e r i s t i c s  of  t h e  environment .  

There a r e  r e l a t i v e l y  few mar ine  l a b o r a t o r i e s  and i n s t i t u t i o n s  i n  t h e  Region engaged 
i n  conduc t ing  s t u d i e s  on t h e  marine  environment.  The t o t a l  number o f  s u c h  
i n s t i t u t i o n s  exceeds  33 bu t  o n l y  two o r  t h r e e  o f  them a r e  d i r e c t l y  engaged i n  
problems o f  mar ine  p o l l u t i o n  (UNEP-RS/PAC/UN-ECA/UNESCO, 1982) .  

N a t i o n a l  mar ine  r e s e a r c h  i n  t h e  Region a p p e a r s  t o  be c a r r i e d  o u t  mainly  i n  
programmes r e l a t e d  t o  f i s h e r i e s .  Most o f  t h e  r e s e a r c h  is concerned w i t h  t h e  c o a s t a l  
and n e a r s h o r e  zone, and r e l a t e d  t o  t h e  e x p l o i t a t i o n  o f  mar ine  r e s o u r c e s  a s  w e l l  a s  
t h e  p r o t e c t i o n  of t h e  marine  environment .  There a r e  t e n d e n c i e s  w i t h i n  u n i v e r s i t i e s  
t o  expand marine r e s e a r c h ,  b u t  a  s e r i o u s  o b s t a c l e  is t h e  l a c k  o f  bo th  equipment and 
p e r s o n n e l  ( I N ,  1983) .  

The i n f o r m a t i o n  c o l l e c t e d  i n  t a b l e  15 shows t h a t  t y p e s  and scopes  o f  r e s e a r c h  
a c t i v i t i e s  i n  t h e  i n s t i t u t i o n s  o f  t h e  Region a r e  c o n c e n t r a t e d  i n  marine  c h e m i s t r y ,  
p h y s i c s  and b io logy ,  i . e .  i n  a r e a s  o f  marine  s c i e n c e s  c l o s e l y  connec ted  wi th  t h e  
problem o f  marine  p o l l u t i o n .  I t  means t h a t  t h e r e  a r e  f a v o u r a b l e  c o n d i t i o n s  f o r  
i n c l u d i n g  t h i s  problem i n  t h e  s c i e n t i f i c  programmes o f  t h e s e  i n s t i t u t i o n s .  Aspec t s  
o f  t h e  p r e s e n t  s t a t u s ,  t h e  need f o r  f u r t h e r  developments and a r a t i o n a l e  f o r  t h i s  
a r e  f u r t h e r  d i s c u s s e d  i n  UNESCO (1981) .  

Some of  t h e  s c i e n t i f i c  i n s t i t u t i o n s  a v a i l a b l e  i n  t h e  Region cou ld  be t h e  b a s i s  f o r  
t h e  t r a i n i n g  of l o c a l  e x p e r t s .  I n  accordance  with  t h e  recommendations o f  t h e  Act ion 
P lan  t h i s  t r a i n i n g  cou ld  i n c l u d e  s u c h  a r e a s  a s  t h e  u s e  o f  a n a l y t i c a l  t e c h n i q u e s  f o r  
measuring p o l l u t a n t  c o n c e n t r a t i o n s ,  a p p l i c a t i o n  of  equipment t o  a s s e s s  t h e  e f f e c t s  
of  p o l l u t a n t s  on human h e a l t h ,  f i s h e r y  r e s o u r c e s ,  marine  and c o a s t a l  ecosystems and,  
of  c o u r s e ,  t echn iques  used f o r  t h e  maintenance and c a l i b r a t i o n  of  r e s e a r - h  
equipment.  In  a d d i t i o n ,  t h e  t e a c h i n g  programmes cou ld  c o n t a i n  t r a i n i n g  i n  methods 
of  e s t a b l i s h i n g  t h e  env i ronmenta l  q u a l i t y  c r i t e r i a  and waste  d i s c h a r g e  r e g u l a t i o n s  
and methods f o r  t h e  a n a l y s i s  of  c o a s t a l  l agoons ,  e s t u a r i e s  and mangroves (UNEP, 
1981 ) . 
There a r e  s e v e r a l  s c i e n t i f i c  i n s t i t u t i o n s  i n  some c o u n t r i e s  o f  t h e  Region which have 
s u i t a b l e  c o n d i t i o n s  t o  t r a i n  l o c a l  e x p e r t s  and t o  i n v i t e  f o r  t r a i n i n g  g roups  o f  
s p e c i a l i s t s  from o t h e r  c o u n t r i e s  o f  t h e  Region. Such i n s t i t u t i o n s  a r e ,  f i r s t  o f  
a l l ,  i n  N i g e r i a ,  Ghana and I v o r y  Coas t ,  but  Senega l ,  S i e r r a  Leone and t h e  Congo a l s o  
ho ld  o u t  promise  i n  t h i s  f i e l d  ( t a b l e  1 5 ) .  

The WACAF programmes r e f e r r e d  t o  above w i l l  form a  b a s i s  f o r  a  p roper  r e s e a r c h  and 
t r a i n i n g  development.  

I t  w i l l  be  necessa ry  t o  i n c l u d e  t h e  b a s i c  problems of  mar ine  environment  and a  
p r e l i m i n a r y  acqua in tance  w i t h  t h e  methods of marine  p o l l u t i o n  p r e v e n t i o n  i n  t h e  
t e a c h i n g  programmes of  c o l l e g e s  and u n i v e r s i t i e s  of  t h e  Region, i n  o r d e r  t o  g e n e r a t e  
a  t r u l y  r e g i o n a l  e x p e r t i s e .  



Fable 15: S c i e n t i f i c  and t r a i n i n g  f a c i l i t i e s  a v a i l a b l e  i n  t he  WACAF Region (UNEP-RS/PAC/UN-ECA/UNESCO, 1982 ) 

Zone Country Number Type and scope of Research v e s s e l s  F a c i l i t i e s  F a c i l i t i e s  and space 
of research  a c t i v i t y  o r  boa t s  f o r  s tudent  a v a i l a b l e  f o r  
i n s t i t u t i o n s  courses  e x t e r n a l  s t u d e n t s  

Mauritania 1 Oceanic phys ics ,  
chemistry,  biology 

Senega 

Northern Gambia 

1 8 Oceanic phys ics ,  biology 

1 River r e sea rch  

Guinea 

S i e r r a  Leone 

3 Marine bioloyy and 
oceanography 

4 Phys ica l ,  chemical,  
geo logica l  and b io log i ca l  
oceanography 

a t  l e a s t  2 ve s se l s ,  no 
2 boa ts  

f o r  6 persons  

3 - 4 boa t s  no 

a t  l e a s t  1 vesse l  Yes f o r  10-15 
persons 

Ivory Coast 3 Fundamental oceanographic 6 v e s s e l s ,  b o a t s  Yes 
research ,  hydrology of 
lagoons and land waters  

a t  l e a s t  f o r  
4-7 persons  

Middle Ghana 3 Phys ica l ,  b i o l o g i c a l  and 3 v e s s e l s  
chemical oceanography 

Benin 1 7 ? 



Table 1 5  (cont inued)  

I 
I Zone Country Number Type and scope of 

of research  a c t i v i t y  
1 i n s t i t u t i o n s  

Research v e s s e l s  F a c i l i t i e s  F a c i l i t i e s  and space 
o r  boa t s  f o r  s tudent  a v a i l a b l e  f o r  

courses  e x t e r n a l  s t u d e n t s  

Nigeria  5 B io log i ca l ,  chemical and a t  l e a s t  3 ves se l s  Yes 
chemical oceanography; 
ecology of lagoons and 
e s t u a r i e s ;  p o l l u t i o n  
monitoring and c o n t r o l  

up t o  20-25 
persons 

Middle Cameroon 1 Marine biology and 
oceanography 

Gabon 2 P ro t ec t i on  of  environment 7 7 7 

Congo 1 Phys i ca l ,  chemical and 1 vesse l  
b io log i ca l  ( f i s h e r y  - 
or i en t ed )  oceanography 

f o r  2-3 
persons 

Southern Za i re  2 7 7 7 7 

Angola 2 Biology and oceanography 1 boat 7 7 



SUMMARY AND CONCLUSIONS 

There is  a  g r e a t  abundance of l i v i n g  a s  wel l  a s  non-l iving resources  i n  t h e  marine 
environment of  t h e  Region. This c o n s t i t u t e s  a  very important  subs i s t ence  base f o r  
t h e  c o a s t a l  na t ions .  Other uses of t he  marine environment, e.g. f o r  t r a n s p o r t a t i o n  
and tourism, a r e  of  g r e a t  s i g n i f i c a n c e  fo r  t h e  income and development of  t h e  Region. 
Thus a  proper  c o n t r o l  and management of t h e  marine and c o a s t a l  environment a s  an 
important  economic a s s e t  is motivated beyond any doubt a s  a  common i n t e r e s t  o f  t h e  
c o u n t r i e s  i n  t h e  Region. 

The c o a s t a l  zone is of  g r e a t  importance not  only t o  t h e  popula t ion  of t h e  Region, 
c o n s t i t u t i n g  about 40 pe r  cent  of  t h e  African populat ion,  but  a l s o  p lays  a  very 
s i g n i f i c a n t  r o l e  i n  t h e  development and economy of ad j acen t  land-locked c o u n t r i e s ,  
namely a s  an e x p o r t / i m p r t  l i n k  through t h e  p o r t s .  The importance of t h e  s e a  a s  a  
means of t r a n s p o r t  cannot be over-emphasized. This  obviously c a l l s  f o r  a  g r e a t  
common i n t e r e s t  i n  proper  c o a s t a l  zone management, a t  l e a s t  a s  f a r  a s  waterways and 
harbours  a r e  concerned. 

The major sources  of p o l l u t i o n  i n  most of  t h e  c o u n t r i e s  o f  t h e  Region r e s u l t  from 
human (domest ic  o r  municipal)  waste and not  from i n d u s t r i a l  sources.  Est imates 
i n d i c a t e  t h a t  approximately 80 pe r  cent  of t he  p o l l u t i o n  c u r r e n t l y  discharged t o  t h e  
c o a s t a l  a r e a s  is a t t r i b u t a b l e  t o  people, and unt rea ted  waste on beaches and i n  t h e  
nearshore zone i n  many a r e a s  c o n s t i t u t e s  a  r e a l l y  s i g n i f i c a n t  problem. Untreated 
and inadequately t r e a t e d  waste u sua l ly  conta in  high concen t r a t i ons  of  n u t r i e n t s  and 
micro-organisms. Nu t r i en t s  may lead  t o  eu t roph ica t ion  of c o a s t a l  rece iv ing  waters  
and lagoons with var ious  negat ive  consequences (p lankton  blooms, oxygen dep le t i on ,  
f i s h  k i l l s ,  e t c . ) .  Depending on t h e  type of  c a r r i e r s ,  micro-organisms discharged 
w i t h  sewage inc lude  var ious  pathogenic forms which c o n s t i t u t e  a  r i s k  t o  ba the r s  and 
t o  t hose  who e a t  contaminated seafood ( s h e l l f i s h  i n  p a r t i c u l a r ) .  The b a s i c  zones of 
high r i s k  connected with domestic po l lu t i on  a r e  l oca t ed  near b i g  c i t i e s ,  beach 
h o t e l s  and r e c r e a t i o n a l  a r e a s .  A r e a l  publ ic  hea l th  t h r e a t  is c rea t ed  a t  some of 
t he se  s i t e s  due t o  uncont ro l led  sewage d isposa l .  

The sewage d i sposa l  s i t u a t i o n  i n  p a r t s  of t h e  Region is a l s o  a  t h r e a t  t o  f u r t h e r  
development of  tourism. I t  a l s o  imposes r e s t r i c t i o n s  on t h e  use of marine products  
a s  wel l  a s  c o n s t i t u t i n g  an a d d i t i o n a l  hea l th  hazard i n  a r e a s  with i nhe ren t  d i s ease  
problems. P a r t  o f  t he  s o l u t i o n  t o  t he  problem l i e s  i n  t h e  a p p l i c a t i o n  of proper  
d i sposa l  techniques,  making use of t h e  phys ica l  c h a r a c t e r i s t i c s  of  t h e  marine 
environment. However, t rea tment  p l a n t s  w i l l  a l s o  be necessary and i t  may be a  major 
problem t o  develop e f f e c t i v e  techniques.  A t  p resent  t h e  d ischarge  of  i n d u s t r i a l  
p o l l u t i o n  t o  e s t u a r i e s ,  r i v e r s  and c o a s t a l  a r e a s  of t h e  c o u n t r i e s  does not  appear t o  
c r e a t e  a  s i g n i f i c a n t  problem. However, r a p i d l y  i nc reas ing  i n d u s t r i a l  development, 
p a r t i c u l a r l y  i n  t h e  c o a s t a l  a r ea s  and along the  major r i v e r s ,  w i l l  l ead  t o  an 
i nc rease  i n  t h e  volume and d i v e r s i t y  of i n d u s t r i a l  wastes  discharged without  
adequate t reatment  i n t o  t he  marine environment. The a n a l y s i s  of development i n  t h e  
Region shows t h a t  p o l l u t i o n  d ischarges  a r e  l i k e l y  t o  i nc rease  s i g n i f i c a n t l y  i n  t h e  
next t e n  years  and a r e  going t o  become r a t h e r  important  problems not  on ly  i n  
l o c a l i z e d  a r e a s  where i ndus t ry  is concent ra ted ,  but  along most West and Cent ra l  
African coas t s .  

Po l lu t i on  by petroleum hydrocarbons is inc reas ing  i n  c o a s t a l  waters  and on beaches 
along t h e  whole coas t  of t h e  Gulf of Guinea and ad jacent  a r ea s .  E f f e c t s  observed 
l o c a l l y  i n d i c a t e  t h a t  damage is being done t o  t he  c o a s t a l  ecosystems and f i s h e r y  
resources .  However, a v a i l a b l e  information on t h i s  is very l imi t ed .  I t  is sti l l  
l i k e l y  t h a t  a  major p a r t  o f  t h e  o i l  p o l l u t i o n  is due t o  heavy maritime t r a n s p o r t  and 
a s soc i a t ed  ope ra t ions  r a t h e r  than l o c a l  exp lo ra t i on  and e x p l o i t a t i o n .  There a r e  
l o c a l  except ions  t o  t h i s ,  e.q. i n  Nioeria - the M i n o -  n-l+'- --^ ---- - - -  - 



The p r e s e n t  l e v e l s  o f  a g r i c u l t u r a l  w a s t e s ,  h e r b i c i d e s ,  p e s t i c i d e s  and f e r t i l i z e r s  
d i scharged  do n o t  y e t  seem t o  c o n s t i t u t e  a  major problem. 

A v a i l a b l e  l i m i t e d  d a t a  s u g g e s t  t h a t  sewage and o i l  p r o d u c t s  a r e  major  problems and 
indeed now produce s i g n i f i c a n t  p o l l u t i o n  e f f e c t s  i n  l o c a l i z e d  beech and n e a r s h o r e  
a r e a s .  The r e g i o n a l  e x t e n t  canno t  be judged, bu t  i t  a p p e a r s  t h a t  c o n c e r t e d  a c t i o n  
would b e  b e n e f i c i a l ,  w i t h  t h e  n e a r s h o r e  zone a s  t h e  pr imary o b j e c t i v e .  

The o f f s h o r e  and open s e a  a r e a s  o f  t h e  marine  environment  o f  t h e  Region canno t  be 
c o n s i d e r e d  a s  i n f l u e n c e d  by p o l l u t i o n  a t  p r e s e n t .  

I t  can be concluded t h a t  t h e  t r e n d  o f  i n c r e a s i n g  p r e s s u r e  on t h e  environment  is 
c o n t i n u i n g .  The pr imary f a c t o r s  a r e :  c o a s t a l  p o l l u t i o n  due  t o  o i l  and sewage 
con tamina t ion ;  c o a s t a l  e r o s i o n ;  and e x p l o i t a t i o n  o f  l i v i n g  and non- l iv ing  r e s o u r c e s  
wi thou t  e n f o r c i n g  c o n t r o l  measures  and management. T h i s  i s  p a r t l y  due t o  l a c k  o f  a  
p r o p e r  d a t a  base .  However, it is c l e a r  t h a t  r emedia l  a c t i o n s  c a n  be  t aken  w i t h o u t  
w a i t i n g  f o r  s u c h  a  d a t a  b a s e  t o  be developed.  

Marine r e s e a r c h  i n  t h e  Region needs  t o  be s t r e n g t h e n e d .  T h i s  p r o c e s s  is t o  some 
e x t e n t  under  way, p a r t l y  i n  r e l a t i o n  t o  implementat ion o f  p r o j e c t s  w i t h i n  t h e  UNEP 
Regional  Seas  Programme f o r  t h e  West and C e n t r a l  A f r i c a n  Region. The s t r e n g t h e n i n g  
can be mot iva ted  by c a r r y i n g  o u t  s t u d i e s  on t h e  r e a l  problems e x i s t i n g  i n  t h e  
n e a r s h o r e  and c o a s t a l  zone. T h i s  is b a s i c  f o r  t h e  shor t - t e rm development.  

However, i n  o r d e r  t o  o b t a i n  long-term s o l u t i o n s  t o  t h e  problems, a t t e n t i o n  must a l s o  
be  g i v e n  t o  t h e  env i ronmenta l  oceanographic  c h a r a c t e r i s t i c s  and c o n d i t i o n s  i n  t h e  
o f f s h o r e  and o c e a n i c  zones .  The n e a r s h o r e  and c o a s t a l  problems shou ld  n o t  be  
a l lowed t o  sp read  o r  be t r a n s f e r r e d  f u r t h e r  o f f s h o r e .  T h i s  w i l l  e v e n t u a l l y  happen 
i f  no remedia l  a c t i o n s  a r e  implemented. 

Moni tor ing of  t h e  p o l l u t i o n  is r e q u i r e d  i n  o r d e r  t o  e s t a b l i s h  b a s e l i n e s  o f  
c o n c e n t r a t i o n  l e v e l s ;  i d e n t i f y  s p e c i a l l y  t h r e a t e n e d  a r e a s ;  and demons t ra te  t h e  
e f f e c t s  of management and c o n t r o l .  T h i s  is c l e a r l y  r e q u i r e d  i n  o r d e r  t o  a v o i d  
i n e f f i c i e n t  o r  e r r o n e o u s  management and economic l o s s .  I t  f u r t h e r  p o i n t s  t o  t h e  
need t o  have n a t i o n a l  e x p e r t i s e  f o r  c a r r y i n g  o u t  t h e  programmes and i n t e r p r e t i n g  t h e  
d a t a .  I n t e r d i s c i p l i n a r y  r e s e a r c h  should be encouraged from t h e  s t a r t  a s  well a s  a  
c l o s e  l i a i s o n  between t h o s e  i n s t i t u t i o n s  c a r r y i n g  o u t  t h e  r e s e a r c h  and moni to r ing  
and t h o s e  making management d e c i s i o n s .  The env i ronmenta l  s t u d i e s  s h o u l d  be t a i l o r e d  
t o  t h e  needs .  Unnecessary c o m p l i c a t i o n s  shou ld  be avo ided .  A d i s c u s s i o n  o f  t h e s e  
a s p e c t s  i n  r e l a t i o n  t o  c o a s t a l  a r e a  development i s  p r e s e n t e d  i n  GESAMP (1980a, b) .  

Implementat ion o f  any programme w i l l  r e q u i r e  fund ing ,  and a  b a s i c  q u e s t i o n  is t h e n  
what economic r e t u r n  t h e r e  w i l l  be. T h i s ,  of  c o u r s e ,  is  r e l a t e d  t o  t h e  c o s t  o f  
environmental  d e t e r i o r a t i o n .  I t  is u s u a l l y  d i f f i c u l t  t o  g i v e  f i g u r e s  f o r  t h i s  c o s t  
o r  p r e s e n t  d e f i n i t e  conv inc ing  examples.  There a r e  many examples o f  t h e  economi 
i m p l i c a t i o n s  o f  e r o s i o n .  S e v e r a l  examples can a l s o  be g i v e n  o f  t h e  i m p l i c a t i o n s  o  
dam c o n s t r u c t i o n s  and r i v e r  r e g u l a t i o n s  f o r  t h e  eco logy  of  t h e  d e l t a  and t h e  l o s s  o  
t h e  l o c a l ,  c o a s t a l  f i s h e r i e s .  I n  t h e  Region, p u b l i c  h e a l t h ,  and n a t u r a l  r e s o u r c e s  
a r e  being t h r e a t e n e d .  The c o s t  o f  e r o s i o n  due t o  improper c o n s t r u c t i o n s  c a n  c l e a r 1  
be e s t i m a t e d ,  and t h e  c o s t  o f  t h e  l o s s  of  t h e  l o c a l  f i s h e r i e s .  However, ho 
s i g n i f i c a n t  a r e  such l o s s e s  t o  t h e  o v e r a l l  economy, when t h i s  is p r i m a r i l y  based o  
minera l  and o i l  e x p l o i t a t i o n ,  which is t h e  d i r e c t  o r  i n d i r e c t  c a u s e  o f  t h e  l o s s  o  
t h e  f i s h e r i e s ?  I t  may be d i f f i c u l t  t o  e s t i m a t e  t h e  p o t e n t i a l  c o s t  o f  t h e  p u b l i  
h e a l t h  t h r e a t  due t o  p o l l u t i o n  i n  a r e a s  where t h e  p u b l i c  h e a l t h  t h r e a t  due t o  o t h e  
f a c t o r s  is  a l r e a d y  c o n s i d e r a b l e .  However, i n  such  a  s i t u a t i o n  a d d i t i o n s  
unnecessa ry  t h r e a t s  may have s e r i o u s  i m p l i c a t i o n s .  On a  wider  b a s i s ,  s o c i a  
c o n s i d e r a t i o n s  and s o c i e t y  s t r u c t u r e  must be i n c l u d e d  i n  t h e  c o s t - b e n e f i t  and r i s  
:. A t- 



A b a s i c  problem i n  a l l  s t u d i e s  d i r e c t e d  a t  i n v e s t i g a t i n g  t h e  human i n f l u e n c e  on t h e  
environment is t o  s e p a r a t e  ou t  t h e  i n f l u e n c e  o f  n a t u r a l  v a r i a b i l i t y .  Environmental 
changes  and d e t e r i o r a t i o n  canno t  wi thou t  r e s e r v a t i o n  be  a s c r i b e d  t o  human 
i n f l u e n c e s .  E f f e c t s  of  n a t u r a l  f a c t o r s  must be  c o n s i d e r e d ,  which r e q u i r e s  knowledge 
o f  t h e  n a t u r a l  c o n d i t i o n s  and t h e i r  v a r i a b i l i t y .  I n  a r e a s  of  development and a r e a s  
o f  c o n c e n t r a t i o n s  o f  p o p u l a t i o n s  t h i s  a s p e c t  s t r o n g l y  s u p p o r t s  t h e  i n c l u s i o n  o f  
env i ronmenta l  r e s e a r c h  as one i n t e g r a l  p e r t  o f  t h e  q u e s t  f o r  o v e r a l l  socio-economic 
development.  
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