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PREFACE 

4 The Regional Seas Programme was i n i t i a t e d  by UNEP i n  1974. Since then the 
Governing Council o f  UNEP has repeatedly endorsed a reg ional  approach t o  the con t ro l  
of marine p o l l u t i o n  and the management o f  marine and coastal  resources and has 
requested the development o f  reg ional  ac t ion  plans. 

The Regional Seas Programme a t  present includes ten regions I/ and has over 120 
coastal  States pa r t i c i pa t i ng  i n  it. It i s -  conceived as an action-oriented programme 
having concern not  only f o r  the consequences but also f o r  the causes o f  
environmental degradation and encompassing a comprehensive approach t o  combating 
environmental problems through the management o f  marine and coastal  areas. Each 
regional  act ion plan i s  formulated according t o  the needs o f  the region as perceived 
by the Governments concerned. -It i s  designed t o  l i n k  assessment o f  the q u a l i t y  of 
the marine environment and the calises o f  i t s  de te r io ra t ion  wi th  a c t i v i t i e s  f o r  the 
management and development o f  the marine and coastal  environment. The ac t ion  plans 
promote the p a r a l l e l  development o f  reg ional  l e g a l  agreements and o f  action-oriented 
programme a c t i v i t i e s  - 

Decision 8/13(C) of the e ighth session o f  the Governing Council o f  UNEP ca l led  
for the development o f  an ac t ion  plan f o r  the protect ion and development o f  the 
marine and coastal  environment o f  the East Af r ican region. As a f i r s t  a c t i v i t y  i n  
the region, UNEP organized i n  October and November 1981 a j o i n t  
UNEP/UN/UNIDO/FAO/UNESCO/WHO/IMCO/IUCN exploratory mission which v i s i t e d  the e igh t  
States of the region 2/ i n  order to:  

- assess each State's i n t e r e s t  i n  pa r t i c i pa t i ng  i n  a future reg ional  programme; 

- consult w i th  Governments w i th  a view t o  i d e n t i f y i n g  a c t i v i t i e s  t ha t  may usefu l ly  
be included as p a r t  o f  a comprehensive ac t ion  plan; 

- make a prel iminary assessment o f  the environmental problems i n  the region, 
inc lud ing the problems re la ted  t o  the environmentally sound management o f  marine 
and coastal  na tu ra l  resources and a c t i v i t i e s  in f luenc ing the qua l i t y  o f  the 
marine and coastal  environment; 

- c o l l e c t  ava i lab le  s c i e n t i f i c  data and information per ta in ing t o  the development 
and implementation o f  the ac t ion  p lan planned f o r  the region; and 

Â 

- i d e n t i f y  na t iona l  i n s t i t u t i o n s  t h a t  may pa r t i c i pa te  i n  implementing an act ion 
p lan once i t  i s  adopted. 

I/ Mediterranean, Kuwait Act ion Plan Region, West and Central Africa, Wider - 
Caribbean, East Asian Seas, South-East Pac i f i c ,  South-West Pac i f ic ,  Red 
Sea and Gulf o f  Aden, East A f r i ca  and South-West A t lan t i c .  

2/ Comoros, Kenya, Madagascar, Mauri t ius,  Mozambique, Seychelles, Somalia, and - 
United Republic o f  Tanzania. 



The f ind ings o f  the mission were used t o  prepare the fo l lowing s i x  sec to r i a l  
reports : 

UN/UNESCO/UNEP: Marine and Coastal Area Development i n  the East Af r ican Region. 
UNEP Regional Seas Reports and Studies No. 6. UNEP 1982; 

@ 

UNIDO/UNEP: I n d u s t r i a l  Sources o f  Marine and Coastal Po l lu t ion  i n  the East 
Afr ican Region. UNEP Regional Seas Reports and Studies No. 7. UNEP 1982; 

fr 

FAO/UNEP: Marine Po l l u t i on  i n  the East African Region. UNEP Regional Seas 
Reports and Studies No. 8. UNEP 1982; 

WHO/UNEP: Public Health Problems i n  the Coastal Zone o f  the East Af r ican Region. 
IJNEP Regional Seas Reports and Studies No. 9. UNEP 1982; 

IMO/UNEP: O i l  Po l l u t i on  Control  i n  the East Af r ican Region. UNEP Regional Seas 
Reports and Studies No. 10. UNEP 1982; and 

IUCN/UNEP: Conservation o f  Coastal and Marine Ecosystems and L i v i ng  Resources o f  
the East Afr ican Region. UNEP Regional Seas Reports and Studies No. 11. UNEP 
1982. 

The s i x  sec to r i a l  repor ts  prepared on the bas is  o f  the mission's f indings were 
used by the UNEP secre ta r ia t  i n  preparing a summary overview en t i t l ed :  

- UNEP: Environmental Problems o f  the East Af r ican Region. UNEP Regional Seas 
Reports and Studies No. 12. UNEP 1982. 

The overview and the s i x  sec to r i a l  repor ts  were used as the main working 
document and informat ion documents f o r  the UNEP Workshop on the Protect ion and 
Development o f  the East Af r ican Region (Mahd, Seychelles, 27 - 30 September 1982) 
attended by experts designated by the Governments o f  the East Af r ican region. 

The Workshop: 

reviewed the environmental problems o f  the region; 

endorsed a d r a f t  ac t ion  p lan f o r  the p ro tec t ion  and development of  the marine and 
coastal  environment o f  the East A f r i can  region; 

defined a p r i o r i t y  programme o f  a c t i v i t i e s  t o  be developed w i t h i n  the framework 
o f  the d r a f t  act ion plan; and 

recommended t ha t  the d r a f t  ac t ion  plan, together w i th  a d ra f t  reg ional  convention 
for the p ro tec t ion  and development o f  the marine and coastal  environment o f  the 
East Af r ican region and protocols  concerning (a 1 co-operation i n  combating 
p o l l u t i o n  i n  cases o f  emergency, and (b) spec ia l l y  protected areas and endangered 
species, be submitted t o  a conference o f  p len ipo ten t ia r ies  o f  the Governments o f  
the region wi th  a view t o  t h e i r  adoption (UNEP/WG.77/4). The conference i s  t o  be 
convened by UNEP i n  ear l y  1984. 
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INTRODUCTION 

D e f i n i t i o n  o f  the region 

Â 
1. The East Afr ican region encompasses the coasta l  and marine areas of four 
countr ies on the East Coast o f  A f r i ca  from Somalis i n  the horn o f  Afr ica,  through 
Kenya and the United Republic o f  Tanzania t o  Mozambique i n  the south-west; and four 
i s land  countr ies i n  the South-West Indian Ocean namely: Comoros, Madagascar, 
Maurit ius, and Seychelles. Comoros consists o f  four islands: Grande Comore, 
Anjouan, Mayotte and Moheli, Mauri t ius includes other small is lands p r i n c i p a l l y  
Rodrigues. Seychelles has the greatest number o f  is lands, numbering over 100, Mah6 
being the biggest and most important. Madagascar i s  the la rges t  o f  a l l  the is lands 
and could be considered a sub-continent. A l l  the is lands i n  the region are volcanic 
i n  o r i g i n  except most o f  Seychelles which i s  g ran i t i c .  

2. The region l i e s  between the t rop ics  o f  Cancer and Capricorn, l a t i t u d e  13ON t o  
30Â° and longi tude 52OE t o  67OE; bordered i n  the nor th  by the Arabian Sea and i n  the 
we t by the Pac i f i c  Ocean ( f i g u r e  1). The t o t a l  l s n d a r e a  involved i s  3.54 x 10 9 
km , coast l ine 11,790 km and t o t a l  she l f  area 373,964 km ( tab le  1). Somalia i s  
d i s t i n c t  from the r e s t  having 983 km o f  i t s  coast l ine along the Gulf o f  Aden and 
1,876 km along the Ind ian Ocean. The t o t a l  populat ion o f  the region i s  about 54.6 
m i l l i on ,  a unique blend o f  African, Polynesian, Indian, Chinese and European 
or ig ins.  Seychelles has the highest per cap i ta  f i s h  consumption and Somalia the 
lowest, despite the r i c h  f i s h  resources o f f  i t s  western coast due t o  upwelling. The 
cl imate i s  generally t r o p i c a l  w i t h  dry and ra iny  monsoon seasons, though some areas 
such as Mauri t ius and Seychelles have a sub-tropical maritime cl imate. Maurit ius, 
i t s  i s land  Rodrigues and p a r t  o f  Madagascar and Mozambique are prone t o  cyclones a t  
ce r t a i n  times o f  the year, dur ing the north-east monsoon season. 

3. The pos i t ion  o f  the Ind ian Ocean as the t h i r d  la rges t  ocean i n  the world i s  
not matched by i t s  low f i shery  p r  d u c t i v i t y  o f  about 0.037 tonnes per km o f  surface 2 
area and 0.412 tonnes per km o f  she1 area compared t o  0.189 and 3.987 f o r  the 5 
Pacif ic,  and 0.219 and 2.699 tonnes per km f o r  the A t l an t i c  oceans respect ively.  
The comparatively low p roduc t i v i t y  i s  a t t r i bu tab le  t o  i t s  oceanographic 
charac te r i s t i cs  described below. The West Indian Ocean wi th  i t s  marine resources i s  
a common but l a rge l y  under-exploited wealth shared by the e ight  countr ies i n  the 
region. 

Â 
Hydrography 

4. Hydrographic data such as s a l i n i t y ,  temperature, dissolved oxygen and ocean 
currents are usefu l  parameters f o r  p red ic t ing  the f a te  and dispersion of po l lu tan ts  

a 
i n  the sea. 

5. The hydrographic charac te r i s t i cs  o f  the Indian Ocean waters have not  been 
f u l l y  understood although the main c i r c u l a t i o n  patterns i n  the region have been 
f a i r l y  w e l l  established not l eas t  during the In te rna t iona l  Indian Ocean Expedit ion 
(IIOE) from 1959 through t o  1965 (Wing, 1970, Schott, 1977). Tomczak (1979) has 
reviewed the oceanography o f  Af r ican waters inc lud ing  the South-West Indian Ocean. 
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Figure 1 : The East African Region 
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Although a t y p i c a l  f ea tu re  o f  t r o p i c a l  waters i s  a warm, sur face water l a y e r  w i t h  
smal l  annual temperature v a r i a t i o n s ,  t h e  hydrography o f  t h e  Ind ian  Ocean waters i s  
in f luenced by seasonal v a r i a t i o n s  of  the  monsoon t rade  winds. 

6. I n  the Southern hemisphere, t he  South Equa to r ia l  Current, about 12O south o f  
the equator, i s  t h e  p r i n c i p a l  cu r ren t  f l ow ing  a l l  year i.:m.-d from east  t o  west. 
Pa r t  o f  t he  cu r ren t  branches o f f  nor th-east  o f  Madagascar t o  form the  East 
Madagascar Current wh i l e  the  main stream s p l i t s  a f t e r  the  nor thern  t i p  o f  Madagascar 
i n t o  a southward cu r ren t  f l ow ing  through t h e  Mozambique Channel t o  form the  
perenn ia l  Mozambique Current ( f i g u r e  2). The n o r t h e r l y  component o f  t he  South 
Equa to r ia l  Current forms the  East A f r i c a n  Coastal Current. The l a t t e r  i s  t h e  main 
surface l a y e r  o f  water ba th ing  the  c o n t i n e n t a l  shelves o f  Kenya and Tanzania w i t h  
n u t r i e n t - d e f i c i e n t  water, r e s u l t i n g  i n  the low b i o l o g i c a l  p r o d u c t i v i t y  o f  t h e i r  
coasts. South o f  Madagascar, t h e  East Madagascar Current and the  Mozambique Current  
merge a t  about 26OS t o  form the  Agulhas Current. South o f  30Â° t h e  West Wind D r i f t  
i s  opera t iona l .  

7. The s i t u a t i o n  i n  the  Northern hemisphere changes w i t h  the  monsoon winds* 
During the  pe r iod  o f  the  south-west monsoon ( A p r i l  t o  October), represent ing  the 
summer pe r iod  i n  the Northern I n d i a n  Ocean, an eastward surface cur rent ,  t h e  
South-West Monsoon Current, p r e v a i l s ,  extending southwards t o  about 7OS. The South 
Equa to r ia l  Current now f lows northwards forming the Somali Current, whose r o o t  l i e s  
a t  about lGOS. The p r e v a i l i n g  s t rong  wind w i t h  a speed o f  over 600 cm/s in f luences 
the Somali Current  t o  cont inue i t s  n o r t h e r l y  f low, bending eastwards o f f  t h e  Somali 
peninsula i n t o  the  Arabian Sea. The strong-f lowing Somali Current w i t h  speeds o f  
about 300 m / s  t ranspor t s  about 50-65 m i l l i o n  m /s o f  water ( W i n g  and Szekielda, 
1971) penet ra t ing  deep i n t o  the  oceanic water mass and causing an upwel l ing  a long 
i t s  l e f t  f lank  i n  Somalian coas ta l  waters. The upwel l ing  induces the comparat ively 
h i g h  p r o d u c t i v i t y  o f f  the Somalian Coast and i s  most in tense between 5ON and l l O N .  
The turbulence associated w i t h  t h i s  phenomenon b r i n g s  n u t r i e n t - r i c h ,  c o l d  subsurface 
waters w i t h  temperatures below 20Â° t o  the  surface, thereby en r i ch ing  the  surface 
waters w i t h  n u t r i e n t s .  The average temperature o f  t he  sur face water du r ing  t h i s  
pe r iod  i s  about 24OC and the s a l i n i t y ,  35.0 ppt. 

8. The nature  o f  t he  Somali Current  has been t h e  sub jec t  o f  con t inu ing  
i n v e s t i g a t i o n s  by the  i n t e r n a t i o n a l  s c i e n t i f i c  community (F ind la te r ,  1969; W i n g  and 
Szekielda, 1971; Leetma, 1972; Schott,  1977). The cu r ren t  cons is t s  o f  a northward 
component, t h e  major component, and a southward (minor) component. It has been 
shown t h a t  t he  northward component i s  due t o  l o c a l  wind-induced upwe l l i ng  (Cox, 
1970 ) . 
9. During the north-east  monsoon w in te r  p e r i o d  i n  the  Northern hemisphere, 
(November t o  March), the  sur face cu r ren ts '  f low i s  changed from i t s  c lockwise 
p a t t e r n  t o  ant i -c lockwise i n  the  Northern Ind ian  Ocean. The north-east  monsoon 
winds now p r e v a i l  and the North-east Monsoon Current, otherwise c a l l e d  the  North 
Equa to r ia l  Current, i s  w e l l  developed and operat ive,  f l ow ing  westwards down t o  3OS. 
The Somali Current i s  now l e s s  st rong,  reverses i t s  f l ow  p a r t l y  t o  form the 
Equa to r ia l  Counter Current w i t h  i t s  a x i s  a t  7OS and p a r t l y  flows downwards t o  j o i n  
the Mozambique Current. The turbulence of t h e  waters i s  minimal because o f  t he  now 
weak Somali Current (speed l e s s  than 10 cm/s) and a thermocl ine e x i s t s  a t  about 
60-8G m w i t h  the  sur face waters having a un i fo rm temperature o f  about 28-30Â° and a 
s a l i n i t y  o f  34.5 ppt .  4 weak upwe l l i ng  on the  r i g h t  f l a n k  o f  the  Somali Current  i s  
presumed t o  occur i n  the r e g i o n  o f  p rev ious upwe l l i ng  (Schott,  19771, wh i l e  for  
reasons o f  c o n t i n u i t y ,  downwelling occurs on i t s  l e f t  f lank .  
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Figure 2 : Current system o f  the North and West Indian Ocean 



10. Developments i n  oceanic  c i r c u l a t i o n  s t u d i e s  on t h e  Indian Ocean, p r i n c i p a l l y  
by t h e  HOE, have i n d i c a t e d  t h e  presence  o f  t h e  Equa to r i a l  Undercurrent which had 
previous ly  been repor ted  in both t h e  A t l a n t i c  and P a c i f i c  Oceans. The c u r r e n t  was 
repor ted  t o  be p re sen t  on ly  dur ing  t h e  nor th-eas t  monsoon (Swallow, 1964). .̂ 

11. From t h e  foregoing,  t h e  East  Afr ican  r eg ion  may be  c l a s s i f i e d  i n t o  t h r e e .  
hydrographic zones: r 

(1 )  Somalia upwelling zone: Somalia. 

( i i )  Monsoon c u r r e n t s  zone: Tanzania, Kenya and Seychel les .  

( i i i )  Agulhas and Mozambique c u r r e n t  zone: Maur i t i u s ,  Madagascar, Comoros and 
Mozambique. 

12. In t h e  t h i r d  zone, t h e  c u r r e n t  flow p a t t e r n s  would be s u b j e c t  t o  s ea sona l  
cyc lonic  i n f luence  i n  Maur i t ius ,  nor th-eas t  o f  Madagascar, and p a r t s  o f  Mozambique. 

13. I t  is understood t h a t  t h e  d e s c r i p t i o n  o f  t h e  s u r f a c e  c u r r e n t  system i n  the 
Western Indian Ocean is only  very approximative and t h a t  r e sea rch  is sti l l  under way 
t o  e l u c i d a t e  t h e  underlying fo rces ,  p a r t i c u l a r l y  t o  f i n d  out  which r o l e  l o c a l  
cond i t i ons  p lay  a s  inducing f o r c e s  f o r  t h e  Somali Current ,  a s  opposed t o  t h e  
l a rge - sca l e  wind system. From s a t e l l i t e  photos o f  sea-sur face  temperatures ,  it can 
be  deduced t h a t  t h e  processes  a r e  more complex, involv ing  d iscont inuous  l o c a l  
phenomena. 

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

14. The marine ecosystems i n  t h e  r eg ion  with economical ly s i g n i f i c a n t  e x p l o i t a b l e  
resources ,  s e rv ing  b e n e f i c i a l ,  m u l t i f u n c t i o n a l  purposes and vu lne rab l e  t o  adverse  
e f f e c t s  o f  p o l l u t i o n  a r e :  e s t u a r i e s ,  mangroves, lagoons,  c o r a l  r e e f s ,  and t h e  deep 
ocean. Broadly t h e s e  ecosystems can be  c l a s s i f i e d  i n t o  two: 

(1 )  Coas ta l  ecosystems: e s t u a r i e s ,  lagoons and mangroves. 

( i i )  Off-shore ecosystems: c o r a l  r e e f s  and deep ocean. 

Coas ta l  ecosystems: 

15. E s t u a r i e s  a r e  semi-enclosed bodies  o f  water t h a t  a r e  connected with t h e  ocean 
whose waters  a r e  r e g u l a r l y  d i l u t e d  by f r e s h  water de r ived  from r i v e r s  and land  
run-off.  Es tua r ine  waters  a r e  t h e r e f o r e  s a l t y  o r  b rack i sh  i n  na tu re .  The 
c i r c u l a t i o n  i n  an e s t u a r y  depends on t h e  amount o f  f reshwater  d i s cha rge ,  t h e  

4 

s t r e n g t h  o f  t h e  t i d a l  c u r r e n t ,  and t h e  amount o f  v e r t i c a l  mixing. Major e s t u a r i e s  
a r e  t hose  o f  t h e  r i v e r s  Ruvu, Ruvuma, W a m i  and R u f i j i  (Tanzania) ,  Tana, 
Galana-Sabaki (Kenya), Zambezi (Mozambique), and Juba (Somalia).  Pie Rufi ji r i v e r  Â 

e s t u a r y  is t h e  l a r g e s t  i n  t h e  region.  Amongst t h e  i s l a n d  s t a t e s ,  Comoros and 
Seychel les  do no t  have b i g  r i v e r s  and hence no s i g n i f i c a n t  e s t u a r i e s .  The i s l a n d  of 
Madagascar has  e s t u a r i e s  mainly on t h e  e a s t  and west c o a s t s  b u t  t h e  400 km long 
Panqalanes Canal on t h e  e a s t  c o a s t  i n t e r f e r e s  with t h e  e s t u a r i e s  t h e r e .  

16. E s t u a r i e s  a r e  breeding h a b i t a t s  f o r  a v a r i e t y  o f  penaeid shrimp and prawn 
s p e c i e s ,  o y s t e r s  and f i s h .  Being sha l low waters ,  t h e y  o f f e r  good f i s h i n g  grounds 
f o r  t h e  a r t i s a n a l  fisherman. Penaeus i n d i c u s  is t h e  dominant prawn spec i e s .  Gaps 
i n  information about important  s p e c i e s  o f  e s t u a r i n e  f i s h e s  i n  t h e  r eg ion  have t o  be  



17. Mangroves are  t y p i c a l  l i t t o r a l  p l a n t s  ( t rees  o r  shrubs) occupying es tuar ine  
areas, bays o f  i s lands,  she l te red  t r o p i c a l  and s u b t r o p i c a l  coasts. Sometimes 
r e f e r r e d  t o  as 'mangrove f o r e s t '  o r  ' t i d a l  f o r e s t ' ,  they serve as h a b i t a t  f o r  a wide 

Ã ˆ  v a r i e t y  o f  c h a r a c t e r i s t i c  fauna and f l o r a .  

18. MacNae (1974) had reviewed the mangrove f o r e s t s  and f i s h e r i e s  o f  t h e  Ind ian  

4 .  
Ocean, wh i l e  the  g l o b a l  s ta tus  o f  mangrove ecosystems has been the sub jec t  o f  a 
recent  I N N  p u b l i c a t i o n  (Saenger e t  al., 1981). Ava i lab le  data a re  g iven i n  t a b l e  
2. Rich mangrove f o r e s t s  abound along the East A f r i c a n  coast from Mozambique t o  
Kenya c o l o n i z i n g  the es tua r ies  o f  b i g  r i v e r s  such as the  Zambezi, t he  R u f i j i  and the 
Tana. Madagascar has the  most extensive mangrove f o r e s t  cover ing  an ares o f  3,207 
km and over 1,150 km o f  coast l ine .  The major concent ra t ion  i s  a long the north-west 
coast o f  the  i s l a n d  w i t h  a minor pocket i n  the  north-east. I n s i g n i f i c a n t  mangrove 
f o r e s t s  a re  found i n  Maur i t ius ,  Comoros and Somalia. I n  Seychelles, pockets of  
mangroves occur on the west coast  o f  Mahe, and i n  the  smal ler  i s l a n d s  of  Curieuse, 
P ras l i n ,  La Digue and S i lhouet te .  

19. Some o f  the  endemic mangrove species i n  the  reg ion  a re  mainly t rees:  - - 

Avicennia marina (Forsk .) Vierh.; Bruguiera gymnorhizs (L .) Lamk. ; H e r i t i e r a  
l i t t o r a l i s  A i t .  and a few shrubs, f o r  example Lumnitzera racemose W i l l d  (Saenger & 

20. Mangroves serve m u l t i f a r i o u s  func t i ons  o f  g reat  b e n e f i t  t o  mankind. Apart 
from n a t u r a l l y  a t tenua t ing  coas ta l  erosion by  a c t i n g  as wave-breakers, mangrove 
t rees  a re  c u r r e n t l y  be ing used i n  the  region,  ( w i t h  ove r -exp lo i ta t i on  i n  some cases) 
for  making poles, and f o r  f u e l ,  t imber and tanning ex t rac ts .  S a l t  evaporat ion ponds 
e x i s t  i n  mangroves i n  Mozambique and Tanzania. The l a t t e r  count ry  i s  c u r r e n t l y  
producing about 100,000 tonnes o f  s a l t  from the  mangrove areas (Mwaiseje and 
Mainoya, 1981). The mangroves prov ide a h a b i t a t  fo r  crabs, shrimps, prawns, 
molluscs and f i s h ,  which serve as a r i c h  source o f  animal p r o t e i n  t o  the  coas ta l  
populat ion.  They a l so  serve as nursery grounds t o  some commercially important  
f ishes such as Chanos sp., Muqi l  sp., and H i l s a  sp., and prov ide s h e l t e r  for c e r t a i n  
species o f  penaeid prawns such as Penaeus ind icus ,  P. merquiensis, P. monodon, and 
most species o f  Metaoenaeus. About 6,600 tonnes o f  shrimps were landed along the 
East A f r i can  coast  i n  1971 (MacNae, 1974). 

21. Lagoons are  calm, shal low (C-2G m) water bodies enclosed between the f r i ng ing  
r e e f s  and the shore and occur a l l  over the  reg ion w i t h  widths vary ing from 8 t o  10 
km. The i s l a n d  States a re  surrounded by lagoons o f  var ious  widths and depths. 
Lagoon waters have a 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  and prov ide a h a b i t a t  f o r  a wide 
v a r i e t y  of  f i s h  species. For example, s t i n g  rays (Dasyatidae) , p i p e f i s h  
(Syngnathidae) , sardines and anchovies (Clupeidae and Engraul idae) , sand-dwelling 

t. ee ls  (Myrichthidae), scavengers (Lethr in idae) ,  so les  (Soleidae), and p a r r o t f i s h  
(Scaridae) abound i n  the  waters (Bock, 1978). Furthermore, i t  i s  a nursery area f o r  
j u v e n i l e s  o f  many f i s h  species inc lud ing:  gobies (Gobiidae) , rockhoppers 
(Ss la r i i dae )  , damself i s h  (Pomacentridae) and grey m u l l e t  (Muqi l idae) . Beds o f  

8 seaweed and sea-grass co lon ize  the  f l o o r  of  t he  lagoon. The most abundant endemic 
species o f  sea-grass i s  Cymodocea. 

22. The ecosystems i n  the  land-sea interphase described i n  the foregoing sec t ions  
are  more o f t e n  i n t e r f e r e d  w i t h  and degraded by man due t o  t h e i r  p r o x i m i t y  t o  land. 

^ 
Off-shore ecosystems: 

23. Coral  r e e f s  a r e  b r i t t l e ,  shallow-water, s o l i d  s t ruc tu res  formed from the 
cslcareous skeletons o f  l i v e  c o r a l s  and alaae and t h e i r  remains in sen-wafer- 



Table 2 : Available d a t a  on mangrove area  e x t e n t  and length  of  mangrove 
c o a s t l i n e  i n  the  East African region 

(Source: MacNae, 1974; Saenger e t  a l . ,  1981) - 

Country Mangro e Area Mangrove % Total  ?i 
km Coast l ine ,  km Coast l ine  

Comoros 

Kenya 

Madagascar 

Mauritius 

Mozambique 

Seychelles 

Somalia 

Tanzania 

Negligible - a/ 

587 

3207 

Negligible - a/ 

850 

Negligible - a/  

Negligible - a/ 

500 (820)* 

a/ No d a t a  a v a i l a b l e  - 
* FAO/IOP 1979 



well-oxygenated s a l i n e  water f o r  optimum growth. The s a l i n i t y  and temperature 
regimes i n  t h e  waters  o f  t h e  West Indian Ocean provide  t h e  r i g h t  cond i t i ons  f o r  
c o r a l  growth. The c o r a l  r ee f  and t h e  a s s o c i a t e d  b i o t a  c o n s t i t u t e  t h e  c o r a l  r ee f  
community. General ly,  c o r a l  r e e f s  a r e  one o f  t h e  most b i o l o g i c a l l y  product ive  
ecosystems i n  t r o p i c a l  waters .  

24. Coral r e e f s  a r e  c l a s s i f i e d  i n t o  t h r e e  types ,  f r i n g i n g  r e e f s ,  b a r r i e r  r e e f s  and 
a t o l l s .  Fringing r e e f s  occur e i t h e r  i n  c o n t i n u i t y  with a  land  o r  i s l a n d  mass and 
a r e  gene ra l ly  c l o s e  t o  t h e  sho re .  Reefs f r i n g i n g  t h e  mainland and b ig  i s l a n d s  a r e  
u sua l ly  s epa ra t ed  from t h e  sho re  by lagoons while those  f r i ng ing  sma l l e r  i s l a n d s  
o f t e n  grow on t h e  i s l a n d  s lope  i t s e l f .  B a r r i e r  r e e f s  occur p a r a l l e l  t o  t h e  
s h o r e l i n e  along c o n t i n e n t s  but  a r e  s epa ra t ed  f o r  up t o  s e v e r a l  k i lomet res  by 
r e l a t i v e l y  deep water.  They a r e  o f t e n  found seaward of t h e  f r i ng ing  r e e f  reg ion .  
A t o l l s  a r e  r e e f  i s l a n d s  o r  horse-shoe shaped r i d g e s  o f  r e e f s  enc los ing  a  lagoon. 

25. There is a  d e a r t h  o f  in format ion  QJ-I t h e  c o r a l  r e e f s  i n  t h e  reg ion ,  t h e  
community s t r u c t u r e  and taxonomic c l a s s i f i c a t i o n  o f  t h e  economic s p e c i e s  i n  t h e  r ee f  
community. B a r r i e r  r e e f s  do no t  e x i s t  i n  t h e  reg ion .  Fr inging  r e e f s  occur along 
t h e  East African c o a s t l i n e  from Mozambique-to Somalia s t r e t c h i n g  over a  d i s t a n c e  of 
8,000 k i lomet res .  The c o n t i n e n t a l  s h e l f  i s  very narrow, varying i n  width from 4-10 
km t o  a  maximum of  some 50 km along t h e  c o a s t  o f  East  Afr ica  with gaps i n  t h e  r e e f  
i n  a r e a s  where f r e s h  water d i sgo rges  i n t o  t h e  s e a  from l a r g e  r i v e r s  such a s  t h e  
Sabaki and Tana, and i n h i b i t s  c o r a l  growth. The northernmost c o r a l  r e e f  i n  t h e  
reg ion  is i n  Somalia, whi le  t h e  southernmost is around Inhaca I s l and  i n  Mozambique. 
The volcanic  i s l a n d  c o u n t r i e s  o f  Comoros and Maur i t ius  a r e  a l s o  e n c i r c l e d  by a  
narrow c o n t i n e n t a l  s h e l f  whi le  most o f  t h e  i s l a n d s  i n  Seyche l l e s  have a  much wider 
one. In Madagascar, t h e  c o n t i n e n t a l  s h e l f  is narrow on t h e  e a s t  c o a s t  and wider on 
t h e  western and southern  c o a s t s .  The most ex t ens ive  s h e l f  is i n  t h e  no r th  of t h e  
country.  Huge a t o l l s  a r e  found mainly around Aldabra and Cosmoledo i n  Seychel les .  

26. The r e e f  ecosystem is probably t h e  most product ive  b i o l o g i c a l l y  o f  a l l  t he  
ecosystems under ons ide ra t i on .  Maximum f i s h  y i e l d  i n  some c o r a l  r e e f  a r e a s  was 
es t imated  a t  4-5 k m  (FAOIIOP, 1979). Most o f  t h e  c a t c h e s  i n  t h e  reg ion  c o n s i s t  o f  
i n sho re  r e e f  f i s h e s  and f i s h i n g  is p r i n c i p a l l y  a r t i s a n a l  because t rawl ing  is 
impossible  i n  t h e  sha l low wa te r s  around t h e  r e e f s .  

27. The demersal f i s h  r e sou rce  p o t e n t i a l  i n  the reg ion ,  i nc lud ing  c rus t aceans ,  is 
be l ieved  t o  be  i n  t h e  o r d e r  o f  some 280,000 t annual ly ,  whi le  landings  i n  1979 
amounted t o  about  58,000 t. The dominant f i s h  s p e c i e s  i n  t h e  c a t c h  were seabreams, 
s e a  c a t f i s h e s ,  demersal percomorphs, c roake r s ,  scavengers  and o the r s .  Spiny and 
rock l o b s t e r s  and u n i d e n t i f i e d  n a t a n t  decapods a r e  t h e  major c rus t acean  c a t e g o r i e s .  
Molluscs a r e  ba re ly  exp lo i t ed .  ( Ind i an  Ocean Fishery  Commission, 1981). 

28. Apart from f i s h e r i e s ,  t h e  c o r a l  r e e f s  provide  va luab le  economic t o u r i s t  
p o t e n t i a l s ,  r e c r e a t i o n a l  amen i t i e s  and s tudy  a r e a s  f o r  s c i e n t i f i c  r e sea rch .  They 
p lay  an important  r o l e  i n  breaking t h e  s u r f ,  t h u s  p r o t e c t i n g  t h e  c o a s t l i n e .  
Although r e e f  c o r a l s  i n  temperate  reg ions  a r e  known t o  hos t  a l g a e  endowed with a  
wide range o f  pharmacological ly a c t i v e  compounds, no such informat ion  e x i s t s  on t h e  
r ee f  h a b i t a t s  o f  t h e  r eg ion .  

2'. The deep ocean is ano the r  important  o f f s h o r e  environment. A s  mentioned 
before ,  t h e  c o n t i n e n t a l  s h e l f  o f  t h e  reg ion  is very  narrow. There is a  sharp  
drop-off i n t o  t h e  ba thypelag ic  and abyssa l  zones con ta in ing  deep ocean water (depth 
> 1,000 m). The deep ocean waters  a r e  c o l d  and dark  r ece iv ing  l i t t l e  l i g h t  i f  any 
from t h e  s u r f a c e .  The oceanic  s u r f a c e  waters  (pho t i c  zone) suppor t  d i v e r s e  plankton 
communities. The p r o d u c t i v i t y  o f  t h e  ba thypelaq ic  zone is dependent on a  s t eady  
v e r t i c a l  and l a t e r a l  supply o f  o rgan ic  ma t t e r ,  e i t h e r  from t h e  oceanic  pho t i c  zone 



or  from the b i o l o g i c a l l y  product ive epipelagic zone (zone above the cont inenta l  
shel f ) .  

30. The primary product ion i n  major par ts  o f  the Ind ian Ocean i s  among the lowest 
i n  world oceans. Likewise the t o t a l  p roduc t i v i t y  o f  the oceanic waters o f  the 
region i s  assumed t o  be low; on the other hand, f i s h  species d i v e r s i t y  i s  h igh  and 
over 4,000 pelagic f i s h  species are reported (Ssentongo, 1979). Exp lo i ta t ion  o f  
pelagic f i s h  resources requi res more sophist icated f i sh i ng  techniques and manpower 
than the t r a d i t i o n a l  a r t i sana l  f i shery  methods. Hence, a l l  f i sh i ng  i n  t h i s  zone i s  
ca r r ied  out mainly by fo re ign  f l e e t s  under b i l a t e r a l  agreements. 

31. The po ten t i a l  o f  smal l  pe lag ic  species, such as carangids ( jack  and horse 
mackerels), mackerels and clupeids (her r ing - l i ke  f i s h )  was t e n t a t i v e l y  estimated a t  
500,000 t o  650,000 t annually, o f  which about h a l f  should be expected i n  the r i che r  
upwell ing zone o f f  Somalia. Landings i n  1977 (w i th  the exception o f  Somalia, for  
which no recent estimates are ava i lab le )  amounted t o  about 40,000 t ( Ind ian  Ocean 
Fishery Commission, 1981 ) . 
32. Yel lowf in tuna, bigeye, albacores and marl ins are b i g  pelagic f i s h  o f  major 
economic in te res t ,  o f ten  found between l a t i t u d e  10Â° and l a t i t u d e  35-5 i n  the 
region. Some other pelagic stocks i n  the reg ion are b i l l f i s h ,  sharks, squids and 
cu t t l e f i sh .  Estimated tuna catches by fore ign long l ine  f l e e t s  i n  the reg ion for 
1977 were about 40,000 t ( Ind ian  Ocean Fishery Commission, 1981) (see tab le  3 ) .  

33. Almost a l l  countr ies i n  the reg ion have programmes f o r  tuna f i s h  export  as a 
means o f  fore ign exchange earning by se t t i ng  up a canning indus t ry  w i t h  the a i d  o f  
fore ign expert ise. 

34. From the foregoing, i t  can be seen tha t  the coast-associated and offshore 
ecosystems i n  the reg ion o f f e r  valuable socio-economic resources and mu l t i f unc t i ona l  
benef i ts which must be protected from the harmful e f f ec t s  o f  p o l l u t i o n  r esu l t i ng  
from a var ie ty  o f  human a c t i v i t i e s .  A de ta i led  c l a s s i f i c a t i o n  of the various 
hab i ta ts  i n  the reg ion has been described i n  IUCN/UNEP (1982): Conservation of 
Coastal and Marine Ecosystems and L i v i ng  Resources o f  the East Af r ican Region. UNEP 
Reg. Seas Rep. Stud., (11). 

TYPES, SOURCES, LEVELS AND EFFECTS OF POLLUTANTS 

35. It i s  per t inen t  t o  re-s ta te  the GESAMP d e f i n i t i o n  o f  marine p o l l u t i o n  as a 
use fu l  c r i t e r i o n  f o r  any assessment o f  marine p o l l u t i o n  problems i n  the region. 
GESAMP defined marine p o l l u t i o n  as: 

' t he  in t roduc t ion  by man d i r e c t l y  o r  i n d i r e c t l y  o f  substances o r  energy 
i n t o  the marine environment ( inc lud ing estuar ies)  r e s u l t i n g  i n  such 
deleter ious e f f ec t s  as harm t o  l i v i n g  resources, hazards t o  human heal th,  
hindrance t o  marine a c t i v i t i e s  inc lud ing  f ish ing,  impairment o f  q u a l i t y  o f  
use o f  sea-water and reduct ion o f  amenities." 

36. Although t h i s  d e f i n i t i o n  l i m i t s  marine p o l l u t i o n  t o  problems a t t r i b u t a b l e  t o  
man-made a c t i v i t i e s ,  i t  may be noted t ha t  na tu ra l  changes t o  the environment do 
occur. For example, the co loura t ion  o f  ce r t a i n  estuar ies or  sea-water i s  caused by 
dissolved organics such as humic acids na tu ra l l y  present w i t h i n  the water basin. 
The presence of  h igh  background mercury l eve l s  i n  marine f i sh ,  f o r  which no previous 
h i s t o r y  o r  source o f  p o l l u t i o n  could be he ld  responsible, i s  a lso noted. However, 



Table 3 : Tuna catche8 by foreign longl ine f l e e t &  i n  the 200-ini economic zones of the  
South-West Indian Ocean i n  1977, by spec ies  ( t )  

(from Indian Ocean f i shery  Cc~nnission, 1981) 

French southern 
t e r r i t o r y  136 5 38 14 0 1 1 0 1% 1 024 

Madagascar 2 390 938 157 0 26 58 1 1 572 1 076 

R h i o n  1 207 869 84 0 10 48 1 1 220 1 044 

Seychelles 2 14 894 212 8 444 18 115 475 33 24 193 1 850 

S o u l l a  0 980 4 851 2 19 145 3 2 004 1 954 

Tanzania 0 2 010 50 1 376 6 27 126 3 3 597 1 808 

Total 150 22 887 4 008 12 574 35 258 1 344 55 41 311 

a/ Japan, Korea and the inland of Taiwan. Only l small par t  of t h i s  catch is landed i n  the  area fo r  t r a m -  - 
shipaent  o r  processing. 

b/ SO BF = Southern bluefin tuna - 
YF = Yelloxfin 
ALB = Albacore 
BE = Bigeye 
M = Skipjack 
SF = Sdordfiah 
M u l i n s  = Blue and s t r i p e d  md black urlh 
S a i l  = S a i l f i a h  
Source: IOFC/DEV/80/48 

& ,  
c/ Catch r a t e  i n  kg/2 000 hooka reprwent ing  da i ly  catch for  dl spec ies  f o r  c o n p ~ i a o n :  - 

(1 )  Indian Ocean dl 2 O G 4  zones 1 535 kg/2 000 hooks 
( i i )  Indian Ocean high "was 1 240 kg/2 000 hooks 

( i l l )  En t i re  Indian Ocean 1 326 &g/2 000 hooks 



most problems o f  s e r i o u s  e c o l o g i c a l  and socio-economic importance r e s u l t  from man's 
a c t i v i t i e s .  

37. Substances o r  energy r e l ea sed  i n t o  t h e  marine environment a t  l e v e l s  n o t  
causing apparent  d e l e t e r i o u s  e f f e c t s  on l i v i n g  resources  and man a r e  known a s  
contaminants.  Of cou r se ,  contaminants  can g radua te  i n t o  p o l l u t a n t s  with time, 
e s p e c i a l l y  i f  they  p e r s i s t  v i a  bioaccumulat ion and/or b iomagni f ica t ion  along t roph ic  
l eve l s .  

38. Marine p o l l u t i o n  o r i g i n a t e s  p r i n c i p a l l y  from land-based sou rces  and maritime 
a c t i v i t i e s  ( o r  a c t i v i t i e s  wi th in  t h e  marine environment).  The major sou rces  o f  
p o l l u t a n t s  from land a r e  sewage and domestic/commercial waste d i s cha rge ;  i n d u s t r i a l  
waste o u t f a l l s ;  a g r i c u l t u r a l  wastes  d i s p o s a l ;  r i v e r  run-off and r i v e r i n e  t r a n s f e r  o f  
p o l l u t a n t s  from land;  mining a c t i v i t i e s  (me ta l s  and non-metals) ; atmospheric  
t r a n s p o r t a t i o n  a p a r t  from a i r  p o l l u t i o n .  Marine-based p o l l u t i o n  sou rces  may be: 
maritime and o i l  t anker  t r a f f i c  caus ing  o i l  p o l l u t i o n  problems; exp lo ra t i on  and 
e x p l o i t a t i o n  o f  sea-bed r e sou rces  f o r  o i l  and mine ra l s ;  sand and c o r a l  mining; 
c o a s t a l  c o n s t r u c t i o n s  and dredging;  ocean dumping. 

39. The va r ious  t r a n s f e r  r o u t e s  o f  p o l l u t a n t s  i n t o  t h e  marine environment o u t l i n e d  
i n  t h e  foregoing can lead  t o  four  t y p e s  of  p o l l u t i o n  a s  well a s  a e s t h e t i c  
impairment: phys i ca l ,  chemical ,  m ic rob io log ica l  and thermal. 

40. Aes the t i c  a s p e c t s  of  marine p o l l u t i o n  comprise, f o r  example, odour nuisance 
from anoxic c o a s t a l  waters ;  l i t t e r i n g  of  beaches, bays and e s t u a r i e s  with b o t t l e s ,  
p l a s t i c s ,  metal  cans ,  o l d  t y r e s ,  e t c - ,  t he reby  impai r ing  o r  o b s t r u c t i n g  t h e  use o f  
sea-water and causing a r educ t ion  o f  ameni t ies .  Phys ica l  p o l l u t i o n  p e r t a i n s  t o  silt 
and sediment load  c a r r i e d  i n t o  e s t u a r i e s  and t h e  c o a s t a l  environment by r i v e r s ,  
render ing  sea-water t u r b i d ,  c r e a t i n g  eco log ica l  s t r e s s  on fauna and f l o r a ,  e.g. 
c o r a l s  and causing hindrance t o  c o a s t a l  sh ipping  a c t i v i t i e s .  

41. Chemical p o l l u t i o n  is a d i r e c t  consequence o f  t h e  i n t r o d u c t i o n  by va r ious  
pathways o f  t o x i c  i no rgan ic  chemica ls ,  e.g. mercury, cadmium, chromium and l ead ,  and 
p e r s i s t e n t  t o x i c  chemicals  such a s  c h l o r i n a t e d  p e s t i c i d e s  and polychlor ina ted  
biphenyls  (PCBs) which could be a c u t e l y  t o x i c  t o  marine organisms when p re sen t  a t  
h igh  concen t r a t i ons ,  o r  cause  d e v a s t a t i n g  phys io log ica l  and behavioura l  d i s o r d e r  
responses when p re sen t  a t  sub - l e tha l  concen t r a t i ons .  W i l d l i f e  and man s u f f e r  
harmful h e a l t h  e f f e c t s  which sometimes mani fes t  themselves through r ep roduc t ive  
f a i l u r e s  due t o  t h e  i n g e s t i o n  o f  marine b i o t a  po l lu t ed  with chemicals .  Petroleum 
hydrocarbons belong t o  t h i s  ca tegory .  

42. Microbio logica l  p o l l u t i o n  is caused by sewage p o l l u t i o n  o f  c o a s t a l  waters  and 
a s soc i a t ed  b i o t a ,  r e s u l t i n g  i n  contaminat ion o f  c o a s t a l  waters ,  f i s h  and s h e l l f i s h  
with epidemic-causing pathogenic organisms such a s  Salmonella t y p h i  and Vibr io  
cholerae .  Se r ious  h e a l t h  r i s k s  a r e  posed t o  man through body c o n t a c t  with such 
po l lu t ed  water ,  e.g. ba th ing  o r  swimming o r  i n g e s t i o n  o f  raw o r  half-cooked 
contaminated seafoods  caught i n  such waters .  

43. Thermal p o l l u t i o n  r e s u l t s  from t h e  d i scha rge  o f  thermal power s t a t i o n  coo l ing  
water e f f l u e n t s  o r  ho t  e f f l u e n t s  from i n d u s t r i a l  complexes, u s u a l l y  with h igh  
temperatures  o f  400-60Â°C i n t o  e s t u a r i e s  o r  lagoon waters .  F i shes  i n  t r o p i c a l  
waters  a r e  known t o  l i v e  j u s t  below t h e i r  upper l e t h a l  temperature l i m i t  (30Â°C f o r  
t h e i r  s u r v i v a l ,  s o  t h a t  any a d d i t i o n  o f  h e a t  energy i n t o  t h e  marine environment is 
de t r imen ta l  t o  t h e i r  s u r v i v a l .  Heat could  r e s u l t  i n  f i s h  k i l l s  o r  i n  a l t e r i n g  t h e  
n a t u r a l  behaviour o f  s t r e s s e d  b i o t a .  

44. A q u a l i t a t i v e  overview o f  t h e  marine p o l l u t i o n  s i t u a t i o n  by coun t ry  is g iven  
2 -  1 - - L . -  I. 



Table 4 : Overview o f  marine p o l l u t i o n  s i t u a t i o n  i n  t h e  East  African reg ion  

I n d u s t r i a l  Agr i cu l tu ra l  S i l t a t i o n /  O i l  Coastal  cons t ruc t ion  
Country Sewage waste waste River i npu t  p o l l u t i o n  and dredging 

Comoros 

Kenya 

Madagascar 

Mauri t ius  

Mozambique 

Seychel les  
/ 

Somalia 

Tanzania 

7 = S i t u a t i o n  not  s i g n i f i c a n t  enough ( o r  unce r t a in ty  about s i t u a t i o n )  t o  cause concern. 
P = S i t u a t i o n  recognized t o  be a  problem even i f  e f f e c t  ie l oca l i zed .  



In te rac t ion  between socio-economic development o f  the  region and marine po l lu t ion  

45. Capi ta l  c i t i e s  a l l  over the world a r e  usual ly  the  most densely populated urban 
cen t res  because of  the  va r i e ty  of employment oppor tun i t i e s  and other  incent ives  they 

Ã 

o f f e r .  Six c a p i t a l  c i t i e s  i n  the  region a r e  on t h e  coast .  A rapidly  growing human 
population and se t t lements  i n  the  coas ta l  zone exer t  pressure  on t h e  coas ta l  
environment and resources. The population explosion i n  the  c o a s t a l  c i t i e s  has  made 
nonsense of government p lans  f o r  provision of increased amenities. A 

46. Improper sewage disposal  is a se r ious  problem. Sewerage p l a n t s ,  where they 
e x i s t ,  a r e  poorly maintained and t h e i r  c a p a c i t i e s  gross ly  exceeded. Disposal of 
sewage i n t o  r i v e r s ,  e s t u a r i e s ,  and bays with l imi ted  capaci ty  t o  a ss imi la te  t h e  high 
oxygen-demanding organic loads  poses local ized po l lu t ion  problems i n  
coast-associated ecosystems and undesirable public heal th  e f fec t s .  

47. Indus t r i a l i za t ion  p o l i c i e s  without a component fo r  environmental q u a l i t y  and 
protect ion of  l i v i n g  resources d isregard  disposal  of i n d u s t r i a l  wastes according t o  
acceptable p r inc ip les .  The main preoccupation is fo r  indust ry  t o  help  a l l e v i a t e  
unemployment problems and produce e s s e n t i a l  consumer goods. Since i n d u s t r i a l  
developments o re  financed by foreign inves to r s ,  d e l i b e r a t e  lack o f  i n s i s t e n c e  on the  
incorporation of  treatment f a c i l i t i e s  i n t o  i n d u s t r i a l  processes and lack o f  na t iona l  
l e g i s l a t i o n  f o r  abating or  con t ro l l ing  po l lu t ion  may be offered a s  incen t ives  t o  
i n d u s t r i a l i s t s .  Hence, dangerous chemicals some of which a r e  acute ly  t o x i c  t o  man 
and marine b i o t a  a r e  being introduced i n t o  the  marine environment due t o  the  
discharge of i n d u s t r i a l  wastes i n t o  r i v e r s ,  e s t u a r i e s  and lagoons. 

48. Poor a g r i c u l t u r a l  p rac t i ce ,  mismanagement and over-exploitat ion of f o r e s t  
resources have resu l t ed  i n  extensive de fo res ta t ion  and severe  s o i l  erosion problems. 
Coral r e e f s  and associa ted  b io ta  have been damaged or  destroyed i n  some cases  
through the  resu l t ing  s i l t a t i o n .  Harbour and por t  developments and growing human 
se t t lements  involving coas ta l  const ruct ion and dredging a r e  s i m i l a r l y  causing 
s i l t a t i o n  and coas ta l  erosion problems. Coastal erosion,  i n  tu rn ,  is threatening 
highways and houses c lose  t o  the  coas t .  

49. Crude o r  ref ined petroleum fue l  is imported for  i n d u s t r i a l  and o the r  energy 
requirement purposes. Frequent o i l  s p i l l s  i n  harbours and discharge of  waste o i l  
i n t o  r i v e r s  and e s t u a r i e s  a r e  threatening the  coas ta l  environment and l i v i n g  
resources. 

50. On the  o ther  hand, tourism, which is t h e  main fore ign exchange earner  i n  some 
countr ies  and which o the r s  hope t o  develop, is a l s o  influencing marine pol lu t ion.  
Rapidly expanding t o u r i s t  h o t e l s  on beaches a r e  contr ibut ing t o  the  sewage load i n  
the  c o a s t a l  environment. The d e s i r e  t o  d i s i n f e c t  t o u r i s t  beaches o f  i n s e c t  p e s t s  
has r esu l t ed  i n  the  spraying of beaches with t o x i c  p e s t i c i d e s  which eventual ly  end 
up i n  the  sea.  

51. Pol lu t ion of e s t u a r i e s  and lagoons, and the  des t ruc t ion  of  c o r a l  r e e f s  by 9 

pol lu t ion s i l t a t i o n  and dynamiting, dep le te  the  numbers of crustaceans and f i shes .  
The r e s u l t a n t  smaller  f i s h  catch is detrimental  t o  the  development of  the  
t r a d i t i o n a l  a r t i s a n a l  f i she ry  i n  the region. The above socio-economic developments 
can a l l  be causat ive  f a c t o r s  of  marine pol lu t ion.  

Indus t r i a l  wastes 

52. The l e v e l  of i n d u s t r i a l i z a t i o n  i n  the  region is modest a s  judged by its . .. . - 



most cases .  A lbe i t ,  i n d u s t r i e s  a r e  va r i ed  and d i v e r s i f i e d ,  o r i e n t e d  towards food 
processing and t h e  manufacture o f  impor t - subs t i t u t i ng  products .  I n d u s t r i e s  a r e  
g e n e r a l l y  concent ra ted  i n  t h e  c o a s t a l  zone and c a p i t a l s  because o f  r e a d i l y  a v a i l a b l e  
i n f r a s t r u c t u r a l  f a c i l i t i e s  i nc lud ing  acces s  t o  t h e  p o r t s  f o r  impor ta t ion  o f  raw 
ma te r i a l s .  

, 
ft 

53. Except f o r  Comoros, Seyche l l e s  and Maur i t ius ,  a l l  the c o u n t r i e s  have o i l  
r e f i n e r i e s  o f  va r ious  c a p a c i t i e s  and hence d i f f e r e n t  marine p o l l u t i o n  p o t e n t i a l  
which w i l l  be  d iscussed  i n  t h e  chap te r  on o i l  po l lu t i on .  Food-processing i n d u s t r i e s  

a discharg ing  o rgan ic  wastes  h igh  i n  BOD such a a  brewer ies  and s laughterhouses  a r e  

found in a l l  c o u n t r i e s  except  Comoros which has  no brewery; t e x t i l e  f a c t o r i e s  e x i s t  
i n  Kenya (Mombasa) , Tanzania (Dar e s  Salaam), Mozambique (Maputo), Maur i t ius  ( P o r t  
Louis ) ,  Seyche l l e s  ( V i c t o r i a )  and Madagascar; d i s t i l l e r i e s  i n  Comoros, Tanzania, 
Maur i t ius  and Seychel les ;  w h i l s t  Maur i t ius  is t h e  g r e a t e s t  producer o f  cane-sugar. 
Some o t h e r  p o l l u t i n g  i n d u s t r i e s  i n  t h e  region a r e  cement f a c t o r i e s  i n  Kenya 
(Mombasa) , Mozambique (Maputo), Tanzania (Dar e s  Salaam), and Maur i t ius  and 
p e s t i c i d e s  a n d - b i c y c l e  manufacturing f a c t o r i e s  i n  Tanzania (Dar es Salaam). A pulp 
and paper m i l l  is planned f o r  Mozambique while  a f e r t i l i z e r  f a c t o r y  is earmarked f o r  
Mombasa. 

54. The c h a r a c t e r i s t i c s  and volume o f  t h e  e f f l u e n t s  from t h e  va r ious  i n d u s t r i e s  
depend not  on ly  on t h e  technology app l i ed  but  a l s o  t h e  manufacturing process .  The 
p o l l u t i n g  p o t e n t i a l  o f  t h e  wastes  genera ted  is a l s o  a func t ion  o f  t h e  volume of  
e f f l u e n t s  d i scharged ,  t h e i r  d i l u t i o n  i n  t h e  r ece iv ing  water ,  and t h e i r  t o x i c i t y  t o  
marine l i f e .  Most of  t h e  f a c t o r i e s  o f t e n  d i scha rge  t h e i r  wastes  without  t rea tment  
d i r e c t l y  i n t o  e s t u a r i e s ,  lagoons,  bays o r  t h e  s ea .  Some d i scha rge  t h e i r  wastes  i n t o  
r i v e r s  which flow i n t o  c o a s t a l  waters .  The i n d u s t r i a l  po l i cy  is geared towards 
providing employment and s a t i s f y i n g  domestic needs. Lit t le a t t e n t i o n  seems t o  be 
given t o  t h e  ques t ion  o f  p o l l u t i o n .  Moreover, t h e r e  a r e  no e f f l u e n t  g u i d e l i n e s  on 
d i scha rge  c r i t e r i a  f o r  i n d u s t r i a l  wastes. Hence, i n d u s t r i e s  d i s cha rge  t h e i r  wastes 
c a r e l e s s l y  i n t o  t h e  n e a r e s t  water-course. I n d u s t r i e s  o p e r a t i o n a l l y  gene ra t e  t h r e e  
types  of wastes: d i s cha rges  t o  t h e  atmosphere, l i q u i d  wastes  and s o l i d  wastes. 
Only t h e  l a t t e r  two w i l l  be considered here.  P o l l u t i o n  a s soc i a t ed  with c u r r e n t  
l i q u i d  waste d i s p o s a l  p r a c t i c e s  w i l l  be d iscussed  f i r s t .  

Liquid wastes: 

55. The type  o f  i n d u s t r y  caus ing  marine p o l l u t i o n  problems i n  t h e  reg ion  v a r i e s  
from country t o  country.  Table 5 g i v e s  t h e  gene ra l  c h a r a c t e r i s t i c s  o f  e f f l u e n t s  
from s e l e c t e d  i n d u s t r i e s  (Helmer and Morgeli,  1978) i nc lud ing  a few from Tanzania a s  
a gu ide  f o r  a q u a l i t a t i v e  assessment o f  t h e  p o l l u t i o n  p o t e n t i a l  and impact on t h e  
marine environment o f  some o f  t h e  i n d u s t r i e s  i n  t h e  reg ion .  Due t o  pauc i ty  of  
information on t h e  capac i ty  o f  t h e  va r ious  f a c t o r y  p l a n t s  and corresponding volume 
of e f f l u e n t s  d i scharged ,  t h e  load  o f  i n d u s t r i a l  waste discharged i n t o  r i v e r s ,  t h e  
c o a s t a l  environment o r  t h e  s e a  cannot  be ca l cu l a t ed .  

Â¥ 

56. Localized marine p o l l u t i o n  problems from the  d i scha rge  o f  un t r ea t ed  i n d u s t r i a l  
e f f l u e n t s  i n t o  r i v e r s  and coas t -assoc ia ted  ecosystems a l r eady  e x i s t  i n  some 

. coun t r i e s .  In Maur i t ius ,  un t r ea t ed  e f f l u e n t s  with h igh  BOD from t h e  p r i n c i p a l  
i ndus t ry  i n  t h e  i s l a n d ,  t h e  sugar-cane process ing  i n d u s t r y  (and t h e r e  a r e  21 
f a c t o r i e s )  a r e  d ischarged  i n t o  r i v e r s  and c o a s t a l  waters  and have been impl ica ted  i n  
f i s h  m o r t a l i t y  i n  e s t u a r i e s .  

^ 
57. For example, e f f l u e n t s  from t h e  Monloisir  sugar  e s t a t e  have g r o s s l y  po l lu t ed  
t e River Rempart e s tua ry .  The S o l i t u d e  D i s t i l l e r y ,  gene ra t ing  an average of  200 '3 m /day waste water high i n  o rgan ic  load d i scha rges  i n t o  t h e  River C i t ron  which 
downstream feeds  a prawn and f i s h  pond i n  t h e  Pamplemousses a r ea .  The high BOD load 



Table 5 : Charac te r i s t i c s  of waste water from se lec ted  i n d u s t r i e s  

(Sources: Helmer and Morgeli (1978) ; Tanzania Ministry of Lands, Housing and Urban Development (1980)). 

Suspended BOD5 Miscellaneous Pol lu t ion 
Industry PH s o l i d s  (SS) mg/1 20Â° mg/1 CODmg/l c o n s t i t u e n t s .  aspects  

Re finery - 200 - o i l  - 30 mg/1 mineral o i l  
phenol - 30 mg/1 and phenols 

Cot ton 8.0-11.0 30-50 200-600 - detergents ,  dyes a l k a l i ,  BOD, 
t e x t i l e s  chromium 30 mg/1 dyes and various 

chemicals 

D i s t i l l e r y  4.3 4,000 29,000 65,000 high sulphate  high BOD, SS, 
p u t r e e c i b i l i t y  
and low pH 

F e r t i l i z e r s  8.0 3,700 
(ammonia and 
urea) 

30 330 NH3N-510 mg/1 t o x i c i t y  due t o  
a r sen ic  f r e e  ammonia 

and promotes 
eutrophication 

Pulp and paper 6.9- 9.8 600-2,300 150-420 700-1,000 mercaptans, 
(k ra f t  process) sulphides 

l a r g e  volume, 
high pH, SS, 
colour and 
t o x i c i t y  





of the e f f l u e n t  from the  d i s t i l l e r y  has  depleted the  receiving r i v e r  of oxygen and 
wiped out aquatic l i f e .  The f i s h  pond is a l s o  pol lu ted  and f i s h  k i l l s  a r e  reported. 
Effects  of i n d u s t r i a l  po l lu t ion  have been manifest i n  inland streams and on the  
coas ta l  environment i n  o the r  p a r t s  of Mauritius. 

58. In Mozambique, t h e  Matola River is pol lu ted by e f f l u e n t s  from the  Textlom 
factory which discharges i n t o  it a f t e r  t r ave rs ing  the  adjoining mangrove creek. The 
r i v e r  a l s o  receives  untreated e f f l u e n t s  from some food processing f a c t o r i e s  during 
its course t o  Maputo Bay. The contr ibut ion of  untreated i n d u s t r i a l  wastes t o  the  A 

pol lu t ion of the  bay has  not  been assessed but adverse ecological  consequences 
cannot be ruled out. The cement fac tory  located on the  ooaat near Matola harbour 
may be causing a i r  po l lu t ion  problems and a good proportion of t h e  p a r t i c u l a t e  
matter released i n t o  the  a i r  could end up i n  the  sea. 

59. About 70-80 per cen t  of t h e  i n d u s t r i e s  i n  Tanzania a r e  located i n  Dar e s  
Salaam. The waste waters from over 30 d i f f e r e n t  f a c t o r i e s  representing d i f f e r e n t  
pol lu t ing i n d u s t r i e s  such a s  t e x t i l e s ,  a b a t t o i r s ,  breweries and chemical p l a n t s ,  end 
up i n  the  sea owing t o  the  discharge of untreated wastes i n t o  r i v e r s ,  c reeks  and 
bays. Tanzanian d i s t i l l e r i e s  a t  Mbozi Road discharge about 36,000 l i t r e s  per day of 
spent molasses i n t o  the  Oar e s  Salaam harbour. The high BOD of  the  organic waste 
has most probably depleted the  d ischarge  a rea  i n  t h e  harbour of oxygen and adversely 
affected f i s h e r i e s .  

60. The Msimbazi River, a p a r t  from sewage po l lu t ion ,  is a l s o  se r ious ly  pol lu ted  by 
organic and toxic  i n d u s t r i a l  wastes. Wastes from chemical i n d u s t r i e s  manufacturing 
tox ic  pes t i c ides  such a s  DOT and from a bicycle  fac tory  using cyanide and chromium 
i n  its processing methods end up i n  the  r i v e r  and the  sea.  The Msimbazi Creek is 
a l s o  the r e c i p i e n t  of  waste o i l  from garages. The complex nature  and va r ie ty  of the  
i n d u s t r i a l  wastes accentuated by s y n e r g i s t i c  e f f e c t s  o f  the  d i f f e r e n t  po l lu tan t s  
have produced adverse ecological  e f f e c t s  . 
61. Comoros is on the  threshold of i n d u s t r i a l i z a t i o n  and a s  such, t h e r e  a r e  no 
s i g n i f i c a n t  marine po l lu t ion  problems from i n d u s t r i a l  a c t i v i t i e s .  The major 
indust ry  on the  i s l a n d s  is the  production of  an essence by d i s t i l l a t i o n  o f  
ylang-ylanq p lan t  leaves.  The volume of waste generated is small ,  and its d i r e c t  
discharge i n t o  the sea  is highly d i l u t e d  by sea-water rendering it harmless. 

62. The l e v e l  of i n d u s t r i a l  a c t i v i t y  is general ly  low i n  Somalia. The majori ty of 
the few i n d u s t r i e s  e x i s t i n g  i n  the  country a r e  medium-scale and located in land,  and 
do not pose any po l lu t ion  t h r e a t s  t o  the  marine environment. However, a  unique 
example of the  de le te r ious  e f f e c t  on human hea l th ,  s a f e t y  and l o s s  of  amenity due t o  
ca re less  discharge of  untreated i n d u s t r i a l  e f f l u e n t  i n t o  the  sea  was evident i n  
Mogadishu. An a b a t t o i r ,  s laughter ing about 45 camels, 175 cows and 240 goa t s  and 
sheep d a i l y  is  located on the  beach about 100 metres from the  sea.  The raw e f f l u e n t  
containing blood, i n t e s t i n a l  waste, and c h a r a c t e r i s t i c a l l y  high i n  BOD and suspended . ^ 

so l ids ,  is disposed of through a closed pipe i n t o  a l a r g e  open d i t c h ,  which se rves  
a s  a form of treatment pond. The overflow from the  pond goes along an open shallow 
dra in  i n t o  another open d i t c h  f o r  fu r the r  b io log ica l  treatment.  The system is not  D 

maintained and t h e r e  is overflow of t h e  water r i c h  i n  organic waste i n t o  the  inshore  
waters. The volume of waste from the  a b a t t o i r  is f a i r l y  large .  I t s  po l lu t ing  
e f f e c t  on the  coas ta l  waters and beach would be considerable during the  ra iny season 
due t o  l a r g e  volumes of  run-off and flooding. Taking i n t o  account the  adjacent 
municipal dump contr ibut ing highly po l lu t ing  leaching and run-off, the  po l lu t ion  
s t r e s s  and impact on the  c o a s t a l  waters is worth inves t iga t ion .  This unwholesome 
incursion of the  a b a t t o i r  waste i n t o  the  sea  has a t t r a c t e d  sharks i n t o  the  lagoon 
waters. About 6-10 people have been reported t o  be vic t ims of  shark a t t a c k  while 
swimming. 



63. In Kenya, most of  the  i n d u s t r i e s  i n  the c o a s t a l  zone a r e  concentrated i n  the  
west mainland area of Mombasa. Because the  i n d u s t r i e s  a r e  medium-scale and mainly 
agrar ian ,  discharge of  t h e i r  untreated low volume wastes i n t o  the  sea  has not 
produced any s i g n i f i c a n t  po l lu t ion  problems (Kenya, Ministry of Local Government, 
1977). 

64. The cur ren t  l e v e l  of i n d u s t r i a l  a c t i v i t y  i n  Seychelles generates l i t t l e  
e f f l u e n t  and it is well ass imi la ted  by discharge i n t o  the  coas ta l  waters. Some 
local ized coas ta l  po l lu t ion  problems however e x i s t .  Two fu rn i tu re  f a c t o r i e s  i n  the 
Mont Re t ra i t e  area  have been dumping sawdust i n t o  the  bay. An a rea  of the  sea  bed 
100 m by 20 m is covered by a 4 m th ick  carpet  of dust .  This type of waste load is 
c h a r a c t e r i s t i c a l l y  high i n  oxygen demand, biodegradable and detrimental  t o  aquat ic  
l i f e .  In add i t ion ,  t h e  discharge i n t o  the  sea  of about 20,000 litres of spent wood 
preservat ive  l iquor  containing high l e v e l s  of  copper and a r sen ic  four times a year 
by the  Seywood Factory could cause harmful e f f e c t s  i n  c o a s t a l  b i o t a  around the 
o u t f a l l .  Copper t o x i c i t y  i n  f i s h  is s c i e n t i f i c a l l y  well es tabl ished and inges t ion 
by man of f i s h  o r  seafoods contaminated with cyanide is extremely harmful. 

65.  A major i n d u s t r i a l  development p ro jec t  i n  the  country is the  20 megawatt Ocean 
Thermal Energy Conversion (OTEC) p lan t  which has been i n i t i a t e d .  I t  is recognized 
t h a t  adverse environmental impacts can occur i n  the  const ruct ion and opera t ional  
phases of OTEC p l a n t s  but t h a t  t h e  r i s k s  can be reduced t o  acceptable l e v e l s  through 
proper planning and design. Environmental concerns include const ruct ion impacts, 
p a r t i c u l a r l y  i f  r e e f s  a r e  involved, and operating impacts associa ted  with upwelling 
o f  nutr ient - r ich  water. 

6C. Certainly,  the  cur ren t  low l e v e l  of  i n d u s t r i a l  a c t i v i t y  is not  endangering the  
marine ecosystem on a regional  s c a l e ,  but the  improper handling and discharge of 
i n d u s t r i a l  l i q u i d  wastes a r e  causing ser ious  loca l i zed  problems i n  some countr ies .  

Solid wastes: 

67. From the foregoing, it is apparent t h a t  present  l i q u i d  waste d isposal  
mechanisms a r e  causing local ized marine po l lu t ion  problems i n  the  region. Dumping 
of domestic and i n d u s t r i a l  s o l i d  wastes on t ipping s i t e s  located on the  coas t  has 
marine po l lu t ion  p o t e n t i a l s  too. 

68. Again, t h e  nature  and volume of s o l i d  wastes vary i n  d i f f e r e n t  coun t r i e s  
depending on population and l e v e l s  of  i n d u s t r i a l i z a t i o n  and technological  
development. In most coun t r i e s  of  the  region,  domestic and i n d u s t r i a l i z e d  s o l i d  
wastes a r e  disposed of together i n  Government-approved s i t e s  on the  coas t ,  usual ly  
f o r  land reclamation purposes. However, t h e  t ipp ing  s i t e s  a r e  o f t en  not  operated 
according t o  any genera l ly  accepted pr inciples .  

69. I n  Mombasa, s o l i d  waste comprising broken g l a s s  ma te r i a l s ,  metal conta iners ,  
paper and cardboard mate r i a l s ,  hazardous wastes, used lubr ica t ing  o i l s  i n  
conta iners ,  expired medicines from hosp i t a l s ,  o l d  tox ic  chemicals and animal 
cadavers a r e  a t  present  dumped i n  an uncontrolled l a n d f i l l  a t  Makupa Creek south of 
Makupa Causeway. The l a n d f i l l  is located here f o r  reclamation o f .  wasteland and 
swamps p a r t l y  covered by shallow water. There is open-air burning of  the  wastes. 
No precautionary measures a r e  taken t o  prevent l a n d f i l l  leakages from po l lu t ing  the  
adjoining creek water nor t o  circumvent run-off of  l eacha tes  during the  ra iny 
season. The East African Railways and Harbours Corporation opera te  another refuse  
t i p  a t  Makupa Creek opposite the  municipal l a n d f i l l  fo r  the  d i sposa l  of s o l i d  wastes 
from foreinn n13inn and tho hoi>hxi.i. -n -11  -- . - - - ~ - ~ - - ~  ----- - - - L  . . 



70. This mode o f  s o l i d  waste management i s  hazardous and unacceptable because t h e  
l eacha t e s  a r e  h igh  i n  BOD and con ta in  l a r g e  amounts o f  d i s so lved  t o x i c  me ta l s  and 
p e r s i s t e n t  t o x i c  organic  chemica ls ,  which have d e l e t e r i o u s  e f f e c t s  on f l o r a  and u 

fauna i n  t h e  c reek  ( s e e  t a b l e  6 ) .  

71. In Tanzania, t h e  crude t i p  a t  Tabata i n  Dar e s  Salaam is on t h e  banks o f  t h e  . ft 
Luhanga River ,  which is a t r i b u t a r y  o f  t h e  Msimbazi River ,  and t h e  l a t t e r  even tua l ly  
d ischarges  i n t o  t h e  s ea .  S o l i d  wastes  o f  a l l  s o r t s ,  i nc lud ing  hazardous subs tances ,  
a r e  dumped a t  t h e  s i t e .  Seepage and leaching  dur ing  t h e  r a i n y  season  a l s o  pose 
s e r i o u s  marine p o l l u t i o n  problems. The r i v e r s  Luhanga and Msimbazi a r e  a l r eady  
heav i ly  po l lu t ed .  Ult imate p o l l u t i o n  o f  Msimbazi Bay, where t h e  r i v e r  j o i n s  t h e  
s ea ,  seems i n e v i t a b l e .  

72. So l id  waste d i s p o s a l  by l a n d f i l l  is s i m i l a r l y  used f o r  land  reclamation i n  
Maur i t ius  and Seychel les .  

73. In Maur i t ius ,  a t  Roche Bois t i p ,  l oca t ed  on t h e  c o a s t  i n  t h e  Po r t  Louis a r e a ,  
domestic,  commercial and i n d u s t r i a l  s o l i d  wastes a r e  dumped crudely  and inc ine ra t ed  
i n  t h e  open a i r .  About 70 tonnes  o f  s o l i d  wastes  a r e  d ischarged  per  day a t  t h e  s i t e  
which is about one hec t a r e .  This c rude  t i p  h a s  been ope ra t ing  f o r  about 35 years .  
The ad jo in ing  lagoon is heav i ly  p o l l u t e d  with v e h i c l e  t y r e s ,  g l a s s  and p l a s t i c  
c o n t a i n e r s  and a l o t  o f  i n e r t  suspended ma t t e r .  The p o l l u t i o n  s t r e s s  on t h e  lagoon 
environment is worsened by an a b a t t o i r  and a piggery a l s o  d i scha rg ing  t h e i r  high 
oxygen-demanding waste,  un t r ea t ed ,  i n t o  t h e  lagoon. Consequently, Roche Bois lagoon 
waters  and t h e  reg ion  around Tombeau Bay a r e  po l lu t ed  and devoid of any f i s h  o r  
f l o r a  . 
74. The experimental  s a n i t a r y  l a n d f i l l  site a t  Les S a l i n e ,  on t h e  c o a s t  near  Fo r t  
V ic to r i a  a t  Por t  Louis,  is a l s o  a p o t e n t i a l  marine p o l l u t i o n  source.  Leachates from 
t h e  site could be  f lushed  back t o  t h e  s e a  a t  h igh  t i d e  due t o  t h e  high water t a b l e  
i n  t h e  a r e a .  

75. The municipal  dumping s i te ,  a t  a sma l l  bay i n  t h e  La R e t r a i t e  a r e a  o f  
V ic to r i a ,  Seychel les ,  on a segrega ted  p o r t i o n  o f  t h e  lagoon, is a e s t h e t i c a l l y  
unpleasant  with high,  though l o c a l i z e d ,  marine p o l l u t i o n  p o t e n t i a l .  There is a 
continuous exchange o f  water  between t h e  t i p  and t h e  rest o f  t h e  bay. Neither  
e x t e n t  of  p o l l u t i o n  nor  t h e  e c o l o g i c a l  consequences have been assessed .  

76. The s i t u a t i o n  a t  Mogadishu, Somalia, is no d i f f e r e n t  from t h e  above cases .  A 
big  t i p p i n g  s i t e  is loca t ed  r i g h t  on t h e  c o a s t ,  c l o s e  t o  t h e  c i t y  a b a t t o i r .  The t i p  
is uncont ro l led  and i n f e s t e d  with vermin. I t s  marine p o l l u t i o n  p o t e n t i a l  is high  
e s p e c i a l l y  i n  t h e  r a i n y  season when l e a c h a t e s  run o f f  d i r e c t l y  i n t o  t h e  s e a .  L. 

77. Marine p o l l u t i o n  problems from municipal  s o l i d  was tes  a r e  i n s i g n i f i c a n t  i n  
Comoros, bu t  abandoned motor v e h i c l e s  a r e  dumped i n t o  t h e  s e a  a t  Moroni. Whilst s 

t h i s  may be advantageous i n  provid ing  s h e l t e r  f o r  some f i s h  s p e c i e s ,  t h e  h indrance  
and nuisance t o  marine a c t i v i t i e s ,  such a s  ba th ing  and s a i l i n g ,  make t h e  p r a c t i c e  
unacceptable.  

78. The e x t e n t  o f  degrada t ion  of  t h e  c o a s t a l  environment caused by gene ra l  l a c k  o f  
proper  i n d u s t r i a l  wastes  handl ing  h igh l igh t ed  t h u s  f a r  is s i g n i f i c a n t  i n  some 
c o u n t r i e s ,  and app rop r i a t e  remedial  a c t i o n  is needed. A 'nore d e t a i l e d  account is 
given i n  UNIDO/UNEP (19829, I n d u s t r i a l  Sources o f  Marine and Coas ta l  P o l l u t i o n  i n  
t h e  East  African Region. IJNEP Reg. Seas Rep. Stud ., (7) .  



Table 6 : A t y p i c a l  l a n d f i l l  leachate composition 

(Source : Mombasa sewage master p lan)  

Parameter Concentration (mg/l) 

Hardness 

Suspended sol ids  

Calcium 

Chloride 

I r o n  ( t o t a l )  

Magnesium 

Nickel  

Organic ni trogen 

Phosphate 

Potassium 

Sodium 

Sulphate 

Zinc 

PH 



Domestic and municipal  wastes  

79. The l i q u i d  and s o l i d  wastes  handl ing  p r a c t i c e s  i n  t h e  reg ion  a r e  conta ined  i n  
WHO/UNEP (1982), Publ ic  Health Problems i n  t h e  Coas ta l  Zone o f  t h e  East  African 
Region. IJNEP Reg. Seas Rep. Stud ., (9  ). 

^ 

80. The c h a r a c t e r i s t i c s  and q u a n t i t y  of domestic and commercial wastes genera ted  
i n  t h e  reg ion  vary from country t o  count ry ,  depending on s i z e  of popula t ion ,  Jk 

s tandard  of l i v i n g  and c u l t u r a l  h a b i t s .  

81. The gene ra l  p a t t e r n  o f  raw sewage d i s p o s a l  i n  c o a s t a l  towns and c i t i e s  is t o  
d ischarge  it raw i n t o  s t reams and r i v e r s  which empty i n t o  e s t u a r i e s ,  mangroves o r  
lagoons, o r  d i r e c t l y  d i s cha rge  it i n t o  t h e  s ea .  There is p a r t i a l  sewerage only  i n  a  
few urban c o a s t a l  towns such a s  Mombasa; Maputo and Bei ra  (Mozambique); Dar es 
Salaam and Tanga (Tanzania) ;  V ic to r i a  (Mahe, Seyche l l e s )  Ailst  Maur i t ius  has  about 
60 per  cen t  sewerage i n  Por t  Louis and P l a ines  Wilhems ( t a b l e  7) .  Comoros, Somalia 
and Madagascar have no sewerage system and r e l y  p r i n c i p a l l y  on p i t  l a t r i n e s  and 
s e p t i c  t anks  f o r  con ta in ing  human waste. 

82. Disposal  of  sewage i n t o  t h e  s e a  by p i p e l i n e  from t h e  sewerage system is 
sometimes adopted,  r e l y i n g  on e f f i c i e n t  d i l u t i o n  and d i s p e r s i o n  by sea-water.  
Generally, discharged sewage is n o t  t r e a t e d .  Although a few sewage p u r i f i c a t i o n  
p l a n t s  ( u s u a l l y  primary t r ea tmen t )  e x i s t  i n  Kenya, Tanzania, Maur i t ius  and 
Seychel les ,  with t h e  except ion  o f  t h e  l a t t e r  count ry ,  whose new p l a n t  is c u r r e n t l y  
unde r -u t i l i z ed ,  t h e i r  c a p a c i t i e s  a r e  small  compared with t h e  popula t ion  served and 
a r e  o f t e n  poor ly  maintained.  

83. The s e a  o u t f a l l s  i n  most c a s e s  a r e  no t  f a r  enough from t h e  c o a s t  nor  submerged 
s u f f i c i e n t l y  t o  avoid beaches being po l lu t ed .  Sometimes t h e  o u t f a l l s  a r e  broken and 
neglected causing s e r i o u s  p o l l u t i o n  o f  beaches and lagoons.  

84. The popula t ion  o f  t h e  major c o a s t a l  towns c o n s t i t u t e  about 6 pe r  c e n t  of  t h e  
t o t a l  populat ion wi th in  t h e  reg ion  ( s e e  t a b l e  7) .  An assessment o f  t h e  
oxygen-demanding organic  load  from unt rea ted  domestic waste causing marine p o l l u t i o n  
problems i s  given i n  t a b l e  7, which a l s o  shows t h e  major c o a s t a l  c i t i e s  i n  each 
country and e s t ima te s  o f  t h e i r  annual o rgan ic  load  d ischarged  i n t o  t h e  Western 
Indian Ocean. The BOD5 f i g u r e s  a r e  c a l c u l a t e d  on t h e  assumption o f  20 BOD5 p e r  
person per  year and 30 p e r  c e n t  BOD5 reduct ion  due t o  p a r t i a l  t rea tment .  I t  is a l s o  
assumed t h a t  on ly  c o a s t a l  towns with a  popula t ion  o f  more than 100,000 would 
c o n t r i b u t e  s i g n i f i c a n t l y  t o  marine p o l l u t i o n  from sewage. The d a t a  i n  some c a s e s  
may be i naccu ra t e  due t o  imprec ise  informat ion  with regard  t o  popula t ion  f i g u r e s  and 
e x t e n t  o f  seweraqe. No account has  been taken o f  o t h e r  domestic sewage d i scha rges  
i n t o  t h e  s ea  through open d r a i n s  and g u t t e r s  a s  no informat ion  is a v a i l a b l e  on t h e  

b 
q u a n t i t y  o f  e f f l u e n t  involved.  

85. Sewage p o l l u t i o n  does n o t  seem a s e r i o u s  r eg iona l  problem ye t  a s  approximately 
7,340 tonnes/year  BOD5 organic  l oad ,  o r  0.62 tonnes/year  BOD5 p e r  r eg iona l  fc 

c o a s t l i n e ,  e n t e r  t h e  Indian Ocean and these  amounts can e a s i l y  be a s s i m i l a t e d  by 
high d i l u t i o n  with sea-water.  however, sewage p o l l u t i o n  could be a  problem i n  t h e  
f u t u r e  a s  p l ans  a r e  a f o o t  f o r  new seweraqe schemes i n  Malindi and Lamu i n  Kenya, and 
r e h a b i l i t a t i o n  and expansion o f  e x i s t i n g  ones i n  Mombasa, Por t  Louis and Dar e s  
Sa l  a m .  

86. A t  p r e s e n t ,  sewage p o l l u t i o n  poses l o c a l i z e d  but  s e r i o u s  marine p o l l u t i o n  
problems i n  some c o u n t r i e s ,  f o r  example, Maputo Bay and Dar e s  Salaam harbour. 



Table 7 :  Estimated discharge o f  domestic sewage from major c i t i e s  on the coasts 
( estimated 20 k l /capi ta/year ) 

Length o f  
Populat ion Coast l ine Population 

B0D5 BOD5 
(Estimated) Expressed Sewered Km coas t l i ne  

Country-City 1980 i n  Km. % ton/yr. ton/yr. 

Â¥eny 15,300,000 500 
Mombasa 440,000 88,000 20 1760 3.52 
Ma l ind i  14,000 
Lamu 6,000 

anzania 17,540,000 800 
Dar es Salaam 760,000 112,500 15 2250 2.81 
Tanqa 100,000 10,000 10 200 0.25 
L i n d i  30,000 

fl 

lozambique 10,200,000 2500 
Maputo 77 0,000 77,000 10 1540 0.62 
Bei ra  220,000 55,000 25 1100 0.44 
Clue 1 inane 100,000 10,000 10 200 0.08 
Nampula 100,000 10,000 10 200 0.08 
Pemba 30,000 3,000 10 60 0.02 

:mores 400,000 350 
Moroni (G.Cmores) 16,000 
Moheli  4,500 
Anj ouan 10,000 

s. 

RegionaUTotal 30,500 



(Table 7 continued.. . 

Length o f  
Populat ion Coast l ine Populat ion BOD5 BOD5 
(Estimated) Expressed Sewered Km coas t l i ne  

Country-City 1980 i n  Km. % ton/yr. ton/yr. 

adaqascar 8,500,000 4000 
Tamatave 60,000 9,000 15 180 0.05 
Maj mga  70,000 
Tulear 40,000 
Diego-Suarez 45,000 4,500 10 90 0.02 

Regional/To t a l  215,000 13,500 6 270 0.07 

Maur i t i us  936,000 200 
I 

Por t  Louis 250,000 150,000 60 3000 15.00 
Plaines Wiltterns 
Cure p ipe 57,000 40,000 70 800 4.00 
Beau-Bassin/ 

Rose-Hil l  72,000 50,000 70 1000 5.00 
Phoenix 36,000 25,000 70 500 2.50 

Seychelles 65,000 600 
V i c t o r i a  25,000 6,250 25 125 0.21 

Somalia 3,850,000 3000 
Mogadishu 400,000 
Merca 55,000 
Kismay o 60,000 
Berbera 50,000 

Regional/Total 565,000 

GRAND TOTAL 3,820,500 650,250 17 13,005 



87. In Maputo, t h e r e  a r e  10 sewage o u t f a l l s  i n t o  t h e  s e a  r ece iv ing  only p a r t i a l  
t rea tment .  Consequently, Maputo Bay waters  and f i s h  a r e  po l lu t ed  with pathogenic 
organisms. Publ ic  ba th ing  and f i s h i n g  have been o f f i c i a l l y  p roh ib i t ed  i n  t h e  bay 

u f o r  environmental hea l th  reasons  based on a  s tudy  by t h e  n a t i o n a l  Minis t ry  o f  Health 
(Labora tor ia  de h ig i ene  da aqua e  a l imentos ,  1980). 

88. In Tanzania, a  few k i lome t r e s '  s t r e t c h  of  t h e  Dar e s  Salaam c o a s t  is po l lu t ed  
4 with sewage and i n d u s t r i a l  wastes. Faecal  lumps and f l o a t i n g  s o l i d s  l i t t e r  a r e a s  

around t h e  harbour,  Banda market beach and t h e  Ocean Road beach. The sewage p ipe  a t  
Ocean Road sea  o u t f a l l  is broken. A f o u l  odour, due t o  s eve re  oxygen dep le t i on  o f  
t h e  waters ,  pervades t h e  c o a s t l i n e .  The n a t u r a l  f l o r a  and fauna wi th in  t h e  po l lu t ed  
a r ea  have been smothered. 

89. In Dar e s  Salaam, t h e  mangroves on t h e  e s t u a r y  o f  t h e  Msimbazi River have been 
contaminated with domestic sewage and i n d u s t r i a l  wastes .  The Msimbazi River i t s e l f  
is po l lu t ed  with sewage ( t a b l e  8 ) .  The n a t u r a l  fauna i n  t h e  mangroves, such a s  
c r a b s  and o y s t e r s ,  a r e  under s t r e s s  while  t h e  plankton has  almost disappeared.  

90. Po l lu t i on  of  t h e  marine environment i n  Dar e s  Salaam by domestic and 
i n d u s t r i a l  wastes had been s t u d i e d  a s  p a r t  o f  t h e  background information f o r  t h e  Dar 
e s  Salaam Sewerage and S a n i t a t i o n  Master Plan Report (Tanzania, Minis t ry  of  Lands, 
Housing and Urban Development, 1980). Chemical c h a r a c t e r i s t i c s  o f  domestic and 
commercial wastes i n  Dar e s  Salaam a r e  shown i n  t a b l e  9 i n d i c a t i n g  t h e  p o l l u t i n g  
na tu re  of t h e  wastes. The d a t a  obta ined  a r e  s i m i l a r  t o  those  o f  domestic wastes  
elsewhere. 

91. In Maur i t ius ,  evidence o f  sewage p o l l u t i o n  e x i s t s  along t h e  shore  wi th in  t h e  
v i c i n i t y  of  t h e  Fo r t  V ic to r i a  s ea  o u t f a l l  i n  Po r t  Louis. The Fo r t  V ic to r i a  sewage 
t rea tment  p l a n t  r ece ives  and t r e a t s  combined domestic and commercial wastes before  
d ischarg ing  i n t o  t h e  s e a  through t h e  o u t f a l l ,  which is  about 500 metres  of fshore .  
However, dur ing  pe r iods  o f  energy f a i l u r e  o r  mechanical breakdown, t h e  t rea tment  
p l a n t  is  by-passed and raw sewage is discharged i n t o  t h e  sea .  Carpets  of  a lgae  
along t h e  sho re  and a f o u l  d o u r  i n d i c a t e  organic  p o l l u t i o n  o f  t h e  waters .  

92. Minor and l o c a l i z e d  sewage p o l l u t i o n  o f  c o a s t a l  waters  e x i s t s  i n  Mombasa and 
Malindi i n  Kenya, bu t  t h e  waters  a r e  s a f e  f o r  r e c r e a t i o n a l  uses  and no adverse 
e f f e c t s  on f i s h e r i e s  have been repor ted  (Kenya, Minis t ry  o f  Local Government, 1977). 

93. Moroni and Fomboni i n  Comoros do not  have any s i g n i f i c a n t  p o l l u t i o n  problems 
from sewage. Domestic sewage d i s p o s a l  i n  V ic to r i a  does no t  pose s e r i o u s  marine 
p o l l u t i o n  problems i n  Seychel les .  Only a  smal l  percentage of  t h e  populat ion is 
connected t o  t he  sewerage system, a f f e c t i n g  the  hygienic  cond i t i ons ,  but  with a  very 
l i m i t e d  impact on t h e  marine environment. Seven major t o u r i s t  h o t e l s  with about 300 
beds each a r e  l oca t ed  along t h e  c o a s t .  Although each h o t e l  t r e a t s  i ts  sewage 
through s e p t i c  t anks ,  t h e  waste water even tua l ly  seeps  i n t o  t he  s ea .  

Agr i cu l tu ra l  wastes 

94. More than 90 p e r  c e n t  o f  t h e  populat ion i n  t h e  reg ion  is engaged i n  
a g r i c u l t u r a l  a c t i v i t i e s  which i n v a r i a b l y  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  g ros s  
domestic product i n  most c o u n t r i e s .  With t h e  a g r a r i a n  green r evo lu t ion  and 
s e l f - s u f f i c i e n c y  i n  food being the  pre-occupation o f  most Governments, modern 
a g r i c u l t u r a l  methods involv ing  the  use of a g r i c u l t u r a l  chemicals  such a s  p e s t i c i d e s  
and f e r t i l i z e r s  a r e  r ep l ac ing  t r a d i t i o n a l  and l e s s  e f f i c i e n t  farming systems. 
Increas ing  the  y i e ld  of  va luab le  cash c rops  such a s  c o t t o n ,  sugar-cane, t e a  and - - 



Table 8 : B a c t e r i a l  survey of Msimbazi River and t r i b u t a r i e s  

(Source: Tanzania Ministry of  Lands, Housing and Urban Development (I980 ) ) 

Sample po in t  Faecal col i /100 ml 
(44.50C) 

New p o r t  road 

Kigoqo road 

Morogoro road 

Selander br idge  ( a t  low t i d e )  * 

Selander b r idge  ( a t  high t i d e ) *  

Note: I t  has been suggested t h a t  t h e  t i d a l  connections a r e  
broken a t  p resen t  due t o  road cons t ruc t ion .  





95 .  Some l a rge - sca l e  a g r i c u l t u r a l  p l a n t a t i o n s  a r e  found i n  t h e  c o a s t a l  zone while 
t he  major i ty  a r e  l oca t ed  in land .  River t r a n s p o r t a t i o n  o f  agro-chemicals through 

. land run-off dur ing  t h e  r a i n y  season is t h e  main pathway o f  t he se  chemica ls  i n t o  t h e  ' f 

marine environment. 

96. From d i scus s ions  with M i n i s t r i e s  o f  Agr i cu l tu re  and F i s h e r i e s  i n  t h e  reg ion ,  JÃ 

i t  was c l e a r  t h a t  p e r s i s t e n t  and e c o l o g i c a l l y  harmful chemicals  o f  proven t o x i c i t y  
t o  f i s h e s  such a s  organochlor ine  i n s e c t i c i d e s  a r e  widely i n  use. They inc lude  DOT, 
d i e l d r i n ,  l i ndane ,  a l d r i n ,  t h iodan ,  and toxaphene. 

97.  DOT is used ex t ens ive ly  f o r  a e r i a l  spraying  o f  c o t t o n - f i e l d s  around Margarini 
i n  Malindi,  a r e a s  around Quelimane, Nampula, Pemba, Bei ra  and Monapo i n  Mozambique, 
and i n  south-west and north-west a r e a s  o f  Madagascar. Products  con ta in ing  DOT and 
d i e l d r i n  a r e  a l s o  sprayed a e r i a l l y  f o r  tsetse f l y  c o n t r o l  i n  Kenya, Somalia, 
Tanzania and Mozambique. Ae r i a l  d r i f t  from t h e  spraying  a r e a s ,  c o - d i s t i l l a t i o n  with 
s o i l  moisture dur ing  t h e  d ry  season and p r e c i p i t a t i o n  dur ing  t h e  r a i n y  season  w i l l  
t r a n s p o r t  t h e s e  chemicals  i n t o  t h e  marine environment i n  t h e  region.  

98. Apart from a p p l i c a t i o n  i n  a g r i c u l t u r e ,  DOT is used f o r  d i s i n f e c t i o n  of 
harbours  i n  Kenya while  d iaz inon ,  an organophosphorous p e s t i c i d e ,  is used f o r  a  
s i m i l a r  purpose i n  Seychel les ,  i nc lud ing  r e g u l a r  spraying  o f  t o u r i s t  beaches i n  
V ic to r i a  (Mah6) and P r a s l i n  I s l and .  

99. Chlorinated and o t h e r  c l a s s e s  o f  p e s t i c i d e s  such a s  organo-phosphorus, 
carbamates and py re th ro ids  a r e  a l s o  used f o r  a g r i c u l t u r a l  food crops.  Ecologica l ly  
unsafe he rb i c ides ,  f o r  example, 2 , 4 4  and 2,4,5-T (which c o n t a i n s  a  h igh ly  t o x i c  
impur i ty ,  d iox in )  a r e  i n  use  i n  Madagascar, Mozambique, Maur i t ius  and Kenya. 
Maur i t ius  is c u r r e n t l y  u t i l i z i n g  l a r g e  q u a n t i t i e s  of  p e s t i c i d e s  f o r  food crops  and 
t h e  sugar-cane p l a n t a t i o n s  l o c a t e d  along t h e  c o a s t .  Organo-mercuric fung ic ides  
which have been banned i n  t h e  developed c o u n t r i e s  due t o  mercury t o x i c i t y  a r e  
c u r r e n t l y  i n  use,  though i n  l i m i t e d  q u a n t i t i e s ,  i n  Kenya and Madagascar. 

100. Poor a g r i c u l t u r a l  l and  use  p r a c t i c e s  a r e  caus ing  seve re  s o i l  e ros ion  problems. 
(See UN/UNESCO/UNEP(1982), Marine and Coas ta l  Area Development i n  t h e  Eas t  African 
Region. IJNEP Regional Seas Reports  and S t u d i e s  No. 6 ) .  The c o a s t a l  and marine 
environment u l t i m a t e l y  r e c e i v e  a  reasonable  q u a n t i t y  o f  t h e s e  p e s t i c i d e s  app l i ed  
i n l and  due t o  run-off dur ing  t h e  r a i n y  season. 

101. A f a i r l y  l a r g e  amount of  f e r t i l i z e r s  i s  being used i n  t h e  r eg ion  f o r  food 
crops  i n  Mozambique, Tanzania, Kenya, Somalia, Madagascar and Maur i t ius .  Rivers  
d ra in ing  a g r i c u l t u r a l  a r e a s  c a r r y  a  l o t  o f  f e r t i l i z e r s  i n t o  t h e  c o a s t a l  zone from 
run-offs .  The s e r i o u s  sed imenta t ion  problems due t o  s o i l  e ros ion  i n  Madagascar, + 

Mozambique, and Malindi and Mombasa i n  Kenya a r e  a l r eady  in t roduc ing  a  l o t  of  
n u t r i e n t s  i n t o  e s t u a r i e s  and lagoons,  r e s u l t i n g  i n  eu t roph ica t ion .  The adverse  
e f f e c t s ,  though l o c a l i z e d ,  a r e  a l r eady  ev iden t  i n  marine ecosystems. The Minis t ry  ir 

of  Agr i cu l tu re  i n  Maur i t ius  a t t r i b u t e s  t h e  d e c l i n e  of  f i s h e r i e s  i n  e s t u a r i e s  and 
lagoons t o  p e s t i c i d e s  run-off ,  another  consequence of  poor a g r i c u l t u r a l  p r a c t i c e .  
Hel icopter  spraying  of  pa ra th ion  has  been r epo r t ed  t o  k i l l  f i s h  i n  t h e  Limpopo River 
which flows i n t o  t h e  Indian Ocean. 

102. With t h e  development p l a n s  of  a l l  Governments i n  t h e  r eg ion  g i v i n g  prominence 
t o  a g r i c u l t u r a l  development bu t  with l i t t l e  environmental awareness, i nc reased  
amounts o f  p e s t i c i d e s  and f e r t i l i z e r s  would be used, t he reby  enhancing t h e  p o l l u t i o n  
t h r e a t  t o  marine ecosystems. 



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

103. Rivers  c o n s t i t u t e  an important  pathway by which p o l l u t a n t s  from land sou rces  
-* ' e n t e r  t h e  marine environment (SCOR working group 46, 1981). River d i s cha rges  o f t e n  

a f f e c t  c h a r a c t e r i s t i c s  o f  c o a s t a l  waters  more than t h e  open ocean. The 
environmental impact,  however, depends on t h e  d i scha rge  volume of  t h e  r i v e r ,  t h e  
c h a r a c t e r i s t i c s  and l e v e l  of  p o l l u t a n t  l oads  c a r r i e d  and c l i m a t i c  f a c t o r s .  

104. From t h e  foregoing s e c t i o n s ,  it has  been amply demonstrated t h a t  r i v e r s  a r e  a 
major t r a n s p o r t  pathway o f  sewage, i n d u s t r i a l  e f f l u e n t s  and a g r i c u l t u r a l  wastes  and 
hence in t roduce  t o x i c  i no rgan ic  subs tances  such a s  mercury, copper ,  cadmium and l ead  
and p e r s i s t e n t  t o x i c  o rgan ic  subs tances  such a s  DOT, and d i e l d r i n  i n t o  t h e  marine 
environment. Rivers  t r a v e r s i n g  thermal power s t a t i o n s  c a r r y  waste o i l  i n t o  
e s t u a r i e s  and bays a s  exempl i f ied  by t h e  S t .  Louis River i n  Maur i t ius .  In a d d i t i o n ,  
such r i v e r s  run t h e  r i s k  o f  p ick ing  up polychlor ina ted  b iphenyls  (PCBs) which a r e  
used a s  i n s u l a t i o n  o i l s  f o r  e l e c t r i c  c a p a c i t o r s  and t ransformers .  PCBs, though 
s i m i l a r  i n  chemical na tu re  t o  DOT, a r e  more p e r s i s t e n t  i n  t h e  environment, 
carc inogenic  and e c o l o g i c a l l y  more harmful (Riseborough e t  al . ,  1972). 

105. Major r i v e r s  d i s cha rg ing  i n t o  t h e  Indian Ocean from t h e  e i g h t  c o u n t r i e s  i n  t h e  
reg ion  a r e  l i s t e d  i n  t a b l e  10, t h e i r  d i s t r i b u t i o n  being very uneven. The R u f i j i  

3 River i n  Tanzania with an average water d i scharge  o f  1,133 m /sec is t h e  l a r g e s t  i n  
t h e  reg ion .  The impact o f  t h e  var ious  r i v e r  d i s cha rges  would depend on c l i m a t i c  
f a c t o r s  and t h e  a s s i m i l a t i v e  capac i ty  o f  t h e  r ece iv ing  c o a s t a l  ecosystem. 

106. Due t o  sys temat ic  d e f o r e s t a t i o n ,  t h e  Galana-Sabaki River is h e a v i l y  s i l t e d  a t  
its e s t u a r y  i n  Malindi a r i s i n g  from t h e  i ncu r s ion  o f  storm water from upland i n t o  
t h e  r i v e r .  The beach a t  Malindi is h igh ly  s i l t e d  and a l ready  caus ing  concern t o  t h e  
Kenyan Government because of  t h e  p o s s i b l e  adverse impact on tourism. A s i m i l a r  
problem e x i s t s  on t h e  Tana River ,  where s eve re  damage t o  marine f i s h e r i e s  was 
r epo r t ed ,  a l though i t  was mentioned t h a t  remedial a c t i o n  had been taken here .  

107. Other c o u n t r i e s  i n  t h e  reg ion  a l s o  expressed concern about a i l t a t i o n  problems. 
A heavy silt load  is c a r r i e d  by t h e  Limpopo and Zambezi r i v e r s  i n t o  t h e  s e a  i n  
Mozambique, due t o  s eve re  s o i l  e ros ion  a r i s i n g  from bush burning and new human 
se t t l emen t s .  The I s l and  of  Inhaca is a l s o  s u f f e r i n g  from seve re  s o i l  e ros ion  and 
now h a s  a s i l t y  beach. While Comoros does no t  have t h e  problem of  chemicals  and 
sewage inpu t  i n t o  t h e  s e a  because o f  i ts  p re sen t  s t a g e  o f  development, t h e  poor 
a g r i c u l t u r a l  p r a c t i c e  o f  p l a n t i n g  h i l l s i d e s  and marginal  l a n d s  with non-soil-binding 
c rops  has  been caus ing  s e r i o u s  e ros ion  problems. Hence, t h e  c o r a l  r e e f s  a r e  s i l t e d  
i n  Moroni and Anjouan. Seychel les  a l s o  exper iences  s i l t a t i o n  problems i n  harbours  
and e s t u a r i e s  due t o  poor a g r i c u l t u r a l  p r a c t i c e s .  

108. A l o c a l i z e d  sed imenta t ion  problem e x i s t s  on t h e  south-eas t  c o a s t  o f  Maur i t ius  
r e s u l t i n g  from carry-over of  t o p s o i l  i n t o  t h e  s e a  by r i v e r s  dur ing  t h e  r a i n y  season. 
The s i t u a t i o n  is most s eve re  i n  Madagascar. Over-exploi tat ion o f  mangrove f o r e s t s  
and d e f o r e s t a t i o n  from i n t e n s e  bush f i r e s  enhanced soil e ros ion  and has  r e s u l t e d  i n  
t h e  l o s s  o f  1 mi l l i on  h e c t a r e s  o f  t o p s o i l  per  year ;  while  s h i f t i n g  a g r i c u l t u r a l  
c u l t i v a t i o n  produces an annual  l o s s  o f  200,000 h e c t a r e s .  A l l  t h e  sediment load  ends 
up i n  t h e  s e a  v i a  r i v e r s .  Sedimentation problems a r e  manifest  i n  To l i a r a  (Tuldar )  
and Antseranana (Diego-Suarez) i n  south-west and no r th  Madagascar r e s p e c t i v e l y .  The 
magnitude o f  t h e  problem was observed dur ing  an a e r i a l  f l i g h t .  The Betsiboka River 
has  de l ive red  about 100 mi l l i on  cub ic  metres  o f  sediment over  t h e  p a s t  25 y e a r s  i n t o  
Mahajanga (Majunga) harbour. Consequently, t h e  c o r a l  r e e f s  and t h e  a s s o c i a t e d  r e e f  
community have been smothered, whi le  c o a s t a l  sh ipping  and f i s h i n g  a c t i v i t i e s  have 
h-..- ---- 1 2 n- - 4 -  . . - . .. 



Table 1C : Major r ivers  draining in to  the Indian Ocean 

Country Rivers 

Comoros none 

Kenya Galana-Sabaki, Tana 

Madagascar Betsiboka, Managoki, Manambolo, Onilahy, 
Tsir ibihina 

Mauritius Grande Rivifere, S t  Louis 

Mozambique Limpopo, Lurio, Rovuma, Save, Zambezi 

Seychelles none 

Somalia Juba 

Tanzania Pangani, Rufi ji, Ruvu, Ruvuma (Rovuma) , Wami 



109. Thus f a r ,  s i l t a t i o n  and sedimenta t ion  from e r r a t i c  land use p r a c t i c e s  and s o i l  
e ros ion  c o n s t i t u t e  a  major environmental problem i n  the reg ion ,  bear ing  a  complex 
v a r i e t y  o f  socio-economic imp l i ca t ions .  The key a s p e c t s  of t h e  s o i l  
e r o s i o n / s i l t a t i o n  problem a r e  a s se s sed  i n  f u l l  d e t a i l  i n  UN/LJNESCO/UNEP(1982), 

* Marine and Coas ta l  Area Development i n  t h e  East  African Region. IJNEP Reg. Seas Rep. 
Stud., (61. 

f r  

O i l  p o l l u t i o n  

110. Petroleum p o l l u t i o n  o f  t h e  s e a  and c o a s t a l  environment seems t o  be t h e  major 
marine p o l l u t i o n  problem i n  t h e  reg ion .  Concern about  t h e  problem and t h e  p o s s i b l e  
adverse  impact on tourism, a  major source  o f  revenue i n  many c o u n t r i e s  i n  t h e  a r e a ,  
was expressed by a l l  Governments. 

9 

111. The major o i l  p o l l u t i o n  source  is from o i l  t a n k e r s  en r o u t e  between t h e  Middle 
Eas t  and Europe through t h e  Mozambique Channel f l u sh ing  t h e i r  t anks  a t  s ea .  The 
magnitude o f  t h e  problem was observable  on a  f l i g h t  between Moroni and Moheli i n  
Comoros during which a  severa l -k i lomet res -  long s t r e t c h  o f  o i l  a t  s e a  along t h e  
Comorian c o a s t  was observed. Other sources  o f  o i l  i npu t  i n t o  t h e  s e a  i nc lude  
d i scha rges  o f  o i l  r e s u l t i n g  from a c c i d e n t a l  s p i l l s .  Frequent s p i l l s  o f  smal l  
q u a n t i t i e s  o f  o i l  a r e  common i n  a l l  t h e  harbours  dur ing  o p e r a t i o n a l  t r a n s f e r  o f  o i l  
from crude o i l  t anke r s  i n t o  s t o r a g e  r ecep t ion  f a c i l i t i e s  on land.  

112. Some recorded i n c i d e n t s  o f  o i l  s p i l l s  i n  t h e  reg ion  a r e  given i n  t a b l e  11. 
Other sou rces  o f  o i l  p o l l u t i o n  a t  t h e  p o r t s  a r e  d i s cha rge  o f  o i l y  bilge-water from 
ca rgo  s h i p s  and f i s h i n g  boa t s ;  pump f a i l u r e s ,  p ipe  leakages  and p ipe  b u r s t i n g  dur ing  
handling o f  petroleum imports  and expor ts .  Localized o i l  p o l l u t i o n  a t  p o r t s  v a r i e s  
from country t o  count ry  and according t o  i n t e n s i t y  o f  a c t i v i t y .  While Kenya and 
Tanzania f o r  example, each have two p o r t s ,  Mozambique has s i x  p o r t s  along its c o a s t ,  
namely: Matola, Bei ra ,  Quelimane, Anqoche, Macuze and Nacala. 

113. A l l  t h e  mainland African c o u n t r i e s  and Madagascar have petroleum r e f i n e r i e s  of  
va r ious  c a p a c i t i e s  while  Comoros, Maur i t ius  and Seychel les  only  import  r e f i n e d  o i l  
products .  The r e f i n e r y  e f f l u e n t s  c o n t r i b u t e  t o  o i l  p o l l u t i o n  of  t h e  s e a  i n  t h e  
former coun t r i e s .  Information ga thered  on annual q u a n t i t i e s  o f  r e f i n e d  o i l  is given 
i n  t a b l e  12. Information was a l s o  made a v a i  a b l e  on t h e  volume o f  e f f l u e n t  from t h e  3 
r e f i n e r y  i n  Mombasa which is  about 100,000 m /day of  o i l y  waste water .  Based on t h e  
IMO r egu la t i on  o f  100 mg/1 i n  r e f i n e r y  e f f l u e n t s ,  about 10  tonnes o f  o i l  is being 
r e l ea sed  d a i l y  t o  t h e  c o a s t  around Mombasa. 

114. Other l e s s  important  sou rces  o f  o i l  input  i n t o  t h e  marine environment, though 
having s i g n i f i c a n t  l o c a l  impact i n  c o a s t a l  environments and r i v e r s ,  a r e  land-based 

-& waste o i l  d i s cha rges  from garages ,  thermal  power s t a t i o n s  and a few i n d u s t r i e s .  
Lack o f  a v a i l a b l e  d a t a  makes i t  impossible  t o  e s t ima te  q u a n t i t a t i v e l y  t h e  r e l a t i v e  
c o n t r i b u t i o n  o f  each o i l  p o l l u t i o n  source  i n  t h e  reg ion  b u t  t a b l e  1 3  g ives  t h e  
g loba l  p i c t u r e .  

4 ' 

115. Tourism c o n t r i b u t e s  s u b s t a n t i a l l y  t o  t he  g ros s  domestic product  o f  Seychel les ,  
Maur i t ius  and Kenya while  o t h e r  c o u n t r i e s  such a s  Tanzania, Mozambique,.Somalia and 
Madagascar p lan  t o  expand the  t o u r i s t  s e c t o r .  Tar ,ba l l s  have been observed on 
t o u r i s t  beaches i n  Kenya (Malindi and Mombasa), Madagascar, Seychel les ,  Mozambique 
and Maur i t ius ,  and t h i s  is a e s t h e t i c a l l y  d i s t a s t e f u l  t o  t o u r i s t s .  

116. Tar b a l l  p o l l u t i o n  o f  beaches had been s tud i ed  only  i n  Kenya, by t h e  Marine 
and F i s h e r i e s  Research I n s t i t u t e  i n  Mombasa. A s  expec ted ,  t h e  t a r  concen t r a t i ons  
i d  hnn-k --11. . I . ; -_  -- 2 L L  . a  

-. 



Table 11 : Available information on recorded o i l  s p i l l s  i n  t h e  region 

0 

Country S p i l l a g e  Damage Quant i ty  o f  o i l  
caused involved ( tonnes)  

Kenya acc iden ta l  s p i l l  from - 
o i l  tanker ,  BRITISH 
CAVALIER o f f  Mombasa Harbour 
i n  1975 and 4 i n c i d e n t s  o f  
r e f ined  product s p i l l a g e  
from r e f i n e r y  

Tanzania acc iden ta l  s p i l l  from o i l  Mangrove f o r e s t  
tanker a t  harbour on near  harbour 
9/1/81 a f f e c t e d  

Mozambique 2 major & 14 minor crude Mangroves 
o i l  s p i l l s  recorded i n  a f f e c t e d  
the  harbour 

Seychel les  crude o i l  from Royal F l e e t  - 
Tanker grounded 8 miles NE 
of Mah6 i n  1976 

Mauri t ius the  TAYEB grounded on t h e  - 
r e e f s  o f  Mauri t ius 

- no information a v a i l a b l e  



. Table 12  : Crude o i l  import f i g u r e s  and quan t i ty  of  o i l  ref ined i n  t h e  region 
* 

Country Crude o i l  Volume of  r e f i n e r y  Name of  r e f i n e r y  and 
import e f  l u e n t  5 quan t i ty  of  o i l  r e f ined  

(mi l l ion  tonnes)  (m /day) (mi l l ion  tonnes)  

Somalia 0.3 - Iraqsoma (Mogadishu) 
0.3 

Kenya 4.0 100,000 East African O i l  
appr ox .  Refinery 3.0 

Tanzania 

Mozambique 

Madagascar 

Mauri t ius 

Seychelles 

Tanzanian-Italian 
Petroleum Refinery 
1.6 

Refinery i n  Motola 
1.0* 

S o l i t a r y  Malagasy 
Refinery of Toamasina, 
Solvina,  (Tamatave) 
0.65 

0.25 
( re f ined  o i l  import) 

0.06 
( re f ined  o i l  import) 

Comoros - 

* Estimated 
- No information a v a i l a b l e  



Table 13  : Estimated volumes o f  crude  o i l  and petroleum hydrocarbons 
introduced i n t o  the  world oceans 

(Source: McCaull and Crossland (1972) ) 

- 

Mil l ion  tonnes 

Normal t r a n s p o r t  by t a n k e r s  
Offshore d r i l l i n g  
Normal s h i p  t r a f f i c  
Discharge of r e f i n e r i e s  
Petroleum waste water from land-based sources  and 

through r i v e r s  ( i n d u s t r y  and t r a f f i c )  
O i l  s p i l l s ,  acc iden t s  ( a l l  sources )  

Immediate d ischarge ,  t o t a l  2.18 
Via' t h e  atmosphere (from burning processes  i n  i n d u s t r y ,  

domestic and t r a f f i c )  10.00 

Man-made o i l  p o l l u t i o n  
Natural  submarine seepages 



nor th-eas t  monsoon i n  t h e  Monsoon Current  and Mozambique/Agulhas Current  
hydrographic reg ions .  Ind iv idua l  t a r  b a l l s  weighing over 3 kg were recorded dur ing  
t h e  Mombasa s tudy  (Munga, 1981). 

117. Used l u b r i c a t i n g  o i l s  from garages  a r e  not  disposed of  i n  any organized manner 
and d i s p o s a l  v a r i e s  from burying underground t o  d ischarg ing  i n t o  d r a i n s ,  r i v e r s  and 
creeks .  The d i s p o s a l  o f  waste o i l  t a r  i n t o  t h e  Msimbazi River from garages  has  
con t r ibu t ed  t o  t h e  p o l l u t i o n  o f  t h e  mangrove h a b i t a t  and b i o t a  i n  Msimbazi Creek i n  
Dar e s  Salaam. O i l  and t a r  r e s i d u e s  covering t h e  r o o t s  and thereby blocking t h e  
l e n t i c e l s  o f  mangrove pneumatophores has  s t u n t e d  mangrove t r e e s .  Waste o i l  
p o l l u t i o n  o f  t h e  c r eek  has  smothered o y s t e r s  (Cras sos t r ea  sp.) and o t h e r  f i l t e r  
feeders .  Moreover, o i l  f l o a t i n g  on water has caused seve re  oxygen d e p l e t i o n  and 
anoxic cond i t i ons  i n  t h e  c reek .  

118. Discharge o f  waste o i l  from t h e  S t .  Louis thermal power s t a t i o n ,  which 
consumes about 25,000 g a l l o n s  o f  o i l  per  day, and a c e n t r a l  bus s e r v i c e  s t a t i o n  i n t o  
t h e  S t .  Louis River i n  Po r t  Louis ,  Maur i t ius ,  ha s  p o l l u t e d  t h e  r i v e r  and con t r ibu t ed  
l a r g e l y  t o  t h e  p o l l u t i o n  o f  Grand River Bay, smothering a l l  aqua t i c  b i o t a  i n  its 
waters .  R e s t r i c t e d  c a s e s  o f  f i s h  t a i n t e d  with o i l  have been r epo r t ed  i n  t h e  
country.  

119. Despi te  t h e  d i f f i c u l t y  o f  quan t i fy ing  t h e  va r ious  sou rces  o f  petroleum 
hydrocarbon p o l l u t i o n  i n  t h e  reg ion ,  t h e r e  is no doubt t h a t  o i l  t anker  t r a f f i c  is 
its major source.  National  r e sou rces  t o  c o n t r o l  and combat o i l  p o l l u t i o n  a r e  
v i r t u a l l y  non-existent  i n  t h e  region.  Only Kenya has  an o i l  p o l l u t i o n  c o n t r o l  
v e s s e l  i n  t h e  form o f  a  200-ton barge  f o r  mechanical o i l  recovery i n  c a s e  of  minor 
s p i l l s .  Limited s t o c k s  o f  chemical d i s p e r s a n t s  were a v a i l a b l e  i n  a l l  t h e  p o r t s  
v i s i t e d .  However, no b a s e l i n e  s t u d i e s  on marine p o l l u t i o n  from petroleum 
hydrocarbons had been c a r r i e d  out  i n  t h e  region.  An assessment o f  its magnitude and 
e f f e c t  on ecosystems would be d e s i r a b l e  i n  view o f  o i l  and o i l  d i s p e r s a n t  t o x i c i t y  
t o  marine b i o t a .  

120. The p o l l u t i o n  is l i k e l y  t o  worsen i f  o i l  were d iscovered  a s  a  r e s u l t  of  t h e  
c u r r e n t  i n t e n s i v e  o i l  p rospec t ing  and exp lo ra t i on  e f f o r t s  i n  t h e  region.  A more 
complete account is given  i n  IMO/UNEP (1982), O i l  P o l l u t i o n  Control  i n  t h e  East  
African Region. UNEP Reg. Seas. Rep. Stud., (10) .  

Coas ta l  cons t ruc t ion  and d redg ing  

121. Some c o u n t r i e s  i n  t h e  r eg ion  have i n d i c a t e d  i n  t h e i r  development p l ans  t h e  
i n t e n t i o n  o f  expanding o l d  p o r t s  and bu i ld ing  new ones because o f  i nc reas ing  
maritime t r a d e  and r ap id  expansions i n  var ious  s e c t o r s  o f  t h e  economy. Po r t  and 
harbour developments, i nvo lv ing  cons t ruc t ion  o r  enlargement o r  dredging,  i n v a r i a b l y  
have environmental consequences which could be  de t r imen ta l  t o  o r  modify t h e  c o a s t a l  
ecosyatem (IMCO, 1980). 

122. Coas ta l  s t r u c t u r e s  and b a r r i e r s  have a l t e r e d  t h e  water flow wi th in  t h e  Mombasa 
harbour t o  such an e x t e n t  t h a t  t h e  c o a s t l i n e  around Fort-Jesus has  been s e r i o u s l y  
eroded.  The Kenyan Government, dur ing  t h e  1979-1983 development p lan ,  i n t e n d s  t o  
deepen t h e  en t r ance  t o  Mombasa harbour,  which would invo lve i .ma jo r  dredging 
opera t ions .  The bu i ld ing  o f  a  second major p o r t  a t  %nda Bay, near  Lamu, is a l s o  
under cons ide ra t i on  (Kenya, Minis t ry  o f  Power and Communications, 1977). 

S23. Pie environmental impact o f  t h e s e  major p o r t  development a c t i v i t i e s  is worthy 
o f  cons ide ra t i on .  Dredging causes  suspension o f  sediments  i n  c o a s t a l  waters .  
Dredge-suspended sediments  i n t e r f e r e  with l i g h t  p e n e t r a t i o n  i n t o  c o a s t a l  waters  and 



exer t  both b io log ica l  and chemical oxygen demands (Johannes, 1975), and a r e  
therefore  highly po l lu t ing  with poss ible  adverse e f f e c t s  on f i s h e r i e s  and cora ls .  

124. The Mozambican Government is planning t o  embark on a major expansion of Beira 
por t  i n  connection with the  proposed exp lo i t a t ion  of t h e  huge coal  deposit  around 
Tete i n  the  north-east of the  country. Apart from the  s i l t a t i o n  and coas ta l  erosion 
problems t h a t  may a r i s e ,  handling of huge q u a n t i t i t e s  of  coal  a t  the  por t  would 
cause se r ious  coas ta l  pol lu t ion and ecological  problems i f  adequate measures a r e  not 
taken. 

125. Damage and des t ruc t ion  of  reef  communities due t o  dredging was observed i n  
Seychelles (Vine, 1972) a f t e r  the const ruct ion o f  t h e  country ' s  new Internat ional  
Airport and Victor ia  Harbour i n  1970. According t o  government sources,  recent  
a e r i a l  photographs suggest t h a t  a f t e r  about 10 years  the  ecosystem has recovered. 
However, severe c o a s t a l  erosion has been observed t o  t h e  e a s t  of  Victoria caused by 
sea-wall s t r u c t u r e s .  Worse marine po l lu t ion  problems may still be encountered a f t e r  
executing other  major coas ta l  development programmes already scheduled. These 
include the  building o f  a f i sh ing  p o r t  and a new commercial por t  (Seychelles, 
Ministry of  Planning and Development, 1981), t o  be financed through in te rna t iona l  
funding. 

126. In Comoros, expansion o f  t h e  Port  a t  Mutsamudu i n  Anjouan, which w i l l  involve 
lengthening of the  j e t t y ,  has a l s o  been planned. The t h r e a t  t o  marine l i v i n g  
resources i n  the harbour a r e s  may be increased because of  the  present  heavy 
sedimentation problems a t  t h e  por t .  

127. A p r o j e c t  f o r  reclamation o f  t h e  sea  a rea  f o r  por t - re la ted  i n d u s t r i e s  has been 
planned by t h e  Mauritian Government i n  the  Mane Rudje area .  The Malagasy Government 
i a  a l s o  contemplating deep-water p o r t s  on the  north-west coas t  o f  the  country. 

128. The p ro jec t s  described above i l l u s t r a t e  po l lu t ion  problems t h a t  may a r i s e  from 
por t  dredging and land reclamation a c t i v i t i e s  i n  the  region and the  poss ible  
consequences of proposed por t  development p ro jec t s .  The po l lu t ion  problems 
generated by these  a c t i v i t i e s  a r e  local ized i n  na tu re  and therefore  do not 
c o n s t i t u t e  a regional  problem. Further d e t a i l s  may be  found i n  UN/UNESCO/UNEP 
(1982). Marine and Coastal Area Development i n  t h e  East African Region. UNEP Reg. 
Seas Rep. Stud., (6) .  

Ef fec t s  on human hea l th  

129. Deleterious e f f e c t s  such a s  hazards t o  human heal th  r e s u l t i n g  from the  
pol lu t ion of the  coas ta l  and marine environment have two components, namely: ( a )  
reduction i n  amenity such a s  use of beaches f o r  recreat ion:  bathing,  snorkeling,  
skin  diving,  e tc . ;  (b)  poisoning by inges t ion  of  seafoods ( f i s h  and s h e l l f i s h )  
contaminated with po l lu tan t s .  Table 14 gives  t h e  major ca tegor ies  of  p o l l u t a n t s  and 
t h e i r  e f f e c t s  on l i v i n g  resources.  

130. Localized problems of  sewage po l lu t ion  o f  e s t u a r i e s ,  lagoons and bays have 
been i d e n t i f i e d  i n  t h e  region and microbiological  po l lu t ion  is known t o  e x i s t .  
Microbiological po l lu t ion  o f  these  coas ta l  waters with pathogenic organisms poses 
se r ious  heal th  r i s k s  and a reduction of  amenit ies t o  bathers .  Apart from such 
pol lu ted  waters being a e s t h e t i c a l l y  unpleasant the  contract ion o f  minor s k i n  
ai lments by ba the r s  has  been reported on the  sewage-polluted beaches of Oar ea  
Salaam and Maputo Bay. Many cases  of h e p a t i t i s ,  g a s t r o - e n t e r i t i s  and sk in  d i seases  
have been reported i n  Dar e s  Salaam. Cholera outbreaks had a l s o  been reported i n  
Dar e s  Salaam and Maputo. The Mozambican Government has prohibi ted  bathing i n  p a r t s  
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of Maputo Bay dur ing  t h e  warm season t o  safeguard pub l i c  h e a l t h ,  a f t e r  a s tudy  i n  
1980 by t h e  National  Minis t ry  o f  Health (Labora tor io  d e  Hiqiene da  Aqua e Alimentos, - 

1980). Escher ich ia  c o l i  coun t s  o f  24-46,000/100 m l  were recorded a t  some sampling 
p o i n t s  i n  t h e  po l lu t ed  bay. 

131. I t  is a common s i g h t  t o  s e e  passers-by and m o t o r i s t s  cover ing  t h e i r  noses due w 

t o  t h e  s t ench  emanating from sewage-polluted Msimbazi Creek i n  Dar es Salaam and no 
r e c r e a t i o n a l  a c t i v i t y  e x i s t s  i n  t h e  a r e a .  

A 
132. The gene ra l  impression gained by t h e  miss ion  was t h a t  t h e  t ypes  o f  problems 
d iscussed  above were only  s e r i o u s  i n  a few p l a c e s  and t h e  e x t e n t  va r i ed  from count ry  
t o  country.  However, t h e r e  have been no ep idemiologica l  s t u d i e s .  

133. The c o a s t a l  waters  r ece ive  some t o x i c  chemicals  such a s  i no rgan ic s ,  e.g. 
mercury, cadmium, l e a d ,  a r s e n i c  and cyanide and o rgan ic s ,  e.g. DOT, d i e l d r i n ,  and 
probably PCBs from r i v e r  run-offs ,  p r e c i p i t a t i o n  and d i s p o s a l  o f  i n d u s t r i a l  wastes. 
The a b i o t i c  and b i o t i c  processes  which t h e s e  chemicals  undergo i n  t h e  marine 
environment r e s u l t  i n  t h e i r  d i s t r i b u t i o n  between t h e  aqueous l a y e r  and sediments. 
Sea-grass, plankton,  f i s h  and s h e l l f i s h  r e t a i n  t h e s e  p e r s i s t e n t  chemicals  i n  t h e i r  
t i s s u e s .  

134. A r e c e n t l y  completed s tudy  i n  Seyche l l e s  involv ing  a survey o f  mercury l e v e l  
i n  12  economically-important f i s h  s p e c i e s  and the blood and h a i r  of  some o f  t h e  
popula t ion  exposed to mercury by i n g e s t i o n ,  is worth mentioning (Matthews, 1981). 
While most l e g a l  limits o f  mercury i n  f i s h  i n  va r ious  c o u n t r i e s  a r e  set a t  0.5-1.0 
ing/kg f r e s h  weight,  some f i s h  s p e c i e s  were found t o  have mercury l e v e l s  o f  1.0-2.G 
&kg. The source  o f  t h e s e  e l eva t ed  concen t r a t i ons  h a s  n o t  been e s t a b l i s h e d .  Some 
persons of  t h e  t e s t  popula t ion  were found t o  have mercury l e v e l s  i n  t h e i r  blood 
c l o s e  t o  the th re sho ld  dose f o r  mercury, corresponding t o  t h e  accep tab l e  d a i l y  
i n t a k e ,  A D I ,  o f  3-7 ug mercury pe r  kg body weight,  a s  recommended by t h e  World 
Health Organizat ion.  Seyche l l e s  is t h e  coun t ry  with t h e  h i g h e s t  f i s h  i n t a k e  per  
c a p i t a  i n  t h e  reg ion ,  with an average o f  80 kg f i s h  consumption annual ly  ( s e e  t a b l e  
1 ) .  No epidemiologica l  s t u d i e s  have been undertaken t o  a s s e s s  t h e  pub l i c  hazard. 
The l e v e l s  o f  mercury found in f i s h  a r e  worth f u r t h e r  i n v e s t i g a t i o n ,  e s p e c i a l l y  
s i n c e  t h e  tuna  f i s h  i n d u s t r y  is expanding i n  t h e  region.  

135. Table 1 5  i n d i c a t e s  metal  l e v e l s  i n  a rock o y s t e r  (Cras sos t r ea  c u c u l l a t a )  and 
i n  Pinna sp . ,  a s  p a r t  o f  t h e  marine s t u d i e s  i n  r e s p e c t  o f  t h e  Mombasa Water 
P o l l u t i o n  and Waste Disposal  Study (Kenya, Minis t ry  o f  Local Government, 1977). 
Conclusions cannot  be drawn from t h e  r e s u l t s  due t o  i n a c c u r a c i e s  i n  t h e  a n a l y s i s ,  
bu t  they  can be s a i d  t o  i n d i c a t e  t h e  presence  o f  me ta l s  i n  t h e  t i s s u e s .  

136. A p o t e n t i a l  hea l th  hazard which needs t o  be i n v e s t i g a t e d  on a r eg iona l  o r  
s u b r e g i o n a l  b a s i s  is t h e  r e c e n t  Ciguatera  poisoning i n c i d e n t s  i n  Maur i t ius  and 
Seychel les  due t o  i nges t ion  o f  f i s h  con ta in ing  a t o x i n ,  probably stemming from + 

d i n o f l a g e l l a t e s  (p l ank ton ic  a l g a e ) .  In Maur i t ius ,  i n f e s t e d  t o x i c  f i s h  a r e  be l i eved  
t o  be concent ra ted  around t h e  no r the rn  and western c o a s t s ,  i n  t h e  v i c i n i t y  o f  
Rodrigues I s l and ,  S t .  Brandon, Agaleqa I s l and ,  and on t h e  Saya de  Malha and Nazareth 6 

Ã 
banks. About 10  p e r  cen t  o f  t h e  annual  f i s h  c a t c h  from t h e  lagoon and t h e  bank is 
discarded  due t o  t h i s  problem with r e s u l t a n t  soci-economic consequences. In 
Seychel les ,  about 10 c a s e s  o f  Ciguatera  f i s h  poisoning have been r epo r t ed  (Rogers, 
1981). Ciguatera  ep isodes  a r e  o f t e n  a s s o c i a t e d  with c o r a l  r ee f  d e s t r u c t i o n  i n  
t r o p i c a l  waters  due t o  p o l l u t i o n ,  mining o p e r a t i o n s  and p lunder ing  by souveni r  
hunters .  Evidence has  a l s o  accumulated showing t h e  involvement o f  t r a c e  me ta l s  and 
a v a r i e t y  of  hydrographical  s i t u a t i o n s  (LoCicero, 1975; Taylor and S e l i g e r ,  1979; 
Bagnis e t  a l . ,  1979). 



Table 15 : Metal contents o f  Crassostres cucullata and 
Pinna sp.  i n  ug/g on a dry weight bas i s  

(Source: Kenya Ministry o f  Local Government (1977)) 

Station Zinc Lead Cadmium Copper 



137. Environmental h e a l t h  e f f e c t s  o f  marine p o l l u t i o n  seem t o  have rece ived  l i t t l e  
a t t e n t i o n  i n  t h e  reg ion  and t h e  e x i s t i n g  wide gaps  i n  knowledge about t h e  e x t e n t  of  
t h e  problem need t o  be f i l l e d .  

INSTITUTIONAL FRAMEWORK USED FOR THE ASSESSMENT OF MARINE POLLUTION 

138. There a r e  i n s t i t u t i o n s  i n  most o f  t h e  c o u n t r i e s  o f  t h e  reg ion  which a r e  
engaged i n  marine i n v e s t i g a t i o n  r e l a t e d  t o  phys i ca l  oceanography, f i s h e r y  r e sou rce  
surveys and s tock  assessment .  Most a r e  government i n s t i t u t i o n s  and a few a r e  w i th in  
u n i v e r s i t i e s .  Very l i t t l e  marine p o l l u t i o n  assessment  is being undertaken. The 
major c o n s t r a i n t s  a r e  t h e  acu t e  sho r t ages  o f  s k i l l e d  manpower and equipment t o  
undertake such s t u d i e s .  

139. Some c o u n t r i e s  i h  t h e  reg ion  have n e i t h e r  a po ly technic  nor  a u n i v e r s i t y .  
Some o f  t h e  f a i r l y  o ld  marine r e sea rch  i n s t i t u t e s  were r e s i d u e s  o f  pre-independence 
periods.  Few competent s c i e n t i f i c  personnel  a r e  a t  p r e s e n t  a v a i l a b l e .  The few 
u n i v e r s i t i e s  i n  t h e  reg ion  do not  o f f e r  marine s c i e n c e  and a n a l y t i c a l  chemistry i n  
t h e i r  c u r r i c u l a  nor  have they  a c t i v e  pos tgraduate  programmes f o r  marine p o l l u t i o n  
r e sea rch  and t r a i n i n g  of young r e sea rche r s .  The problems a r e  complicated by gene ra l  
l a ck  o f  funds. Through b i l a t e r a l  agreements with f o r e i g n  Governments and a s s i s t a n c e  
from United Nations agencies ,  some marine t r a i n i n g  and r e sea rch  i n s t i t u t e s  have been 
e s t a b l i s h e d  i n  connect ion with f i s h e r y  r e sou rces  development programmes. In a few 
i n s t i t u t i o n s  wi th in  t h e  r eg ion  some l i m i t e d  marine p o l l u t i o n  assessment  s t u d i e s  have 
been c a r r i e d  out .  

140. An o u t l i n e  o f  t h e  g e n e r a l  a c t i v i t i e s  o f  some o f  t h e  marine r e sea rch  
i n s t i t u t i o n s  i n  t h e  reg ion  is given below. A u s e f u l  r e f e r e n c e  i n  t h i s  connect ion  is 
t h e  ECA/UNESCO/UNEP Di rec to ry  o f  Marine Research Cent res  i n  Afr ica .  

141. Mozambique has  four  marine s c i e n c e  i n s t i t u t i o n s :  

( i )  Cent re  of Ecology, Facul ty  o f  Biology, ~ d u a r d o  Mondlane Univers i ty .  

( i i )  Marine B io log ica l  S t a t i o n ,  Inhaca I s l a n d ,  p a r t  o f  t h e  Centre o f  Ecology 
i n  ( i ) .  

( i l l )  I n s t i t u t e  d e  Desenvolumento Pesqueiro (IDP), Maputo. 

( i v )  Cent re  d e  Treinamento Pesqueiro de Matola, Maputo. 

The two c e n t r e s  o f  ecology o f  t h e  Univers i ty  o f  Mondlane a r e  r e sea rch  and t r a i n i n g  
i n s t i t u t i o n s .  The s t a t i o n  a t  Inhaca I s l and ,  manned by one marine b i o l o g i s t ,  is + 
t h e r e  t o  r e sea rch  i n t o  t h e  problems o f  a r t i s a n a l  f i s h e r y  on t h e  i s l a n d  and o f f e r  
l abo ra to ry  t r a i n i n g  f o r  undergraduate b io logy  s t u d e n t s .  The c e n t r e  h a s  a good 
re ference  c o l l e c t i o n  o f  c o r a l s ,  f i s h  and c rus t aceans .  The c e n t r e  a t  Maputo has  a 
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s t a f f  o f  f i v e  marine b i o l o g i s t s  and a land-use p l anne r ,  and r e c e n t l y  i n i t i a t e d  a 
r e sea rch  programme on t h e  i n f l u e n c e  o f  p o l l u t i o n  on mangrove c r abs .  

142. However, because o f  t h e  Government's p r i o r i t y  f o r  t r a i n i n g  o f  s c i e n c e  t e a c h e r s  
f o r  secondary schoo l s ,  academic s t a f f  a r e  f u l l y  engaged i n  t each ing  wi th  l i t t l e  
emphasis on research .  The remaining two i n s t i t u t i o n s  o f f e r  t r a i n i n g  t o  s t u d e n t s  and 
fishermen i n  a d d i t i o n  t o  r e sea rch  i n  f i s h  s t o c k  assessment  and management by IDP. 



143. The Direccao Nacional d e  Aquas (Nat iona l  Water D i r e c t o r a t e ) ,  Maputo, though a 
young department ,  was i d e n t i f i e d  dur ing  t h e  mission a s  having p o t e n t i a l  c a p a b i l i t y  
f o r  marine p o l l u t i o n  monitoring.  Ongoing s t u d i e s  i nc lude  sediment d i s cha rge  of  
c e r t a i n  r i v e r s  i n t o  e s t u a r i e s ,  and a t tempt ing  t o  eva lua t e  environmental e f f e c t s  o f  
t h e  proposed pulp and paper m i l l - .  A b i g  handicap is  t h e  l a c k  o f  s o p h i s t i c a t e d  

w equipment f o r  measurement o f  t r a c e  and u l t r a t r a c e  p o l l u t a n t  l e v e l s .  The Minis t ry  o f  
Heal th,  D i r ec to ra t e  o f  Prevent ive  Medicine and Publ ic  ~ e a l t h ,  Maputo, c u r r e n t l y  
engaged i n  mercury de t e rmina t ions  i n  marine f i s h ,  i s  another  i n s t i t u t i o n  with 
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c a p a b i l i t i e s  i n  assessment and even tua l ly  monitoring of c e r t a i n  t ypes  of  p o l l u t i o n .  

144. Tanzania has  four  i n s t i t u t i o n s  dea l ing  with marine s c i ence :  

( i )  I n s t i t u t e  of  Marine Sc iences ,  Univers i ty  o f  Dar e s  Salaam, Zanzibar. 

( i i )  Kunduchi F i s h e r i e s  Research and Training I n s t i t u t e .  

( i i i )  Mbegani ' F i she r i e s  Research and Training I n s t i t u t e .  

( i v )  Kunduchi Marine B io log ica l  S t a t i o n ,  Zoology Department, Univers i ty  of Dar e s  
Salaam. 

The l a t t e r  is a c t i v e l y  involved with t h e  ecology and assessment of  p o l l u t i o n  on 
mangrove and c o r a l  r e e f  ecosystems and a s soc i a t ed  b i o t a .  The c e n t r a l  government 
chemical l a b o r a t o r y ,  Dar e s  Salaam, is a wel l  equipped a n a l y t i c a l  l abo ra to ry  with 
some exper ience  i n  a n a l y s i s  o f  marine p o l l u t a n t s .  

145. In  Kenya, t h e  departments  o f  botany and zoology, Facul ty  o f  Science,  
Univers i ty  o f  Nairobi ,  a r e  planning undergraduate and pos tgraduate  cou r se s  i n  marine 
sc ience .  No marine p o l l u t i o n  assessment s tudy  has  been undertaken due t o  l a c k  of  
s t a f f ,  equipment and funds. However, two s t a f f  members a r e  engaged i n  marine 
s t u d i e s  on a l g a e  and mangrove ecology. 

146. The Kenya Marine and F i s h e r i e s  Research I n s t i t u t e ,  Mombasa, which was t h e  
former East  African Marine F i s h e r i e s  Research Sub-s ta t ion ,  is y e t  t o  e n t e r  i n t o  f u l l  
opera t ion .  The i n s t i t u t e  is t r y i n g  t o  r e b u i l d  i ts  s t a f f  bu t  has  no s o p h i s t i c a t e d  
a n a l y t i c a l  equipment such a s  g a s  chromatographs and atomic absorp t ion  
spectrophotometers  f o r  s u r v e i l l a n c e  o f  heavy me ta l s  and c h l o r i n a t e d  hydrocarbons, 
due t o  l a c k  of  funds. Despi te  t h e s e  l i m i t a t i o n s ,  i t  has  r e c e n t l y  c a r r i e d  out  
s t u d i e s  on t a r  b a l l  p o l l u t i o n  o f  t o u r i s t  beaches (Munga, 1981). 

147. The Government Chemist 's  Department, Mombasa, with a wide range o f  a n a l y t i c a l  
equipment s u i t a b l e  f o r  marine p o l l u t a n t  de te rmina t ion ,  which has  been involved with 
a n a l y s i s  of  mercury i n  f i s h ,  is another  new i n s t i t u t i o n .  

I 
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148. In Somalia t h e r e  is a p lan  by t h e  Government t o  e s t a b l i s h  a Marine Science 
Research I n s t i t u t e  i n  Gezi re ,  about  18  km south  of Mogadishu. , 

149. In Madagascar, t h e r e  a r e  t h r e e  marine r e sea rch  c e n t r e s :  * 
( i )  S t a t i o n  Marine de Tul6ar (Cent re  U n i v e r s i t a i r e  de  Tul6ar ) .  

( i i )  I n s t i t u t  National  de  G6od6sie e t  de Car tographic ,  Tananarive. 
\ 

( i i i  1 Centre  National  de ~ e c h e k h e s  Oc6anographiques (CNRO) Nosy-86. 

None of  t h e s e  i n s t i t u t i o n s  is  engaged i r rmar ine  p o l l u t i o n  assessment s t u d i e s  due t o  
l ack  o f  r e l e v a n t  equipment and s p e c i a l i s t s  i n  t h e  f i e l d .  Tulear and p a r t  o f  CNRO, 



Nosy-86's c u r r e n t  r e sea rch  invo lves  f i s h  and shrimp r e sou rces  assessment ,  and a 
sys temat ic  inventory  o f  t h e  a l g a e  o f  Madagascar. 

150. In Maur i t ius ,  t h e r e  a r e  two marine r e s e a r c h  c e n t r e s :  

( i )  Research Div is ion ,  Min i s t ry  o f  F i s h e r i e s ,  Po r t  Louis. 

( i i )  Natura l  His tory  Museum, Po r t  Louis.  

Both a r e  engaged i n  p o l l u t i o n  monitoring.  The Minis t ry  o f  F i s h e r i e s  complained of  
lack  of  equipment and has  one s t a f f  member on t r a i n i n g  abroad t o  l e a r n  a n a l y t i c a l  
techniques.  

151. Comoros has  no i n s t i t u t i o n a l  framework whatsoever f o r  p o l l u t i o n  monitoring.  
There is n e i t h e r  a po ly technic  nor  a u n i v e r s i t y  i n  t h e  count ry .  

152. Although Seychel les  h a s  no h igher  i n s t i t u t i o n s ,  t h e  F i s h e r i e s  Div is ion ,  
Ministry o f  Agr i cu l tu re  and Land Use with t h e  a s s i s t a n c e  o f  f o r e i g n  e x p e r t s ,  ha s  
been involved,  amongst o t h e r  a c t i v i t i e s ,  wi th  s t u d i e s  on f i s h e r y  r e sou rce  surveys  
and pos t  ha rves t  i n v e s t i g a t i o n s .  The d i v i s i o n  r e c e n t l y  completed and published t h e  
r e s u l t s  o f  a s tudy  on mercury i n  1 2  s p e c i e s  o f  f i s h  i nc lud ing  tuna ;  and a l s o  i n  t h e  
h a i r  o f  fishermen, and t h e  blood o f  mothers and new-born babies .  Not l e a s t ,  t h e  
Grand Anse Agr i cu l tu ra l  Experimental S t a t i o n ,  o f  t h e  same m i n i s t r y ,  i s  expec t ing  a 
consignment o f  a n a l y t i c a l  equipment i nc lud ing  an atomic abso rp t ion  spectrophotometer  
a s  a g r a n t  from t h e  USAID. While t h e s e  f a c i l i t i e s  may be  employed f o r  marine 
p o l l u t i o n  measurement through i n t e r - d i v i s i o n a l  co-operat ion,  no l o c a l  personnel  
competent t o  use t h e  equipment is a v a i l a b l e .  

153. The l a c k  o f  n a t i o n a l  and r e g i o n a l  r e sou rces  t o  a s s e s s  marine p o l l u t i o n  o r  
undertake r e sea rch  e s t a b l i s h i n g  t h e  f a t e  o f  va r ious  c a t e g o r i e s  o f  p o l l u t a n t s  is 
obvious. Some marine p o l l u t i o n  i n v e s t i g a t i o n s  were c a r r i e d  out  i n  connect ion with 
Mombasa and Dar e s  Salaam sewerage master  p l ans  r e s p e c t i v e l y ,  b u t  t h e s e  were 
conducted by ove r seas  c o n s u l t a n t s .  A l l  t h e  Governments a r e  f u l l y  aware o f  t h e  
shortcomings and have reques ted  a s s i s t a n c e  i n  t h e  assessment  o f  environmental  
p o l l u t i o n ,  and h e l p  i n  i d e n t i f y i n g  a p p r o p r i a t e  a n a l y t i c a l  equipment f o r  monitoring.  

CONCLUSIONS AND RECOMMENDATIONS 

154. The marine p o l l u t i o n  problems o f  t h e  reg ion  vary i n  n a t u r e  and magnitude from 
country t o  count ry .  O i l  p o l l u t i o n  o f  t h e  c o a s t a l  waters  and beaches o r i g i n a t i n g  
from o i l  t anke r s  en r o u t e  t o  Europe from t h e  Middle East  washing t h e i r  t anks  a t  s e a  
is t h e  most s e r i o u s  p o l l u t i o n  problem i n  t h e  reg ion .  The magnitude and impact of  I 

t h e  problem could have been g r e a t e r  i f  t h e  Suez Canal had n o t  re-opened i n  1975. Â¥ 

Tar b a l l s  on beaches c o n s t i t u t e  a t h r e a t  t o  t h e  economics o f  t h e  reg ion .  

155. Other sources  o f  o i l  p o l l u t i o n  such a s  minor s p i l l a g e s  from bunkering .a 
ope ra t ions  and d i scha rge  o f  o i l y  b i l g e  water a r e  l o c a l i z e d  i n  harbours .  Gaps i n  
knowledge e x i s t  about p o l l u t i o n  from used l u b r i c a t i n g  o i l s  and t a r s  from garages  and 
i n d u s t r i a l  sources  but  t h e  s i t u a t i o n  is s e r i o u s  i n  few c o u n t r i e s  on ly  and confined 
t o  r i v e r s ,  c r eeks  and e s t u a r i e s .  

156. S i l t a t i o n  caused by poor land  use p r a c t i c e ,  d e f o r e s t a t i o n  and s o i l  e ros ion  is 
t h e  next  major problem a f f e c t i n g  a l l  c o u n t r i e s  i n  t h e  reg ion .  S i l t a t i o n  has  caused 
p o l l u t i o n  o f  c o r a l  r e e f s  and d e p l e t i o n  of  r e e f  f i s h e s  with adve r se  socio-economic 



consequences. The problem is s o  s e r i o u s  i n  some c o u n t r i e s  t h a t  mangroves and b i o t a  
have been des t royed  and harbours  abandoned. 

157. The e x t e n t  of  marine p o l l u t i o n  from sewage, i n d u s t r i a l  wastes  and a g r i c u l t u r a l  
wastes v a r i e s  throughout t h e  reg ion  but  t h e  problems a r e  l o c a l i z e d  i n  c o a s t a l  
ecosystems, such a s  e s t u a r i e s ,  mangroves, bays and lagoons. This could be 
c l a s s i f i e d  a s  a  r eg iona l  problem only a s  f a r  a s  i t  r e l a t e s  t o  being a  common 
problem, bu t  i t  r e q u i r e s  n a t i o n a l  s o l u t i o n s .  

158. There a r e  v i r t u a l l y  no r e g i o n a l  r e sou rces  t o  combat major o i l  s p i l l s  and 
c o n t r o l  o i l  po l lu t i on .  National  c a p a b i l i t i e s  a r e  a l s o  inadequate and confined t o  
l i m i t e d  s t o c k s  o f  d i spe r san t a .  

159. There is a  gene ra l  l a c k  o f  pub l i c  awareness about t h e  d e l e t e r i o u s  e f f e c t s  o f  
environmental and i n  p a r t i c u l a r  marine p o l l u t i o n .  Harmful h e a l t h  e f f e c t s  o f  c o a s t a l  
and marine p o l l u t i o n  have been experienced i n  a  few c o u n t r i e s  al though no t  on a  
l a r g e  s c a l e .  I t  is easy t o  underes t imate  t h e  e x t e n t  o f  c o a s t a l  and marine p o l l u t i o n  
problems i n  t h e  reg ion .  There a r e  no ep idemiologica l  s t u d i e s  t o  a s s e s s  h e a l t h  
e f f e c t s  o f  marine p o l l u t i o n  adequate ly .  The dangers  o f  ch ron ic  t o x i c i t i e s  from 
s u b l e t h a l  l e v e l s  and s y n e r g i s t i c  i n t e r a c t i o n s  between chemical p o l l u t a n t s  e n t e r i n g  
the  marine environment r e q u i r e  t h a t  t h e  n a t u r e  and e x t e n t  o f  t h e  problem be 
inves t iga t ed .  No in format ion  e x i s t s  about t h e  e x t e n t  o f  a e r i a l  t r a n s p o r t a t i o n  of  
lead  from f u e l  combustion i n t o  t h e  c o a s t a l  and marine environment and its e f f e c t s  on 
marine b i o t a .  Many o f  t h e  c o u n t r i e s  i n  t h e  r eg ion  have t h e i r  a i r p o r t s  on t h e  coas t .  
The same ho lds  f o r  atmospheric  f a l l - o u t  o f  o t h e r  p o l l u t a n t s .  

160. There is an a c u t e  sho r t age  o f  n a t i o n a l  and r eg iona l  r e sou rces  t o  monitor 
marine p o l l u t i o n .  Wide gaps e x i s t  i n  t h e  informat ion  a v a i l a b l e  i n  each country on 
the  s t a t e  o f  t h e  c o a s t a l  and marine environment. Being f u l l y  aware o f  t h e s e  
problems t h e  Governments a r e  keenly seeking  remedial  s o l u t i o n s .  

~ecommendations a t  t h e  n a t i o n a l  l e v e l  

161. One o f  t h e  obvious problems is t h e  d i f f i c u l t y  o f  ob t a in ing  accu ra t e  
information on marine p o l l u t i o n  problems i n  most o f  t h e  c o u n t r i e s .  Hence, t h e r e  is 
a  need f o r  a  National  Data Bank i n  each count ry  t o  c o l l e c t  a l l  s c i e n t i f i c  d a t a  on 
environmental p o l l u t i o n  problems and marine p o l l u t i o n  i n  p a r t i c u l a r .  Sewage 
p o l l u t i o n  of  c o a s t a l  waters  is a  s e r i o u s  pub l i c  h e a l t h  hazard a l r eady  apparent  i n  a  
few c o u n t r i e s .  I t  i s  impor tan t  f o r  Governments t o  improve sewage d i s p o s a l  methods. 
Sewage o u t f a l l a ,  where t hey  e x i s t ,  were o f t e n  improperly s i t e d .  Hydrographic 
c h a r a c t e r i s t i c s  o f  c o a s t a l  waters  should be i n v e s t i g a t e d  f o r  e f f i c i e n t  d i s p e r s a l  of 
sewage be fo re  s i t i n g  and i n s t a l l i n g  sewage o u t f a l l s .  There should be enactment o f  
enforceable  n a t i o n a l  laws t o  c o n t r o l  land-based sou rces  o f  p o l l u t i o n  i n  order  t o  
p r o t e c t  t h e  marine environment and its l i v i n g  r e sou rces ,  based on s c i e n t i f i c a l l y  
based, r e l e v a n t  and a p p r o p r i a t e  n a t i o n a l  c r i t e r i a .  I t  is e a s i e r  t o  prevent  
i n d u s t r i a l  p o l l u t i o n  than remedy its d e l e t e r i o u s  e f f e c t s  on marine ecosystems. 
Environmental impact s t u d i e s  should be r equ i r ed  f o r  a l l  new i n d u s t r i a l  
e s t ab l i shmen t s  and p rov i s ion  of  waste t rea tment  p l a n t s  made compulsory where 
necessary.  In t h i s  r e s p e c t ,  s t u d i e s  a r e  needed, and a  guide  book on types  of  wastes 
genera ted  by each i n d u s t r y ,  t h e i r  r e l a t i v e  p o l l u t i n g  p o t e n t i a l ,  and sugges t ions  on 
mode of  d i s p o s a l  and s i te  f o r  d i s p o s a l  a r e  r equ i r ed .  Not a l l  i n d u s t r i a l  e f f l u e n t s  
r e q u i r e  e l a b o r a t e  t rea tment  p l a n t s .  S t u d i e s  w i l l  be needed i n  each count ry  t o  
c h a r a c t e r i z e  t h e  i n d u s t r i a l  e f f l u e n t s  and c a t e g o r i z e  t hose  r e q u i r i n g  minimal 
t rea tment  and a r e  d i s cha rgeab le  i n t o  b i g  r i v e r s  o r  e s t u a r i e s  with s u i t a b l e  
a s s i m i l a t i v e  c a p a c i t y ,  and those  r e q u i r i n g  in-p lan t  s o p h i s t i c a t e d  t rea tment  and 
d i sposa l  through municipal  sewers and t rea tment  p l a n t s  t o  ensure  removal o f  



substances harmful t o  marine l i f e .  Old po l lu t ing  p lan t s  should be encouraged t o  
modify t h e i r  processes. A s  a general  p r inc ip le ,  waste recycling should be 
encouraged. 

162. General environmental education campaigns should be i n t e n s i f i e d  t o  reduce 
s i l t a t i o n  problems from the  cur ren t  poor a g r i c u l t u r a l  land use p rac t i ces  and 

w 
defores ta t ion,  r e su l t ing  i n  erosion.  National land use p o l i c i e s  should encourage 
land conservation p rac t i ces .  Erosion and s i l t a t i o n  a r e  harmful t o  t e r r e s t r i a l  and 
aquatic ecosystems, and a l l e v i a t i o n  imposes high cos t s .  

A 

163. Toxic chemicals such a s  pes t i c ides  a r e  enter ing the  coas ta l  and marine 
environment through land run-off and a e r i a l  spraying. There should be nat ional  
regula t ions  and e f f e c t i v e  c o n t r o l s  on the  importat ion and use of  tox ic  chemicals 
including pes t i c ides  and the re  is a need f o r  s c i e n t i f i c  monitoring of the  impact on 
marine ecosystema. 

164. Effect ive  and enforceable na t iona l  laws on o i l  pol lu t ion a r e  required.  There 
w i l l  be a need fo r  o i l  po l lu t ion  su rve i l l ance  and monitoring programmes, which 
should include chemical d i spe r san t s  because of  the  danger t o  benthic organisms, 
larvae  and juveni les  of  f i s h  and shrimps. 

165. In view of t h e  increas ing cos t  of f u e l ,  recycling of used lubr ica t ing  o i l s  a s  
fuel  fo r  thermal energy, blending them with clean fuel  fo r  fu r the r  u t i l i z a t i o n  o r  
with s o l i d  wastes such a s  bagasse may be worth considering. 

166. None of  t h e  coun t r i e s  has  manpower resources t o  implement any marine pol lu t ion 
laws enacted. Enforcement o f  l e g i s l a t i o n  requ i res  monitoring of pol lu t ion.  In view 
of the  acute  lack of  resources f o r  marine po l lu t ion  monitoring, Governments should 
draw up an inventory o f  present  c a p a b i l i t i e s  and equipment ava i l ab le  and encourage 
the  sharing of f a c i l i t i e s  among i n s t i t u t i o n s  within each country. Government 
i n s t i t u t i o n s  should co-operate more with one another and with the  un ive r s i t i e s .  A s  
a means of harnessing l imi ted  resources,  t h e  establishment of  a National Environment 
Laboratory with a marine po l lu t ion  component should be encouraged. 

167. Mul t id isc ipl inary  marine sc ience  programmes incorporat ing physical  and 
chemical oceanography, marine biology, ecology and applied a n a l y t i c a l  chemistry, 
should be introduced i n  polytechnics and u n i v e r s i t i e s .  Training of s c i e n t i f i c  and 
technical  manpower should be encouraged through grant ing of scholarships  o r  foreign 
ass i s t ance  programmes. For the maximum benef i t  t o  each country from these  t r a i n i n g  
programmes, s c i e n t i s t s  i n  government and o the r  i n s t i t u t i o n s  should a l s o  p a r t i c i p a t e  
i n  order t o  g ive  the  u n i v e r s i t i e s  more time for  teaching and research.  

168. A s  soon a s  a pool of  po l lu t ion  monitoring exper ts  has  been t r a ined ,  each 
country should i n i t i a t e  base l ine  s t u d i e s  on marine pol lu t ion.  

I 
^ 

Recommendations a t  the  regional  l e v e l  
'4 

169. A regional  d a t a  c o l l e c t i o n  system (da ta  bank) should be i n i t i a t e d ,  which could ' a 
be put a t  the  d isposal  o f  members f o r  exchange o f  useful  information on common 
marine po l lu t ion  problems, e.g. mechanisms and laws f o r  c o n t r o l l i n g  s i l t a t i o n  and 
o i l  po l lu t ion  i n  each country. To t h i s  end, a regional  quar te r ly  information 
b u l l e t i n  might be es tab l i shed .  Likewise, information on the  degradation by 
po l lu t ion  of c e r t a i n  h a b i t a t s  and c o a s t l i n e s ,  and on Ciguatera f i s h  poisoning, a s  
well aa  o the r  such data  could conveniently be recorded and exchanged. Such regional  
co-operation should develop c l o s e  r e l a t i o n s  with e x i s t i n g  re levant  regional  bodies, 
Such a s  the  Indian Ocean Fishery Commission (IOFC) and the  Commission fo r  Inland 
F i she r ies  o f  Africa (CIFA). 



170. The gene ra l  l a c k  o f  awareness about marine p o l l u t i o n  is r e g r e t t a b l e .  
. Environmental awareness i n  t h e  r eg ion  should be increased  by providing m a t e r i a l  f o r  

4 
pub l i c  enl ightenment  t o  each country.  

171. Waste d i s p o s a l  is c a r r i e d  out  n e g l i g e n t l y  and without environmental concern. 

A 
In view of  t h e  economic importance o f  a r t i s a n a l  f i s h e r i e s  and o t h e r  u s e s  of t h e  
c o a s t a l  and marine environment, guidebooks on waste c h a r a c t e r i s t i c s  o f  p o l l u t i n g  
i n d u s t r i e s ,  p rovid ing  informat ion  on each type  of  i n d u s t r y ,  t h e  type  o f  wastes  
genera ted ,  s u i t a b l e  sites and methods o f  d i s p o s a l ,  and waste r ecyc l ing  and 
u t i l i z a t i o n  where app rop r i a t e ,  should be produced and made a v a i l a b l e  t o  Governments 
t o  minimize environmental  d i s tu rbance .  

172. Enactment of  laws s e t t i n g  s t anda rds  r e q u i r e s  p o l l u t i o n  monitoring s t u d i e s  a s  a  
c o n t r o l .  These should be preceded by b a s e l i n e  and s u r v e i l l a n c e  s t u d i e s ,  which, s o  
f a r ,  do no t  e x i s t  anywhere i n  t h e  reg ion .  

173. Since p o l l u t i o n  assessment  is a very important  component o f  any a c t i o n  p lan ,  
a s  a  p r e r e q u i s i t e ,  t r a i n i n g  of  marine p o l l u t i o n  monitoring s c i e n t i s t s  should be 
s trengthened.  Analysis  o f  marine p o l l u t a n t s  such a s  petroleum, heavy meta ls ,  
p e s t i c i d e s  and PCBs r e q u i r e s  s p e c i a l  a n a l y t i c a l  s k i l l  and t r a i n i n g .  The 
es tab l i shment  o f  n a t i o n a l  environment p o l l u t i o n  monitoring l a b o r a t o r i e s  may u s e f u l l y  
be encouraged. Marine s c i e n c e  i n  u n i v e r s i t i e s  and b a s i c  r e sea rch  i n  t h i s  f i e l d  
should a l s o  be promoted. Regional t r a i n i n g  workshops f o r  p o l l u t i o n  assessment 
should be geared towards gene ra t ing  n a t i o n a l  and r eg iona l  background d a t a  which a r e  
lacking .  Such t r a i n i n g  would r e q u i r e  a s s i s t a n c e  from o u t s i d e  t h e  reg ion .  

174. Following t h e  workshop t r a i n i n g ,  t h e r e  should be n a t i o n a l  b a s e l i n e  s t u d i e s  
with a  r eg iona l  exchange o f  methodology and r e s u l t s .  In agreement with t h e  
Governments o f  t h e  r eg ion ,  a  well equipped i n s t i t u t i o n  may be  des igna ted  t h e  
co-ordinat ing c e n t r e  f o r  r e g i o n a l  marine p o l l u t i o n  assessment .  However, a s  f a r  a s  
pos s ib l e ,  t h e  t r a i n i n g  workshops should  be s c a t t e r e d  throughout t h e  reg ion  fo r  
maximum b e n e f i t  t o  a l l  c o u n t r i e s .  

175. In view o f  l i m i t e d  f i n a n c i a l  resources ,  a  network o f  c o l l a b o r a t i n g  
i n s t i t u t i o n s  i n  d i f f e r e n t  a s p e c t s  o f  marine p o l l u t i o n  may be i n i t i a t e d ,  involv ing  a  
sha r ing  of  f a c i l i t i e s  and t h e  f r e e  exchange o f  s c i e n t i s t s ~ a n d  t echn ic i ans .  
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