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PREFACE 

The Regional Seas Programme was initiated by UNEP in 1974. Since than 
the Governing Council of UNEP has repeatedly endorsed a regional approach 
to the control of marine pollution and the management of marine and coastal 
resources and has requested the development of regional action clans. 

The Regional Seas Programme at present includas ten regions and has 
over 120 coastal States participating in it. It is conceived as an 
action-oriented programme having concern not only for the consequences but 
also for the causes of environmental degradation and encompassinq a 
comprehensive approach to combating environmental problems through the 
management of marine and coastal areas. Each regional action plan is 
formulated according to the needs of the region as perceived ' by tne 
Governments concerned. It is designed to link assessment of the quality of 
the marine environment and the causes of its deterioration with activities 
for the management and development of the marine and coastal environment. 
The action plans promote the parallel development of regional legal 
agreements and of action-oriented programme activities. 

By Decision B8 ( V ) .  C of 25 May 1977, ths Governing Council of W 
requested the Executive Director to initiate the development of an action 
plan for the West and Central African Region. 

After a preparatory process, which included a number of experts 
meetings, fact finding missions and in-depth studies on resources and 
environmental problems of the region, the Conference of Plenipotentiaries 
on Co-operation in the Protection and Development of the Marine and 
Coastal Environment of the West and Central African Region (Abidjan 
16-23 March 1981) adopted: 

- the Action Plan for the Protection and Development of the Marine 
Environment and Coastal Areas of the West and Central African Region; 

- the Convention for the Co-operation in the Protection and Development 
of the Marine and Coastal Environment of the West and Central African 
Region; and 

- the Protocol Concerning CO-oper'ation in Combating Pollution in Cases 
of Emergency. 

The Governments of the region also established a trust fund to support 
the activities called for in the Action Plan. UNEP was designated as 
the secretariat of the Action Plan and the Convention. 
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This document was prepared as a contribution to the development of 
the Action Plan for the West and Central African Region. Its main 

- 
objective is to orovide the Governments of the Region with appropriate 
information on the type and quantity o f  industrial pollution from major 
land-based sources entering the marine environment through direct 
coastal discharges or indirectly through rivers, as well as on the present 
status of industrial waste management (treatment and disposal) 
practices. 

Most of the data in this publication were collected by six UNIOO 
consultants who visited eighteen States of the West and Central African 
Keqion during the period January through August 1960. Industrial 
operations were visited, and information was collected from the various 
ministries concerned with industrial development and environmental 
protection. Estimates of the pollution discharges to the ocean were 
based on production rates in conjunction with actual measurements made by 
the industries located in the States visited, on studies reported 
in the literature, and on extrapolation From the United States 
Environmental Protection Agency Effluent Standards for various industrial 
sectors. 
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ABSTRACT 

The o b j e c t i v e  of t h e  p r o j e c t  was t o  provide t h e  Nest and Cen t r a l  

Afr ican  Region with a p p r o p r i a t e  in format ion  on t h e  t ype  and q u a n t i t y  o f  

i n d u s t r i a l  p o l l u t i o n  from major land-based sou rce s  e n t e r i n g  t h e  marine 

environment through d i r e c t  c o a s t a l  d i s cha rges  o r  i n d i r e c t l y  through r i v e r s ,  

as wel l  as on t h e  p r e s e n t  s t a t u s  o f  i n d u s t r i a l  waste management ( t r ea tmen t  

and d i s p o s a l )  p r a c t i c e s .  

Most of t h e  d a t a  u t i l i z e d  i n  t h i s  r e p o r t  were c o l l e c t e d  by six UBIDO 

e x p e r t s  who v i s i t e d  t h e  18 c o u n t r i e s  o f  t h e  West and Cen t r a l  Afr ican  Region 

du r ing  the per iod January through August 1980. I n d u s t r i a l  o p e r a t i o n s  were 

v i s i t e d  and in format ion  was c o l l e c t e d  from t h e  v a r i o u s  m i n i s t r i e s  involved 

w i th  i n d u s t r i a l  development and environmental  p ro t ec t i on .  Es t imates  o f  the 

mass o f  p o l l u t i o n  discharged to t h e  ocean were based upon product ion rates 

i n  conjunc t ion  w i th  a c t u a l  measurements made by t h e  i n d u s t r i e s  l oca t ed  

i n  t h e  c o u n t r i e s  v i s i t e d ,  s t u d i e s  repor ted  i n  t h e  l i t e r a t u r e ,  and an 

e x t r a p o l a t i o n  from t h e  United S t a t e s  Environmental P ro t ec t i on  Agency E f f l u e n t  

S tandards  f o r  v a r i o u s  i n d u s t r i a l  sectors. 

The West and Cen t r a l  Afr ican  Region was d iv ided  i n t o  f i v e  zones 

c l o s e l y  approximat ing t h e  major c u r r e n t s  o f  t h e  A t l a n t i c  Ocean. The 

es t imated  p o l l u t i o n  d i scharged  by t h e  i n d u s t r i a l  s e c t o r  was c a l c u l a t e d  f o r  

e ach  o f  t h e  zones by adding t h e  c o n t r i b u t i o n  from each count ry  ass igned  to a 

zone. 

I n  Zone I (from Cape Blanc to Cape Verga),  most o f  t h e  estimated 

mass o f  biochemical oxygen demand (BOD ) discharged  to t h e  ocean is  5 
a t t r i b u t a b l e  t o  the e d i b l e  o i l s  (41%) and l e a t h e r  (44%) i n d u s t r i e s .  The v a s t  

m a j o r i t y  o f  suspended solids (SS),  o i l  and grease, and chemical oxygen demand 

(COD) d i scharged  t o  t h e  ocean are also produced by t h e  e d i b l e  o i l s  and 

leather i n d u s t r i e s .  



I n  Zone I1 (from Cape Verga t o  C a p e  Palmas),  ove r  50 p e r  c e n t  o f  t h e  

mass o f  BODp discharged to the  ocean comes from breweries. The 

es t imated  mass of SS emanating from breweries  is on ly  30.5 pe r  c e n t  

o f  t h e  total  SS discharged ,  bu t  t h i s  

times as large as t h e  second l a r g e s t  

f i s h  and shrimp i n d u s t r y  (19%).  O i l  

from Zone I1 r e s u l t  p r i n c i p a l l y  from 

r e f i n i n g  (33)1), and f i s h  and shrimp ( 

c o n t r i b u t i o n  is over  one and one-half  

c o n t r i b u t i o n  t o  SS, which is t h e  

and grease d i s c h a r g e s  t o  t h e  ocean 

t h e  e d i b l e  o i l s  (4751, petroleum 

18%) i n d u s t r i e s .  

I n  Zone I11 (from Cape Palmas t o  Cotonou), t h e  ma jo r i t y  o f  t h e  mass 

of BOD d i scharged  t o  t h e  ocean is  evenly d i s t r i b u t e d  between t h e  5 
e d i b l e  o i l s  ( 1 9 0 ,  brewing ( 2 1 % ) ,  cement ( 1 4 0 ,  and c o f f e e  (20%)  i n d u s t r i e s .  

T e x t i l e  i n d u s t r i e s  c o n t r i b u t e  an  a d d i t i o n a l  7 pe r  c e n t  o f  t h e  mass o f  

BOD5 discharged.  Phosphate mining c o n t r i b u t e s  over  74 pe r  c e n t  o f  

SS discharged  t o  t h e  ocean. The t e x t i l e  i n d u s t r y  i s  t h e  second largest 

(6%) c o n t r i b u t o r  t o  SS d ischarged ,  bu t  t h e  mass is comparat ively i n s i g n i f i c a n t .  

The edible o i l s  i n d u s t r i e s  a r e  p r i n c i p a l l y  r e s p o n s i b l e  f o r  o i l  and grease 

d i s c h a r g e s  (72%). The phosphate mining i ndus t ry  d i s cha rges  large q u a n t i t i e s  

of f l u o r i d e  and total phosphorus. 

I n  Zone I V  (from Cotonou to Cape Lopez),  petroleum r e f i n i n g  and 

handl ing  o p e r a t i o n s  account  f o r  7 pe r  c e n t  o f  BOD- and f o r  99 pe r  c e n t  

of the o i l  and grease d ischarged  t o  t h e  ocean. The ma jo r i t y  o f  t h e  c rude  

o i l  product ion and petroleum r e f i n i n g  along the  c o a s t  o f  t h e  West and Cen t r a l  

African Region is i n  Zone I V .  The d i s t r i b u t i o n  o f  p o l l u t i o n  d i s cha rges  from 

o t h e r  i n d u s t r i a l  s e c t o r s  is s i m i l a r  t o  t h a t  observed i n  the  o t h e r  fou r  zones 

except  t h a t  a c t i v i t y  i n  Zone I V  is g e n e r a l l y  on a much l a r g e r  s c a l e .  

I n  Zone V (from Cape Lopez t o  Cape F r i o ) ,  t h e  estimated d i scha rges  

t o  t h e  ocean are the  lowest o f  any o f  t h e  f i v e  zones. O f  BOD- discharged  

t o  t h e  ocean, bee r  product ion accounts  f o r  45 p e r  c e n t ,  and petroleum r e f i n i n g  

and handling o v e r  17 per cen t .  The latter i n d u s t r y  also c o n t r i b u t e s  

approximately 96 per c e n t  o f  t h e  o i l  and grease discharged.  55 d i s c h a r g e s  

come p r i n c i p a l l y  from petroleum (1881, beer (3151, and t e x t i l e s  ( 2 7 0 .  

A conparinon o f  the p o l l u t i o n  l oads  f o r  t h e  f i v e  zones shows t h a t  

Zone IV d i scha rges  far more p o l l u t i o n  t h a n  any of t h e  o t h e r  fou r  

zones. O f  t h e  t o t a l  p o l l u t i o n  d i scharged  to the ocean from t h e  18 c o u n t r i e s  



of the  Region, it is estimated t h a t  43 per  cent  of BODr, 36 pe r  cent  

of SS, 83 per cent  of o i l  and grease, and 60 per  cent  of COD are discharged 

from Zone I V .  Zones I and I11 con t r ibu te  almost equally t o  t h e  majori ty of  

the  remaining pol lu t ion  load except t h a t  Zone 111 discharges 38 per cent  of  

the t o t a l  SS discharged i n  the  Region. This l a r g e  percentage of  SS is 

pr inc ipa l ly  a t t r i b u t a b l e  t o  phosphate mining operations. Zones I1 and V 

discharge only a minor proportion of t h e  pol lu t ion  t o  t h e  ocean i n  t h e  

Region. 

Indus t r i a l  development i n  t h e  West and Central African Region is 

l imi ted  and pol lu t ion  discharges from the i n d u s t r i e s  have l i t t l e  impact 

on t h e  environment except i n  i s o l a t e d  cases. Waste t reatment i n  t h e  

coun t r i e s  of the  Region is v i r t u a l l y  non-existent. Only an occasional 

sedimentation basin,  grease t r a p  o r  sand f i l t e r  was observed by t h e  consul tants  

as they v i s i t e d  i n d u s t r i e s  i n  the  18 coun t r i e s  of  t h e  Region. A s i g n i f i c a n t  

change i n  t h e  impact on t h e  environment w i l l  l i k e l y  occur because of t h e  

concerted e f f o r t s  being made towards expanding industry i n  t h e  Region (see 

projected development t a b l e ,  t a b l e  10); many large i n d u s t r i e s  are being 

planned i n  the  coas ta l  area. Because of t h e  extensive na tu ra l  resources,  

it is very l i k e l y  t h a t  rapid development w i l l  occur i n  most countr ies  of the  

Region. The lack o f  a s i g n i f i c a n t  pol lu t ion  problem i n  most of these  

coun t r i e s  at t h i s  time allows Governments and industry t o  begin a planning 

process t h a t  will avoid c r e a t i n g  an environmental problen. The immediate 

needs i n  most a r e a s  are s o l u t i o n s  t o  t h e  pol lu t ion  from sewage. It is 

s t rong ly  recommended t h a t  planning begin and a long-range plan be implemented 

t o  avoid the  c rea t ion  of  i n d u s t r i a l  pol lu t ion  problems. Where loca l ized  

pol lu t ion  problems e x i s t ,  t h e  problems w i l l  be compounded as new development 

occurs unless  development is co-ordinated with an environmental protec t ion  

plan. 

Local u n i v e r s i t i e s  and technica l  programmes should be encouraged t o  

begin a long-range plan t o  produce t h e  profess ionals  and technic ians  required 

t o  p ro tec t  t h e  environment of  the  Vest and Central  African Region. It is 

imperative t h a t  ind iv idua l s  become knowledgeable and begin t o  conalder 

protec t ion  of  the  e n t i r e  environment when expansion is considered. Adequate 

planning a t  t h i s  stage will ensure t h a t  the  environment is not degraded 

beyond repai r .  
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INTRODUCTION 

The West and Cent ra l  Afr ican  Region has  been recognized by t h e  

Governing Council o f  UNEP (Decision 8 8 . ~ ( ~ )  o f  25 May 1977) as a 

ncancen t r a t i on  a r ean  i n  which UNEP, i n  c l o s e  c o l l a b o r a t i o n  with t h e  

r e l e v a n t  components o f  t h e  United Nat ions systeml w i l l  a t tempt  t o  

f u l f i l  a c a t a l y t i c  r o l e  i n  a s s i s t i n g  t h e  developing S t a t e s  o f  t h e  West 

and Cen t r a l  Afr ican Region t o  formulate  and implementl i n  a c o n s i s t e n t  

manner a commonly agreed upon a c t i o n  plan. 

Recm~niz ing  t h e  c o m p l a i t y  o f  t h e  problem and being aware o f  ongoing 

a c t i v i t i e s *  UNEP h a s  undertaken numerous prepara tory  a c t i v i t i e s  t o  provide 

a sound b a s i s  f o r  t h e  adopt ion o f  t h e  Action Plan f o r  t h e  P ro t ec t i on  and 

Development o f  t h e  Marine Environment and Coastal  Areas o f  t h e  West and 

Cent ra l  Afr ican  Region. 

At t h e  IOC/FAO/WHO/UNEP I n t e r n a t i o n a l  Workshop on Marine Po l lu t i on  i n  

t h e  Gulf of Guinea and Adjacent Areas (Abidjant  2-9 May 1978It i n d u s t r i a l  

waste  was i d e n t i f i e d  as a major source  o f  marine p o l l u t i o n  i n  t h e  region.  

It was noted i n  t h e  Report o f  t h e  Workshop, t h a t :  

"Rapidly i nc reas ing  i n d u s t r i a l  development o f  t h e  reg ion ,  p a r t i c u l a r l y  
i n  t h e  c o a s t a l  zone and along t h e  major r i v e r s t  is l i k e l y  t o  l ead  to 
an  i n c r e a s e  i n  t h e  volume and d i v e r s i t y  o f  industrial wastes 
discharged without  adequate  t rea tment  i n t o  t h e  marine environment. 
Detrimental effects o f  t h e s e  d i s cha rges  have been obsemed i n  many 
p l a c e s *  and ye t  p r a c t i c a l l y  no r eco rds  e x i s t  on t h e  amount d i schargedl  
on t h e  concent ra t ion  o f  t h e s e  p o l l u t a n t s  i n  t h e  marine environment o r  
on t h e i r  e f f e c t s  on marine l i f e  and human h e a l t h  .... . Considering 
t h a t  t h e  l i v i n g  marine r e sou rces t  which a r e  e a s i l y  damaged by t h e s e  
types o f  p o l l u t a n t a t  c o n s t i t u t e  an important  sou rce  o f  revenue and 
food f o r  t h e  populat ion o f  t h e  reg ion ,  a p i l o t  p rodec t  t o  assess the 
magnitude of t h e  problm caused by d ischarge8  o f  i n d u s t r i a l  and 
a g r i c u l t u r a l  waate i n t o  t h e  marine environment is  recommendedn. 
(pp. $19)  

The Uorkshop recommended t h a t  a d e t a i l e d  survey of land-based murcea o f  

I n d u s t r i a l  and a g r i c u l t u r a l  p o l l u t a n t s  be  c a r r i e d  o u t  as a first s t e p  towards 

t h e  o b j e c t i v e  o f  e s t a b l i s h i n g  r eg iona l ly  a p p l i c a b l e  s t anda rds  f o r  t h e  

management and c o n t r o l  of i n d u s t r i a l  and a g r i c u l t u r a l  po l lu t an t s .  



Based on t h e  recommendations of  t h e  Abidjan Workshop, t h e  d r a f t  a c t i o n  

plan f o r  t h e  West and Cen t r a l  Afr ican  Region adopted by t h e  Meeting o f  Experts  

t o  Review t h e  Draft Action Plan f o r  t h e  West Afr ican Region c a l l s  f o r  "a 

d e t a i l e d  survey o f  i n d u s t r i a l  and a g r i c u l t u r a l  p o l l u t a n t s  discharged d i r e c t l y  

o r  i n d i r e c t l y  i n t o  t h e  sea." (UNEP/WG.27/3, p.5, para.13.5). 

The p re sen t  survey i s  concerned wi th  p o l l u t i o n  from i n d u s t r i a l  sources .  

The o b j e c t i v e  of the p r o j e c t  i s  t o  provide t h e  West and Cent ra l  African Region 

wi th  app rop r i a t e  information on t h e  t ype  and q u a n t i t y  of  p o l l u t a n t s  from 

major land-based sources  e n t e r i n g  t h e  marine environment through d i r e c t  c o a s t a l  

d i s cha rges  o r  i n d i r e c t l y  through r i v e r s  as well a s  on t h e  p re sen t  s t a t u s  

of i n d u s t r i a l  waste management ( t r ea tmen t  and d i sposa l  ) p r a c t i c e s .  I n  

p a r t i c u l a r ,  t h e  r e s u l t s  o f  t h e  survey  should assist Governments i n  i d e n t i f y i n g  

p r i o r i t y  a c t i v i t i e s  t h a t  could be incorpora ted  i n  t h e  reg iona l  a c t i o n  p lan  

and should provide t h e  b a s i s  on which r e l a t e d  waste management a c t i v i t i e s  may 

be i n i t i a t e d  (see annex I). 

The survey is based on information obtained on f i e l d  miss ions  t o  

t h e  S t a t e s  of  t h e  West and Cen t r a l  Afr ican Region. 

The o b j e c t i v e s  o f  t h e  field miss ions  were t o  survey t h e  i n d u s t r i a l  

p o l l u t i o n  i n  t h e  Region and to produce: 

( a )  An inven to ry  o f  i n d u s t r i a l  sources  o f  p o l l u t i o n  d ischarg ing  

i n t o  t h e  marine environment of t h e  West and Cent ra l  Afr ican  Region; 

(b) An assessment o f  t h e  na tu re  and q u a n t i t y  of p o l l u t i o n  e n t e r i n g  

t h e  sea from i n d u s t r i a l  sources, i nc lud ing  p o l l u t i o n  from an i n d i r e c t  
1 / discharge;- 

(c) A review o f  p re sen t  i n d u s t r i a l  waste t rea tment  and d i sposa l  

p r a c t i c e s .  

1/ An i n d i r e c t  d i s cha rge  means a d i scha rge  i n t o  a river or  atream n o t  more - 
t han  20 km from t h e  coast. 



I. CONCLUSIONS 

Information desc r ib ing  t h e  con t r ibu t ion  o f  i n d u s t r i a l  po l lu t i on  t o  t h e  

marine environment from 18 West and Cen t r a l  Afr ican c o u n t r i e s  ( a l l  o f  t h e  

coastal c o u n t r i e s  from Senegal t o  Angola) was c o l l e c t e d  by six UNIDO e x p e r t s  

who v i s i t e d  each country.  Reports from earlier s t u d i e s  and information from 

t h e  literature were used t o  i n t e g r a t e  t h e  d a t a  co l l ec t ed .  An assessment o f  

t h e  information c o l l e c t e d  r e s u l t e d  i n  t h e  fo l lowing  conclusions.  

Data desc r ib ing  t h e  i n d u s t r i a l  p o l l u t i o n  d i s cha rges  t o  t h e  ocean i n  

t h e  West and Cent ra l  Afr ican Region are l imi t ed .  

Es t imates  o f  t h e  po l lu t i on  d i s cha rges  from each o f  t h e  c o u n t r i e s ,  t h e  

zones and t h e  Region a r e  conserva t ive ,  and a c t u a l  d i s cha rges  a r e  probably 

higher .  However, it is d i f f i c u l t  t o  know how low t h e  est imated 

d i scha rges  may be. 

Pro jec ted  i n d u s t r i a l  growth i n  t h e  Region is g r e a t ,  but  d a t a  on t h e  

expected c a p a c i t y ,  completion d a t a  and types  o f  i n d u s t r i e s  a r e  l im i t ed .  

Po l lu t i on  d i s cha rges  t o  t h e  A t l a n t i c  Ocean w i l l  l i k e l y  i n c r e a s e  

s i g n i f i c a n t l y  i n  t h e  next  10 years, and i n d u s t r i a l  po l lu t i on  d ischarges  

a r e  l i k e l y  t o  become a s i g n i f i c a n t  problem i n  West and Cent ra l  Afr ican 

Region and many l o c a l i z e d  a r e a s  where i n d u s t r y  is concentrated.  

Discharge o f  i n d u s t r i a l  p o l l u t i o n  t o  e s t u a r i e s ,  r i v e r s  and t h e  ocean 

i n  many o f  t h e  c o u n t r i e s  is not  c u r r e n t l y  c r e a t i n g  a s i g n i f i c a n t  problem. 

If t h e  planned inc rease  i n  i n d u s t r i a l i z a t i o n  occurs ,  s i g n i f i c a n t  water 

p o l l u t i o n  problems could develop i n  a s h o r t  time. 

The major sources of  p o l l u t i o n  i n  most of the c o u n t r i e s  of  t h e  West 

and Cent ra l  Afr ican region a r e  from human waste and no t  from i n d u s t r i a l  

sources .  Es t imates  i n d i c a t e  t h a t  approximately 80 per  c e n t  o f  t h e  

p o l l u t i o n  c u r r e n t l y  discharged t o  t h e  ocean is  a t t r i b u t a b l e  t o  people. 

Development o f  t h e  t o u r i s t  i n d u s t r y  on t h e  coas t  o f  t h e  West and 

Cent ra l  Afr ican Region is  d i r e c t l y  dependent upon t h e  p ro t ec t i on  o f  t h e  

environment. Cont inuat ion and expansion o f  t h e  uncontrol led d i scharges  

from t h e  m u n i c i p a l i t i e s  and i n d u s t r i a l  s i tes w i l l  even tua l ly  des t roy  t h e  

b e a u t i f u l  beaches t h a t  a r e  a b a s i s  f o r  t h e  t o u r i s t  i ndus t ry .  



11. RECOMMENDATIONS 

It is recommended t h a t  t h e  Governments o f  t h e  Region undertake t h e  

fo l lowing  a c t i v i t i e s  i n  o r d e r  t o  he lp  ach ieve  t h e  o b j e c t i v e s  of understanding 

and managing p re sen t  and f u t u r e  environmental problems i n  t h e  Region. 

1. Each Government should undertake,  a t  the n a t i o n a l  l e v e l :  

( a )  The development o f  a j o i n t  municipal i n d u s t r i a l  and governmental 

planning commission t o  e v a l u a t e  t h e  t r e n d s  and needs f o r  p o l l u t i o n  con t ro l .  

One of t h e  f u n c t i o n s  o f  t h e  commission should be t o  carry o u t  a sys t ema t i c  

review o f  n a t i o n a l  i n d u s t r i a l  development p l a n s  and an assessment o f  their 

impact on t h e  environment. Appropriate  measures e i t h e r  t o  e l i m i n a t e  o r  t o  

reduce damaging environmental e f f e c t s  should be  adopted ; 

(b)  The development and implementation o f  a long-range p l a n  o f  a c t i o n  

t o  provide municipal and i n d u s t r i a l  c o n t r o l  programmes f o r  waste water ,  a i r  

p o l l u t i o n ,  and s o l i d  waste;  

( c )  The development o f  r e g u l a t i o n s  t o  c o n t r o l  p o l l u t i o n  d i s cha rges  i n  

o rde r  t o  provide guidance f o r  i n d u s t r y  so t h a t  f u t u r e  needs may be a n t i c i p a t e d  

and incorporated i n  po l lu t i on  c o n t r o l  plans.  

2. I n  o r d e r  t o  assist Governments t o  implement e f f e c t i v e l y  t h e  above, 

reg iona l  co-operation should be developed under t h e  Action Plan f o r  t h e  

P ro t ec t i on  and Development o f  t h e  Marine Environment and Coas ta l  Areas o f  

t h e  West and Cent ra l  Afr ican  Region, as fol lows:  

( a )  As p a r t  of t h e  r eg iona l  marine p o l l u t i o n  r e sea rch  and monitoring 

programme t o  be organized under t h e  environmental assessment component of  

t h e  Action P lan ,  a p r o j e c t  should be  e s t a b l i s h e d  to i d e n t i f y  and assess t h e  

magnitude of wastes  from i n d u s t r i a l  sources  and t h e i r  effects on t h e  marine 

and c o a s t a l  environment (UNEP/IG.22/7, para.13.5 o f  t h e  Action P lan) ;  



(b) P r i n c i p l e s  and g u i d e l i n e s  should be developed f o r  i n d u s t r i a l  

waste management on t h e  b a s i s  o f  a series o f  workshops. An i n i t i a l  workshop 

may be  convened t o  review t h e  o v e r a l l  problems o f  i n d u s t r i a l  waste i n  t h e  

Region and to suggest app rop r i a t e  environmental management p r a c t i c e s .  

Subsequent workshops may dea l  wi th  s p e c i f i c  subsec to r s ,  such a s  i n d u s t r i a l  

a i r  p o l l u t i o n  monitor ing and c o n t r o l ,  i n d u s t r i a l  water  p o l l u t i o n  assessment 

and c o n t r o l ,  and i n d u s t r i a l  s o l i d  waste management (UNEP/IG.22/7, para.19.4 

of t h e  Action Plan); 

( a )  A workshop should be organized t o  review va r ious  methodologies 

t o  be used f o r  t h e  assessment o f  t h e  impact o f  i n d u s t r i a l  development 

a c t i v i t i e s  on t h e  environment and t o  propose management p o l i c i e s  t o  e l i m i n a t e  

or reduce damaging environmental effects (UNEP/IG.22/7, para.18.4 of t h e  

Action Plan) ; 

(d)  An up-to-date compilat ion o f  n a t i o n a l  l e g i s l a t i o n  of t h e  

West and Cen t r a l  Afr ican  s t a t e s  should be  maintained concerning t h e  c o n t r o l  o f  

i n d u s t r i a l  p o l l u t i o n ,  and the provis ion ,  upon r e q u e s t ,  o f  t e c h n i c a l  a s s i s t a n c e  

and advice  on t h e  d r a f t i n g  o f  app rop r i a t e  n a t i o n a l  l e g i s l a t i o n  (UNEP/IG.22/7, 

para.21 of t h e  Action Plan). 



111. SURVEY OF MARINE POLLUTANTS FROM INDUSTRIAL SOURCES 

A. Survey methods 

Data c o l l e c t i o n  

Most o f  t h e  d a t a  u t i l i z e d  i n  t h i s  r e p o r t  were c o l l e c t e d  by six UNIDO 

e x p e r t s  who v i s i t e d  t h e  18 c o u n t r i e s  of t h e  West and Cen t r a l  Afr ican Region 

dur ing  t h e  per iod January through ~ u g u s t  1980. 

Country r e p o r t s  were prepared by t h e  expe r t s .  Each Government 

rece ived  a copy of t h e  r e p o r t  on its count ry  w i t h  a r eques t  f o r  comments. 

Ce r t a in  Governments i nd i ca t ed  changes t h a t  should be  made t o  t h e i r  country 

report, and these  have been t aken  into account i n  t h e  prepara t ion  of t h e  

p re sen t  survey. When no r e a c t i o n  was rece ived  from a government, it was 

assumed t h a t  t h e  r e p o r t  was acceptab le .  

Data were c o l l e c t e d  from as many sources  as p o s s i b l e  before  and during 

t h e  v i s i t s .  Reports from earlier s t u d i e s  were consul ted ,  i n d u s t r i a l  o p e r a t i o n s  

were v i s i t e d  and information was c o l l e c t e d  from t h e  va r ious  m i n i s t r i e s  

involved wi th  i n d u s t r i a l  development and environmental p ro tec t ion .  Each of 

t h e  i n d u s t r i e s  v i s i t e d  was requested t o  complete one of t h e  ques t i onna i r e s  

shown i n  annex 11. The s h o r t e r  ques t i onna i r e  was developed near  t h e  end 

of t h e  p r o j e c t  f o r  use with small  i n d u s t r i e s  t h a t  were j u s t  beginning to 

develop p o l l u t i o n  c o n t r o l  da ta .  The ma jo r i t y  of t h e  i n d u s t r i e s  v i s i t e d  by 

t h e  consu l t an t s  were asked t o  complete t h e  longer ques t ionna i re .  

Data on i n d u s t r i a l  a c t i v i t y  i n  Nigeria were compiled d i f f e r e n t l y  

than for t h e  o t h e r  c o u n t r i e s  o f  t h e  Region. I n d u s t r i a l  a c t i v i t y  on the 

c o a s t  of Niger ia  was est imated by using d a t a  presented i n  Africa: 

South of t h e  Sahara (I), Mit te i lungen  d e r  Bundess te l le  far Aussen- 

handels information (2 ) ,  and Mounier ( 3 ) .  Production data f o r  t h e  sectors 
Â 

of crude petroleum; petroleum refining and pulp and paper (annex 111, 

table 11)  were c o l l e c t e d  by Mounier ( 3 )  dur ing  a v i s i t  to  Nigeria  i n  

Ju ly  1980. Production d a t a  f o r  t h e  o t h e r  segments of i n d u s t r y  (annex 111, 



t a b l e  11) were taken  from ( 1 )  and updated by us ing  i n d i c e s  presented by (2 ) .  

The propor t ion  o f  t h e  i n d u s t r i a l  a c t i v i t y  s i t u a t e d  on t h e  coas t  o f  Niger ia  

was es t imated  t o  be 75 p e r  c e n t  o f  t h e  t o t a l .  Mounier (4) es t imated  

t h a t  approximately One h a l f  o f  t h e  i n d u s t r i a l  a c t i v i t y  i n  Niger ia  was 

concentrated i n  t h e  Lagos area, and approximately one h a l f  o f  t h e  remaining 

i n d u s t r y  was l oca t ed  along t h e  coas t .  

Production i n d i c e s  were based upon an index o f  100 i n  1972 and a va lue  

f o r  1979 was a v a i l a b l e  (see ( 2 ) ) .  Production data f o r  i n d u s t r y  i n  Nigeria  

were a v a i l a b l e  f o r  1972 ( s e e  ( I ) ) ,  and t h e  index was used t o  update t h e  

production d a t a  t o  1979. S ince  t h e  degree of concent ra t ion  of i ndus t ry  on t h e  

c o a s t  was unknown and it was necessary  t o  use judgement t o  estimate t h e  

a c t i v i t y  on t h e  c o a s t ,  an at tempt  was not  made t o  c o r r e c t  t h e  1979 p ro j ec t i on  

t o  1980. It was assumed t h a t  t h e s e  p r o j e c t i o n s  were adequate t o  estimate 1980 

condi t ions .  

Ce r t a in  s e c t o r s  of i ndus t ry  were not  included i n  t h e  i n d i c e s  ( 2 ) ,  and 

it was necessary t o  assume an index. I n  t h e s e  c a s e s  an o v e r a l l  i n d u s t r i a l  

index of 163.8 was used to c o r r e c t  t h e  1972 product ion rates. When t h e  

p ro j ec t ed  production f o r  1979 was less than t h e  production t h a t  a c t u a l l y  

occurred in 1977, t h e  pro jec ted  va lue  was discarded  and a 1979 production 

rate es t imated .  

The c o u n t r i e s  of t h e  West and Cent ra l  Afr ican Region were divided 

i n t o  zones approximating t h e  major c u r r e n t s  i n  t h e  A t l a n t i c  Ocean off  t h e  

coast o f  t h e  West and Cent ra l  Afr ican Region ( t a b l e  1) .  The zones c l o s e l y  

p a r a l l e l  t h e  f i v e  zones es t ab l i shed  by Williams (5) ; however, Wil l iams 's  

zones were modified by moving t h e  zone boundaries t o  t h e  n e a r e s t  border. 

Th i s  rnodificat ion  r e s u l t e d  i n  r e l a t i v e l y  small changes i n  t h e  o r i g i n a l  

configuration proposed by W i l l i a m s  (5). W i l l i a m s  divided t h e  West and 

Cen t r a l  African Region i n t o  f i v e  basic hydrographic zones,  as follows: 



North T r a n s i t i o n a l  Zone ( N T Z ) ,  extending from Cape Blanc i n  

Mauri tania  t o  Cape Verga i n  Guinea 

Western Tropica l  Zone (WTZ), extending from Cape Verga t o  

Cape Palmas i n  Liberia 

Cent ra l  Upwelling Zone (CUZ), extending from Cape Palmas 

t o  Cotonou i n  Benin 

Eastern Tropica l  Zone (ETZ) ,  extending from Cotonou t o  

Cape Lopez i n  Gabon 

Southern T r a n s i t i o n a l  Zone (STZ), extending from Cape Lopez 

t o  Cape Frio i n  Angola 

Table 1. Zones and c o u n t r i e s  included i n  t h e  survey 
o f  p o l l u t i o n  discharged to the A t l a n t i c  Ocean from 

t h e  West and Central Afr ican  Region 

Zone Country 

Senegal 
Gambia 
Guinea-Bissau 

Guinea 
S i e r r a  Leone 
L ibe r i a  

Ivory Coast 
Ghana 
Togo 
Benin 

Nigeria 
United Republic 

o f  Cameroon 
Equator l a1  Guinea 
Sao Tome and Principe 
Gabon 

V Congo 
Zaire 
Angola 



The Tropica l  Su r f ace  Water o f  t h e  West and Cen t r a l  Afr ican  Region is 

warm (more t han  24'~) @rid haa a salinity of less than 3 5 O / m .  Seamna l  

replacements o f  t h e  Tropica l  Su r f ace  Water occur  with co ld ,  h i g h - s a l i n i t y  

water r ep l ac ing  t h e  warm wa te r s  i n  t h e  NTZ, CU2 and STZ zones. Th i s  

replacement is caused i n  t h e  NTZ zone by t h e  southward-moving oceanographic 

f r o n t .  The replacements i n  t h e  NTZ and ST2 occur  about  s i x  months apa r t .  

Cold, h i g h - s a l i n i t y  water upwells i n  t h e  CUZ between late June and October. 

Off  t h e  Ivory  Coast, a weaker, secondary upwelling also occu r s  i n  t h e  

per iod from January t o  March, bu t  t h e  o t h e r  p a r t  of t h e  CUZ is  more s t a b l e .  

The temperature  and s a l i n i t y  of  t h e  WTZ and ETZ f l u c t u a t e  with r a i n f a l l  and 

run-off from t h e  land. P roduc t iv i t y  t e n d s  t o  be much h ighe r  where u p w e l l i w  

occurs ;  whereas, t h e  Tropica l  Su r f ace  Water has a r e l a t i v e l y  poor p roduc t iv i t y .  

Although t h e  bas i c  s t r u c t u r e  o f  t h e  c u r r e n t s  of t h e  West and Cen t r a l  

Afr ican Region and t h e  ad j acen t  r eg ions  are reasonably well e s t a b l i s h e d ,  

Portmann (6) i n d i c a t e s  t h a t  it is u n l i k e l y  t h a t  enough d e t a i l  ex is t s  to 

p r e d i c t  t h e  movement and f a t e  o f  waste waters  discharged to  most a r e a s  

of t h e  coas t  o f  t h e  West and Cent ra l  Afr ican  Region. Eddy c u r r e n t s  and 

seasona l  changes a r e  not understood w e l l  enough t o  p r e d i c t  t h e  impact of 

d i scha rges  t o  s p e c i f i c  a r e a s  o f  t h e  ocean. S t u d i e s  t o  determine t h e  

movement of  d i s cha rges  w i l l  be necessary  a t  most s i t es  s e l e c t e d  f o r  

d i scharge .  

P o l l u t i o n a l  d i s cha rges  were es t imated  f o r  each o f  the  zones by 

adding t h e  es t imated  d i scha rges  from each of  the  c o u n t r i e s  ass igned t o  

a zone. 

B. Data a n a l y s i s  

The va r ious  t ypes  o f  d a t a  were compiled, t o g e t h e r  wi th  an ind iv idua l  

country r e p o r t ,  f o r  each o f  t h e  18 c o u n t r i e s  o f  t h e  Region and s e n t  t o  t h e  

Governments concerned f o r  comments (Margola (7 - 15);  Middlebrooks (16, 17); 

Mounier ( 3 ,  18);  Rozanov (19, 20); S c h i f i n i  (21 - 23)). 



The pol lu t ion  discharge projected for each of  t h e  coun t r i e s  reported 

on may d i f f e r  from t h e  values given i n  t h e  country repor t s  because of t h e  

individual  preferences of  t h e  var ious  authors  i n  s e l e c t i n g  po l lu t iona l  mass 

loading f a c t o r s  f o r  each type o f  industry.  To ensure con t inu i ty  a common 

set of po l lu t iona l  mass loading f a c t o r s  f o r  each type of indust ry  was 

se lec ted  and used f o r  a l l  o f  the  countr ies .  The values used i n  t h i s  r epor t  

a r e  not considered super ior  t o  those employed by t h e  authors  of the  

individual  country repor ts .  Wide v a r i a t i o n s  i n  t h e  mass of po l lu tan t s  

discharged per  uni t  of production a r e  reported i n  t h e  l i t e r a t u r e  and, 

depending upon the one se lec ted ,  the  estimated discharge fo r  a country can 

vary considerably . 
Estimates of the  mass o f  i n d u s t r i a l  pol lu t ion  discharged to t h e  

At lan t i c  Ocean were included i n  each country repor t ,  and were based upon 

production r a t e s  and the  number of  employees i n  conjunction with t h r e e  

sources of  information. The first source consisted of  ac tua l  measurements 

made by t h e  i n d u s t r i e s  located i n  t h e  coun t r i e s  v i s i t e d ;  t h e  second was 

s t u d i e s  reported i n  t h e  l i t e r a t u r e ;  and the  t h i r d  was an ext rapola t ion  of 

t h e  United S t a t e s  Environmental Protect ion Agency Eff luent  Standards f o r  

various i n d u s t r i a l  sectors. It has  been necessary t o  use all th ree  sources 

of information with t h e  production da ta  col lec ted  i n  each of  the  countr ies  

t o  es t imate  pol lu t ion  discharges because of  the  lack  of de ta i l ed  da ta  i n  

t h e  country o r  i n  t h e  l i t e r a t u r e  f o r  c e r t a i n  types of  indus t r i e s .  A 

de ta i l ed  descr ip t ion  of the  methods used t o  projec t  pol lu t ional  loads  is 

presented i n  t h e  following sec t ion .  

C. Pol lu t ion  loadings 

Because of the  v a r i a b i l i t y  between i n d u s t r i e s  and countr ies ,  it has been 

necessary t o  develop some technique f o r  uniform projec t ion  o f  the  pol lu t ion  

discharges from t h e  West and Central African countr ies .  The most d e s i r a b l e  

method o f  projec t ing  pol lu t ional  discharges would be t o  have information on 

t h e  q u a n t i t i e s  of waste water discharged and its c h a r a c t e r i s t i c s  measured 

by a competent laboratory.  However, t h i s  type of information is not of ten  

avai lable .  The second method of making projec t ions  is based upon t h e  d a i l y  



o r  yea r ly  product ion of goods o r  t h e  consumption of water and t h e  number o f  

employees working i n  a g iven  p lan t .  Because of t h e  pauc i ty  o f  d a t a  i n  t h e  

West and Cen t r a l  Afr ican Region, it has been necessary  t o  u t i l i z e  t h e  

product ion,  employee o r  water consumption d a t a  t o  p r o j e c t  waste water  

d i scharges .  It is very d i f f i c u l t  t o  r e l a t e  t h e  number o f  employees t o  

p o l l u t i o n  d i s cha rges  because o f  t h e  e f f o r t  t o  t ake  advantage o f  t h e  l a r g e  

labour  f o r c e  i n  many of  t h e  c o u n t r i e s  of t h e  Region i n  o r d e r  t o  make 

i n d u s t r i e s  l abour  i n t e n s i v e .  Although all i n d u s t r i e s  do n o t  a t tempt  t o  

t a k e  advantage of t h e  l a r g e  labour  f o r c e ,  t h e  ma jo r i t y  do, and f o r  t h i s  

reason t h e r e  is g r e a t  d i s p a r i t y  between t h e  numbers o f  employees used at 

similar manufacturing p l an t s .  

The r e l i a b i l i t y  of r e s u l t s  v a r i e s  from country t o  country and from 

i n d u s t r y  t o  i n d u s t r y ,  but  t h e  use o f  t h e  above-mentioned type  o f  information 

w i l l  r e s u l t  i n  as a c c u r a t e  an estimate as any o t h e r  technique t h a t  might be 

employed. Although numerous waste-loading parameters  are a v a i l a b l e  f o r  

v a r i o u s  i n d u s t r i e s ,  it has  been decided t o  use t h e  same procedure employed 

by UNIDO i n  t h e  Mediterranean Sea s tudy  (Carmichael and Nemerow (24)) .  They 

used t h e  United States Environmental P ro t ec t i on  Agency (EPA) Guide l ines  

(25) i n  which information was a v a i l a b l e  t o  conver t  product ion d a t a  t o  

contaminant l o a d s  (see t a b l e  2, and annex I V  f o r  d e f i n i t i o n s ) .  I n  a l l  c a s e s  

where EPA Guide l ines  have been used, 30-day average va lues  have been 

s e l e c t e d  t o  more a c c u r a t e l y  d e s c r i b e  world-wide condi t ions .  The EPA 

Guide l ines  d e s c r i b e  p o l l u t i o n  parameters f o r  e f f l u e n t s  from a t rea tment  

f a c i l i t y  only. Where e f f l u e n t  g u i d e l i n e s  are no t  a v a i l a b l e  f o r  a p a r t i c u l a r  

i n d u s t r y ,  t h e  c h a r a c t e r i s t i c s  o f  raw waste waters  f o r  a given i n d u s t r y  have 

been taken from books by Nemerow (26) ,  Middlebrooks (27) ,  EPA r e p o r t s  (28) 

(29) .  Carmichael and Nemerow (24) and from Bulk S tandards  f o r  Water 

Consumption and Water Discharge i n  Various Branches of Indus t ry  (30). 
These d a t a  are also summarized i n  t a b l e  2. 



T a b l e  2. Raw waste l o a d s  based on product ion r a t e s  used t o  e s t i m a t e  p o l l u t i o n  d i s c h a r g e s  from c o u n t r i e s  in t h e  West and C e n t r a l  Af r i can  Hegion 

(Kilograms per ton) 

Type of i n d u s t r y  Bob SS Oil and COD Ammonia P h e n o l s  Total F l u o r i d e  Cyanide  T o t a l  Reference 
g r e a s e  n i t r o g e n  chromium phosphorus 

Canned and prese rved  f r u i t s  
& v e g e t a b l e s  

Sou the rn  (non-breaded) sh r imp  

Alaskan botton f i s h  p r o c e s s i n g  

Corn wet m i l l i n g  
Corn dry m i l l i n g  
Bulgar wheat f lou r  m i l l s  
P a r b o i l e d  r i c e  
Beady-to-eat c e r e a l  
Wheat s t a r c h  g l u t e n  

S t a p l e  s l a u g h t e r h o u s e  
(@/ton,  l i v e  killed weigh t )  

Da i ry  p roduc t s  

C r y s t a l l i n e  cane  sugar 

E d i b l e  o i l s  

Brewery 

S o f t  drinks  

Flavour ing  e x t r a c t s  (chocolate 
e t c . )  

Cof fee  

Petroleum refining ( t o p p i n g )  
Pet roleum refining ( c r a c k i n g )  
Pet roleum s t o r a g e  & wash ing  

Manufactur ing soap flakes 
& powders 

Manufactur ing bar soap 



Tab le  2 ( c o n t i n u e d )  

Type o f  i n d u s t r y  BOD5 SS O i l  and COD Ammonia Phenols  T o t a l  F l u o r i d e  Cyanide T o t a l  Reference 
g r e a s e  n i t r o g e n  c h r o m i m  phosphorus  

T i r e s  & i n n e r  t u b e s  
Emulsion crumb r u b b e r  
S o l u t i o n  crumb r u b b e r  
Latex r u b b e r  

L e a t h e r  t a n n i n g  & f i n i s h i n g  
( h a i r  p u l p  w i t h  chrome tanning) 

Pulp ,  p a p e r  & paperboard 
(unb leached  k r a f t )  

Cement manufac tu r ing  ( l e a c h i n g )  

E x p l o s i v e s  

T e x t i l e s  p r i n t i n g  & dye ing  
(assume c l o t h  weighs 0.15 kg/m2) 22.7 

P a i n t  & l a c q u e r  0.13 

( k g / m 3  o f  plywood) 0.62 

(hardwood, k g / d )  3.64 

Plywood 

Veneer 

I r a n  & s t e e l  

P r imary  aluminium s m e l t i n g  by 
Hal l -Herou l t  p r o c e s s  

Phosphate manufac tu r ing  

S u l p h u r i c  a c i d  

Ammonium su lphate  

P l a t i n g  & g a l v a n i z i n g  
F e r t i l i z e r s  

P h a r m a c e u t i c a l s  

E Ia t t e r i e& 

-- 

a /  62. i! k g / t  of lead and cadmium a r e  a l s o  d i scha rged .  



It has  been necessary t o  e x t r a p o l a t e  e f f l u e n t  loading  d a t a  t o  raw 
waste water information by cons ider ing  what c o n s t i t u t e d  t h e  beat p r a c t i c a l  

t rea tment  u t i l i z e d  t o  produce t h e s e  e f f l u e n t  g u i d e l i n e  l e v e l s .  There are 
inhe ren t  weaknesses i n  e s t ima t ing  raw waste d ischarges  from an i n d u s t r i a l  

i n s t a l l a t i o n  by us ing  e f f l u e n t  s tandards ;  however, t h e  s t anda rds  are based 

upon 85 per  cen t  removal o f  BODr and SS. The e s t ima te s  f o r  BODp 
and SS are more r e l i a b l e  t han  those  f o r  o t h e r  parameters such as o i l  and 

&reas@, COD, and t h e  heavy metals .  It has  been decided t h a t  a rough 

approximation and an i n d i c a t i o n  o f  t h e  t y p e s  o f  materials being discharged 

t o  t h e  ocean would be more va luab le  t han  ignor ing  those  c o n s t i t u e n t s  and 

misleading t h e  c o u n t r i e s  involved. Production d a t a  are repor ted  most o f t en  

by t h e  i n d u s t r i e s  surveyed; t he re fo re ,  an example i l l u s t r a t i n g  t h e  method 

used to make p r o j e c t i o n s  u t i l i z i n g  t h e  EPA Guidel ines  is presented i n  the  

fol lowing paragraph. 

For a petroleum-refining ope ra t ion  t h e  EPA Guidel ines  state t h a t  an 

e f f l u e n t  from a waste-water t rea tment  f a c i l i t y  a t  a petroleum r e f i n i n g  

opera t  ion  (cracking subcategory) should con ta in ,  on a 30-day average, 

5.5 l b  of  BODc/l,OOO b a r r e l s  of  feed s tock.  To convert  t h i s  q u a n t i t y  o f  
d i scharge  from a t rea tment  f a c i l i t y  t o  t h e  amount of BOD contained i n  5 
t h e  raw waste water e f f l u e n t ,  it was assumed t h a t  85 p e r  c e n t  removal of 

t h e  BOD was obtained with t h e  t rea tment  f a c i l i t y .  The unt rea ted  waste 5 
water would, t he re fo re ,  con ta in  5.5 : 0.15 o r  36.7 l b  o f  BOD/1,000 

b a r r e l s  of c rude  o i l  r e f i n e d  (1 6.68 kg/1,000 b a r r e l s ) .  It was also assumed 

t h a t  7.3 b a r r e l s  o f  c rude  o i l  weighed 1 ton  ( s p e c i f i c  g r a v i t y  = 0.86), and 

t h e  d ischarges  i n  terms o f  pounds pe r  1,000 b a r r e l s  were converted t o  

kilograms per  ton of c rude  o i l  processed (0.126 kg/ton). Assuming t h a t  an  

o i l  r e f i n e r y  was processing 4.5 m i l l i o n  b a r r e l s  per  year  o f  c rude  o i l ,  o r  

61 6,440 t o n s  per  year ,  t h e  q u a n t i t y  of BOD5 expected i n  t h e  raw waste 

water  would be (4,500,000 : 7.3 ba r r e l s / t on )  x 0.126 kg o f  BOD pe r  5 
t on ,  o r  77,670 kg BODg/year. The same procedure was followed t o  

c a l c u l a t e  t h e  o t h e r  t ypes  of po l lu t ion  discharged from t h e  o i l  r e f i n e r y .  



An American Petroleum I n s t i t u t e  (API) s e p a r a t o r  was ope ra t ing  at a l l  
of t h e  o i l  r e f i n e r i e s  v i s i t e d ;  t h e  s epa ra to r  is considered an i n t e g r a l  

p a r t  of a r e f i n e r y  opera t ion .  The Guidel ines  presented in  t a b l e  2 are based 

upon t h e  production 0 f . a  t r e a t e d  e f f l u e n t  s t a r t i n g  wi th  t h e  e f f l u e n t  from an 

API s epa ra to r .  Comparing t h e  median BODr e f f l u e n t  concent ra t ion  measured 

at 135 r e f i n e r i e s  (17.25 kg per  1,000 b a r r e l s  o f  c rude  o i l )  with t h e  ca l cu la t ed  

d ischarge  based on 85 per  cen t  removal (1 6.68 kg per 1,000 b a r r e l s  o f  c rude  

o i l )  shows e x c e l l e n t  agreement between t h e  two values.  

When an i n d u s t r y ' s  p o l l u t i o n  production is expressed i n  terms o f  

thousand pounds o f  product ,  it is p o s s i b l e  t o  make t h e  fol lowing c a l c u l a t i o n s  

t h a t  a r e  more convenient than  t h e  one presented above. S ince  1 l b  o f  

BOD pe r  1,000 lb of  product is equal  t o  1 kg per  t o n  o f  product ,  t h e  5 
B r i t i s h  u n i t s  can e a s i l y  be converted t o  t h e  met r ic  system. If t h e  u n i t s  

are expressed i n ,  f o r  i n s t ance ,  barrels, as used above, it is first necessary 

t o  conver t  t h e  quan t i t y  of material t o  a mass o f  product before t h e s e  

conversions can be made. 

In  c a s e s  where va lues  f o r  t h e  COP are no t  a v a i l a b l e ,  an approximation 

can be ca l cu la t ed  by conver t ing  t h e  va lue  of t h e  B O D  with a s e l e c t e d  

conversion f a c t o r .  What c o n s t i t u t e s  an accep tab le  f a c t o r  is con t rove r s i a l ,  

but  f o r  convenience t h e  r a t i o  o f  COD t o  BOD5 w i l l  be aasum6d t o  be 2.5 

i n  all o f  the c a l c u l a t i o n s  i n  t h i s  r e p o r t  where a c t u a l  d a t a  are unavai lable .  

D. Estimated p o l l u t i o n  d ischarges  

Product ion r a t e  method 

Compilations of t h e  production d a t a  and est imated mass o f  p o l l u t a n t s  

being discharged t o  t h e  ocean f o r  each o f  t h e  c o u n t r i e s  on t h e  coas t  of t h e  

West and Cent ra l  Afr ican Region are presented i n  annex 111, tables 1-18. 

I n  s o m e  c o u n t r i e s  a complete l i s t i n g  o f  i ndus t ry  along t h e  coas t  is 



unava i l ab l e ,  and i n  some cases when a complete l i s t i n g  is a v a i l a b l e ,  

product ion rates are not .  Production rates are f r e q u e n t l y  r epo r t ed  

f o r  pe r iods  o t h e r  t han  t h e  immediate pas t  year  (1979),  and it i s  rare 

t h a t  estimates f o r  1980 a r e  ava i l ab l e .  Through c o n s u l t a t i o n s  with t h e  

l o c a l  m i n i s t r i e s  a s soc i a t ed  with i n d u s t r i a l i z a t i o n ,  e s t i m a t e s  of t h e  1980 

product ion have been made and used t o  estimate t h e  p o l l u t i o n  discharged to 

the  A t l a n t i c  Ocean. 

When product ion rates are no t  a v a i l a b l e  f o r  an e x i s t i n g  i ndus t ry ,  

t h e  fact is noted i n  t h e  table con ta in ing  the  d a t a  for t h e  country,  bu t  

p o l l u t i o n  d i s cha rge  p r o j e c t i o n s  are omit ted f o r  t h a t  i ndus t ry .  Only 

i n s t a l l a t i o n s  with r epo r t ed  production r a t e s  have been used to estimate t h e  

p o l l u t i o n  being discharged t o  t h e  ocean. This  approach h a s  r e s u l t e d  i n  a 

low es t ima te  o f  t h e  d i s cha rges ,  but  with t h e  except ion of t h r e e  c o u n t r i e s  

(L ibe r i a ,  Nigeria and S i e r r a  Leone), t h e  number of i n d u s t r i e s  i n  t h e  

c o a s t a l  areas without product ion d a t a  is i n s i g n i f i c a n t  cons ider ing  t h e  

u n c e r t a i n t y  involved i n  t h e  p ro j ec t i on  techniques.  

I n d u s t r i e s  known t o  be d ischarg ing  very l i t t l e  o r  no po l lu t i on  

t o  the  ocean have been excluded from t h e  estimates even though product ion 

d a t a  a r e  ava i l ab l e .  Therefore ,  t h e r e  are two classes o f  i n d u s t r y  without  

p o l l u t i o n  d ischarge  p r o j e c t i o n s  (annex 111): those  with product ion rates 

but c o n t r i b u t i n g  l i t t l e  p o l l u t i o n ,  and those  without product ion da ta .  

Production r a t e  d a t a  f o r  most o f  t h e  i n d u s t r i e s  i n  L i b e r i a  and 

Sierra Leone are unava i lab le ,  and it is necessary t o  p r o j e c t  t h e  p o l l u t i o n  

discharged to t h e  ocean by mul t ip ly ing  the estimated p o l l u t i o n  d i s cha rges  

from t h e  i n d u s t r i e s  v i s i t e d  by a r a t i o  of t h e  number o f  l o c a l  employees i n  

the c o a s t a l  a r e a s  t o  the number of employees working at t h e  i n d u s t r i e s  

v i s i t e d .  

I n d u s t r i a l  d a t a  method 

Some of  the  i n d u s t r i e s  v i s i t e d  i n  7 o f  t h e  18 c o u n t r i e s  v i s i t e d  

repor ted  d a t a  on t h e  c h a r a c t e r i s t i c s  of t h e  waste water discharged,  number 

o f  employees, and product ion r a t e s .  These d a t a  d i f f e r  from t h e  data 

presented i n  annex I11 i n  t h a t  t h e  d a t a  r ep re sen t  l a b o r a t o r y  measurements 

o r  an e s t ima te  o f  t h e  po l lu t i on  discharged by t h e  i n d u s t r y  based on t h e  

judgement o f  t h e  consu l t an t  and t h e  i n d u s t r y  r ep re sen t a t i ve .  



With such a methodology, t h e  est imated t o t a l  po l lu t ion  d ischarges  

are ca l cu la t ed  by mul t ip ly ing  t h e  t o t a l  po l lu t ion  discharged by t h e  

i n d u s t r i e s  v i s i t e d  by a r a t i o  of t h e  t o t a l  number o f  employees i n  a l l  

i n d u s t r i e s  i n  t h e  c o a s t a l  a r e a  t o  t h e  number o f  employees working at t h e  

i n d u s t r i e s  v i s i t e d .  I n  t h e  case o f  an unusually l a r g e  and spec i a l i zed  

indus t ry  ( f o r  example, Blohorn i n  Ivory Coast), t h e  p o l l u t i o n  d ischarges  

a r e  not included i n  t h e  t o t a l s  f o r  t h e  i n d u s t r i e s  v i s i t e d  t o  c a l c u l a t e  t h e  

pro jec ted  total c o a s t a l  discharge.  These unusually l a r g e  q u a n t i t i e s  are 

added to  t h e  pro jec ted  total. 

A comparison o f  t h e  above e s t ima te s  with t h e  e s t ima te s  based upon 

t h e  Guidel ines  ( t a b l e  2)  is presented i n  t a b l e  3. There is  very l i t t l e  

agreement between t h e  r e s u l t s  o f  t h e  two methods. This  is not  unexpected 

when t h e  d i f f e r e n c e s  i n  t h e  two methods are considered. I n  gene ra l ,  t h e  

p ro j ec t ion  method f o r  t h e  i n d u s t r i e s  v i s i t e d  would be  expected t o  y i e l d  t h e  

h igher  va lues ,  because t h e  i n d u s t r i e s  v i s i t e d  were known t o  be t h e  l a r g e s t  

u s e r s  of water ,  and consequently t h e  most l i k e l y  d i scha rge r s  o f  po l lu t an t s .  

When t h e  t o t a l  p o l l u t a n t  d i scha rges  a r e  mu l t ip l i ed  by an employee r a t i o  

t h a t  i nc ludes  employees from all  c a t e g o r i e s  o f  i ndus t ry ,  a high e s t ima te  

w i l l  l i k e l y  r e s u l t .  This  i a  p a r t i c u l a r l y  t r u e  where on ly  a few i n d u s t r i e s  

d i scharg ing  l a r g e  q u a n t i t i e s  o f  waste water a r e  included i n  t h e  number o f  

i n d u s t r i e s  v i s i t e d .  

The most l o g i c a l  method o f  making p r o j e c t i o n s  of po l lu t ion  d ischarges  

is based upon a c t u a l  d a t a  co l l ec t ed  by a competent independent labora tory .  

Th i s  op t ion  was unava i l ab l e  t o  t h i s  s tudy  and is u n l i k e l y  t o  become a v a i l a b l e  

i n  t h e  near  f u t u r e  because o f  t h e  expense involved,  l a c k  o f  equipment and 

t r a i n e d  personnel. 

The d a t a  repor ted  i n  annex V, t a b l e s  1-7 are not  based only  upon 

l abo ra to ry  studies. Much of  t h e  data are approximations based upon 

t h e  judgement of the i n d u s t r i a l  personnel and t h e  consul tan t  v i s i t i n g  the  

indus t ry .  The production d a t a  are thought to  be t h e  most accu ra t e  of all 

data c o l l e c t e d ,  and e s t ima te s  of po l lu t ion  d ischarge  rates based upon 

product ion rates and t h e  Guidel ines  ( t a b l e  2) are probably t he  most 

accura te .  



Table  3. Cornpariaon of methods to e s t i m a t e  mass of p o l l u t a n t s  d i scha rged  t o  t h e  ocean  i n  s even  c o u n t r i e s  o f  the West and C e n t r a l  Af r i can  Region 

(Tons p e r  y e a r )  

Type of i n d u s t r y  BOD5 SS O i l  and COD Ammonia Pheno l s  T o t a l  F l u o r i d e  Cyanide Total 
g r e a s e  n i t r o g e n  chromi urn phosphorus 

I v o r y  Coast  
G u i d e l i n e s  
I n d u s t r y  v i s i t e d  

Togo 
Guide1 ines 
I n d u s t r y  v i s i t e d  

Sao Tome and P r i n c i p e  
G u i d e l i n e s  
I n d u s t r y  v i s i t e d  

United Republic of 
Cameroon 
G u i d e l i n e s  
I n d u s t r y  v i s i t e d  

Gabon 
G u i d e l i n e s  
I n d u s t r y  v i s i t e d  

Congo 
Guide l ines  
I n d u s t r y  v i s i t e d  

Angola 
G u i d e l i n e s  
I n d u s t r y  v i s i t e d  

381 
1 too B9T 5 200 

Note: The d i f f e r e n c e  of two o r d e r s  o f  magni tude between t h e  v a l u e s  o b t a i n e d  from the  G u i d e l i n e s  and from t h e  i n d u s t r y  v i s i t e d  f o r  SS - 
i n  Togo is because  Uni ted  S t a t e s  phosphate mining o p e r a t i o n s  a r e  carried o u t  u t i l i z i n g  a h o l d i n g  pond o r  some o t h e r  p r e l i m i n a r y  t r e a t m e n t  f o r  
was te  w a t e r s  before d i s c h a r g e  of what is termed raw Waste. S i n c e  n e a r l y  a l l  SS i n  i n d u s t r i a l  waste  come from phospha te  mining o p e r a t i o n s  i n  
TWO, t h i s  is r e f l e c t e d  i n  the s u b s t a n t i a l  difference observed i n  t h e  two f i g u r e s  i n  t h e  t a b l e .  



P o l l u t i o n  d i s cha rge  by zone 

As mentioned above, t h e  West and Cent ra l  Afr ican  Region was d iv ided  

i n t o  f i v e  zones closely approximating t h e  major c u r r e n t s  o f  t h e  A t l a n t i c  

Ocean. The es t imated  p o l l u t i o n  discharged by i n d u s t r i a l  sector is ca l cu l a t ed  

f o r  each  of t h e  zones by adding t h e  con t r ibu t ion  from each count ry  assigned 

t o  a zone. Estimated p o l l u t i o n  d i s cha rges  f o r  t h e  f i v e  zones are presented 

i n  t a b l e s  4-8. Although t h e  r e s u l t s  are repor ted  t o  t h e  first decimal 

p o i n t ,  t h e  i n t e n t  is not  t o  imply t h a t  t h e  r e s u l t s  are s i g n i f i c a n t  t o  t h a t  

l e v e l .  The va lues  i n  t a b l e s  4-8 are probably accurate t o  on ly  two o r  t h r e e  

s i g n i f i c a n t  f i g u r e s .  On t h e  map ( s e e  f i g u r e )  are shown t h e  boundaries o f  t h e  

f i v e  zones, t h e  type  o f  i n d u s t r i e s  l oca t ed  near  t h e  c o a s t ,  and the  magnitude 

of i n d u s t r i a l  p o l l u t a n t s  discharged t o  t h e  ocean i n  each zone. 

I n  t a b l e s  4-8, t h r e e  d o t s  ( . . . I  are used t o  i n d i c a t e  t h a t  product ion 

d a t a  are no t  a v a i l a b l e  a l though t h e  ca tegory  o f  i n d u s t r y  is known t o  e x i s t  

i n  t h e  c o a s t a l  area of t h e  zone. A s  explained above, i f  production d a t a  

were not  a v a i l a b l e ,  estimates o f  t h e  po l lu t i on  discharged were n o t  attempted. 

I n  Zone I, 41 and 44 per  c e n t  of t h e  est imated mass o f  BODr discharged 

t o  t h e  ocean are a t t r i b u t a b l e  t o  t h e  e d i b l e  o i l s  and l e a t h e r  i n d u s t r i e s ,  

r e s p e c t i v e l y  ( t a b l e  4 ) .  The v a s t  ma jo r i t y  of t h e  SS, o i l  and g rease  and 

COD discharged to t h e  ocean a r e  also produced by t h e  e d i b l e  o i l s  and 

l e a t h e r  i n d u s t r i e s .  Processing of f i s h  and shrimps makes a s i g n i f i c a n t  

con t r ibu t ion  t o  t h e  SS and o i l  and g rease  discharged,  but t h e  con t r ibu t ion  

is less than  15  p e r  cen t  of  t h e  t o t a l  discharged.  

The es t imated  mass o f  p o l l u t a n t s  discharged t o  t h e  ocean i n  Zone I1 

is shown i n  t a b l e  5. Over 50 pe r  cen t  of t h e  mass of BOD- discharged 

t o  t h e  ocean comes from breweries.  The est imated mass o f  SS emanating 

from breweries  comprises on ly  30.5 pe r  cen t  of the  t o t a l  SS discharged ,  but 

t h i s  c o n t r i b u t i o n  is over  one and one-half times as l a r g e  as t h e  second 

l a r g e s t  con t r ibu t ion  t o  SS, which i s  t h e  f i s h  and shrimp indus t ry  (19%). 

O i l  and grease d i scha rges  t o  t h e  ocean from Zone I1 r e s u l t  p r i n c i p a l l y  from 

t h e  e d i b l e  o i l  (4751, petroleum r e f i n i n g  ( 3 3 % ) ,  and f i s h  and shrimp (18%) 

i n d u s t r i e s .  
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Table 4 .  Estimated mass of pollutants discharged to the ocean by Industrial sectors i n  Zone I o f  the West and Central African Region 

(Tons per year) 

Type o f  industry *% SS O i l  and COD Ammonia Phenols Total Fluoride Cyanide Total 
grease nitrogen chromium phosphorus 

Petroleum refining & handling 

Edible o i l s  

Beer 

Soft drinks 

Soap 6 detergents 

Fish & shrimps 

Sugar 

Textiles 

Paint 

 ice' 

Dairy products 

Frui t s  & vegetables 

Heat 

Leather 

Ferti l izer 

Asphalt 

Metal working & coating 

Total 



Table  5. Estimated mass of  p o l l u t a n t s  discharged to the ocean by i n d u s t r i a l  s e c t o r s  i n  Zone II  of t h e  West and Central  Afr i can  Region 

(Tons per year) 

Type o f  indus try  BOIfc SS Oil and COD Ammonia Phenols  Tota l  F luor ide  Cyanide Total  
grease  n i t rogen  chromium phosphorus 

Petroleum ref in ing  

E d i b l e  o i l s  

Beer  

Soft drinks 

Alcohol  & blending of s p i r i t s  

Soap & detergents  

F i s h  & shrifflps 

Sugar 

T e x t i l e s  

E x p l o s i v e s  

Paint 

Flour 

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

Total 



The estimated mass of po l lu tan t s  discharged t o  t h e  ocean i n  Zone I11 

is shown i n  t a b l e  6. The majori ty o f  the  mass of BOD, discharged 

t o  t h e  ocean is d i s t r i b u t e d  between t h e  e d i b l e  o i l s  ( 1 9 0 ,  brewing (21%). 

cement (1451, and cof fee  (20%) indus t r i e s .  T e x t i l e  i n d u s t r i e s  cont r ibute  

an add i t iona l  7 per  cent  of  the mass of BOD- discharged. Phosphate 

mining con t r ibu tes  over 74 per  cent  of  SS discharged t o  t h e  ocean. The 

second l a r g e s t  cont r ibut ion  t o  SS discharged is t h e  t e x t i l e  industry 

(5.5%), but comparatively t h e  mass is ins ign i f i can t .  O i l  and grease  

discharges p r inc ipa l ly  r e s u l t  from t h e  e d i b l e  o i l s  i n d u s t r i e s  (72.4%). 

Large q u a n t i t i e s  of f l u o r i d e  and t o t a l  phosphorus a r e  discharged by t h e  

phosphate mining industry.  

The estimated mass o f  po l lu tan t s  discharged t o  t h e  ocean i n  Zone I V  

is shown i n  t a b l e  7. Petroleum refining and handling opera t ions  account 

f o r  6.8 per  cent  of t h e  BOD and f o r  99.0 per  cent  of  t h e  o i l  and 5 
grease discharged t o  t h e  ocean. The majori ty of  the  crude o i l  production 

and petroleum re f in ing  along the West African coast  occurs i n  Zone I V .  The 

d i s t r i b u t i o n  of  pol lu t ion  discharges from other  i n d u s t r i a l  s e c t o r s  is 

s i m i l a r  t o  t h a t  observed i n  t h e  o the r  four zones except t h a t  a c t i v i t y  i n  

Zone I V  is genera l ly  on a much larger sca le .  For example, pulp and paper 

manufacturing occurs i n  o the r  zones, but on such a r e l a t i v e l y  small s c a l e  

t h a t  po l lu t ion  discharges are an i n s i g n i f i c a n t  p a r t  o f  the  t o t a l ;  whereas, 

i n  Zone ,IV t h e  estimated mass of  pol lu t ion  (SS) contr ibuted by t h e  pulp and 

paper indust ry  is larger than t h e  t o t a l  mass of SS discharged from Zone V. 

The estimated mass of  po l lu tan t s  discharged t o  t h e  ocean i n  Zone V 

is shown i n  t a b l e  8. The estimated discharges t o  t h e  ocean from Zone V a r e  

t h e  lowest of any of t h e  f i v e  zones. Beer production accounts f o r  45 per  cent  

o f  BODp discharged In  t h e  zone; petroleum re f in ing  and handling con t r ibu te  

over 17 per  cen t  o f  t h e  BODp discharged; wood products (10s); e d i b l e  

o i l s  (8%); and t e x t i l e s  ( 7 0  a r e  t h e  o the r  large con t r ibu to r s  t o  t h e  t o t a l  

maas of BOD- discharged. Approximately 98 per cent of t h e  o i l  and 

grease discharged i n  t he  Zone r e s u l t s  from petroleum re f in ing  and handling. 

SS discharges come p r i n c i p a l l y  f r o m  petroleum ( 18%),  beer (3  I % ) ,  and 

t e x t i l e s  ( 2 7 0 .  



Table 6. Estimated mass of pollutants discharged to the ocean by industrial sectors i n  Zone I I I  o f  the West and Central African Region 

(Tons per year) 

Type of Industry B"% SS Oil and COD Ammonia Phenols Total Fluoride Cyanide To ta l  
grease nitrogen chromium phosphorus 

Petroleum refining & handling 537.0 341.2 204.5 1 496.3 111.4 2.6 6.8 

Edible oils 1828.6 1599.0 1148.0 4575.6 

Beer 2 007.4 930.9 2 204.2 

Soft drinks 2Ql.6 332.1 605.9 

Alcohol & wine bottling 187.2 257.4 469.6 

Soap & detergents 93.6 159.5 11.2 234.0 

Textiles 684.5 1752.2 8 519.2 

Paint 0.5 0.9 1.5 

Flour 57.7 51.3 144.7 

Dairy products 

Fruits & vegetables  

Heat 

F e r t i l  h e r  

Asphalt 

Steel 

Allminim 

Metal plating & coating 

Cement 1 355.0 3 400.3 

Coffee 1 875.0 150.0 4 686.0 

Cocoa products 329.7 288.3 207.0 824.9 

Mood products (plywood, 
veneers ,  lumber) 

Total 
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A comparison of t h e  p o l l u t i o n  l o a d s  f o r  t h e  f i v e  zones shows t h a t  

Zone I V  d i s c h a r g e s  far more p o l l u t i o n  t h a n  any o t h e r  zone. Of t h e  

t o t a l  p o l l u t i o n  d i scharged  t o  t h e  ocean from t h e  18 c o u n t r i e s  o f  t h e  

Region, it is e s t i m a t e d  t h a t  43 p e r  c e n t  of BOD 36 p e r  c e n t  o f  SS, 5 ' 
83 p e r  c e n t  o f  o i l  and g r e a s e ,  and 60 p e r  c e n t  o f  COD are d i scharged  from 

Zone I V .  Zones I and I11 c o n t r i b u t e  a lmos t  e q u a l l y  t h e  m a j o r i t y  o f  the 

remaining p o l l u t i o n  l o a d  excep t  t h a t  Zone I11 d i s c h a r g e s  38 p e r  c e n t  of 

t h e  t o t a l  SS d i s c h a r g e d  i n  t h e  Region. T h i s  large percen tage  o f  SS is 

p r i n c i p a l l y  a t t r i b u t a b l e  t o  phosphate  mining o p e r a t i o n s .  Zones I1 and V 

d i s c h a r g e  on ly  a minor p r o p o r t i o n  o f  t h e  p o l l u t i o n  t o  t h e  ocean i n  t h e  

Region. 

E. Comparison o f  munic ipa l  and i n d u s t r i a l  waste d i s c h a r g e s  

Tab le  9 shows a comparison o f  t h e  p o t e n t i a l  mass o f  BOD and SS 
5 

d i s c h a r g e d  t o  t h e  ocean by t h e  p o p u l a t i o n  o f  t h e  major c o a s t a l  c i t i es  and 

i n d u s t r i e s .  The BOD estimate is  based upon a p e r  c a p i t a  d i s c h a r g e  o f  5 
64 grams p e r  day,  and 91 grams p e r  c a p i t a  p e r  day is  used t o  e s t i m a t e  

SS d i s c h a r g e d  by t h e  p o p u l a t i o n  o f  t h e  c o a s t a l  c i t i e s .  The estimated 

i n d u s t r i a l  p o l l u t i o n  d i scharged  t o  t h e  ocean f o r  each  c o u n t r y  is t a k e n  

from t a b l e  18. 

o n l y  i n  Zones I and I V  does  t h e  p e r c e n t a g e  o f  BOD d i s c h a r g e d  by 5 
i n d u s t r y  exceed 12 p e r  c e n t  of t h e  municipal  d i s c h a r g e .  Both Zones I and I V  

a r e  much more i n d u s t r i a l i z e d  t h a n  t h e  o t h e r  zones. The percen tage  o f  SS 

d i s c h a r g e d  by i n d u s t r y  is approximately  t h e  same as t h a t  observed f o r  BOD 5 ' 
t h e  e x c e p t i o n  being Zone I11 where l a r g e  phosphate  washing o p e r a t i o n s  are 

l o c a t e d .  The phosphate  washing o p e r a t i o n s  r e s u l t  i n  a n  e x c e p t i o n a l l y  

large d i s c h a r g e  o f  SS. 

I n  i n d u s t r i a l i z e d  n a t i o n s  the  d i s c h a r g e  o f  BOD5 and SS u s u a l l y  

exceeds  50 p e r  c e n t  o f  t h e  municipal  was te  water d i s c h a r g e s  and i n  many 

l o c a t i o n s  can exceed t h e  municipal  d i s c h a r g e s .  Only Zones I and I V  are 

approach ing  f u l l  i n d u s t r i a l i z a t i o n ,  and i n  t h e s e  two zones most of t h e  

i n d u s t r i a l  a c t i v i t y  is c o n c e n t r a t e d  i n  N i g e r i a  and Senegal .  Of t h e  f i v e  

zones ,  Zone I V  is i n  need o f  immediate p lann ing  and implementat ion o f  

p o l l u t i o n  c o n t r o l  programmes. Other  a r e a s  o f  c o n c e n t r a t e d  a c t i v i t y  on t h e  

c o a s t  a l s o  need immediate a t t e n t i o n ,  b u t  t h e  g r e a t e s t  p o t e n t i a l  f o r  a 

s e r i o u s  problem to  develop on a l a r g e  s c a l e  e x i s t s  i n  Zone I V .  



Table 9. Comparison of estimated pol lu t ion  discharged t o  t h e  ocean by the  populations 
of the  major coastal cit ies and i n d u s t r i e s  i n  t h e  West and Central  African Region 

Country and Estimated A Estimated pol lu t ion  discharged 
major c o a s t a l  populat ion^ By population By indust ry  

Zone cities i n  1980 B0D5 SS BOD5 S3 
( In  thousands) ( t /a )  

I Senegal 5 585 
Sa in t  Louis 97 
Dakar 879 
Ziguinchor 80 
Thi6s 129 

Gambia 
Banjul 

Guinea Bissau 1 006 
Bissau 100 

Zone t o t a l  
I n d u s t r i a l  percentage 

I1 Guinea 4 983 
b f f a  134 
Conakry 530 
~ o r e c a r i a h  146 

S i e r r a  Leone 3 421 
Free town 3 16 

Liber ia  1 766 
Monrovia 22 1 

Zone t o t a l  
I n d u s t r i a l  percentage 

I11 Ivory Coast 7 548 
Abidjan 1 573 

Ghana 11 473 
Accra-Tema 

Area 965 
Takoradi- 
Sekondi 210 
Cape Coast 68 

Togo 2 548 
Lome 24 9 

Benin 3 558 
Porto-Novo 119 
Cotonou 20 3 

Zone t o t a l  79 120 11 2516 9 512 31 732 
I n d u s t r i a l  percent age 12 28 



Table 9 (continued) 

Country and Estimated Estimated po l lu t ion  discharged 
major coastal population!/ By population By industry 

Zone cit ies i n  1980 BODS SS BOD5 s3 
(In thousands) ( t / a )  

I V  Nigeria 82 800 
Lagos 4 100 
Port Harcourt 276 

United Republic 
of Cameroon 8 355 

Douala 532 
Victor ia  34 

Equatorial Guinea 298 
Ma1 abo 37 
Bata 27 

Sao Tome and 80 
Principe 

Gabon 1 300 
L i b r e v i l l e  25 1 
Port-Gentil 78 

Zone t o t a l  
Industr ia l  percentage 

V Congo 1 548 
Pointe-Noire 1 64 

Zaire 28 188 
None 

Angola 7 067 
Luanda 602 
Lobi t o  74 
Benguela 51 

Zone t o t a l  

Industr ia l  percent age 

Region t o t a l  

Total industrial percentage 

a/ See  (1) .  - 



F. P o l l u t i o n  problems 

During t h e  v i s i t s  t o  t h e  West and Cent ra l  Afr ican Region, it 

was observed t h a t  i n d u s t r i a l  development was r e l a t i v e l y  l imi t ed  and pol lu-  

t i o n  d ischarges  from t h e  i n d u s t r i e s  were c r e a t i n g  l i t t l e  impact on t h e  

environment except i n  i s o l a t e d  cases .  A s i g n i f i c a n t  change i n  t h e  impact 

on t h e  environment w i l l  l i k e l y  occur  because of t h e  concerted e f f o r t s  being 

made towards expanding indus t ry  i n  t h e  Region. The lack  o f  a s i g n i f i c a n t  

p o l l u t i o n  problem i n  most c o u n t r i e s  o f  t h e  Region a t  t h i s  time al lows 

Governments and indus t ry  t o  begin a planning process  t h a t  w i l l  a l low them 

t o  avoid c r e a t i n g  environmental problems. Avoiding such problems is far 

less expensive than  t r y i n g  t o  c o r r e c t  them a f t e r  t hey  develop. 

The major problem mentioned by t h e  l o c a l  c i t i z e n s  and observed by 

t h e  consu l t an t s  was t h e  o i l  d i s cha rges  t h a t  accumulate on the beaches. 

Boat owners a l s o  mentioned t h e  coa t ing  of t h e  s i d e s  o f  boa ts  with o i l .  

Two sources  of  o i l  were i d e n t i f i e d  by t h e  i n d i v i d u a l s  interviewed and 

through observat ions:  t h e  f i r s t  was c r e d i t e d  t o  petroleum loading 

t e rmina l s ,  o i l  exp lo ra t ion  a c t i v i t i e s  and o i l  t anke r s  c l ean ing  b i l g e s  

near  t h e  shore  a f t e r  unloading at o i l  r e f i n e r i e s ;  t a n k e r s  t r a n s p o r t i n g  

petroleum from t h e  Middle Eas t  were a l s o  thought t o  con t r ibu te .  The 

second w a s  t h e  l i k e l y  result from t h e  d ischarge  o f  used automobile 

crankcase o i l  i n t o  t h e  dra inage  c a n a l s  and sewers o f  t h e  c i t i e s  l oca t ed  

a long  t h e  coas t .  Many s e r v i c e  s t a t i o n s  apparent ly  do no t  have o i l - t r a p s  

t o  cap tu re  t h e  crankcase o i l  p r i o r  t o  d ischarg ing  water  t o  t h e  ocean. 

Th i s  d i scharge  has  a s i g n i f i c a n t  impact on t h e  s t reams,  e s t u a r i e s ,  and 

ocean nea r  t h e  c i t i e s  o f  t h e  Region. The problem could be solved 

inexpensively by r equ i r ing  t h a t  t h e  garages  c o n s t r u c t  o i l - t r a p s .  

F l o a t i n g  logs from lumber o p e r a t i o n s  are a naviga t iona l  hazard 

and accumulate on c e r t a i n  beaches. I n  c e r t a i n  a r e a s  o f  t h e  Region, large 

q u a n t i t i e s  o f  o i l ,  brewery, tannery ,  non-carbonated beverages,  t e x t i l e  

and food processing wastes are being discharged. These d ischarges  have 

po l lu t ed  t h e  r ece iv ing  waters, bu t  t h e  concen t r a t ions  have n o t  reached a 

l e v e l  t h a t  causes obnoxious odours  o r  uns igh t ly  s o l i d s  accumulations. 

What impact t h e s e  contaminants may be having on t h e  h e a l t h  o f  t h e  people 

remains unassessed,  but  i n  many areas o f  t h e  Region dr inking  water  is 

obtained from streams r ece iv ing  i n d u s t r i a l  and human wastes. Clothes are 

a l s o  washed i n  t h e s e  streams. 



I n  most of t h e  c o u n t r i e s  of t h e  Region, v i s u a l  observa t ion  o f  

e s t u a r i e s ,  and s t reams ind ica t ed  t h a t  t h e  major t ypes  o f  materials 

t h e  r i v e r s ,  

discharged 

a r e  t h e  r e s u l t  o f  human a c t i v i t y  and no t  i n d u s t r i a l .  However, t h e r e  were 

except ions  and e f f o r t s  should also be d i r e c t e d  towards so lv ing  l o c a l i z e d  

i n d u s t r i a l  problems. 

The immediate needs i n  most a r e a s  were s o l u t i o n s  t o  t h e  human p o l l u t i o n  

problems. It is s t r o n g l y  recommended t h a t  planning begin, and a long-range 

management p lan  be implemented to avoid t h e  c r e a t i o n  of i n d u s t r i a l  po l lu t ion  

problems. It is e s s e n t i a l  t h a t  management planning be implemented 

immediately f o r  t h e  e n t i r e  Region t o  avoid c o s t l y  r e h a b i l i t a t i o n  e f f o r t s .  

I n d u s t r i a l  waste t rea tment  and d i sposa l  p r a c t i c e s  

Waste t rea tment  i n  t h e  c o u n t r i e s  o f  t h e  West and Cent ra l  Afr ican 

Region is v i r t u a l l y  non-existent.  Only an occas iona l  sedimentation bas in ,  

g rease  t r a p  o r  occas iona l  sand f i l t e r  was observed by t h e  consu l t an t s  as 

they  v i s i t e d  i n d u s t r i e s  i n  t h e  Region. The r o l e  o f  waste-water t rea tment  

i n  p o l l u t i o n  c o n t r o l  is discussed i n  annex I. 

API s e p a r a t o r s  were observed a t  most o f  t h e  petroleum handling 

and r e f i n i n g  f a c i l i t i e s ,  bu t  t h i s  dev ice  is an i n t e g r a l  p a r t  o f  most 

petroleum ope ra t ions  and is gene ra l ly  no t  considered to  be  waste-water 

t rea tment  as such. The i n s t a l l a t i o n  of an API s e p a r a t o r  makes a s i g n i f i c a n t  

d i f f e r e n c e  i n  t h e  quan t i t y  of o i l  discharged to t h e  environment, and also 

r e  aul  ts i n  cons iderable  f i n a n c i a l  sav ings  because the recovered o i l  is 

recyc led  through t h e  opera t ion .  

The ma jo r i t y  o f  t h e  i n d u s t r i e s  i n  t h e  West and Cent ra l  Afr ican Region 

a r e  producing waste products t h a t  are amenable t o  biological t reatment .  

Planning of waste-water t rea tment  facili t ies for  t h e  i n d u s t r i e s  should be 

co-ordinated wi th  t h e  e f f o r t s  made f o r  the va r ious  municipal waste-water 

t rea tment  systems. It is l i k e l y  t h a t  a combined t reatment  f a c i l i t y  would 

be far more economical f o r  everyone involved. If new i n d u s t r i e s  t h a t  

produce wastes  not  amenable t o  b io log ica l  t rea tment  are a t t r a c t e d  t o  t h e  

area, then some form o f  pretreatment  could be requi red  before  t h e  indus t ry  

could d ischarge  i n t o  t h e  municipal system. 



H. Educat ional  needa 

It was not  obvious from t h e  v i s i t s  t h a t  the appropr i a t e  pub l i c  

o f f i c i a l s  are s e n s i t i v e  t o  p o t e n t i a l  environmental problems due t o  pol lu t ion .  

I n  add i t i on ,  very  few people r ece ive  an  educat ion i n  po l lu t ion  c o n t r o l  and 

environmental p ro t ec t ion .  In  o r d e r  t o  p r o t e c t  t h e  hea l thy  environment t h a t  

c u r r e n t l y  e x i s t s  i n  most areas of t h e  Region, i t  is e s s e n t i a l  t h a t  people 

be t r a i n e d  in environmental engineer ing  and sc i ence  t o  develop programmes 

t h a t  w i l l  a l low expansion of i ndus t ry  whi le  p r o t e c t i n g  t h e  environment. 

The development o f  t h e  t o u r i s t  i ndus t ry  has a high p r i o r i t y  wi th  t h e  

Governments of many o f  t h e  c o u n t r i e s  o f  t he  Region, and i f  t h i s  i ndus t ry  is 

t o  develop t o  its maximum p o t e n t i a l ,  it is e s s e n t i a l  t h a t  t h e  i n d u s t r i a l i z a -  

t i o n  of t h e  c o u n t r i e s  be co-ordinated wi th  environmental p ro t ec t ion  

a c t i v i t i e s .  The s u r v i v a l  o f  t h e  t o u r i s t  i ndus t ry  is ind i s so lub ly  l i nked  

wi th  the p r o t e c t i o n  of  t h e  environment. 

Local u n i v e r s i t i e s  and t echn ica l  programmes should be encouraged t o  

begin a long-range p lan  t o  produce t h e  p ro fe s s iona l s  and t echn ic i ans  

requi red  t o  p r o t e c t  t h e  environment o f  t h e  West and Cent ra l  Afr ican Region. 

Adequate planning at t h i s  s t a g e  w i l l  ensure  t h a t  t h e  environment is not 

degraded beyond r e p a i r .  Minis t ry  personnel knowledgeable i n  t h e  c o n t r o l  

o f  p o l l u t i o n s 1  d i scha rges  and t h e  p ro t ec t ion  o f  t h e  environment were not 

encountered i n  most of  t h e  c o u n t r i e s  v i s i t e d .  It is imperat ive t h a t  

i n d i v i d u a l s  become knowledgeable and begin t o  cons ider  t h e  p ro t ec t ion  of  

the environment when expansion is considered. 

I. Pro jec ted  i n d u s t r i a l  development 

A summary o f  t h e  pro jec ted  i n d u s t r i a l  development f o r  13 o f  t h e  

18 c o u n t r i e s  v i s i t e d  is presented i n  t a b l e  10. The production rates were 

f r equen t ly  unknown o r  unavai lab le ,  and 5 o f  t h e  coun t r i e s  d i d  not  r epo r t  

information on f u t u r e  development. A l l  18 c o u n t r i e s  were a n t i c i p a t i n g  

ex tens ive  i n d u s t r i a l  development wi th in  t h e  next  10 yea r s  even though 

information on s p e c i f i c  plans was not  ava i l ab l e .  



A s  shown i n  t a b l e  10, many l a r g e  i n d u s t r i e s  are planned i n  t h e  

c o a s t a l  area of the  West and Central  African Region. Because of  extensive 

na tu ra l  resources,  it is very l i k e l y  t h a t  rapid  development w i l l  occur i n  

most coun t r i e s  of  the  Region. Unfortunately, inadequate da ta  are a v a i l a b l e  

t o  es t imate  t h e  l i k e l y  increase  i n  t h e  discharge of i n d u s t r i a l  pol lu t ion  t o  

t h e  ocean, but t h e  information provided shows t h a t  a s i g n i f i c a n t  increase  

i n  t h e  discharge of  i n d u s t r i a l  pol lu t ion  is l i k e l y  t o  occur within t h e  next 

5 t o  10 years. Where local ized  pol lu t ion  problems e x i s t ,  they w i l l  be 

compounded as new development occurs unless  development is  co-ordinated 

with an environmental protect ion plan. I n d u s t r i a l  developments w i l l  also 

acce le ra te  t h e  increase  i n  population, thereby exacerbating the  pol lu t ion  

problems caused by domestic sources t h a t  according t o  t h e  survey a r e  

already t h e  major sources o f  pol lu t ion  loads  discharged i n t o  t h e  marine 

environment. 

Table 10. Projected industrial establishments i n  the West and Central African Region 

Estimated 
Estimated number of Estimated year 

countr& Location Company Products production rate employees of completion 

Senegal 

Senegal 

Senegal 

Senegal 

Senegal 

Senegal 

Senegal 

~ ~ 

Dakar SIES Phosphoric acid 
fer t i l izer  

Casamance O i l  extraction 

SAR Petroleum refinery 

Kadac SOTEXKA Cotton text i les  

Starch & glucose 
from manioca 

Sugar & alcohol 

Cap Vert ICOTAF Textiles 

Senegal Cap Vert SIPL Dairy products . . . 
Senegal Cap Vert SONACOS Edible o i l  ... 
Senegal Casamance F r u i t  juice ... 
Senegal Caaamance AMERGER Fish . . . 
Senegal Cap Vert AGROCAP Food . . . 



Table 10 (continued) 

Estimated 
Estimated number of Estimated year 

c o u n t r y 8  Location Company Products production r a t e  employees of completion 

Senegal 

Senegal 

Senegal 

Gambia 

Gambia 

Casamance Dairy products ... 
Cap Vert SOSACHIM Chemicals ... 

... Cap Vert PINSER Paints  

FMC Fish 

b/ Sugar*- 

b/ Oil re f ine ry -  Gambia 

Bissau SEMEPESCA Fish twice the  present 
product ion 

Guinea- 
Bissau 

Guinea- 
Bissau 

Fish meal ... 

Northern Sugar r e f ine ry  10 000 t / a  
zone 

Guinea- 
Bissau 

Guinea- 
Bissau 

b/ T e x t i l e s  ... 
Guinea- 

Bissau , 
b/ Leather- 

~ a u x i t e ^  & 
aluminium oxide 
ext ract ion 

Guinea- 
Bissau 

South- 
eas tern  
zone 

Guinea- 
Bissau 

Guinea- 
Bissau 

b/ i Phosphate* & ... 
f e r t i l i z e r s  

Guinea- 
Bissau 

Conakry SAPROCIMENT Cement 250 000 t /a Guinea 

Conakry P i l o t  Electromechanical ... 
cent re workshop 

Guinea 

Conakry b/ Footwean- 440 000 pieces/a Guinea 

Conakry ' 100 000 t / a  F e r t i l i z e r s  Guinea 

Guinea 



Table 10 (continued) 

Estimated 

a/  
Estimated n r b e r  o f  BstiÃ‡ata year 

Country- Location Company Products production r a t e  employees of oompletion 

Guinea b/ ... Paper pulp- ... ... 
Guinea 

Guinea 

b/ Fish canning- 

b/ Steel- 

b/ Shapes- 

Milkk/ 

b/ Caustic soda- 

Table salt^ 
b/ Coarse s a l t Ã  

Guinea 

Guinea 

b/ Wheat flou* Guinea 

Guinea 

Guinea Petroleum 
re f  i n e r y y  

Guinea 

S i e r r a  Freetown 
Leone 

Slaughterhouse 

S i e r r a  Makeni 
Leone 

Slaughterhouse 

S i e r r a  
Leone 

Integrated Fish meal 
Fish Heal 
Ind. Ltd. 

S i e r r a  
Leone 

SLPMB Edible oil 
re f ine ry  

SIR Petroleum 
re f ine ry  

4 mil l ion t / a  Ivory 
Coast 

Togo K p b e  Phosphoric ac id  1 mi l l ion t /a ... ... 
of phosphate 

mineral 

... Togo Lama-Kara TOGOTEX Tex t i l e s  



Table 10 (cont inued)  

Estimated 
Estimated number of Estimated year  

~ o u n t r y Ã  Locat ion Company Products product ion r a t e  employees o f  completion 

Togo Lama-Kara B r a s s e r i e  Beer 
du Benin 

Benin Seme 

Benin 

Petroleum 600 000 t / a  ... . . .  
r e f i n e r y  

Mixing & 
packaging o f  
f e r t i l  i z e r s  

United Cap SONARA Petroleum 
Republic Limboh re f i n e r y  
o f  Cameroon 

United Edea CELLUCAM Paper pu lp  
Republic 
of Cameroon 
Gabon 

Congo 

Zaire 

Za i r e  

Zaire 

Zaire 

Zaire 

Angola 

Angola 

fingo SOGACEL Paper pulp 

Poin te- Paper pulp 
Noire 

b/ Phosphate- 

b/ Aluminium" 

b / F e r t i l i z e r s -  

b / Calcium c a r b i d s  

b / Spec ia l i zed  steel- 

Za i re  b / F e r t i l i z e r s  
region 

Luanda and b / Amrnonia~ 
SOYO Urea 

Methanol 

..* 

2 mi l l i on  t / a  

end o f  1980 

a/ Given i n  geographica l  sequence from nor th  t o  south. - 
b/ F e a s i b i l i t y  study. - 



Annex I 

WASTE-WATER TREATMENT I N  POLLUTION CONTROL*/ - 

Stream degrada t ion  

When many types  o f  subs tances  a r e  discharged i n t o  a r ece iv ing  body of 

water, t h e  water q u a l i t y  is degraded to such an e x t e n t  t h a t  beneficial uses  

are no longer  poss ib le .  No one i n d u s t r y  d i s cha rges  a l l  t ypes  o f  p o l l u t a n t s ,  

bu t  t h e  d i s cha rge  o f  on ly  one subs tance  i n  s u f f i c i e n t  q u a n t i t y  can cause 

i r r e p a r a b l e  harm. 

Components wi th  p o l l u t i o n  p o t e n t i a l  

I n d u s t r i a l  waste d i scha rges  con ta in  s o l i d s  ( f l o a t i n g ,  suspended, 

s e t t l e a b l e ,  and d i s s o l v e d ) ,  o rganic  ma t t e r ,  n u t r i e n t s ,  t o x i c  subs tances ,  

a c i d s ,  and a l k a l i e s ;  f r e q u e n t l y  t h e  discharged water  is  ho t  enough t o  

cause temperature  changes i n  t h e  r ece iv ing  stream. 

F loa t ing  s o l i d s  (g rease  and scum) a r e  uns igh t ly  and can  a f f e c t  n a t u r a l  

a q u a t i c  c h a r a c t e r i s t i c s  such as oxygen t r a n s f e r  and l i g h t  pene t r a t i on .  

S e t t l e a b l e  s o l i d s  can form s ludge  b l anke t s  which decompose and produce 

odorous gases and f l o a t i n g  mats on the  su r f ace  o f  t h e  water body. Blankets  

o f  s o l i d s  a l s o  i n t e r f e r e  wi th  n a t u r a l  organisms which l i v e  a t t ached  t o  t h e  

stream bed. F i sh  ha tch ing  is a l s o  impeded by s e t t l e a b l e  s o l i d s .  Suspended 

solids d e t r a c t  from t h e  appearance of water and impede ' l ight  pene t r a t i on ,  

probably r e t a r d i n g  t h e  growth o f  a q u a t i c  vege t a t i on  necessary  f o r  t h e  

s u r v i v a l  of o t h e r  l i f e  i n  t h e  s t ream o r  lake .  Water t rea tment  f o r  human 

consumption o r  o t h e r  i n d u s t r i a l  p rocesses  is necessary  when l a r g e  concentra- 

t i o n s  of suspended s o l i d s  a r e  presen t .  

Organic matter discharged t o  a water course  d e p l e t e s  t h e  d i sso lved  

oxygen supply i n  water. The dep le t i on  of t h e  d i sso lved  oxygen supply 

r e s u l t s  i n  a change i n  the  composition of organisms t h a t  i n h a b i t  a stream. 

*/ Extrac ted  from E.J.  - 
v o l  . I, Agro-Industr ies  (New 

Middlebrooks, I n d u s t r i a l  Po l lu t i on  Control  - 
York, Wiley-Interscience,  1979) with permission 

from the publ i shers .  



When t h e  d i sso lved  oxygen l e v e l  d rops  below approximately 5 =/1, t h e  more 

d e s i r a b l e  species of  fish such a s  t r o u t  and bass  l e a v e  t h e  area and c o a r s e r  

t y p e s  predominate. Below a n  oxygen l e v e l  o f  approximately 2 mg/1 f i s h  

d i s appea r  and t h e  environment s h i f t s  toward anaerobic  spec ies .  Only t h e  

e l imina t ion  o f  t h e  d i scharge  of  o rgan ic  ma t t e r  o r  mechanical mixing which 

i n c r e a s e s  gas t r a n s f e r  can h e l p  t h e  s t ream t o  recover  from t h e  oxygen- 

deple ted  s t a t e .  

The add i t i on  of n u t r i e n t s  such as phosphorus, n i t rogen ,  and trace 

elements  can r e s u l t  i n  exces s ive  a l g a l  growth, and when this growth dies it 

can e x e r t  an oxygen demand which may cause f i s h  kills, as well as unpleasant 
odors  and t a s t e s .  Excessive a l g a l  growth a l s o  i n t e r f e r e s  with t h e  recrea- 
t i o n a l  and domestic uses  of a body of water. 

Temperature changes i n  water can produce adverse effects on a l l  

a q u a t i c  organisms, and the r e a e r a t i o n  rate slows with i n c r e a s e s  i n  tempera- 

t u r e .  F i sh  and o t h e r  organisms func t ion  bes t  w i th in  c e r t a i n  temperature  

l i m i t s ,  and when t h i s  optimum range is  violated, t h e  organisms move t o  

ano the r  l o c a t i o n  o r  d i e .  Rapid changes i n  temperature  are extremely 
dangerous t o  a q u a t i c  life. . 

Toxic compounds are common c o n s t i t u e n t s  of some i n d u s t r i a l  processes  

and f r e q u e n t l y  f i n d  t h e i r  way i n t o  streams. Where t o x i c  subs tances  are 
discharged,  however, p l a n t  and animal l i f e  may be a f f e c t e d  and t h e  water 

becomes u n s u i t a b l e  f o r  r e c r e a t i o n  o r  human consumption. 

Acid i ty  and a l k a l i n i t y  concen t r a t i ons  i n  wastewater can be cri t ical  

f a c t o r s  i n  t h e  q u a l i t y  of a r ece iv ing  stream. Although not  an exac t  
measure of  a c i d i t y  and a l k a l i n i t y ,  t h e  pH va lue  is f r equen t ly  used t o  

measure t h e  effect t h a t  a d i scha rge  may produce. E f f l u e n t s  from wastewater 
t rea tment  p l a n t s  are usua l ly  c o n t r o l l e d  nea r  n e u t r a l i t y ,  o r  a pH va lue  o f  7. 

Wide f l u c t u a t i o n s  o r  prolonged changes i n  t h e  pH va lue  of a r ece iv ing  

stream can be d e v a s t a t i n a  t o  an a q u a t i c  environment. 



Management philosophy 

It is advantageous t o  cons ider  excess m a t e r i a l s  as an a d d i t i o n a l  

r e sou rce  t o  be u t i l i z e d  e i t h e r  i n  t h e  form d iscarded  o r  a f t e r  f u r t h e r  

processing.  This  approach t o  waste process ing  is economically and environ- 

menta l ly  important .  If a, government o r  m i n i s t r y ~ c o n s i d e r s  p r o t e c t i o n  o f  

t h e  environment and maximum u t i l i z a t i o n  o f  the  base resource  important ,  

then  t h e  product ion management and t h e  employees probably have an e n t i r e l y  

d i f f e r e n t  a t t i t u d e  toward performing t h i s  func t ion  and are more l i k e l y  t o  

take p r i d e  i n  producing high q u a l i t y  e f f l u e n t s  and i n  recover ing  and 

u t i l i z i n g  as much o f  t h e  ma te r i a l  a s  possible. The importance o f  p r o t e c t i n g  

t h e  q u a l i t y  o f  t h e  environment and t h e  impact t h a t  improper handl ing o f  

waste m a t e r i a l s  ha s  on t h e  employees' l i f e  s t y l e s  and t h e  na t ion  as a whole 

must be emphasized. 

Environmental p r o t e c t i o n  must be s t r e s s e d  when management is expected 

t o  meet product ion quotas.  Under such product ion systems management tends  

t o  concen t r a t e  its t a l e n t  on product ou tpu t ,  if not  reminded c o n t i n u a l l y  o f  

t h e  va lue  placed on environmental p ro t ec t i on  by t h e  min i s t ry  and t h e  

na t ion .  Environmental p r o t e c t i o n  must be considered as a va luab le  n a t u r a l  

r e sou rce  i n  t h e  same manner as t h e  l a b o r ,  materials, and t h e  c a p i t a l  

investment r equ i r ed  to produce t h e  bas i c  product.  

The c o s t s  f o r  environmental p ro t ec t i on  must be paid e i t h e r  now o r  i n  

t h e  f u t u r e .  The most e f f e c t i v e  method o f  handl ing excess  products  is t o  

i n c o r p o r a t e  t h e  faci l i t ies  f o r  p r o t e c t i n g  t h e  environment and f o r  f u r t h e r  

p rocess ing  o f  t h e  excess i n t o  u se fu l  products.  It is much l e a s  expensive 

t o  i n s t a l l  such equipment i n i t i a l l y  t han  t o  conver t  a product ion process  and 

add p o l l u t i o n  c o n t r o l  equipment l a t e r ;  moreover, i t  has  proved cheaper  t o  

spend today ' s  money than  an i n f l a t e d  one o f  a l a t e r  date .  However, i t  is 

still less expensive t o  add t o  e x i s t i n g  systems t h e  f a c i l i t i e s  f o r  processing 

m a t e r i a l s  than t o  a l low excess  t o  be wasted as environmental p o l l u t a n t s ;  

t o  c l e a n  t h e s e  up at a f u t u r e  time is c o s t l y  and d i f f i c u l t .  Indeed, t h e  

damage t o  t h e  environment before  i n s t a l l i n g  equipment t o  c o r r e c t  a s i t u a t i o n  

may be imposs ib le  t o  r e c t i f y .  It is burdensome t o  assess t h e  economic l o s s e s  

incur red  by people  and indus t ry  because of delayed p o l l u t i o n  c o n t r o l ;  

however, t h e s e  are r e a l  economic f a c t o r s  which must be considered and 

emphasized. The l o s s e s  of h e a l t h ,  happiness ,  and p roduc t iv i t y  o f  people 

owing t o  environmental p o l l u t i o n  are t h e  g r e a t e s t  c o s t s  of a l l .  



Long-term economic e f f e c t s  o f  i n d u s t r i a l  p o l l u t i o n  must not be neglected. 

If an indus t ry  is allowed t o  develop i n  an  area without  p o l l u t i o n  control 

f a c i l i t i e s ,  even tua l ly  t h e  area may d e t e r i o r a t e  t o  a level unacceptable t o  

many of  t h e  r e s i d e n t s ,  and they move away. Relocation of t h e  population 

d e p l e t e s  the tax base f o r  pub l i c  s e r v i c e s  and results i n  a f u r t h e r  de t e r io ra -  

t i o n  of t h e  l o c a l  l i v i n g  condi t ions .  With an added tax burden t h e  community 

is forced to  e x t r a c t  more support  from t h e  indus t ry ,  r e s u l t i n g  i n  h igher  

product c o s t s .  Environmental p o l l u t i o n  also in f luences  maintenance c o s t s  

f o r  homes, pub l i c  bu i ld ings ,  and thoroughfares ,  as well as t h e  i n d u s t r i a l  

bu i ld ings  and equipment themselves. 

Po l lu t ion  con t ro l  is a good bus iness  p r a c t i c e  which a na t ion  cannot 

a f f o r d  to neglec t .  Maintenance of t h e  environment is much t h e  same as 

maintenance of machinery, automobiles,  and o t h e r  devices: i f  a na t ion  does 

not r o u t i n e l y  care f o r  t h e  environment, eventua l ly  it d e t e r i o r a t e s .  In  

t h i s  case ,  d e t e r i o r a t i o n  may occur  t o  a l e v e l  t h a t  i s  i n t o l e r a b l e  t o  f l o r a  

and fauna and c o s t  t h e  people and t h e  government more than  t h e  indus t ry  

produces. A na t ion  must not  s a c r i f i c e  its customs and d e s i r a b l e  environment 

t o  short-term economic advantage. 



Annex I1 

A .  Survey Questionnaire on Industrial 

b / Wastes Discharged Directly or Indirectly~ 

into Coastal Waters (Long term) 

UNIDO project carried out in co-operation 

with the 

UNEP Regional Seas Programme 

SURVEY OF MARINE POLLUTANTS FROM INDUSTRIAL 

SOURCES IN THE WEST AND CENTRAL AFRICAN REGION 

a/ These questionnaires were sent  out unedited and are 
reprinted as they were issued. 

b/ An indirect discharge is understood to mean a discharge into 
a river or stream located not more than 20 km from the coast. 



1 .  Industry identification 

Country: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Province, district: ....................................... 
Place where industrial wastes are disposed of: ............ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Description of general setting where industry ie located: . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Name of induetry and address: . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2. Classification o f  industry (check appropriate classification or 

identify otherwise here): ....................................... 

Agricuhture and livestock 

Feedlot 

Coal mining and preparation 

Oil mining 

Mineral mining 

Store quarrying, clay and sand p i t s  

Meat packing 

Cannery 

Ti ~h 

Bakery 

Beet war 

Cane sugar 

Coffee 

Pickle 

RAce 
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Brewery, diutillery, pharmaceutical and winery 

Soft drink 

Textile 

Tannery 

Plywood glue plant 

Wood furniture 

Pulp and paper 

Building paper 

Printing 

Acid 

Explosives 

&ma1 dehyde 

Naval stores 

Other inorganic chemicals 

Phosphates 

Radioactive waÃ§t f r o m  f iss ion and fusion 
products and laboratories 

Wood preservation 

Fertilizer 

Pest i c ide  

P las t i c  and resine 

Animal glue 

Soap and detergent 

Candle making 

Cornstarch 

Photographic wastes 

Oil refinery 

Coke mill 



Fuel oil 

Petrochemical8 

Rubber 

Glass 

C emen t 

Asbestos 

Steel m i l l  

Iron foundry 

Other metal wricin& 

Metal plating 

Motor industry 

Steam power 

Water treatment 

Laundry 

3. Production of  foods 

3.1 Vype o f  product 

For each type of product, indicate production a d  



3.2 Raw materials 

For each raw material, indicate the quantities/year 

Name o f  raw material e 

3.3 T y p  of enployeft in plant 

1 Description 

Workers 

Staff  

Max* 

Max* - Year 

3.4 Indicate the amber of daily sh i f t s  of 8 hours duration 

1 (  1 2 (  1 3 (  

3.5 Percentage of local connnmity employed at plant(s) : . . 
* * Â ¥ o * * * * * * * * * * ~ * * * m o * * * * * * * * * * * * - - - - * . * * * * * . . m m * - - - * - * - - - - - * * * * . ~  



4. Industrial w e e  of  water 

4.1 The water wed i n  the plant is taken f r o m :  

well ( 8 )  of the indtirtry .......... ( ) 

Municipal owpply ...............~. ( ) 

Surface waters ................. ( ) 

................. Other (specify) ( ) 

4.2 The in let  water is used for: 

Process 

Oooling 

Boiler 

Sanitary s e w m  

Other (specify)  . . .  m3/d w 

TOTALadaily conamption of water ooo~~.*. m3/d averwe 

3 Give a summary demoription of the main processes involving 
the use o f  water 

.................................................................... 

.................................................................... 

.................................................................... 
****.. o ~ * ~ ~ ~ ~ ~ o * * * * * * m m * * ~ o * * o * * o o o o ~ ~ * * * * * * ~ * ~ ~ o ~ * * * * * ~ o * m * ~ m o * * * * *  

*.**.oo..o*.moo****m*o**o*m*~..o..o.o.*..~**..m*o.*.*..o*o*.*m***.m. 

.** * o ~ ~ ~ m ~ ~ ~ ~ * ~ * * * * o m ~ * * * m ~ ~ * ~ * o ~ ~ * ~ * ~ * * * * * * * * * ~ * * o o ~ o ~ o o * o * * ~ * 0 m m m m  

.................................................................... 

.................................................................... 

.................................................................... 
*.m*o***.**..*o**.***.*o**oo.oo**..*.*m********o*o*o*.o.*o*.*e.**~*. 

.................................................................... 
0 .  m ~ ~ ~ o ~ o ~ ~ * * * o * * * * * ~ * e * * * o o * * ~ o * ~ ~ o ~ * * * * * m * * ~ m m * ~ * ~ * * * * ~ o * * * o ~ m * * ~ m  

.................................................................... 

.................................................................... 



5. Industrial w a s t  water collection 

5.1 Type of in wtrial wastewater col lect ion + 
- ~ombined 1 for all eff luents  .................... ( 

- Separate for process water, doneetic water ............................. and rain run-off ( 

- Other (specify) ................................ ( 

5.2 Waste water outfal ls  

........................... - One general out fa l l  ( ) 

......................... - More than one outfall ( ) 

In case of many outfalls specify, if possible, the nature of  the 
procees waters and the total dai ly  quantity for each outfall. 

- Outfall No. 1 .................................................. 





Industrial wastewater treatment 

Total i n d  s t r i a l  w a s t e -  ^ water m /year 

6.1.1 Estimated part discharged 
in a municipal aptam 

6.1.2 Estimated part discharged 
by industry directly 
i n t o  recei-tiing waters 

6.1.3 Estimated part reused 
or recirculated 

Untreated Year - 



6.2 Industr ia l  wastewater treatment 

Type o f  
wastewater 

Proee~st 
- 
- - 

Cooling 
- 
- 

Boi 1 e r  
-- 
- - 

Do~â‚¬ ti c 
s ewage 

.*....*. 
(other) 

Quantity discharged i n  a Quantity discharged 
cornunity system di rec t ly  into receiving 

waters I Type of treatment 2 /  

2/ Type of treatmen% abbreviations: 

P : Process technical measure (re-use, recycling, separation of waters, evaporation, etc  . ) 
G : Preliminary (screenin& g r i t  removal, f lo ta t ion)  
E : Primary sedimentation 
C : Chemical treatment ( chemical oxidation o r  reduction, acid-alkaline neutral isat ion,  precipitation,  

coagulation and sedimentation, etc.) 
S : Secondary (sand f i l t e r s ,  t r i ck l ing  f i l t e r s ,  act ivated sludge, oxidation ponds, etc.)  
T : Tertiary (abfsorption, e l e c t r o d i a l y ~ i s  , ionic exchange, etc. ) 
A : AAy~other (specify) 

Use a combination of l e t t e r s  where nore than one type of treatment i s  being applied. 
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6.3 Suanary description of type o f  final treatment before diacharga 

Proofs technical meamwren (re-we, recycling separation, etc.) *Â¥ 
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4. Industrial uses of  water 

4.1 The water used i n  the plant is taken from: 

~ell(s) of the indmtry .......... ( ) 

................. Municipal aupply ( ) 

Surface waters ................. ( ) 

................. Other ( spec i fy )  ( ) 

4.2 The in l e t  water is used for: 

Process 

Cooling 

Boiler 

Sanitary sewage 

. i3/d average 

Other (speai fy) . i3/d u 

TOTALcidaily conamption of water eo.om..* m3/d average 

4.3 Give a s u m n q  demoription o f  the main processes involving 
the use o f  water 



5. Industrial wastewater collection 

5.1 Type of industrial wastewater collection 

- Separate for procem water, domestic water 
and rain run-off * . . . . . * . . . . * * * - g m o * * . . * . * ~ o . .  

In case of many outfalls specify,  i f  possible,  the nature o f  the 
process waters and the t o t a l  daily quantity for each outfall. 





Industrial wastewater treatment 

Total ind strial waste- ^ water m /year  

6.1.1 Estimated part discharged 
in a municipal systÃ§ 

6.1.2 Estimated part discharged 
by industry directly 
into recei-bing waters 

6.1.3 Estimated part r e u s e d  
or recirculated 

Treated Untreated Year - 



6.2 Industr ia l  wastewater treatment 

Type of 
wastewater 

B r o e e ~ e  
-- 

Cooling 
-- 
- 

Boi 1 e r  

Domestic 
s ewage 

-- - 
- 

.*.*..** 
(other) 

TOTAL 
-- - 

Quantity discharged in a Quantity discharged. 
community system directly into receiving 

waters 
Type of treatment 2 /  

2/ Type of treatment abbreviations: 

P : Process technical measure (re-use , recycling, separation of waters, evaporation, e tc. ) 
G : Preliminary (screening grit removal, f lo ta t ion)  
H : Primary aediaentation 
C : Chemical treatment ( chemical oxidation or reduction, acid-alkaline neutral isat ion,  precipitation,  

coagulation and sedimentation, etc . ) 
S : Secondary (sand f i l t e r s ,  t r i ck l ing  f i l t e r s ,  activated sludge, oxidation ponds, etc. ) 
T : Tertiary (absorption, electrodialyais,  ionic exchange, e tc  .) 
A : AAyyother (specify) 

U s e  a combin&Aion o f  l e t t e r s  where more than one type of treatment is being applied. 



6.3 Sunnary description of type of final treatment beforÃ discharge 

Pro8em1 technical measures (re-use, recycling, separation, etc.) . . 
.o*****.*.****oo*****.*..o..o..*******..*oooo**ooo**o**..***o**o**oo 
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7 2.3 Sampling frequency 

7.2.4 Method of analysis 

.................... - Standard methoda ( ) 

.............. - Other methods (specify) ( ) 

7.3 With the above data, evaluate the total  pollution load for each ............... main pollutant ( year of survey ) 

3/ The evaluation should be conside~ed 
accurate ( ) 
fairly good ( ) 
only general and indicative ( ) 



Location of discharges 

. . . . . . . . . . . . . . .  i n  municipal system 

in  sea . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i n  river .......................... 
i n  lake . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
on laiiAo.-....*...amo..~..~.~.....*. 

other (specify) . . . . . . . . . . . . . . . . . . . . .  

Year of 

~ s e ( s )  o f  receiving waters 

......................... Drinking 

Irrigation . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . .  Fishing 

. . . . . . . . . . . . . . . . . . . . . . . . .  Swimming 

. . . . . . . . . . . . . . . . . .  Other (specify) 

9.1 General observations on quality of receiving waters: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. a * *  9 * * . 9 9 9 . * ~ ~ . ~ 9 * ~ * * ~ * ~ a 9 * * . . ~ 9 - * . . * 9 * * ~ ~ * ~ * . ~ * . . * . - * * * ~ * ~ ~ * * * ~ * ~  

Water Pollution Control Agency ( i f  any) having jurisdiction at point 

o f  discharge (other than municipal yyatm) : . . . . . . . . . . . . . . . . . . . . . . .  

Nearest municipal systnn ( i f  discharge i s  not already made into the 

municipal sewer system) 

Distance i n  metres: . . . . . . . . - . . . . . . . . . .  

11.1 Type o f  sewage treatment (if any) at nearest sewage treatment 

plant ( i f  dishhaygo is  not already made into the municipal sewer 

system): . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



12. Solid wastes 

12.1 Total annual industrial s o l i d  

... wastes (year.... .) 

12.1.1 Estimated annual disposal o f  

industrial solid wastes t o  a 

municipal or centralized 

system (year.... . . . . .) 

12.1.2 Estimated annual disposal by 

industry's own meam 

(yeara. ..... .) 

12.2 Description o f  disposal method: 

to  municipal or centralized ........................ system ( ) ........... 
........... in sea ........................ ( ) 

in lake ........................ ( ) ........... 
i n  river ........................ ( ) ........... 
on land. ........................ ( ) ........... 

.................... other (specify)  ( ) ........... 

12.3 General character o f  s o l i d  wastes 

Organic ............. ( 1 

Inorganic ........... ( ) 

% of 
t o t a l  waste 



12.4 Treatment of  solid wastes by industry: 

.......................... Storage ( 

Compression ....................... ( 

Recovery ......................... ( 

Incineration ..................... ( 

Other (specify) .................. ( 

13. Gaseous wastes 

...................... 13.1 List major air contaminants produced: 

................................................................... 
13.2 Treatments used (if any) 

~ i l t e r  ....................... ( 
Electrostatic precipitation .... ( 
Scrubbers .................... ( 

.............. Others (specify) ( 

........................ 13.4 Stack height above ground level: 

Contaminants 
discharged ~nit/u~it of t i m e  

.................................................... 

..................................................... 

..................................................... 

.................................... o......, 

..................................................... 

..................................................... 

Year 

......... 



B. Industrial wastes questionnaire 

1. Industry identification 

1.1. Name and address 

1.2 Geographical location where industrial wastes are disposed 

2. Identify type of industry 

Amounts and Units of Year 
3. Production of goods (list various types) Production 

4. Number of enplcyees (average) 

5. Source of water: 

3 6. Industrial uses of water (average values, m /d) 

Process 

Cooling. 

  oiler *- 

Sanitary -age 
Total 

7. Industrial wastewater collection 

Separate for process water, sewage, rain run off ( ) 
Number of wastewater outfalls 

3 8. Total industrial wastewater, m /year 
Amount receiving treatment 

9. Describe treatment processes before effluent discharge 

10. Are data available on characteristics of the wastewater? 

Suranarize available data belcw 



Pollutant  

COD 

SUSpended solids 

Specific organic pollutants 

Ave. Cone. V o l  , m 3 /day 'total Pollution Load, 
tons/year 

11. "to what body of water  or sewer systan are wastes discharged? 

12. Uses of body of w a t e r  receiving wastes 

13. Distance In metres to sewer system 

14. Amountsof solid waste, tons/ year 

15. Disposal practicefor solid wastes 

Municipal system 

body of water  

. total 

land fill " a  . 

incineration 



Annex I11 

DATA FRCM THE 18 COUNTRIES VISITED I N  TOE WEST AND CENTRAL AFRICAN REGION" 

Table 1. Pr inc ipa l  i n d u s t r i a l  es tab l i shments  and est imated mass of p o l l u t a n t s  discharged I n  t h e  c o a s t a l  area of Senegal 

P o l l u t a n t s  discharged (kg/a) 
Locat ion Company Products  Annual BOD5 S3 Oil and COD Aoaonia Phenols Total Fluoride Cyanide T o t a l  

production grease  nitrogen chromiun phosphorus 

Dakar CDS Tuna-fish canning 8 534 t ... 96 434 5 120 

Dakar AOBIPECHE F i s h  & shrimps 11 993 t ... 425 769 102 424 

Dakar SAPAL Tuna-f i s h  canning 6 994 t ... 79 030 4 196 

Dakar SURGEL Fish  & shrimps 3 162 t ... 112251 2 7 0 0 3  

Ziguinchor MERGER Shrimps 1 190 t . . . 301 427 95 200 

Dakar PROCOS F i s h  & shrimps 2 618 t ... 92 939 22 357 

Dakar SPAC Fish  & shrimps 2 125 t ... 75 437 18 147 

Ziguinchor CRUSTAVIF S h r i a p s  408 t ... 103 366 32 6h0 

Dakar 

Dakar 

Dakar 

Dakar 

Dakar 

Dakar 

Ziguinchor 

Dakar 

Dakar 

Dakar 

Dakar 

SOSECHAL 

SOPESEA 

SENEPESCA 

SAFCOP 

SAPOA 

SARDINAFRIC 

PROPECSEN 

AFRICAZOTE 

COMAPECHE 

CDS 

LESIEUR 

Shrimps 

Fish & shrimps 

F i s h  & shrimps 

F ish  

F ish  & s h r i n p s  

Shrimps 

F ish  meal 

Fish  & f i s h  meal 

F i sh  meal 

Raw e d i b l e  oil 
Cake 
Refined e d i b l e  
o i  1 

a /  Given by country i n  geographical  sequence from north to sou th .  - 



Table  1 ( con t inued)  

Pollutants d i scha rged  (hg /a )  
Location Company Produc t s  Annual BO% SS O i l  and COD Ammonia Phenols  T o t a l  F l u o r i d e  Cyanide  T o t a l  

production grease n i t r o g e n  c h r o m i m  phosphorus 

Dakar  PETERSEN 

Zigu inchor  SEIC 

Dakar SAPROLAIT 

Dakar SIR 

Dakar CODIPRAL 

Dakar SOBOA 

Dakar  SIBRAS 

Dakar SEVEN UP 

Dakar  SOCAS 

Dakar SIDCA 

Daka r BA TA 

Dakar SERAS 

B i c h a r t o u  CSS 

Dakar CCV 

Raw e d i b l e  oil 
Cake 

Raw e d i b l e  o i l  
Palm k e r n e l s  

Yoghurt, milk, 
cheese ,  cream 

Condensed mi lk  
(w i th  & with- 
out sugar) 

Condensed milk 

Beer 
Carbonated 

b w  e r a g e s  

Beer 
Carbonated 
beverages 

Soft d r i n k s  

Tomato p a s t e  
Canned dry 

v e g e t a b l e s  

Green beans  

Lea the r  

Lea the r  & furs 

Sugar  cane  
Re fined suga r  

Cotton t h r e a d  



Table 1 (continued) 

Pol lutants  discharged (kg/a) 
Location Company Products Annual *% SS O i l  and COD Ammonia Phenols Total Fluoride Cyanide Total 

production grease nitrogen chromim phosphorus 

Dakar SOSEFIL Sewing thread 352 t 7990 20iÃˆl 99 264 140 140 

Dakar ICOTAF Text i l es  14 mi l l ion  d 48 351 123 540 
Bedspreads 100 000 pieces 2 270 5 800 

Dakar SOTIBA- T e x t i l e s  40 m i l l i o n  a2 136 200 348 000 1 692 000 
SIMPAFRIC Thread 480 t 10 896 27 840 135 360 

Dakar SAR Petroleum 900 000 t 113400 72000 43200 315000 23400 540 1 440 
ref inery 

Dakar CSL Lubricants 18 900 t 2 722 2 192 888 .16 065 1 587 17 45 

Dakar SI ES F e r t i l i z e r s  114 600 t 
Aluminium 2 000 t 

sulphate 

Dakar SSEPC Animal feed 5 000 t ... ... ... ... 
Pest ic ides  1 690 t 
Propellants 84 650 t 

Dakar NSOA Toilet soap 27 000 t 61 290 104 490 7 290 153 090 

Dakar SAP ... S o w  
Candles 

Dakar SAD Soap powder 1 373 t 
Liquid 343 t 

detergents 

Dakar SPS Soap ... ... ... ... ... 
Dakar VhLDhFRIQUE Tab1 ets 5 541 000 boxes 

Liniments , 
sa lves  477 000 tubes 

Alcohol 268 000 f l a s k s  
Pes t ic ides  800 000 spray cans 



Table 1 (continued) 

Pollutants discharged (kg/a) 
Location Company Products Annual BOD5 SS O i l  and COD Ammonia Phenols Total Fluoride Cyanide Total 

product ion grease nitrogen chromium phosphorus 

Dakar 

Dakar 

Dakar 

Dakar 

Dakar 

Dakar 

Dakar 

Dakar 

Dakar 

Dakar 

Dakar 

Tablets 130 aiLlion 
Bottles 

Lacquers 
Solvents 
Putty 
Coating 
oaterials 

Water-baaed 
paints 

Other paints 

La Seigneurie 
A f  rique 

COLAS 

NEMA5 

SENEPLAST 

SI AP 

PES 

Lacquers, paints 
& solvents 

Asphalt emulsion 

Enamelled items 

Plastic itma 

Plastic shoes 

Polyurethane 
foal 

SIMPA Plastic shoes 
Plastic bags 
Plastic pipes 
Extruded it-  

1.6 million pairs 
1 760 t 

128 t 
288 t 

Plaatic foam 
it- 



Table 1 (continued) 

Pollutants discharged (kg/a) 
Location Company Products Annual B"% SS Oiland COD Aaoonia Phenols Total Fluoride Cyanide Total 

production grease nitrogen chroaita phosphorus 

Dakar VILBOIS 

Dakar AFD 

Dakar SAFAL 

Dakar TREFILERIE 
BE DAKAR 

Dakar FUMCA 

Dakar ELM AF 

Dakar SACOHE 

Dakar SOEACOM 

Dakar VIBMAUD 

Dakar SAPONIGHO 

Cast iron 
Bronze 
Aluninlu~ 
Zinc 

Cast iron, bronze 
al loys  

Aluminium foundry 

w i r e  
Iron r o d s  
Trel l i s  work 
Nails & nail 

products 
Springs 
Hods 

Metallic rods 
Kegs 
Cans 

Cans, metal 
packages 

Metal shapes 

Metallic 
constructions 

Metallic 
constructions 

Polishing & 
galvanizing of 

96 000 pieces 
152 000 pieces 

1 360 000 pieces 

metals 





Table 2. Principal Industrial establialrents and estimated mass of pollutants discharged i n  t h e  coastal area or Gambia 

Loca t ion Cowany Products Annual % SS Oiland COO Amonla Phenols Total Fluoride Cyanide Total 
product ion nitrogen chromiu phosphorus- 

Banjul 

Banjul 

Banjul 

Banjul 

Total 

Gubia Produce 
Harkeking 
Board 

Seagull 
Coldstores 

Gubia Port 
Authority 
Dockyard 

Gaabla Port 
Authority Sea 
Port 

289 900 253 500 182 000 725 400 Ground-nut oil 13 000 t 
Cake 15 000 t 

Frozen f i s h  4 600 t . . 170 HOO >to 992 . . . 

Ship loading ... 
& unloading 
operations 

Beer 1.5 mill ion litres 15 300 7 095 
Soft drinks 1.5 million l i t rea  4 725 6 495 



Table 3. Principal industrial eatabllshnmta and esthated mass of pollutants discharged in the coastal area of Guinea-Bissau 

Pollutants discharged (&/a) 
Location C - P ~ ~ Y  Products Annual *% SS O i l  and COD Ammonia Phenols Total Fluoride Cyanide Total 

production grease nitrogen c h r o i i u ~  phosphorus 

Bissau CICER, Compahnla Beer 6 Bi l l ion litres/a 61 200 28 380 
Industrial de Soft drinks 1 mill ion l l t r e d a  3 150 4 330 
Cervejaa e ' 

Refrlgerantea 

Port  de SEHAPESCA Fish 810 t/a ... 9 153 486 .. . 
Bissau Shrimps 90 t / a  . . 22 797 7 200 ... 

BLUFO Dairy products 24 000 U t r e d d  5 616 8 424 11 352 

C u m &  Ccwplexo Agro- Peanut o i l  2H 500 t/d 546 350 477 750 343 000 1 367 100 
Industrial de  Peanuts 45 500 t /d  
C u e 1 4  roaated 

Rice 3 000 t / a  2 7 9 0  1 5 9 0  6 990 
Soap 1 000 t / a  2 2 7 0  3 8 7 0  270 5 670 

Slaughterhouse Meat 2 t / d  582 968 29 1 1 456 

Total 



Table 1). Pr inc ipa l  i n d u s t r i a l  es tabl ishments  and est imated mass of p o l l u t a n t s  discharged i n  t h e  c o a s t a l  a r e a  of Guinea 

P o l l u t a n t s  discharged (kg/a) 

Location Company Products Annual B"% SS O i l  and COD Aamonia Phenols  Tota l  F l u o r i d e  Cyanide T o t a l  
product ion  g r e a s e  n i t rogen  chromiua phosphorus 

Conakry ENTA, E n t e r p r i s e  C i g a r e t t e s  72 000 c a r t o n d a  
Nationale  de Hatches 120 000 c a r t o n d a  
Tabacs et 
A l l m e t t e a  

Bof f a  SUCREME KOBA Sugar 12 000 t / a  68760  14400 
Alcohol 82 500 l i t r e s / a  400 

Conakry SOBBAGUI Beer 60 000 l i t r e s / a  612 2 129 
~ o c i & t &  d e  Soft dr inks  20 000 l i t r e s / a  63 87 
Brasser ie  de 
k i n e 6  

FBUITAGUINEE F r u i t  Ju ices  396 d / a  2 031 2 507 
SY rup  500 l i t r e s / h  5 335 6 583 

SIPA, sociiit& Flour  
I n d u s t r i e l l e  
&e P a t e s  
A 1  l a e n t a i r e s  

l i e  de H u i l e r i e  de Edible oil 15 000 t / d  334 500 292 500 210 000 837 000 
Kassa Kassa 

Conakry IGAT, I n d u s t r i e  T o i l e t  items 16 000 l i t r e d a  ... 
Gu ineknne 
d V A r t i c l e s  d e  
T o i l e t t e  

SIPECO, Soci&t& Pa in t  
I n d u s t r i e l l e  d e  
P e i n t u r e s  de 
Conakry 

SWAB, s o c i & t &  Candles 
d e  F a b r i c a t i o n  Shoe wax 
de Bougies Wax 

SOGUIPLAST P l a s t i c  
Fabr ica t ion  products 
de P l a s t i q u e s  



Table 4 (continued) 

Location Company Products 
Po l lu t an t s  discharged (kg/a) 

Annual ="% SS 011 am* COD Ammonia Phenola Total  F luor ide  Cyanide Total 
production grease  ni trogen c h r c m l r  phosphorus 

Conakry 

Conakry 

Conakry 

Conakry 

Conakry 

Conakry 

Conakry 

Conakry 

Conakry 

Total  

SOWIREP, 
Rechapage 
h e u s  

Recapping tires 20 000 un i t s / a  .*. 86 22 
de (200 t / a )  

Conplexe T e x t i l e  Bleaching & 3 mi l l ion  m/a 10 215 26 100 
de Sanoyah  print!^ (450 t / a )  

t e x t i l e s  

Br ique t e r i e  de Bricks 
Kebaya 

Meubles Sonfonia Furniture 45 000 u n l t d a  .. . 
C Ueta l l lque  M e t a l  products 4 800 t / a  . 1 150 

SOWDAB, Aluminium 
soci&t6 shee ts  10 000 t/a 
Guineenne de 
Fabr ica t ions  

SOMOVA Assembling 
vehic l e a  

SOGEX Explosives 



Table 5. Principal i n d u s t r i a l  e a t a b l i s t a e n t s  and est imated lass of pollutants discharged i n  t h e  c o a s t a l  area of S i e r r a  Leone 

P o l l u t a n t s  discharged (kg/a) 
Location c0-Y Products  Annual BOD5 SS Oil and COD AÃ‘oni Phenols Total F luor ide  Cyanide Total  

product i o n  grease nitrogen chromium phosphorus 

Freetown S i e r r a  Leone Petroleum 
P e t r o l a m  Be-  refining 
f i n i n g  Co.Ltd* 

Freetown Palm Kernel O i l  Palm oil 
HI11 

Freetown Sierra Leone Beer 
Brewery Ltd. 

Freetown S i e r r a  Leone Soft d r i n k s  
E n t e r p r i s e s  

Freetown Freetown Cold Soft dr inks  
S torage  

F r e e t o w  Wellington Blending of 
D i s t i l l e r i e s  s p i r i t s  
Ltd. 

Freetown Soap Factory Soap 

Freetown Sierra F i s h i n g  F i s h  & 
Co., Ltd. ahrinps 

Freetown Red Lion Bakery Bread 

Freetown n a t i o n a l  Cookies & 
Confectionery candy 
Ltd. 

Freetown Seabread F l o u r  F lour  
M i l l  

Freetown Foam Manu- Pil lows & 
f a c t o r i n g  Co. mattresaea 

Total 

Projected discharge t o  ocean a/ 

880t  19 620 

10 BUllon litres 102 000 

3.6 Â ¥ i l l i o  litres 11 340 

3.0 m i l l i o n  litres 9 450 

a /  Based on ratio of t o t a l  nuaber o f  e i p l ~ ~ e t ? ~  in a l l  indus t r ies  t o  number of employees i n  the  i n d u s t r i e s  v i s i t e d  on the  coast of S i e r r a  Leone: 
(11 333/1 226) (BOI>5) s 9.244 (181 380) = 1 6 7 6  655. 

I 



Table 6. P r i n c i p a l  i n d u s t r i a l  e s t a b l i s h m e n t s  and e s t ima ted  mass of p o l l u t a n t s  d i scha rged  i n  the c o a s t a l  a r e a  of Liberia 

Locat ion Company P r o d u c t s  
P o l l u t a n t s  d i s c h a r g e d  (&/a )  

Annual BOD6 SS O i l a n d  GOD Ammonia P h e n o l s  T o t a l  F l u o r i d e  Cvanide Total - - -  --- 
produc t  i o n  g r e a s e  n i t r o g e n  chromium phosphorus 

- -- 

Monrovia L i b e r i a  P e t r o -  Pe t ro l -  616 438 t 77671 49315 29589 215753 16027 370 986 
leum R e f i n i n g  re f i n 1  ng 
Co. 

Monrovia Monrovia Beer  18 m i l l i o n  litres 183 600 85 140 201 600 
Breweries  Inc .  

Monrovia Hesumdo F i s h  Fish 2 400 t ... 27 200 1 440 ... 
Company Shrimps 360 t . . . 91 200 28 800 . . . 

Monrovia Mesurado De te rgen t  900 t 60 60 60 300 
Dete rgen t  Ind. 
Inc. 

Monrovia L i b e r i a  B leach  Sodium hypo- 117 000 litres 
and Chemicals c h l o r i t e  

Candles  35 000 kg 
I n s e c t  i d e  800 kg 

Monrovia L i b e r i a  Blending o f  301 000 l i trea . . . 
D i s t i l  l i n g  s p i r i t s  
Corpora t ion  

T o t a l  

p r o j e c t e d  d i s c h a r g e  t o  t h e  ocean a/ 1 083 110 1 048 230 218 215 1 731 000 66 425 1 533 086 

a/ Based on ratio of total number of e@oyeeS Marking in a l l  i n d u s t r i e s  t o  nunber of employees i n  t h e  i n d u s t r i e s  v i s i t e d  on t h e  c o a s t  of L i b e r i a :  
(4 0fl/9%){~0Dtj) = (4.145)(77 671) = I 083 110. 



T a b l e  7. P r i n c i p a l  i n d u s t r i a l  e s t a b l i s h m e n t s  and e s t i m a t e d  mass o f  p o l l u t a n t s  d i s c h a r g e d  i n  t h e  c o a s t a l  a r e a  of Ivory Coast 

P o l l u t a n t s  d i s c h a r g e d  (kg /a )  

Loca t ion  Company Produc t s  Annual Bob SS Oil and COD Annonia Pheno l s  T o t a l  F l u o r i d e  Cyanide  Total 
produc t ion  grease n i t r o g e n  c h r o a i  ua phosphorus 

Abidjan ~ o c i h t 6  Pet roleum 2 m i l l i o n  t 252 000 160 000 96 000 700 000 52 000 1 200 3  200 
I v o r i e n n e  refinery 
de Raff  i n a g e  
(SIR 

Abidjan Lubtex L u b r i c a n t s  12 000 m3 485 8 772 867 9  25 1 486 1 197 

Abidjan S o c i & t &  H u l t i -  Aspha l t  193 000 t 27790 22390 9 0 7 0  164050 16212 174 463 
n a t i o n a l e  de 
Bitumes (SUB) 

Abidjan SOTEXI P r i n t e d  24 m i l l i o n  a 81 720 208 800 1 015 200 
2 

t e x t i l e s  

Abidjan ICODI P r i n t e d  27 m i l l  i on  m' 91 935 
t e x t i l e s  

Abid j a n  UBIWAX P r i n t e d  20 m i l l i o n  m2 68 100 
t e x t i l e s  

Abidjan SOFITEX P r i n t e d  4 m i l l i o n  m 
2 13 620 

t e x t i l e s  

Abidjan BLOHORS Palm o i l  50 000 t 1 115 000 
r e f i n e r y  
Soap 33 000 t 7 4  910 

Abidjan P a l m i n d u s t r i e  Palm o i l  

Abidjan BATA P l a s t i c  shoes  1.2 m i l l i o n  p a i r s  . . . 
L e a t h e r  shoes  1.4 m i l l i o n  p a i r s  . . . 

Abidjan SOLIBRA Beer 6 0 m i l l i o n l i t r e s  612000 
Hon-alcoholic 12 m i l l i o n  l i t r e s  37 800 

Abidjan BRACODI Beer 50 m i l l i o n  l i t r e s  510 000 
S o f t  d r i n k s  27 m i l l i o n  l i t r e s  85 050 . 
Ice 380 000 t 



Table 7 (cont inued)  

P o l l u t a n t s  discharged (kg/a) 

Locat ion Company Products  Annual BOD5 SS O i l  and COD Ammonia Phenols T o t a l  F l u o r i d e  Cyanide T o t a l  
production g r e a s e  n i t r o g e n  c h r o ~ i u m  phosphorus 

Abidjan 

Abidjan 

Abidjan 

Abidjan 

Abidjan 

Abidjan 

Abid Jan 

Abidjan 

Abidjan 

Abidjan 

Abidjan 

Abidjan 

Abid Jan 

Abidjan 

SOBOCI 

I R A N  

SICODIS 

AGR 

SAC0 

API 

PBOCAI 

CHOCODI 

Grand moullns 
dlAbdijan 
(GHA 1 

CAPRAL 

PFCI 

Soft d r i n k s  

S o f t  d r i n k s  
I c e  

B o t t l i n g  
wine 

B o t t l i n g  
wine 

B o t t l i n g  
wine 

B o t t l i n g  
alcohol 

B o t t l i n g  
wine 

Cocoa seed 

Cocoa seed 

Cocoa seed 

Cocoa seed 

Grain m i l l s  

Coffee & 
i n s t a n t  
cof fee  

Canned 
vegetables  

Canned 
vegetables  

6.8 m i l l i o n  l i t r e s  21 420 29 4 4 4  

6.8 mi l l ion  litres 21 420 29 444 
10 000 t 

33 m i l l i o n  l i t r e s  103 950 142 890 

25 m i l l i o n  l i t r e s  7% 750 108 250 

1 m i l l i o n  litres 3150 4330 

220 000 l i t r e s  69 3 95 3 

220 000 l i t r e s  693 953 



Table 7 (continued) 

Pol lu tants  discharged (@/a) 

Location Cowany Products Annual BOD5 SS Oil  and COD Ammonia Phenols Total  Fluoride Cyanide Total  
production grease  nitrogen chro~lum phosphorus 

Abidjan SIVENG Sulphuric acid 20 000 t 
F e r t i l i z e r  : 8 000 t 

superphosphate 
F e r t i l i z e r :  55 000 t 

superphosphate 
gran. 

F e r t i l i z e r :  2 500 t 
wonlia sulphate 

Abidjan Shell-Chiaie Chloro-organic & 1  500 m3 - .  . ... 
organophosphates - 
packaging 

Pyrethine- 700 m3 ... ... 
packaging 

Herbicides- 100 d ... ... 
packaging 

Abidjan IPL P a i n t  6 lacquer 3 000 t 390 600 

Abidjan Toles Ivo i r e  Galvanizing 33 000 t 
metals 

Abidjan Zintec Ivoire Zinc p la t ing  2 400 t 3  024 

Abidjan IKCI Concrete rein- 25 000 t 
forcing bars 

--  
Total  5 2 1 5 7 5 7  3 5 0 6 9 0 5 8 1 5 3 6 5 1 4 1 7 3 7 3 8  7 5 3 2 9  21 887 65 230 5 8 6 3  8 8 2 5  





T a b l e  8 ( c o n t i n u e d )  

P o l l u t a n t s  d i s c h a r g e d  (kg /a )  

L o c a t i o n  Company P r o d u c t s  Annual =ODs SS Oil and COD Ammonia Phenols  T o t a l  F l u o r i d e  Cyanide T o t a l  
product ion g r e a s e  n i t r o g e n  chromium phosphorus 

Teraa West Coas t  Dyeing Dyed c o t t o n  & 240 t 5 448 13 920 67 680 

Tema V o l t a  Aluminum 

Tema GHAIP 

Tema Lever  B r o t h e r s  

T a k o r a d i  The Takoradi  
Veneer and 
Lumber 

- T a k o r a d i  L'Air Liquide 

Tema Tema Development 
Co. 

T o t a l  

rayon y a r n s  

Aluminium 

Petroleum 
r e f i n e r y  

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

Plywood 
Lumber 
Doors 

Oxygene 
Acetylene 

House 
c o n s t r u c t i o n  

3 750 a3 2 325 
3 000 m3 , 10 920 
50 000 pieces 



mu? 



Table 9 (continued) 

Pollutants discharged (kgfa) 
-- -- 

Location mWmY Products Annual BOD5 SS Oiland COD Ammonia Phenols Total Fluoride Cyanide Total 
product ion grease nitrogen chromium phosphorus 

Lok Socl&t& Generale Flour m i l l  . . . 
dea Houl ins  du 
Togo (S.G.H.T.) 

Total 



T a b l e  10. P r i n c i p a l  i n d u s t r i a l  e s t a b l i s h m e n t s  and e s t i m a t e d  mass of p o l l u t a n t s  discharged i n  t h e  c o a s t a l  a r e a  of Benin 

Pollutants d i s c h a r g e d  (kg/a)  

Loca t ion  Company Products Annual B"I>5 SS O i l  and COD Ammonia Pheno l s  T o t a l  F l u o r i d e  Cyanide  T o t a l  
p roduc t ion  g r e a s e  n i t r o g e n  chromium phosphorus  

Cotonou SOBICOG Palm oil 15 000 t 334 500 292 500 210 000 837 000 
Peanut  o i l  1 000 t 22 300 19 500 14 000 55 800 
Vege tab le  2 000 t 44 600 39 000 28 000 11 1 600 

b u t t e r  

P o r t o  NOVO SONICOG Bar aoap 5 200 t 11 804 20 104 I 40& 29 484 

Cotonou SOBETEX P r i n t e d  16 m i l l i o n  n12 5 4 4 8 0  139200 676 800 
t e x t i l e s  

C o t o n o u  LA BENINOISE Beer  22 SO0 000 litres 229 500 106 425 252 000 
Carbonated 9 100 000 li tres 28 665 39 403 71 890 

b e v e r a g e s  
Ice 10 950 t 

Cotonou SCB Cement 167 500 t 447 225 

Cotonou GMB Wheat f l o u r  9 380 t 938 93 8 

Cotonou MABECY B i c y c l e s  13  400 ... 
Motorcyc le s  9 500 ... 
B i c y c l e s  ... ... 

i n n e r  t u b e s  ... ... . . . 
... Cotonou BATA Shoes  321 600 p a i r s  ... 

BENINOISE 

Total 
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Table 12. P r i n c i p a l  i n d u s t r i a l  es tabl ishments  and est imated mass o f  p o l l u t a n t s  discharged i n  t h e  c o a s t a l  a r e a  o f  t h e  United Republic o f  Cameroon 

P o l l u t a n t s  discharged (kg/a) 

Location C o i p a n ~  Products  Annual SS Oil and COD AaBonia Phenols Tota l  F luor ide  Cyanide Tota l  
production grease  n i t rogen  c h r o a i r  phosphorus 

Douala Complexe Soap 18 000 t 40 860 69 660 4 860 102 060 
chimique Detergents  2 000 t 134 134 134 660 
caaerounala 
(CCC) 

Douala Cotonnikre Bleaching 35 m i l l i o n  BÃ  ̂ 119 018 304 500 
i n d u s t r i e l l e  and p r i n t i n g  
du Ca&emun T e x t i l e s  
(CICAPI) 

Douala Soc ie t6  Beer 50 B i l l i o n  liters 510 000 236 500 
Guiness- 
Caaeroun 

Bouala E a a i l l e r i e  F a b r i c a t i o n  o f  1 800 t 
Nouvell e steel c o n t a i n e r s  
Afrique & enamel p l a t i n g  

Douala B r a s s e r i e s  Beer 65 m i l l i o n  litres 663 000 307 450 
du Caeeroun Non-alcoholic 25 mi l l ion  litres 78 750 108 250 
(SA) carbonated 

beverages 

Douala AUJBASSA Aluminium 
products  

Douala CTMC Concrete  re- ... 
i n f o r c i n g  b a r s  

Douala CEP P a i n t  ... ... ... 
Bouala WALOR Hatches ... ... 
Douala CHOCOCAM Chocolate 7 000 t ... ... 

reftning 
Candy 4 500 t ... ... 

Douala SOPARCA Perfumes & 
creams 

Douala SAPCAH P a i n t ,  v a r n i s h  1.75 m i l l i o n  t 232 750 350 000 
& bleach 



Table 12 (continued) 

Pollutants discharged (kg/a) 

Location company Products Annual *% SS Oiland COD Ammonia Phenols Total Fluoride Cyanide Total 
production grease nitrogen chromium phosphorus 

Douala 

Douala 

Douala 

Douala 

Douala 

Douala 

Douala 

Douala 

Douala 

h u l a  

Douala 

Doual a 

Douala 

Douala 

PLAST ICAM 

M l l i a t  
Frkrea 

BAT* 

societi 
camerounaise 
de produits 
l a i t  i e r s  

SOL ADO 

SOCAVBR 

CIAC 

SYNCATEX 

lion-alcoholic 12 Bi l l i on  
carbonated l i t r e s  
beverages 

Batteries 1.5 Million 

Fabrication of ... 
Â¥eta containers 

Assorted plastic ... 
articles 

Food pastes ... 
6 

Shoes ... 
Dairy products 250 000 l i t r e s  

Concrete re- ... 
inforciw bars 

Synthetic 1.5 Billion m2 
fabrics 

G l a s s  ... 
Tires ... 
Blankets 1 . . 

bed spreads 

Blankets ... 
Blankets ..- 



Table 12 (continued) 

Pollutants discharged (kg/a) 

Locat ion W P ~ ~ Y  Products Annual BODc SS Oil and COD Ammonia Phenols Total Fluoride Cyanide Total 
production grease nitrogen chromium phosphorus 

h u l a  REGIC Toilet paper 300 000 rolls 2 7 9 0  6 0 0 0  6 975 
(assume 1 ro l l  
weighs 0.5 kg) 

Douala SOCAPRUITS Canning 5 000 t 25 650 31 650 
vegetables 1 
fruits 

Bonaberi SOCAME (not Fer t i l i ze r  ... 
presentl y 
operating) 

Bonaberi CAHOA Oxygen & ... 
acetylene 

Bonaberi DRATEX Linen . . . 
Bonaberl ALPICAH Small mtal ... 

a r t  ides 

Victoria Victoria Paper pulp 3 000 t 56 010 120 000 140 025 
Paper Ki l l s  

Victoria P l a n t a t i o n  Palm o i l  13 000 t 289 900 253 500 182 000 724 750 
Poml Palm kernel 5 000 t 11 1 500 97 500 70 000 278 750 

o i l  
Ran rubber 2 000 t 4 540 7 340 1 866 91 380 

Edea AUJCAH A l u a i n i u ~  50 000 t 500 000 333 500 

Total  

a/ 93.6 t/a of lead and cadmiuo are also discharged. - 





Table I f .  P r i n c i p a l  i n d u s t r i a l  e s t a b l i s h m e n t s  and e s t i m a t e d  mass of p o l l u t a n t s  d i s c h a r g e d  i n  the c o a s t a l  a r e a  of Sao Tome and P r i n c i p e  

- -  

P o l l u t a n t s  d i s c h a r g e d  (kg/a) 

Loca t ion  Company P r o d u c t s  Annual BOD5 SS O i l  and COD Ammonia Pheno l s  T o t a l  Fluoride Cyanide  T o t a l  
p roduc t  i o n  g r e a s e  nitrogen chromium phosphorus  

Seves CETO 

Neves FLEBE 

Neves Stockage  
S h e l l  

Neves 

Nevea SIPLANE 

S a o  Tome 

T o t a l  

Beer 

Carbonated 
soft d r i n k s  

S t o r a g e  o f  
pet roleum 
p r o d u c t s  

Boa t s  

Alcoho l i c  
beverages  

3.6 m i l l  i on  36 720 17 028 40 320 
l i t r e s  

0.2 m i l l i o n  630 866 
l i tres 

*. 

30 000 l i t r e s  95 130 



Table 15. Principal  indust r ia l  establishments and estimated mass or  pol lu tants  discharged i n  t h e  coas ta l  area of Gabon 

Pollutants discharged (kg/a) 

Location m n Y  Products Annual B0D5 SS O i l  and COD Ammonia Phenols Total Fluoride Cyanide Total 
production grease nitrogen chromium phosphorus 

Librevi l le  Soc ie t i  des Beer 36 million l i t r e a  376 200 170 280 W 200 
brasser ies  du Non-alcoholic 10 million l i t r e s  31 500 43 300 78 750 
Gabon 
(SOBRAGA) 

carbonated 
beverages 

7.5 mill ion Ã  ̂ 25 500 65 250 Librevi l le  Societe 
induat r ie l l  e 
des t e x t i l e s  
du Gabon 
(SOTEGA) 

Printed 
t e x t i l e s  

Librevi l le  Gabonaise de 
peinturea e t  
laques (GPL) 

Paint & lacquer 1 500 t 

Librevi l le  SOGAPIL Bat ter ies  

Librevi l le  GAWt Oxygen, 
acetylene 
& nitrogen 

L ib rev i l l e  A M  Paint  i g lue  ..* 

8 million t Port 
Gentil 

Port  
Gentil 

Port  
Gent il 

Port 
Gent 11 

Port 
Gentil 

Terminal 
pe t ro l i e r  
dlElf-Gabon 

Washing & 
storage of 
crude o i l  

Petroleum 
ref in ing 

Pe t ro lem 
ref in ing 

Beer 
Mon-alcoholic 

carbonated 
beverages 

1.2 million t 151 ZOO 

Socie t i  des 
braaseries 
de l*Ogoue 
Â¥arttim 
~SBCM) 

t 5 m i l l i o n l i t r e s  1 5 3 0 0 0  7 0 9 5 0  
2.5 million litres 7 875 10 825 

Plyrood 
Lunber 
Lumber 



Table 15 (cant inued) 

Pollutants discharged (kg/a) 

Location Company Products Annual B03 SS O i l  and COD Ammonia Phenols Total Fluoride Cyanide Total 
production grease . nitrogen chromium phosphorus 

Port SAGA 
Gent 11 

Port GABOA 
Gent 11 

Port Pl acages 
Gentil gabonab 

Port SADER 
Gentil 

Port Terminal 
Gent il Shell-Gabon 

Total 

Soaps & 
plast ic  
products 

Oxygen, 
acetylene 4 
nitrogen 

Wood veneers 

Wood veneers 

Washing ( sa l t  
removal1 & 
storage of 
crude o i l  

*.. 

3 mill ion t 
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Table 16 (continued) 

Pollutants discharged (kg/a) 

Locat ion Company Products Annual BO% SS 01.1 and COD Aamonia Phenols Total Fluoride Cyanide Total 
product ion grease nitrogen chromi mn phosphorus 

Polnte- 
Moire 

Pointe- 
Noire 

Pointe- 
Noire 

Pointe- 
Kolre 

Pointe- 
Noire 

Pointe- 
Noire 

Pointe- 
Noire 

Pointe- 
Noire 

M-Kayi 

N-Kayi 

H-Kayi 

Total 

PLACOBGO Wood veneer 30 000 m3 109 200 273 000 

Terminal E l f  Washing & 2.4 million t 
de Djeno storage of 
(ELF crude o i l  

Raffinerie Petroleum 
nationale refining 
de petrole 
(not operating) 

BA TA Shoes 

SOVERGQ Glass 

PLASCO Plast ic  
bot t les  

CFA Transporting 
& s e l l i n g  
wood 

SUCO Sugar 

HU ILKA Palm o i l  

HAG Flour 

1.0 million t 

790 000 pairs  

... 

... 



Table 17. Principal industrial establishments and est imated mass of pollutants discharged i n  t h e  coastal area of Zaire 

- -  - - - - 

P o l l u t a n t s  discharged (kg/a) 

Location C ~ W ~ Y  Products Annual BO% SS O i l a n d  COP Anaonia Phenols Total Fluoride Cyanide Total 
product ion grease  nitrogen chromium phosphorus 

Moandaj 
Banana 

Wanda/ 
Banana 

Wanda/ 
Banana 

Hatadi 

Hatadi 

Matadi 

Boas 

Booa 

Total 

s0ciiit6 zairo- Petroleum H50 000 5 6 7 0 0  36000 21600  157500 1 1 7 0 0  270 720 
i ta l imne de refinery 
rafftriage 
(SOZIR) 

Zaire-Gulf Of f-shore 
crude o i l  

Minot er le  
de Uatadi 
(HIDEMA) 

Service 
entreprises 
p4trol i&es 
(SEP ZAIRE) 
Matadi, 
Ango-Ango 

PEMASZA 

BRALIMA 

ONATRA 

crude o i l  

Flour m i l l  126 000 t 

Storage of  ... 
pet roleurn 
products 

Fish 

Beer 

Dry dock 

... ... . . . 
30 million l i t r e s  306 000 141 900 

a/ Capacity is 750,000 t/a. - 
b/ Production began i n  1980. - 



Table 18. Principal Industrial establishments and es t imated  mass of pollutants discharged In the coastal area of Angola 

Pollutants discharged (kg/a) 

Location Company Products Annual BO% SS Oiland COD Ammonia Phenols Total Fluor ide  Cyanide Total 
product ion grease nitrogen chrofflim phosphorus 

Luanda 
. (Area of 

Cacuaco, 
Viana , 
Cazenga) 

PETRANGOL Petrolem 1.5 mill ion t 189 000 120 000 72 300 525 000 39 150 900 2 400 
refinery 

SOSANGOL Storage & 250 000 t 
loading of  
crude o i l  

Luanda 

1.8 million litre& 18 360 8 514 Luanda Coapanhia Beer 
Uniao de 
Cerreja Angola 

3 mill ion litres 30 600 14 190 Luanda Beer 

5.5 m111ion m2 18 727 47 850 

2 mill ion 12 6 810 17 400 

Luanda TEXT ANC Printed 
t e x t i l e s  

Luanda Ex Fabrica 
laperial  de 
Borracha 
( F I B )  

Printed 
t e x t i l e s  

Luanda Bicycle 10 000 pieces 

20 000 pieces 
inner tubes 

Tires 

Luanda 
Paint 

Luanda Siderurgia St eel 



T a b l e  18 ( c o n t i n u e d )  

P o l l u t a n t s  d i scha rged  (t ig/a) 

L o c a t i o n  Company P r o d u c t s  Annual BOD5 SS O i l  and COD Ammonia Phenols  Total F l u o r i d e  Cyanide T o t a l  
product ion grease nitrogen c h r o m i m  phosphorus 

Luanda 
(Area  of 
Cacuaco , 
Vlana,  
Cazenga 1 

Luanda 

Luanda 

Cabinda 

Cabinda 

Cement e r i a  
National 

Cement . . . ... 

Vegetable  o i l  2 200 m3 39 248 34 320 24 640 98 208 I n d u s t r i a  
Ango lam 
d e  Oleas  
Vege ta l e s  
(INDUVE 

Soap 2 600 t 5 902 10 062 702 lit 742 
P l a s t i c  6 m i l l i o n  
b o t t l e s  p i e c e s  

B i c y c l e s  24 000 
Moto rcyc le s  2 500 

FABIMOR 

Gulf-Oil 
Terminal 
Cabinda 

Hashing & 5 m i l l i o n  t 
s t o r a g e  
of c r u d e  o i l  

Gulf-Oil 
Refinery  
Cabinda 

O i l  r e f i n e r y  
( t o p p i n g  
o n l y  1 

25 000 t 

2 m i l l i o n  t O i l  Terminal 
SOYO 
(PETRANGOL/ 
TEXACO 

Washing & 
s t o r a g e  o f  
c r u d e  o i l  

Benguela 

Huambo 

A f r i c a  
Text il 

P r i n t e d  
t e x t i l e s  

1 1  m i l l i o n  m2 37 455 95 700 

. . . P r i n t e d  
t e x t i l e s  

Unidade 
T e x t i l  do 
Huambo 

Huambo UNTEX 
( n o t  

P r i n t e d  
t e x t i l e s  

o p e r a t i n g )  



Table 18 (continued) 

P o l l u t a n t s  discharged (kg/a) 

Location Company Products Annual BOD5 SS O i l  and COD Ammonia Phenols Tota l  Fluoride Cyanide Total 
product ion grease n i trogen  chromim phosphorus 

Alto 
Caguabel a 

Alto 
Cat umbel a 

Total 

Fabrica Motocycle 5 000 pieces 
U l  i s  se s assembling 

NCOL A Beer , . . 
~ o m ~ a i h i a  de  Paper pulp ... 
cellulose e t  
Papel de 
Angola 

Algodoura Vegetable oils 
Agricola do 
Alto Catumbela 
( AAA 

E M  Beer 

SATEC Printed 
t e x t i l e s  

. . , ... . . * 
10 m i l l i o n  m2 30 050 07 000 

a/ Maximum capacity 2 million l i t r e s  per year. - 
b/ Maximum capacity  31.5 million l i t r e s  per year. - 
c /  Maximum capacity 30 000 t /a .  - 



I Annex I V  

DEF INIT IONS 

Biochemical oxygen demand (BOD,. ) 
*/ 

The 5-day, ~ O C ,  BODp test is  widely used t o  determine t h e  

po l lu t iona l  s t r eng th  of  wa t e  water i n  terms of t h e  oxygen required t o  

oxidize  o r  convert t h e  org i c  matter t o  a  nonputrescible end product. 

The BOD test is a bioassa procedure t h a t  measures t h e  oxygen consumed 5 
by living organisms while t i l i z i n g  t h e  organic matter  present  i n  t h e  

waste water under cond i t io  s aa similar as poss ib le  t o  those t h a t  occur i n  I 
nature. To make r e s u l t s  comparable, t h e  test has been standardized. The 

BOD, test is one o f  the  most important i n  stream pol lu t ion  control .  

Suspended s o l i d s  (SS) 

Suspended s o l i d s  a r e  t h e  suspended material tha t  can be removed from 

waste waters by labora tory  f i l t r a t i o n  excluding coarse o r  f l o a t i n g  s o l i d s  

t h a t  can be screened o r  s e t t l e d  out  readi ly .  Suspended s o l i d s  a r e  a v i t a l  

and e a s i l y  determined measure of pol lu t ion  and a l so  a measure of  t h e  

mater ia l  t h a t  may settle out  i n  slow-movin& streams. Both organic and 

inorganic ma te r i a l s  a r e  measured by t h e  SS test. 

Oils and greases 

O i l s  and greases are determined by mul t ip le  so lvent  ex t rac t ions  of  

the  f i l t e r a b l e  port ion of a sample o f  waste water; the re fo re ,  f l o a t i n g  o i l s  

and greases are not included i n  t h e  analys is .  Several so lvents  are commonly 

used and each gives a d i f f e r e n t  result with t h e  same sample. Standardized 

tests are recommended, but there is much disagreement as t o  what c o n s t i t u t e s  

t h e  beat  method. Solvents such a s  hexane, e t h e r ,  Freon, and carbon t e t r a -  

ch lo r ide  are used, and it is important t h a t  t h e  so lvent  be speci f ied .  

O i l  and grease  exe r t  an oxygen demand, cause unsightly condi t ions ,  and can 

i n t e r f e r e  with anaerobic b io logica l  treatment systems. 



Acidity,  a l k a l i n i t y ,  and pH a r e  terms used to express t h e  corros ive  

o r  c a u s t i c  p roper t i e s  of  a waste water. None of the  tests related to these  

p r o p e r t i e s  measures a s p e c i f i c  component i n  waste water, but they serve  a 

useful  purpose by ind ica t ing  a r e l a t i v e  t o x i c i t y  t o  aqua t i c  l i f e  (see 

annex I). 

Chemical oxygen demand (COD) 

The COD t e s t  is an a l t e r n a t i v e  t o  t h e  BOD,, test. It is widely 

used and measures the quant i ty  of oxygen required t o  oxidize t h e  materials 

i n  waste water under severe chemical and physical condit ions.  The major 

advantage of t h e  COD test is  t h a t  only a s h o r t  period (3 hours) is required 

t o  conduct the  t e s t .  The major disadvantage is t h a t  t h e  test does not 

i n d i c a t e  how rap id ly  t h e  b io log ica l ly  a c t i v e  material would be s t a b i l i z e d  

i n  na tu ra l  condit ions.  



Annex V 

WASTE-WATER CHARACTERISTICS AMD THE N W E R  OF EMPLOYEES REPORTED 3Y THE INDUSTRIES VISITED, FOR SELECTED COUNTRIES 

Table 1 .  Waste-water characteristics and number of employees, Angola 

Settleable Urea and Suspended Oil, Caustic 
Maae of industry ' Number o f  so l ids  Phenol forma1i.n sol ids  BOD5 COD mineral Solvents soda Chrcmiun 

and product employees ( d / a )  (t/a) (3+)  Iron 

PETBAMCOL 
Petroleum Refinery 550 

SOIUNGOL 
Hydrocarbons storage 32 

TEXT- 
Printed t e x t i l e s  1 290 

CUHBOL 
Copper and Tyres 347 

IMDUTC Vegetable o i l a ,  
soap, Plastic bottle8 620 

SIDERORGICA UACIOUAL 
Steel  400 

CABIHDA GULF-INST 
Washing and Storage 20 

Total 

Projected discharge 
t o   ocean^^ 10 000 

a/ Based on ratio of to ta l  number of  employees i n  all Industries to number o f  employees in the industries vis i ted on the coast of Angola: 
0 0  &0/3 259) (settleable solidal = (3)(575) = 1 725. 





T a b l e  3. Waste-water c h a r a c t e r i s t i c s  and number o f  employees,  Congo 

S e t t l e a b l e  Urea and Suspended O i l ,  C a u s t i c  Waste wa te r  
Name of i n d u s t r y  Number o f  s o l i d s  Phenol fo rma l in  s o l i d s  BOD5 COD m i n e r a l  S o l v e n t s  soda d i s c h a r g e d  

and p r o d u c t  employees (m3/a) ( t / a )  Grease (m3/a) 

SCBK 
Beer and c a r b o n a t e d  
beve rages  

Terminal  E l  f-D j e n o  
Washing and s t o r a g e  
o f  c r u d e  o i l  

SIDETRA 
Lunber,  v e n e e r  
and plywood 

R a f f i n e r i e  n a t i o n a l e  
Pet roleum r e f i n i n g  

T o t a l  

P r o j e c t e d  d i s c h a r g e  
t o  w e a d  

a/ Based on ratio o f  t o t a l  number o f  employees i n  a l l  i n d u s t r i e s  t o  number of employees i n  the i n d u s t r i e s  v i s i t e d  on t h e  coast of t h e  
congo: ( 3  000/1 4 9 8 ) ( s e t t l e a b l e  s o l i d s )  = ( 2 . 0 ) ( 700 )  = 1 400. 



Table 4. Waste-water c h a r a c t e r i s t i c s  and number o f  employees,  Gabon 

S e t t l e a b l e  Urea and Suspended O i l ,  C a u s t i c  Waste w a t e r  
Name of i n d u s t r y  Number o f  s o l i d s  Phenol formal  i n  s o l i d s  BODt; COD mineral S o l v e n t s  soda d i s c h a r g e d  

and p roduc t  employees ( d / a  ( t / a )  Grease ( d / a )  

SOBFIAGA 
Beer and ca rbona ted  
beverages  280 43 

SOTEGA 
P r i n t e d  T e x t i l e s  120 350 

GPL 
P a i n t  and l a c q u e r  43 3.5 

sm 
Beer and ca rbona ted  
beverages  146 70 

CFG 
Plywood and l m b e r  1 764 ... 

T e n i n a l  Elf-Gabon 
Crude oil s t o r a g e  100 ... ... 50 100 12.5 

SOGARA and COGER 
Petroleum r e f i n i n g  330 ... . . . W.5 20 6 

T o t a l  

P r o j e c t e d  d i s c h a r g e  
t o  wea& 6 320 1 050 5.6 5.6 5 200 1 400 37 200 42 4.2 8 

a/ Based on r a t i o  of total number of employees i n  a l l  i n d u s t r i e s  t o  number o f  employees i n  t h e  i n d u s t r i e s  v i s i t e d  i n  Gabon: 
(6  325/2 7 8 3 ) ( s e t t l e a b l e  s o l i d s )  = (2.25)(466.5) = 1 050. 

it. 



Table 5. Waste-water cha rac te r i s t i c s  and number of employees, I v o r y  Coast 

Set t leable  Urea and Sus~ended O i l .  Caustic Waste water 
Naae of Industry Hirber of so l ids  phenol f o m a l i n  s o l i d s   BOD^ COD mineral Solvents soda discharged 

and product employees (m3/a) ( t / a )  Grease (a3/a) 

ICODI 

SQTEXI 

SIR 

SOLIBRA 

BRACODI 

S060CI 

PFCI 

API 

IBL 

TOW ITORIE 

T o t a l  

Projected discharge 
t o  ocean*^ 

450 

460 

BOO 

600 

800 

250 

250 

173 

75 

150 
- 

4 209 

831 

- 
41 169 

a /  Not included i n  totals used t o  make proJections because of  the unusual character of  t he  waste water. Contributions of pol lu tants  by BLOHORN 
were added a f t e r  the projections Mere made. 

b/ Based on r a t i o  of t o t a l  nunber of employees i n  a l l  Indust r ies  t o  number of employees i n  the  indust r ies  v is i ted  on the  coast  of the  Ivory 
Coast: l41 169/1* 209)(sett leable solids) = (9.8)(4 686.85) = 46 000. 



Table 6. Waste-water characteristics and nunber of employees, Sao Tome and Principe 

Settleable Urea and Suspended Oil, Caustic Waste water 
Naueofindustry Hunberof so l ids  Phenol formalin sol ids  BOD; COD mineral Solvents soda discharged 

and product mployees (&a) ( t / a )  Grease ( d / a )  

CETO 
Beer 

FLEaE 
Soft drink8 

Total 

Projected dischafe 
to ocean^ 

a/ Based on ratio o f  total  lumber of employees i n  a l l  industries to nuaber of employees in the industries visited on the coast of 
Sao ~ome and Principe:  (250/95)(suspended s o l i d s )  = (2.63)(150.2) = 390. 



Tab le  7 .  Waste-uater  c h a r a c t e r i s t i c s  and number of employees,  Togo 

S e t t l e a b l e  Urea and Suspended O i l ,  C a u s t i c  Waste w a t e r  
Mane of i n d u s t r y  Number of s o l i d s  Phenol  formal i n  s o l i d s  BOD5 COD m i n e r a l  S o l v e n t s  soda d i s c h a r g e d  

and p r o d u c t  employees @/a )  ( t / a )  Grease  (m3/a) 

S.T .H. 
P e t r o l e u n  r e f i n e r y  

S.T.B. 
Soft d r i n k s  

B.B. 
Beer  and ca rbona ted  
beve rages  

T o t a l  

O.T .P -87 
Washing of 
phosphate  m i n e r a l  

P r o j e c t e d  d i s c h a r g e  
t o  ocean11' 

a /  Because  of its a t y p i c a l  p o l l u t a n t  c h a r g e s ,  t h i n  i n d u s t r y  h a s  n o t  been c o n s i d e r e d  i n  t h e  f u r t h e r  p r o j e c t i o n  f o r  the coun t ry .  - 
b/ Baaed on  rat io of t o t a l  number o f  employees i n  a l l  i n d u s t r i e s  ( e x c e p t  O.T.P.) t o  n m b e r  of employees i n  the i n d u s t r i e s  

v i s i t e d  ( e x c e p t  O.T.P. ) on t h e  c o a s t  o f  Togo, p l u s  t h e  f i g u r e  f o r  O.T.P.: / ( I  000 - 1 150)/780/(auspended s o l i d s )  = (3.6K118) + 2 450 425. 



References 

Africa: South of t h e  Sahara (London, Europa Publicat ions,  1978). 

Mitteilungen de r  Bundesatelle fur Aussenhandelainfomation, 30. Jg., 

N r  . EM 80, Beilage zu den NFA (March 1980). 

M.R. Mounter, nSurvey of marine po l lu tan t s  from i n d u s t r i a l  sources i n  

t h e  West African region - Nigerian (UNIDO/ICIS.179). 

M.R. Mounter, Personal communication, 1980. 

F. Williams, Review of t h e  P r inc ipa l  Resul ts  of  t h e  Guinean Trawling 

Survey (West Afr ica ) ,  Leaf le t  No. 150 (Washington, D.C., United S t a t e s  

Department of t he  I n t e r i o r ,  Fish and Wildl i fe  Service ,  Foreign 

F i she r i e s ,  1968). 

J.E. Portmann, n In te rna t iona l  marine pol lu t ion  con t ro l sw,  Marine 

Po l lu t ion  Bul l e t in ,  vol. 8, No. 6 ( 19771, PP. 126-132. 

A. Margola, "Etude des  pol luants  marina d 'o r ig ine  i n d u s t r i e l l e  

dans l a  region de lqAfr ique  de lvOuest  - Angolan (UNIDO/ICIS.157). 

A. Margola, "Etude des pol luants  marine d v o r i g i n e  i n d u s t r i e l l e  

dans l a  region de l lAf r ique  de lvOuest  - Congon (UNIDO/ICIS. 158). 

A. Margola, "Etude des  pol luants  marina d l o r i g i n e  i n d u s t r i e l l e  

dans l a  region de 1'Afrique de lvQuest - Cote d ' Ivoi ren  (WN1DO/ICIS.172). 

A. Margola, "Etude des  pol luants  marins d 'origine i n d u s t r i e l l e  

dans l a  region de 19Afrique de lvOuest  - GabonH (UNIDO/ICIS. 155). 

A. Margola, "Etude des  pol luants  marins d 'or ig ine  i n d u s t r i e l l e  

dans l a  region de l lAf r ique  de  lvOuest  - ~ u i n e e  Equatorialen 

(UNIDO/ICIS .  154). 

A. Margola, "Etude des pol luants  marins d 'or ig ine  i n d u s t r i e l l e  

dans l a  region de l lAf r ique  de  l lOuest  - R6publique-Unie du Camerounn 



13. A. Margola, mEtude des po l luan t s  marina d l o r i g i n e  i n d u s t r i e l l e  

dans l a  region de l l A f r i q u e  de l 1 0 u e s t  - Sao Tome-et-Principett 

(UNIDO/ICIS. 174). 

14. A. Margola "Etude des  po l luan t s  marina d l o r i g i n e  i n d u s t r i e l l e  

dans l a  region de l lAf r ique  de 1' Ouest - Togon (UNIDWICIS. 173). 

15. A. Margola, "Etude des  p o l l u a n t s  marins d l o r i g i n e  i n d u s t r i e l l e  

d a m  l a  region de 1'Afrique de 1'Ouest - Zairew (UNIDO/ICIS.153). 

16. E.J. Middlebrooks, "Survey of marine p o l l u t a n t s  from i n d u s t r i a l  

sources  i n  t h e  West Afr ican region - Libe r i aw.  

17. E.J. Middlebrooks, "Survey of  marine p o l l u t a n t s  from i n d u s t r i a l  

sources  i n  t h e  West African region - S i e r r a  Leonen. 

18. M.R. Mounter, "Etude des  p o l l u a n t s  marins d l o r i g i n e  i n d u s t r i e l l e  

dans l a  region de  1'Afrique de 1'Ouest - Beninw (UNIDO/ICIS. 168). 

19. A.G. Rozanov, "Marine p o l l u t a n t s  from i n d u s t r i a l  sources i n  t h e  

Gambiaw (UNIDO/Is. 188). 

20. A.G. Rozanov, "Marine p o l l u t a n t s  from i n d u s t r i a l  sources  i n  Ghanan 

(UNIDO/Is. 189). 

21. J.P. S c h i f i n i ,  "Etude dea p o l l u a n t s  marina d l o r i g i n e  i n d u s t r i e l l e  

dans l a  region de  l g A f r i q u e  de 1 '0ues t  - Republique Populaire  et 

Revolut ionnaire  de Guin6en (UNIDO/ICIS. 171 1. 

22. J. P. S c h i f i n i  , "Etude des  p o l l u a n t s  marins d l o r i g i n e  i n d u s t r i e l l e  

dans l a  region de l l A f r i q u e  de 1'Ouest - Guinie Bissaun 

(UNIDO/ICIS.169). 

23. J.P. S c h i f i n i ,  *Etude des  p o l l u a n t s  marins d f o r i g i n e  i n d u s t r i e l l e  

dans l a  region d e  1' Afrique de  l*Oues t  - Senegalu (UNIDO/ICIS. 170). 



24. J.B. Carmichael and N.L. Nemerow, n P o l l u t a n t s  from land-based 

3ources  i n  t h e  Mediterranean. I n d u s t r i a l  waste d ischarges  from t h e  

c o u n t r i e s  o f  Morocco, Algeria, Tunis ia ,  Libya, Egypt, Israel, and 

Syria" .  

25. EPA Code of Regula t ions  (Washington, D.C., United S t a t e s  Environmental 

P ro t ec t i on  Agency, 1977). 

26. N.L. Nemerow, I n d u s t r i a l  Water Po l lu t i on :  Or ig ins ,  C h a r a c t e r i s t i c s  

and Treatment (Reading, Massachuset ts ,  Addison-Wesley , 1978). 

27. E.J. Middlebrooks, I n d u s t r i a l  P o l l u t i o n  Cont ro l ,  vo l .  I (New York, 

Wiley I n t e r s c i e n c e ,  1979). 

28. I n t e r i m  F i n a l  Supplement f o r  Pre t rea tment  t o  t h e  Development Document 

f o r  t h e  Petroleum Ref in ing  Indus t ry ,  E x i s t i n g  Po in t  Source Category 

(Washington, D.C., United S t a t e s  Environmental P ro t ec t i on  Agency, 

1977). (EPA 440/1-76/083A) 

29. Development Document fo r  I n t e r i m  Final E f f l u e n t  L imi t a t i ons  Guide l ines  

and Proposed New Source Performance S tandards  f o r  t h e  Explosives  

Manufacturing (Washington, D.C., United States Environmental P ro t ec t i on  

Agency, 1976). (EPA 440/1-76/060j) 

30. Bulk S tandards  f o r  Water Consumption and Water Discharge i n  Various 

Branches of Indus t ry  (Russian)  (Moscow, S t r o j i z d a t ,  1978). 






