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Ladies and Gentlemen,
 

It gives me great pleasure to address this very important

workshop which has been organized and hosted by the Lake
 
Basin Development Authority so 
as to create a two stage forum
 
to discuss at the technical level. Water Quality and
 
Pollution Control in the Lake Basin Area of Kenya and also
 
endeavour to Jdentify the global problems in this area that
 
may originate from the other sectors of the Greater Lake
 
Victoria Basin. 
 To achieve both goals, participants were
 
invited from the United Republic of Tanzania, Uganda and
 
an 
official of the Kagera River Basin Development Organization
 
We have closely followed the proceedinps of your delibera
tions but before I make specific comments that directly
 
touch upon the theme of this workshop, let me on behalf
 
of the Authority extend a very warm welcome to you and fui'ther
 
express the hope that those participants who have come from
 
Tanzania, Uganda, Ruanda and the United States of America
 
will find time to famillarise themselves with the projects
 
and programmes ir which the Authority is 
involved and
 
generally visit Western Kenya 
and meet our people.
 

The Government of Kenya has done an excellent job in locating
 
major apro-based industries in Western Kenya which provide
 
thousands of jobs to 
our people and a steady outlet for
 
the manufacture 
 of suar, paper, the processing of coffee,
 
tea and the manufacture of textiles. 
 This impressive
 
development 
 has brought with it major environmental
 
problems that must be addressed and resolved in order to
 
assure our people of livinF in a healthy environment,
 
drinking clean and unpolluted 
water and I am aware that
 
the technical 
 session of this workshop which you 
are
 
involved in will advance 
 firm recommendations and draw
 
up a Plan of Action which the L..B.D.A. 
will study carefully
 
and to ensure its implementation with 
 the support from the
 
Government of Kenya and from International Organizations.
 

We expect that this workshop will focus on policy matters
 
relating firm commitments from Industry, Local Authorities
 
and the Government to 
act in a co-ordinated manner to
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ensure the availability of high Quality Water for 
our
People and the promotion of a pollution free environment
 
for the future. 
 You should now or at a latter but

immediate session also deliverate how best 
 to plan and
 
manage the development of the Lake Basin Area in an
integrated manner as we 
are convinced 
 that mis integrated

approach to planning holds the best hope for the rapid
 
development of thi.. 
.rea.
 

I now wish to addresF myself to 
the important issue of
Regional Co-operation at 
the technical, operational and
other levels if we 
hope to safeguard 
and manage the use
of the Waters of Lake Victoria. 
I am delighted 
to note that
 
participants from Tanzania, Uganda and the Kagera River
Basin Organization are here with 
us to discuss the important

matters I have touched upon at 
the Regional level and

that we will 
be able to work out mechanisms of co-operation
 
at all levels and appropriately advise our respective

governments to 
support these arrangements and put them
 
into effect at the earliest possible time.
 

To conclude my remarks 1 wish to 
express our sincere
 
appreciation to UNEP for the financial and moral support
it has extended to L.B.D.A. 
towards the realization of

staging this workshop and express the hope that UNEP wtll
 
Join hands with the Authority in 
the implementation of
the recommendations and the Plan of Action that 
are being

formulated by this Workshop on 
a continuing basis.
 

I also thank ETMA 
 for the full support it has extended
 
to the L.B.D.A. towards the realization of holding this
Workshop by makinv it possible for Lecturers and Resource
 
persons to travel to Kisumu 
 to share their experience with
 you. I also 
 thank the USAID, the University of North

Carolina and the Southeast Consortium for 
 International
 
Development for their full support and co-operation.
 

Finally, I would like 
to point out 
the obvious, namely,

that development takes place in an 
atmosphere of peace

and where 
law and order prevails. 
Kenya has been fortnate
 
ir this respect, thanks to 
the wise leadership which we
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have enjoyed since Independence under the leadership of
 
the Lake President Jomo Kenyatta and 
our beloved President
 
Daniel Toroitich arap Moi. 
 We do not boast, but we feel
 
we have achieved a measure of development commensurate
 
with our resources which we have used 
to the best of our
 
ability and we hope to continue in the same vain.
 

The disruptive elements that disrupted the peace and led
 
to loss of life and looting in Nairobi and Panyuki is the
 
work of a few disgruntled elements who were 
led by the
 
Kenya Air Force. 
 These people will never be satisfied even
 
with their own deeds. All they want is POWER, 
the product
 
of which we saw in Nairobi and Nanyuki, i.e. loss of life
 
and looting. This disturbance has been brought under
 
control by the Armed Forces loyal 
to the President and the
 
Republic of Kenya. Kenyans 
are grateful to them and feel
 
they are secure and free. 
 The Lake Basin Development
 
Authority wishes to put 
on 
record its total loyalty to
 
His Excellency President Daniel Toroitich arap Moi, his
 
Government and the Ruling Party KANU. 
 I can assure you that
 
you can deliberate on 
what you have set out to do knowing
 
that you 
 are safe under the hyayo Government. I would
 
also like 
to ask you to visit other areas of Kenya to
 
acquaint yourselves with the life 
 of the people in this
 
Republic. Everywhere else except hairobi and Nanyuki,
 
life continued normally, except for the anxiety which
 
relatives had of members of their families in the two
 
towns.
 

Feel at home and you are welcome to stay as long as you

wish. 
 I now have the pleasure of declaring this Workshop
 

formally open.
 

NYAYO!
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Moved a vote of thanks to the Chairman and proceeded to
 
give background to the L.B.D.A. 
 The Authority was first
 
declared by His Excellency, the President in 1979 after
 
which 
an Act of Parliament was adopted establishing the
 
Lake Basin Development Authority.
 

The purpose of the Authority was manifold but with an
 
emphasis that the Authority be a national organization
 
fouusing on the ecological region which, though diverse,
 
has certain unique characteristics. It is a catchment
 
area in the strictest sense of the word. 
 That is what
 
makes it into an identifiable unit. 
 Water resources of
 
the catchment area give unique characteristic to the
 
natural resources of the area.
 

The Authority is required 
to act as a catalyst in the
 
development by eradicating the unique problems of under
development. The implication is that to develop the area
 
enhances national goals. The Authority is to carry out
 
planning of the area; 
 identify projects for development
 
in a manner 
 that supercedes the conventional sectoral
 

approaches.
 

Authority was to distinguish the development area made
 
up of two Provinces: Nyanza and Western but then within
 
the context of the catchment 
area. Thus the thrust of
 
the development was 
to focus on the two Provinces but withoul
 
losing sight or the outer zone, 
 within the catchment area.
 
Development cannot 
ignore the catchment area as a whole
 
but will conduct conservation studies of that 
area and
 
ensure its rehabilitation. 
That is related to the purpose
 
Of the present workshop which focuses on water quality
 
and Integrated Piver Basin Planning and Management.
 
The Planner is therefore required to perceive the
 
development needs in a comprehensible sense.
 

The analogies are broad between the Lake Basin Development
 
Authority 
 and that of the Tana River Development Authority
 
which has been expanded to include Athi River Basin.
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The second role of the Authority is "Coordination'.
 
There is a recognition that 
there are other Ministries
 
working in the same area. 
 However, their work 
is often
 
unco-ordinated and it is rarely 
a surprise that they
 
either duplicate or 
conflict with each other in development

planning and implementation. 
This obviously leads to
 
conflicts.
 

Thus, the 
role of Lake Basin Development Authority is
 
sensitive. 
We have to 
discuss and compromise until we
 
find a Modus vivendi for achieving our stated goals.
 
This is 
the case with our work 
on Upland Hice undertaken
 
in conjunction with 
the linistry of Agriculture or the
 
immunization project with Ministry of Health. 
The projects
 
are of the L.B.D.A. but they have had 
to pet active
 
co-operation and 
agreement of the respective Ministrico
 
of our Government.
 

It will be possible to do the 
reverse as well. We can
 
identify desirable projects and defer the execution to the
 
Ministries concerned. 
 We can cause and 
effect a project
 
or development proprammes.
 

The study of the Authority is ominous. 
We are expected
 
to correct an ano:;ialy. 
 The anomaly is 
that in national
 
terms, the region was 
not developed adequately. Relative
 
to its actual and 
potential resource, the 
region was not
 
developed enough to 
make its 
correct contribution to 
the
 
national economy. 
 Our duty is to correct that anomaly

and we are expected 
to husband the natural 
resources
 
includinf 
water. 
 o this Workshop 
 is expected to give

guidance to 
the Authority in 
the strategies 
for rational
 
management of the water 
resources.
 

Todate, 
we have undertaken 
 recruitment of professionals
 
to do the work and 
we have tried 
to do it carefully. We
 
have a core team of specialists in public health, water,
 
agriculture, fisheries, industries and 
more are still to
 
come. 
Our activities will 
cover 
the full range of
 
development and rehabilitation work. 
 Perhaps it is
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important to note that our activities have ranged from
 

public health issue such as tsetse fly extermination in
 
Lambwe Valley (which has implication for animal husbandry
 
too) 
to upland rice programme (which has implication for
 

agriculture and nutrition).
 

The nepotiations for our development needs has also included
 
discussions with the financial institutions such as AFC
 
and the East African Development Bank. We expect 100,000
 
bags of additional rice as a result of our project and we
 
intend to expand this project in the coming years. We
 
intend to expand immunization programmes to attach the
 
infant mortality in 
the area. The infant mortality rate
 
in the Lake Basin area is the highest in the country. An
 
area which loses its youth does not develop.
 

We have conducted 
a number of studies including hydrological
 
work for hydro-power potentials and this should give us
 
a source of energy for development of our industries.
 

I have been impressed by the seriousness of attending the
 

present workshop, which includes a representative of the
 
Kagera Basin Organization. 
 The paper from the latter shows
 
that we have a lot to learn from that experience.
 

Thank you.
 

Question: 	 Mr Bonuke has outlined the role of the Lake
 
Basin Development Authority as planning as well
 

as coordination. But what are some of the
 
constraints realized in the process?
 

Answer: 
 One of the grete-t constraints is finance. This
 

is a difficult time in our national economy.
 
We have received co-operatLion in planning but
 
the money for investment is still a bottleneck.
 

There have been some problems in finding the
 

proper manpower but we have gone a long way
 
in getting local people; but we have also
 
relied on foreign consultants.
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We were allocated only Shs. 8 million last
 
year. 
That gives us the equivalent of a
 
shilling a head for people in the Lake Basin
 
area. 
What investment is 
that? We pressed

harder and this year we are allocated Kenya

Pounds 1.5 million for development. That is
 
still too small in terms 
 of development
 
financing.
 

Comment: 
 There are internal/organzatonal 
problems of
 
developing a new institution. 
Co-ordination
 
must start from the office that will do the
 
Job, and this is 
a hard task.
 

Coordination belonged to the District Development

Committees and therefore 
to have a new body

to have a finger on 
the same task creates its
 
own problems but we have been fairing on well.
 

The idea that the LBDA should go out and 
assess
projects is 
bound to be slow. 
As a consequence,
 
there may be 
loss of funds.
 

There is the issue of regional distribution of
 
services and projects 
within the Basin. 
 Very

often the criteria is likely 
to be mibunderstood
 
with possible conflicts in the region as a whole.
 

The implementing ministries have presented no
 
special problem to the L.B.D.A; there are

budgetary questions which might cause 
inconvenienep
 
However, 
 every Ministry officials in the field
 
arc 
often very co-operative and enthusiastic to

work with 
the L.B.D.A. 
 The Authority should
 
continue to co-operate with 
the field officials
 
from the Provincial level downwards. 
 It facilitat
rational and mutual balancing of the use 
of
 
financial 
resources. 
The point here is that the
 
Ministry officials and the L.B.D.A. can, and have

actually co-operated in joint funding of projects
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and this approach is to continue.
 

Comment from a Participant
 

Co-ordination of aid agents is a point that
 
is worth mentioning. Very often donors have
 
their own preferences based on their knowledge
 
of the country and even Basin Area.
 

Question Does the L.B.D.A. have problems in marrying
 
the development interests of the Districts
 
at a time when the districts are the focal
 
point for national development?
 

Answer The L.B.D.A. has a regional mandate but this
 

can be divided to the district level. There
 
is no serious 
problem since the L.B.D.A. is
 
a member of the District Development Committee:
 
in each of the Districts in the Development
 

area. We co-operate in the consideration
 
of government as well as 
Harambee projects.
 

The L.B.D.A. expects 
to assist the districts
 
in feasibility 3tudies and securing the
 
requisite personnel, to ensure rational
 

Planning and execution of the projects. The
 
L.B.D.A. can, for instance, secure services
 
of the National Youth Services to build a
 
bridge which the Ministry of Transport and
 
Communication will not construct.
 

Question 	 Is the L.B.D.A. involved in second level
 
planning to 
ensure balancing of contending
 

interests. 
 Are you involved in comprehensive
 
physical plans?
 

Answer 	 Comprehensive and longterm regional master
 

plans are costly and require more resources
 
than we have. 
We need external assistance.
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The example of Kagera is impressive because
 
they have extensive studies. 
 We would like to
 
do that.
 

Comment: 
 Overall development planning is an imperative.
 
You need that before you start on 
clusters
 
of projects. 
It may be realized that if you

wait too 
long, with small stop-gap measures
 
in projects after which 
some of the mistakes
 
may be impossible to reverse. 
 Mistakes in
 
water quality, for instance, cannot be reversed
 
easily. Mistakes can 
be very costly and 
our
 
objective is 
to avoid this.
 

Comment: 
 The Authority is doing some data collection
 
and with proper financial backing from the
 
Exchaquer giving us adequate funds, we shall
 
be able to facilitate research work towards
 
a comprehensive development plan for the
 
region. The L.B.D.A. will also need 
a fully
 
professional documentation syotem.
 

Comment: 
 Usually in projects, one looks at the goal
 

and focus on implement'tion. 
 It will be
 
important to stress that goal 
to the exchaquer
 
but at 
the same time there is 
a need to consult
 
with consortia of Ministries. 
 The L.B.D.A.
 
has to catalyse and therefore must seek
 
receptivity. Whoever takes credit for the
 
project is immaterial. 
 There are projects
 
that can be best done by L.B.D.A. In Kenya
 
there is a Ministry for overall national
 
planning. But 
none for overall execution.
 
Therefore the L.B.D.A. has to 
use the best
 
judgement and 
decide which Ministry it will
 
work with and which 
one will execute and with
 
what resources.
 

We suspect that ultimately, if the 
rate of
 
development does not rise in the catchment area,

the L.B.D.A. 
 will be blamed 
for it. Therefore
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we are determined to catalyse and initiate.
 

Question: 
 Does the L.B.D.A. have any fund for generating
 

projects?
 

Answer 
 The L.B.D.A. cannot rely on handouts indefinitely.
 
It will have to embark on fund generating
 
projects. 
An example is power-gen6ration.
 
Hydro-power potentials are abundant in this
 
region. 
We can borrow or receive grants for
 
such projects, generate power arid sell it.
 

Water resource use is another example: 
 We
 
could make money by abstracting and selling
 
the water or we could charge users provided
 
that we have an imput in the conservation
 
measures.
 

Moat of the people in this region have invested
 
in the traditional municipal 
centres. The
 
L.B.D.A. plans to go into joint ventures with
 
the people in the area, 
sell the shares to any
 
investors and move 
 to new projects in a
 
revolving way. 
 In order to alleviate urban
 
housing, the L.B.D.A. 
can go into real estate:
 
build houses and generate income from rent.
 

Comment: 
 The Tana River Development Authority is;at this
 
stage getting token amounts. Just now it is
 
planning to embark on finance projects. The
 
Tana and Athi River Development Authority is
 
planning 
to raise the level of the river.
 

Comment: 
 The Lake Basin Development Authority could
 
start a company for treatment of' wastes and
 
charge the industries or municipalities accordingly.
 

Comment: 
 The Lake Basin Development Authority could charge
 
for costs, but not just for abstraction of the
 
water generally. Water ownership in the country
 
is vested in the Government, which can appoint
 
water undertakers.
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The Authority can 
enter into agreement with specific
 
local authorities around the lake 
and assist in
 
marshalling finances. 
In the process the Lake Basin
 
Development Authority 
zan 
help alleviate the.'current
 
problem of water delivery to the municipalities and
 
County Councils.
 

The L.B.D.A.'3 mandate derive3 from an Act of Parliament,
 
However, 
 there is a whole list of legislation that tend
 
to compromise the activities of the L.B.D.A. e.g. Water
 
Act, Electric Power Act 
 which give monopoly to East
 
African Power and Lighting Company in the marceting of
 
electricity in this country. 
Kenya/Delmonte Co. 
-

Agreement in regard to Pineapple industry would tend
 
to inhibit 
any plans to expand and process pineapples
 
in the L.B.D.A. region and elsewhere in the country etc.
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WATER AND IT'S 
CONTAMINENTS
 

By
 
Dr. F.K. Pfaender
 

This presentation will address three major questions:
First, What is Water? 
 Secondly What do we use it for?

and thirdly, What things do we find in water?
 

1. 
 What is Water? 
 H20 H-O-H; 
 Its Main qualities are:
 
i. it 
is very ctable
 

ii. it holds heat
 
iii. 
 and water dissolves things.


Water Qualitv:
 

Fitness of a water for a beneficial use
 
especially drinking, recreation, irrigation,
 
fishing, among others.
 

Pollution: 
 Addition of undesirable foreign matter
 
that deteriorates the 
quality of water.
 

Where is our Water?
 

Over 
99% in oceans and ice caps
 
- The water we use most 
- rivers, lakes,

groundwater constitutes less than 0.5%
 
of total.
 

- Worldwide the hydrological system is in
 
balance.
 
Oceans evaporate more than get in precipi
tation
 
Land has more precipitation than 
evaporation

Balance is 
stream flow to 
oceans.
 

II. What Do We use Water For?
 

Biggest 
use is for irrigation, industrial, public water
 
supply.
 
Then hydroelectric cocling water
 
Most of U.S. uses surface water supplies, over 60% of total.
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WATER CHARACTERISTICS (H20)
 

1. Very Stable
 

2. Heat Holding 	Capacity
 

3. Dissolves Things
 

WaterQuality: 
 Fitness of a water for a beneficial use:
 

Drinking, Recreation, Irrigation, etc.
 

Pollution: Addition of undesirable foreign matter
 

which deteriorates the quality of the water.
 

Earth's Water Balance:
 

TABLE 8- 1 LOCATIONS OF THE WORLD'S WATERS 
(1) -


LOCATION 
 Volume (km3) Fraction
 

ISurface water: 	 Freshwater lakes 120,000 0.009
 
Saline lakes,
 
inland seas 	 100,000 0.008
 
Stream channels
 
(average) 	 1,200 
 0.0001
 

Subsurface water: Soil and vad
osewa'er 
 65,000 0.005
 

Groundwater
 
(to 80Om) 4,000 000 
 0.3
 
Groundwater
 
(deep lying) 4,000,000 0.3
 

Other- water: Ice caps and
 
alaciers 29,000,000 2.1
 
Atmosphere I 
 13,000 0.00.
 
Oceans 1,315,000,000 97.3
 

Total (rounded) 1 	 1,350,000,000 100.0
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Water Pollution: Introduction .8
 

TABLE 8- 2 	WATER BALANCE OF THE EARTH 
 (2)
 

Oceans 	 Continents Whole Earth
 

P.ecipitation (km3 /yr) 
 324,000 
 99,000 423,000
 
Evaporation (km3/yr) 
 j 361,O00 
 62,000 423,000
 
Gain by inflow (km3/yr) +37,000 -37,000 
 0
 
Preceipitation (cm/yr) 
 90 	 67 
 83
 
Evaporation (cm/yr) 
 100 
 42 83
 
Gain by inflow (cm/yr) +10 0
-25 


U.S. WATER SUPPLY AND PROJECTED WATER USES IN KM3/yR
 

ANNUAL USAGE N KM
 

1965 180 
 J2000
 
Rural Domestic 
 3.3 3.4 4.0
 
Xunicipal (Public Supplied) 32.7 
 46.3 70.0
 
Industrial 	(Not Public
 

Supplied) 64 
 104 176
 
Apriculture 
 155 191 212
 
Steam-Electric Power 
 117 267 650
 

TOTALS 
 f372 
 611 1110
 
Consumptive Use 
 i18 144 177
 

U.S. SOURCES - 1975 
 % OF TOTAL
 
Ground-Water 
 20
 
Surface Water 
 63
 
Saline Surface Water 
 16
 
Reclaimed Sewage 
 .001
 

It is important to keep in mind that any use of water,
 
no matter how benevolent, will contaminate the water with
 
something. 
 Because of waters' extraordinary solvent properties
 
it is easily contaminated.
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III. What is in Water?
 

- Just about everythinp
 

-
 Not all material in water is a pollutant. All materials
 
except synthetic orFanics occur naturally. What man's
 
activities do is change concentrations and distributions
 

of materials.
 

-Categories
.Ej2rE2Olutants 


Infectious Agents
 

Chemical Futrients
 

Oxygen Demanding Substances
 

Sediments
 

Inorganics - toxic and non-toxic
 

Organics - toxic and non-toxic
 

1. 	Infectious Agents:
 
-
 Water can contain a variety of pthogenic organisms.
 

These include the viruses, bacteria, protozoa as well
 

flukes and worms.
 

- Normally transmitted by the oral-anal route.
 
- Pathogens in sewage - Table.2.
 

- Disease outbreaks - Table.J.
 

-
 To protect people from infectious agents we need
 
to detect their presence. We use Coliform bacteria
 

as indicator organism, because we do not have
 
reliable methods for direct measurement o! pathogens.
 

Indicator Characteristics
 

1. 	Must come from some source as pathogens.
 

2. 	Must occur in higher numbers than pathogens
 

so easier to detect.
 
3. 	Equally sensitive to environmental factors
 

and disinfectants.
 

To be a good indicator must react like pathogen.
 
4. 	Easily quantifiable.
 

Coliforms - ferment lactose with production of gas
 
in 48 hrs. at 350 C.
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MAJOR TYPES OF POLLUTANTS
 

INFACTIOUS AGENTS
 
CHEMICAL NUTRIENTS
 

OXYGEN DEMANDING SUBSTANCES
 

SEDIMENTS
 

INORGANIX 
 - TOXIC AND NON-TOXIC
 
ORGANICS 
 - TOXIC 
AND NON-TOXIC
 

INFECTIOUS AGENTS IN WATER
 

VIRUSES 
 - POLIO
 

- ENTEROVIRUSES
 

BACTERIA 
 - CHOLERA 

- DY SENTARY 

- TYPHOID 

PROTOZOA 
 - GIARDIA
 

- AMEBIC DYSTENTARY
 

OTHERS 
 - FLUKES
 

- WORMS
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TABLE 2. PATHOGENIC MICRO-ORGANISMS IN DOMESTIC RAW SEWAGE
 

Sewage Concentration OccurrenceIPrevalence - (organisms/l} in Lower
Organisms ,Rate (%) a Animals 

Bacteria T 
-Escherichia Coli (Toxigenic/ 
 1 
invasive) 10 10 10 Yes
 

-Salmonel]a typhi jI ' No

Salmonella paratyphi 105
1 10 No 
Other Salmonella I Yes 
-Shigella 4 6
1 10 10 No
 
-Nycobacterium Tuberculosis 15 1 2 i02b 
 Yes
 
-Leptospira <<1 low - Yes
 
Protozoans 
Ginrdia Lamblia 10 105 106 No 
Entamoeba histolytica 10 104 105 No 
Ealantidium Coli 41 low Yjs
 

Helminths (Worms)
 

-Ascaris Lubricoides 
(roundwon) 20 No
 

Necator americanus
 
(hookworm) 
 2 No 

Ancyclostoma duodenale 3 10 10
 
(hookworm) 
 ) No
 

Taenia saginata (tapeworm) <1 No
 
Trichuris trichiura (whipworm) 10
 

105
Viruses ( 100 different viruse 0 i05- few 

a Prevalence rat-.s for helminths are based upon populations in the rural 
- south; prevalence rates in urban areas and in other geographic regions 

are lower than the tabulated rates. 

b The prevalance rate is not likely to increase. 

c An epidemic caused by one enteric virus would not greatly increase thp

virus concentration of sewage but would change the relative proportio3

of different virus typezs. The epidemic virus would become prevalent.
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TABLE 4. 	 WATERBORNE DISEASE OUTBREAKS BY
 
TYPE OF ILLNESS - 1976-1977'
 

Total Outbreaks: 68
 
Total Cases: 7,775
 

Agent or 
 % of % of
 

Illness 
 Outbreaks 
 Cases
 

Gastroenteritis§O 
 57 58
 
Chemical poisoning 12 
 3
 
Giardia 
 11 18
 
Shigella 
 9 14
 
Hepatitis A 
 7 1
 
Salmonella 
 2 
 3
 
Typhoid fever 
 2
 

ToxigentJc F. coli 
 Vi 
 3
 

100 100
 

Data for 1977 are preliminary
 

* Norwalk-type virus is suspected etiologic agent

in one outbreak.
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WATER 


- We control infectious agents by disinfection processes.
 
Usually chlorination - HOCI effective species.
 

1. 
Chlorination good disinfectant - more effective
 
against bacteria than viruses or protozoan
 

cysts.
 

2. Can lead to other problems - trihalomethanes.
 

2. Chemical Nutrients
 

All forms of life require chemical nutrients, C,N,P.
 
These nutrients ave also required in the proper
 
ratios C10 6 N14 Pl Man's activities can generate
 

and release nutrients into the environment.
 

Excess nutrients can cause problems - algal blooms.
 
Under normal conditions growth in aquatic ecosystems
 
is balanced and controlled by available nutrients,
 
the one present in lowest concentration relative to
 
need controls growth. When we add excess can get rapid
 
growth of algae - algal bloom.
 

- Unsightly
 

- Taste and odor
 

- Clogging of water works 

- Toxins generated by algae
 

- Oxygen demand
 

The whole process leads to (jutrophication. Eutrophication
 
is the natural aging of lakes - it will happen naturally
 
but over long period of time. By adding nutrients man
 
speeds up the aging process.
 

3. Oxygen Demanding Substances 

- Oxygen in water is critically important for fish 

life. 
- Many of the materials we add to water create an 

oxygen demand.
 

- All water has extensive microbial populations 
microorganisms metabolically breakdown materials 
from sewage, industrial waste, agricultural run 

off and use 02 in process.
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INDICATOR ORGANISM
 

MUST COME FROM SAME SOURCE AS PATHOGENS
 

MUST OCCUR IN HIGHER NUMBERS
 

EQUALLY SENSITIVE TO ENVIRONMENTAL FACTORS AND
 

DISINFECTANTS
 

EASILY QUANTIFIABLE
 

COLIFORMS MEET ALL THESE CRITERIA.
 

COLIFORM BACTERIA = ALL THOSE BACTERIA THAT
 

CAN FERMENT LACTOSE WITH
 

PRODUCTION OF GAS IN 48
 

HOURS AT 35°C.
 

DISINFECTION
 

CL2 + H20 H + CL- + HOCL
 

CLO
 2
 

COMBINED CHLORINE
 

HOCL + ORGANICS CL" + CHLORINATED ORGANICS
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CHEMICAL NUTRIENTS
 

LIVING MATTER - C106 N14 P1
 

LIMITING NUTRIENT 
 THAT PRESENT IN LOWEST
 

CONCENTRATION RELATIVE TO
 

NEED
 

DOMESTIC WASTE 

F TEA~ T - -- N & P 

rNDUSTRIAL WASTE / 

URBAN AND AGRICULTURAL
 

WASTE
 

ALGAL BLOOMS
 

UNSIGHTLY
 

TASTE AND ODOR
 

CLOGGING OF CANALS AND WATERWORKS
 

TOXINS
 

OXYGEN DEMAND
 

EUTROPHICATION
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NATURAL AGING OF LAKES 
 EUTROPHICATION
 

YOUNG LAKE - OLIGOTROPHIC
 

NUTRIENT POOR, LOW PRO-

DUCTI ITY, CLEAR WATER
 

Aed__n
 

MIDDLE AGED LAKE 
- MESO-


TROPHIC -
HIGHER NUTRIENT
 
CONCENTRATION, HIGHER PRO-


DUCTIVITY, MORE TURBID
 

WATER
 

SHALLOW, GREAT ACCUMULATION
 
'\S~ient
/OF 
 SEDIMENT - HIGH NUTRIENT,
 

,, 	 PRODUCTIVITY-VERY TURBID
 
WATER
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- If these materials are released into lake or river 
the 02 in water will be decreased. We measure 
BOD - Biochemical Oxygen Demand as a way to assess
 
how much oxygen a waste will consume.
 

- Can construct engineered systems so oxygen demand
 

is satisfied in tank rather than natural water.
 

4. 	Sediment
 

Sediment load to water generated by erosion of soil man's
 
activities in removing ground 
cover and soil disruption
 
can accelerate soil losses.
 

5. 	Inorganic Pollutants
 

- all metals occur naturally - man's activities
 

change concentration and distribution.
 

L Pb, 	 - Metals HpAs,Fe,Cu,Zn, etc. 
- Exposure from food, air, and other sources usually
 

more important than water.
 

6. 	Organic Pollutants
 

- These are substances other than the readily
 
oxidizable compounds that 
create BOD problem.
 

- We are really concerned with the persistent
 

chemicals. Chemicals that breakdown rapidly
 
are not major health problem - even if quite toxic.
 

SEDIMENT
 

NOT HARMFUL EXCEPT 
 AT VERY 	HIGH CONCENTRATION
 

CAN 	HAVE 100,000 TO 200,000 MG/L
 
100,200 	MC/L 
 CAN HAVE EFFECT IF ALLOWED TO
 

ACCUMULATE
 

1. 	COVERS FISH FOOD AND HABITAT
 

2. 	DECREASE WATER FLOW INTO SEDIMENT
 

3. 	90% MORTALITY TO TROUT EGCS BY
 
200 MG/L
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INORGANIC POLLUTANTS
 

METALS 	 -
 MERCURY
 

LEAD
 

ARSENIC
 

IRON
 

COPPER
 

ZINC
 

MOST FROM INDUSTRY
 

WATER EXPOSURE 	USUALLY NOT 
MAJOR ROUTE
 
FOR HUMANS.
 

ORGANIC POLLUTANTS
 

- PROBLEM WITH STABLE 
ORGANICS
 

- RECOGNITION OF PROBLEM THE RESULT OF
 
ADVANCES IN ANALYTICAL CHEMISTRY
 

- THOUSANDS OF COmpOUNIDS
 

- SOURCES: INDUSTRY 
- SOLVENTS, FEED
 

STOCKS, WASTES
 

AGRICULTURE -
PESTICIDES
 
- QUESTION: 
WHAT ARE EFFECTS OF LONG TERM
 

EXPOSURE TO VERY LOW
 

CONCENTRATION?
 

- This problem can be recognized as a result of

L chemical 	 development of new analytical/techniques that 

allow measurement of very small amounts. 
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- Literally thousands of compounds.
 
-
 They come from industry - solvents, feed stocks,
 

wastes
 

agriculture - pesticides
 

municipal - trichalomethanes
 
- These compounds are usually present at very low
 

concentrations 
- parts per bil:ion.
 

-
 We do not know what exposure to low concentrations
 

means.
 
1. 	Most data from toxicity atudies using animals
 

other than man.
 
2. 	Toxicity studies usually done at 
high concentra

tion.
 
3. What is impact ! of consuming 1/10 gram over
 

whole lifetime?
 
4. 	Our ability to measure 
for 	outdistances our
 

understarding.
 
5. 	Toxicity not major problem  sLblethal effects
 

- carcinogens.
 

How do we control water pollutants - what are
 
alternatives?
 

Recovery - reuse
 

Product modification
 
Process modification
 

Elimination
 
Dilution
 

Dispersion
 

Diversion
 

Environmental Treatment
 
Waste Treatment
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XYGEN DEMANDING suBSTANCFS 

2 + +H2O0 
 ORGANICS + 02'AUfWOP 

RGANICS + C0 2 +20 + ENCFGY - 'IETEROTRMTROPH 

4 + 02 NO 3 N20 + JE]RGY 
2S + 02 S04= + H2 0 + ENERGY 

D - BICHEMICAL OXYGEN DFI1AND 

WATER POLUjTiONCONTROL ALTERNATIVES 

Recovery - Reuse
 
Product Modification
 
Process 
Modification 

Elimination 

Dilution
 

Dispersion 

Diversion
 

*Fnvironmental Treatment
 
Wastewater 
 Treatment 
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Water is H20, it has stable characteristics whatever the
environment. 
 It holds heat and 
therefore can serve as
 an inpulator. 
 It also influences tempeature and climate

which is an 
influence 
on all other activities.
 

Water 
 is a good solvent and dissolves most substances,

to some extent. 
 This raises the concern about itZ 
quality.
Water 
quality is defined as 
the suitability 
 of the water
 
for a beneficial use. 
 Pollution is defined 
 as the
'introduction of anything 
that is deleterous to 
a given
 
use. 
Thus pollution relates 
to the use. Therefore the
extent and degree of pollution ought 
to berelated 
 to the
 
intended purpose
 

A lengthy discussion interupted the presentation when the
participants intervened 
to say that a definition 
which
focuses only on specific 
uses at a given point in time

would cause 
serious lonp-term problems.
 

It 
was agreed that the element of planning must be intro
duced in 
the water use.
 

Water is 
found in different distribution. 97% 
in oceans,

2% in Ice Caps, and only 
 - 1% is auilable for ordinary 
usage. 

L also 
 Water isLconstantly in 
motion: In oceans, in vapour form,
as rain, 
on rivers and Lakes/Oceans.
 

The biggest user of water in U.S.A. is in cooling systems.

It Is not consumptive. 
At the 
same time there are smaller
 uses as 
irrigation and domestic consumption. 
 All these
 
uses add somethinv to 
the water. 
 These are called
 
contaminants.
 
1. Infectious agents include bacteria, viruses and other


disease causing micro-organisms 
 (See Table 2 of
Pfaender Lecture). The problem for man is through

consumption. 
Oral - Anal path. The predominant
 
diseases 
are on Table 4.
 

Generally, however, it is difficult to detect
 
presence of pathogenic micro-organisms. 
 Very often
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we depend on indicator organisms. The indicator
 
bacteria often used is the bacteria Escherichia
 
coli developed by a German Scientist about 90 years
 
ago. Since 
 coliform bacteria are associated with
 
human a-cal 
matter their presence can be used as
 
indication of the presence 3f sewage and by asso
ciation, the presence of pathogens. In a laboratory
 
test, the higher the concentration of the E-Coli
 
the higher the concentration of the faecal contami
nation.
 

Procedures can be done for total of facal coliforms.
 
Ordinarily the test done should correspond 
to the
 
intended use, or what is perceived as acceptable level
 
of purity of the water. 
 Then the applicable or
 
acceptable disinfectant such as chlorine is applied
 
to the water. 
There are other disinfectants but
 
chlorine is applied to 
the water. There are other
 
disinfectants but chlorine is still the most 
 dominant
 
and perhaps most reliable and safest. 
 Granted,
 
there are possible chlorinated organics but there
 
is still a highly doubtful effects on human beings.
 

2. 	 The effect of chemical nutrients on water is to
 
increase growth in 
the water. (see schematic
 
presentation in Work Book (E). 
 Depending on the
 
composition of the nutrient added, 
the phosphorus
 
or Nitrogen will control the 
 nature of growth.
 
Algal bloom for example will result from 
 the addition
 

L can 
 of excess nutrients. TheseLcause taste, odor, as
thetic and health problems as well as physical

obstruction in water passage. 
 At the 	same time when
 
the bloom dies, oxygen is depleted and can kill water
 
life. 	 Essentially, the 
age of the Lake can be
 
hastened by adding materials to water. 
 The example
 
in this regard is Lake Eirie and 
Lake Michigan.
 

3. 	 Microbial metabolism which can be summarised as:
 
- Organic material + 02 
- CO 2 + H2 0 + Energy
 

and is characterised as 
an oxygen demanding
 

reaction.
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- NH 4 + 02 
- NO3 can also result in oxygen demand.
 
This reaction can 
be measured by the measurement of
 
BOD - Bioohemical Oxygen Demand 
-
 That is the measure
 
of the impact of the waste 
that may be dumped into
 
the water, on 
the Oxygen and 
 resource of 	the,@redoeivin
 
water, and 	the factor depends on the effluent
 
invlved.
 

4. Sedimentation has problem in 
terms of its physical
 
impact as well as hastening age of a water body.
 

5. 
 Inorganic pollutants occur naturally. Most of us
 
consume these though 
food rather than water. The
 
main source is industries and of such effluents
 
heavy metals (e.q. Mercury, copper) are 
the most
 
dangerous. There 
are several chemical techniques
 
for determining 
 the presence as well as 
the conce
ntration 
of the metals.
 

6. 
 Organic substances are dangerous if they are 
 persis
tent for long periods of time. 
 An example is
 
pesticides. 
 Some pesticides are degradable and have
 
short lives, (i.e. organophosphates) 
but there are
 
many that are persistent in natural and polluted

bodies of water. The concentration is often very
 
small  often only 	a few parts per billion.
 

The main origin is 
industries and pesticides from
 
agriculture, among others. 
 They can be detected
 
fairly easily; the toxity study is often 
more
 
difficult. 
 The simple 	test of dipping an animal,
 
e.g. rat, is often used 
to test the toxicity of
 
specific chemical pollutants. These 
.re elusive
 
because wie have, 
for instance, used water 
treated
 
with chlorine which 
means that there is chlor6form,
 
a carcinogenic substance, 
in the water we drink.
 
The problem is with determining the effect of 
 that
 

clioroform on 
human consumers.
 

L that 	 The substances/are characterised as harmful are
 
extremely large and 
they can be identified but it
 
is an awesome task to determine their presence and
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toxity; and evaluate whether long term exposure
 
to miniscale concentrations has a significant effect.
 

Water pollution control alternatives are manyfold.
 
One can recover and reuse; 
 modify the product or
 
process; eliminate the production; dilution (is
 
the solution to pollution)l upto a point - because we
 
are exceeding the absorptive capacity of the water
 
bodies; dispersion; diversion; environmental
 
treatment; or wastewater treatment.
 

Even though these alternatives have scientific
 
basis the mode chosen is essentially a policy matter.
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I. 	Rivers and Streams
 

A. 
Dissolved oxygen depletion due to biological
 
oxidation of organic material (exertion of BOD)
 

e.g. CH2 0 + 02 CO2 + H20. 

1. 	Rate of 02 utilization = K1 (L-Y)
 
where
 

-i
 
k deoxygenation constant, days
 
L 
 initial BOD of wastewater
 
(L-Y)= BOD remaining at any time
 

2. 	Rate of 02 supply = k2 D
 

where
 

k2 = reoxygenation or reaeration constant, day51
 
D = dissolved oxygen deficit (C 
- C)at any tim
 

3. 	Oxygen sag curve
 
dD
 
n = k1 (L-Y) .- k2D 

klL
 
D =-kt 
 - k2 t -k2t +
k2 -kI (e - e ) 

where D=
0 initial deficit. See Figure 1.
 

4. 	k is a function of the 
nature of the wastewater
 
(a typical value is 
0.23 day -1 at 20°C),
 
while k2 is 
a function of the stream characteri
sties, e.g. velocity (V), depth (H). 
 A general
 

relationship is:
 

= (DLV)
k2 


where DL 8xlO - 5
= ft/hr at 200, the diffusivity
 

of oxygen. The ratio of k 2 /k 1 is termed the
 
oxygcn reoovery or self purification factor,
 

f. 	See Table I.
 

5. 	Effect of temperature:
 
a. 	Rate constants increase, C decreases as
 

temperature increases. 
 5
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b. 	Heated wastewater can 
significantly

magnify the extent of DO sag.
 

c. 	Seasonal effects may 
be significant.
 

6. 
 Effect of ammonia (nitrogenous oxygen demand)
 

a. 	Nitrification. 
See Figure II. 
NH4 + + 202 -4 N03- + 20H1 + 2H+ 

4.57 ms DO consumed per mg of ammonia
nitrogen oxidized.
 

7. Species diversity
 
a. 
Numbers of organisms increase but diversity
of species decreases. See Figures III and ]
 

8. Benthi.., deposits
 
a. 	Deposition of suspended organic material
(settleable solids) in 
vicinity of discharrc
 can 	lead to 
benthic oxygen demand, and
 

unaesthetic conditions in vicinity of
 
discharge.
 

b. 	Benthic demand is much slower and can have
 
lonp-lastinF effect. 
 See 	Table II.
 

B. Aquatic Toxicity
 

1. 
 Due 	to discharge of specific pollutants which
are 	toxic to aquatic life, e.g. heavy metals,
CN, 	pesticides, polynuclear aromatic 
 hydrocarbons, 
chlorinat:d and nitro-phenols.

See 	Tables IJI and IV.
 

2. 
 Usually of' industrial origin.
 

3. 
 Generally non-biodegradable (refractory)

species which persist 
in aquatic systems.
addition to 	 In
their toxic impact on aquatic life,
at lower concentrations these species can 
enter
thefbod chain and accumulate 
to levels which
 
may be harmful to man.
 

C. 

1. 
 Enteric organimc will die in natural waters
due 	to lack of food and 
lack of ideal conditions
for 	survival 
(as are found in 
the 	intestines of
man). See Figure V.
 

2. 
 Rate of die-away incrcases with increasing
temperature and 
is more rapid in turbulent
shallow streams 

It 

than in deep, sluggish streams.
is also more rapid in industrially polluted
streams than in clean streams.
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II. 	 Lakes and Impoundments
 

A. 	 Lakes tend to stratify due to density differences
 
brought about by temperature variations. See Figure

VI.
 

1. 	 Such thermal stratification will result 
 in
vertical gradients in water quality, especially

dissolved oxyljen.
 

2. Eutrolhication due to inputs of nitrogen and
 
phosphorus. See Figures VII and VIII.
 

a. 
Stimulation of algal activity, photosythesis.
in surface waters, i.e. production: 

i06C02 + 16NO - + HP0- 2 + 122H20 + I&8H+l CH0 NIP 

2 3 + 2 106H CH 2 63O 110 1 6P1 
+ 13802
 

algal 
protoplasm 

b. 	 Luads to production of unsightly algal material 
in lakes. 

c. 	Leads to 
taste and odor problems if the water
 
is used for drinking purooses.
 

3. 	 Ultimately, dead algae die, settle to 
the 	bottom
of' the lake, and decay, exerting a significant
 
oxygen demand.
 

CI 0 6 H2 6 3 0INII 6 P1 + 1380 106CO- - IGNO - +HPO2 
10 	2311
6-	 3+ 

122H 2 0 + 1dH8 algae
 

a. 	Bottom of lake 
can 	go anoxic, resulting in

reduction of nitrate to 
ammonia, sulfate to
 
sulfide, ferric to ferrous iron, carbon
 
dioxide to methane.
 

b. 	The nutrients which are released during the

decomposition are returned 
to the surface
 
waters durin, spring and fall overturn and eaj

lead to additional algal production during
 
the 	next summer season.
 

c. 
Reduced substances from anoxic hypolimnion ar

released to overlying waters during overturn
 
causing problems if the water is used as a
 
source of drinking water.
 

d. 	Sediment accumulates in 
lakes at a faster
 
rate than under natural conditions.
 

B. 	Auatic Tox icity and Die-Away of Ente. c Oranism 

1. 	 Similar considerations as 
for rivers and streams
 
(see above).
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Referred to the Workshop and explained the importance
 
of dissolved oxygen and the nature 
 of BOD - as a measure
 
of the strength of a Waste Water. 
 The concern is with
 
the 
 rate of oxygen consumption or the deoxygenation
 
process. The reaeration process has a rate 
which depends
 
on 
the degree of undersaturation of the 
water. 
The lower
 
the oxygen concentration the higher the rate of reaeration
 
- See Fig.l.
 

The general decrease in oxygen content of the water
 
increases with the introduction of organic material into
 
the water. 
At times, the water can become anaerobic at
 
which point the water does not support any useful life
 
at all. 
 The process can be inhibited by reduction of
 
the waste load or increased addition of oxygen.
 

Temperature changes have effect on 
the pollution process:

Effect of ammonia 
- 4.57 mg DO consumed per mg of ammonia
 
- nitrogen Oxidized. 
 Organic materials as well 
as ammonia
 
are two major consumers of oxygen from water. 
As a result
 
of introduction of these substances in water organisms

will rise 
 in number, but the diversity of aquatic species

will go down. Thus an adverse ecological environment
 
will result. See Figure III and IV.
 

Downstream from organic (BOD) discharges, the water
 
goes from clear fresh water, - turbidity and darkness, -

septric noxious odors, sludge 
- improving  clear water.
 

Most of the suspended materials in the discharge (effluent
 
settle to the bottom of the river or stream. Thus, they
 
may cover sites such as 
spawning ground and increase
 
oxygen demand.
 

With respect to 
the discharge if persistent (non-biode
gradable) pollutants, the general concerns 
are the effects
 
of any of the pollutants reach in 
the food chain,
 
bioaccumulating, and 
 ultimately being consumed by man.
 

In 13kes and 
impoundments it is not only the deoxygenation

due 
to the decay of organic material, but lakes also tend
 
to stratify due to temperature differences between upper
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and lower waters and due 
to quiscent conditions.
 
The deeper waters are cooler than the top water, and

is therefore more dense. 
 It is true however, that the
 
temperature differences in the tropizal 
areas are small,

usually an average of 
 3-5C0? That is 
the case in Eastern
 
Africa. However, lack of wind can restrict mixing of the
 
upper 
and lower waters causing the stratification. 
These
 
factors have an impact 
 on the Eutrophication process, due
 to inputs of nitrogen and phosphorus, as 
well as organic

material. 
 In 
the first instance algal activity in the form
 
of photosynthesis occurs in 
surface water. 
 The unsightly

algal growth in lakes 
can 
lead to taste and odors, inhibition


L can 
 of fish activity andLinterfere with water use. 
 When these
 
algae die and settle, 
 they impose a significant oxygen
 
demand as 
the bottom waters.
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Dr Singer drew attention to the section of the
 
workbook entitled 
 Principles of Wastewater Treatment.
 
Table I 
illustrates the characteristics of Wastewater.
 

Techniqu3s 
to remove suspended solids as well 
as BOD.
 
BOD is 
a measure of the strength of a wastewater. The
 
measurement of BOD requires 
 5 days. However, the
 
Chemical Oxygen Demand (COD) test might be faster and
 
can serve as an indication of the strength of the waste
water. 
The cbjective of sedimentation is to remove grease
 
and oil and/or toremove settleable solids from water.
 
Solids settle to 
the bottom, oil rises to 
top. This
 
primary sedimentation can 
provide removal of most suspended
 
solids within 2 - 4 hours.
 

Disolved or colloidal organic material (BOD) can be
 
removed by biological processes - see Figure II 
 of the
 
Singer Section of the Workbook.)
 

Secondary Treatment is largely biological with Aerobic
 
processes which use statilization ponds, trickling filters
 
and activated sludge. In pretreatment, PH neutralization
 
and equalization may be required.
 

The principles involved are to 
remove the settleable
 
portion of the suspended 
 solids, where the efficiency
 
of removal is a function of the density and site of the
 
solid particles and solution density and viscosity.
 

In the process, the overflow rate of a sedimentation
 
basin governs the effectiveness cf the basin in removing
 
the suspended solids.
 

Secondary settling 
 tanks are required to remove the
 
suspended micro-organisms in 
 the trickling filter and
 
activated sludge effluents. Rectangular and circular
 
horizontal flow basiijs 
are typically used. 
 The settled
 
solids (sludge) from the primary and secondary settling
 
tanks must be disposed of.
 

Drew attention to Figure IV 
 in the Workbook. It shows that
 
organisms require energy 
 for synthesis of biomass, 
i.e.
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new cells. 
 The energy required for synthesis of. the
 
biomass can come from sunlight, oxidation of organic
 
compounds, and oxidation of inorganic materials 
- such as
 
ammonia. These reactions require and 
consume oxygen. In
 
general, aerobic reactions are 
faster than anaerobic
 
reactions.
 

In order for the reactions to occur the wastewater muet be
 
nutritionally balanced. 
 This may require phosphorus or
 
nitrogen supplementation for certain industrial wastes.'
 
A biological treatment process often used is waste
 
stabilization ponds (see Table II 
in (Singer* Workbook)
 
There are 
four reactive phases involved in waste stabliza
tion ponds. Aerobic Oxidization of'organio materia'.by
 
bacteria; Photosynthetic oxygenation by algae; 
 acid
 
formation by 
an aerobic bacteria; 
 and Methane fermentation
 
by anaerobic bacteria. Ponds 
are known by different names
 
in different countries:
 
(a) 	 Oxidation Ponds - (unaerated aerobic) shallow
 

(3-4 ft) with complete sunlight penetration throughout
 
the entire depth. 
 Thus, they depend entirely on
 
photosyenthetic production of 02 
by algae.
 

(b) Facultativc ponds as in i±gure 4 ana 6 are among
 
the most common stabilization ponds. These are
 
deeper - ranging 3 to 8 feet 
 in depth. In here,
 
aerobic eonditions exist only in the upper layer
 

L and 	 where algal photosythesisLaerobic oxidization of
 
organics occurs. In 
the deeper layers, anaerobic
 
decomposition of dead algae 
and bacterial solids
 

occurs.
 

(c) 	 Aerated ponds where oxygen is supplied by a mechanical
 
device. 
 It may be completely aerobic if mixing
 
process occurs throughout, or 
 they may b- facultative
 
if they are only partially mixed.
 

(d) Anaerobic ponds are primarily used for treating
 
strong industrial wastes 
for very heavily leaded
 
COD. They are used 
for pretreatment only and 
are
 
usually followed by faciltativ6 ponds.'
 

http:materia'.by
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(e) 	 Maturation ponds provide detention to allow for
 
death of coliform bacteria and for settling of
 
suspended solids from earlier biological treatment
 

ponds.
 

Other 	biological treatment processes are:
 
(i) 	 Trickling Filters - Relatively shallow 3 to 8 ft, cir

cular or rectangular bed of rocks over which primary
 
clarified waste water is sprayed intermittently as
 
shown in Figure VII. There are several kinds of
 
trickling filters depending 
on how they are loaded.
 
Design is based on hydraulic loading and organic
 
loading. They may make use of recirculation to
 
equallse wastewaters of variable flow and quality.
 
They must be followed by settling tanks to capture
 
the bacteria which sloughs off the rocks.
 

(ii) 
 Acticated sludge system has three main components.
 

The primary clarifier which removes suapondddr'
 
solids on 
aeration tank to which concentrated bacteria
 
sludge is returned. The water then moves 
to a
 

secondary clarifier where bacterial solids 
are
 
removed and either disposed of or returned to 
the
 

aeration basin.
 

It is advisable that if the wastewater contains sanitary
 
waste and therefore carries fecal material and possibly
 
pathogens, then the water shWld be disinfected e.g.
 
chlorination, to kill pathogens. Chlorination is the
 
dominant mode of treatment, but as an alternative, detention
 
in maturation ponds can be used. In 
this case, the
 
detention time in the maturation ponds may have to be
 

extended.
 

Therefore, all urban and industrial centres should have,
 
as a requirement, treatment plants, with standards of
 
performance. Plant performance must be monitored and
 
standards enforced to 
ensure that the system works effective
ly. Proper plant maintenance is also required 
to ensure
 
satisfactory performance.
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CHAPTER II -
 BASES OF WATER POLLUTION PROBLEM
 

I. 	Industrial Waste Surveys
 
by J O'ROURKE
 

2. 	Effects of Changing Agricultural
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Pollution problems created by industries depend on 
the
 
industry and the processes involved. 
 No such thing as
 
a typical industrial waste. 
Two different factories
 
within the same 
industry will have different wastes.
 

What are the wasteloads involved 
- and these depend on
 
the input to the industry.
 

It is important to 
consider the surrounding envirenment,
 
and the general ecology of the area 
in which the treatment
 
facility is situated. 
Consider also the population and
 
settlement of the area 
to guard against offensive odors
 
and nuisance problems.
 

Ask the question if it is possible and/or ideal 
to
 
separate the various process 
streams for separate treatment.
 
Check also to 
see what use could be made of the final
 
"Wastes". Can some be recycled or put to other uses?
 

If the industry has a unique effluent for which there is
 
no experience in treatment and for which no 
literature
 
is available treatability or 
pilot studies may be coducted.
 
Remember again that 
no two industries have identical
 

effluents.
 
Are there any by-product recoveries possible in 
the"Waste"
 
system?
 

Ascertain the working mode of the factory. 
 Is a one, two
 
a three shift system in operation at the industry: How
 
many hours per day does it work and with what end produce?
 

Ascertain the plans for expansion 
 of the industry, then
 
determine the capacity to 
be developed for treatment.
 

Further specifics of industrial waste survey are easy
 
if the factory is under plan. 
 Then it is easy to review
 
experience of other industries. 
 In such circumstances
 
the experience is only 
a guide not blue print. Clues
 
can also be gleaned from 
 products and materials envisaged.
 

Diversion of storm water in a municipal setting is simple.
 
But in a factory it may be complex because of the wastes
 
that may be in 
that large amount of water.
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Decide what mechanisms should be adopted in the 
industry
 
to reduce the total effluents. Can 
reuse be arranged
 
for some of the water or wastes? Wherever possible
 
perform some treatability studies. 
 Organic wastes from
 
the same industry 
can differ every different day.
 

Determine what product might come out of the 
industry
 
every day and sample the output over an extended period

of time. Remember that the duration of study would depend
 
on 
the specific industry. 
 Sugar industry may take different
 
sampling during from textile dye or pharmaceutical industry.
 

Question: It is 
fine to talk about factory input. But most
 
industries will not reveal the input into their
 
production systems considered 
"Industrial
 

Secrets".
 

Answer: 
 At times it is possible to design treatment
 
without full knowledge of the substances involved.
 
Otherwise it may be a policy matter to be
 
settled in the"Industrial Effluent Agreement".
 
Or handle it through legislations requiring
 
disclosure. In the U.S.A. the EPA has gone
 
to court to 
secure disclosure; then the
 
government must guarantee confidentiality.
 

Comment: In some instances the company may 
not delibera
tely refuse but they may not know as a matter
 
of fact. One might ask the industries to discharge
 
upstream and accept to 
reuse. But this is 
a
 
policy matter.
 

The US National Pollution Discharge System
 
requires any one who intends to discharge to
 
reveal the contents of the materials to be
 
discharged and their origin.
 



EFFECTS OF CHANGING AGRICULTURAL PRACTICES AND
 
INDUSTRIAL EFFLUENTS ON RIVERINE AND LACUSTRINE
 
FISHERIES IN THE NYANZA GrJLF
 

BY
 

OCHIENG E.O. AND
 

GETABU A.M.
 



EFFLUENTS 
- NYANZA GULF 

PAGE 23
 

ITRODUCTION
 

In areas 
drained by rivers which enter Lake Victoria, there
has been a recent increase in 
population. 
 This has resulted
 
into the utilization of more 
land to produce enough crops
to support the 
ever expanding population. Coupled with
the population increase, there has been the recent introduction of cash crops like coffee, tea, pyrethrum, sugar

cane and cotton and 
the breeding of varieties of cattle.
 
These have resulted into increased usage of agricultural

chemicals in controlling their pests and disease vectors.
 
The once forested areas particularly in the densely 
 populated districts of Kisii (1438 people km-2 ) 
and Kakamega
(324 people km-2 ) 
have been cleared and land is cultivated
 
upto the river banks. 
 In such districts land has become
 
scarce and 
the 
same piece of ground is cultivated year

after year so 
that the soil has lost 
its natural fertility.
Where the 
 population density is very high, people have

shifted from the 
 mixed type of farming into the cultivation
of both subsistence and cnsh crops. 
 Deforestation and

cultivation of land upto the river banks has resulted into
 severe erosion especially in 
3teep sloped areas 
resulting

into silting of rivers whose effects 
are transmitted into
 
the lake.
 

Along with the changes in the agricultural practices

mentioned above, there has also been a recent e:pansion
of urbanization and industrial 
sector in 
the Lake Basin.
In the last two decades, many industries and factories have
been established. 
 To name some of them, these are the
Coffee factories, the 
textile factory (Kicomi) at Kisumu,

Pan African Paper Mills at Webuye, the sugar factories in

the Sugar Belt and at Awendo and Mumias and 
the Molasses

factory at Muhoronj. Presently, the Kenya Breweries and
the Molasses factories are 
being constructed at 
Kisumu.

One characteristic feature is 
that these factories have
been established with very little knowledge on 
their
 
environmental 
impact on 
water quality which is very
important for domestic use, aquatic life and 
the fishes
in 
the Lake Bisin. 
 Some of them like Kicomi discharge

untreated effluent which finds its way into 
the Lake
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though river Kasat. 
 There in very little aquatic life
 
in this river.
 

As the agricultural, industrial and urban 
 sectors have 
kept expand Lng,, ther, has boon an associated decline of 
riverine fishory done inland by 
line fishing and it has

£'nr'rally b,:n elained that the water levels in the rivers 
are lower than )(:'or.. Clcarinv of forests and intensive
 
cultivation in th,<ispeially intunsively cultivated and
denscly populjtc( dit't of the Lakc Basin, has left 
the ground and tho r ' r t2cx;ed to sunlight resulting
into the. loss of a lot of water through evaporation.
 
Another ronnequence 
 of this in that the bare soil hasbeen left loose! resulting into erosion of large loads of 
Eilt contalning a1rochetmicals into the rivers. These
 
factors 
 rrohably fffc-'tcd th,. habitats where anadromous and 
othe-r rivr jn, fis;hrs f,_od and breed. Fxamples of rivers
which hay, en founid to cent-tin discharges of both

ar'rioultural 
 and ittdustr i oriin are the Kuja and the
 
Nzoia. Th: 
 iilt to :cther with the nubstance based agro
chem-i-eals -ir',de'posited ;,t. 
 th. river mouth. The effects

of agricultujaj, jnd1utrirl ajnd urban effluents on riverine 
and lacustrine fishcs in thc Lake Basin arc. largely un
asse:sse[d.
 

'IETIOD ) 

The data and information presented in this paper was
 
COIleted b,tw 
 r,Fbruary ind July 1982. The study
,1ra was around Kinunt: town "ind cov,-red the ge-if beach,

the riv-r7r Kas:t 
 and the ho-,t jeitty. More manual methods 
wurc ad opt.d in vsi tn :nalysi s. Titrimetric methods
 
werc used ir ,:;tinjtinj7 th., concntrations of dissolved
 
oxygc n 
 in ppm; the DP-2 n:pcetrophotometcr was used in the
 
mn;:atjrr mcnt of turbid i ty .imlw-.t, r colour. PH was measured

uninc the PH met.re nd 
 th, vismual comparator in some cases. 
Turbidity was ..'-ur- u;in,- the. Turbidometcr and water 
s mplcs were. collectod tnin, Nans:-n l'ettles. Other physi
cochemical  ),r-imetors not presented in this paper werc 
:also mesur.d. 
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RESULTS
 

The PH 
of river Kasat 
was found to be higher than that

of the boat 
jetty and golf beach and ranged from 7.9. 
- 9.6
 
The ones 
for, golf beach ard boat jetty ranged from

7.6 - 8.1 and 7.1 
- 8.1 respectively; Table I. It
 
can be dcduc,.d that the 
88 of 
thc Kasat was more variable
 
and alkaline than 
thAt of' the other two stations. 
data arc. pres,-,ntid 

That 
in Table I .nd the annexed figures. 

This shows the presc, of both hydroxide and carbonate 
in the water of the Kasat. Th two rarely exist together
under conditions at 
;'H -or .cidic than 8.2.
 

The water cilour of 
the Koaat was found to be very high

and more v-i'i-bl than that of the two other stations.

It raned froii 667.4 - 1096.9 rnbl-lpt 71s compared to81.7 - 181.3 ond 55.7 
- 103.1 mf, I-pt for the rolf beach

and bont jetty r(spcctJvely. This surgests the discharge
of highly colourLd in'Justrial] effluent into the river
 
which ultimtcy finds itZ 
wiy into the lake. 

The di:'soiv9d oxye of then Pasnt was found to be very

low and more varlablc thin thot of 
 the other two stations.

Such %.eory low rnd variablc oxyr,-n suest, 
 discharge of
compounda into th, river of very high 30D. 

ThQ Kasat .'.asfound to h-v, 
n vcry higrh turbidity which
 
was elseaar, vriatl( than that of 
the other two stations.
It raTn':d fr,- 223.0 - 385.6 (FTU) whil.- that one of the

polf seach and th;;he.,;t j tty ranged from 19.0 - 26.8 and
19.0 - 32.9 :tively. 'his f:,r
'j the Kasat is a reflec
tion of t, i.: he : ivh cuncrntr'ition of suspended
solids which crn, t ,nly ff.ct the gills of the fishes 
but 's13. r, ;uct thc pcn,,trrt-i n f radiant energy with an ultinate reduct in in t he Pr dliet ivi ty of the water. 

t'ain;, (1981) w rkin, at tht. muths ,f rivers Sondu and
Kuja Cal lect _ l .,rd!t' imp,.rtant physicochemic.-l 
para -t ,rr; T'lc I I. 
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Table I. Physicochemical characteristics of two stations in the Lake and on the Kasat river
 

KASAT RIVER 
 GOLF BEACH 
 BOAT JETTY
 

Parameter 
 Feb. Mar. Apr. May. Jun. Jul Feb. Mar Apr. 
 May Jun Jul.- Feb Mar Apr. May Jun Jul. 

PH 
 9.5 9.4 9.4 9.6 8.1 7.6 - 8.0 
 8.1 8.1 7.82 7.6 7.72 7.6 8.0 1.1 7.8 7,6
 

Colour mgl pt 1013.1 919.6 1041 721.3 1096. 667.4  100.1 181.3 81.7 102.8 94.9 55.7 
92.6 98.3 75.7 
 103 JI^7.2
 
(
Dissolved oxygen
(ppm) 1.1 1.7 1.1 1.3 2.6 2.2  6.8 7.08 6.7 6.4 5.99 6.0 6.9 64 6.5 
 6.4 646
 

Turbidit385.5 286.3 322.9 223.6 312.6 261.5 19.3 26.61 
 19.0 - 32.9 26.5 19 

The data on dissolved oxygen and Turbidity of the Kasat has been presented graphically in the next two pages.
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Graph showing the concentration of oxygen in ppm at three different 

Note: 
 The relatively low dissolved oxygen in the Kasat river
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Table II: 
 Values of some important physicochemical characteristics
 
at 
the Kuja and Sondu river mouths.
 

Parameter 
 Ku a 
 Sod
 

- 91 Sondu 

Range Mean 
 Range Mean
 
Water turbidity (FTUO) 13.5-96 36.6 4.5-9.5 7.0
Water dissolved oxygen (ppm) 5.5-7.2 6.3 4.3-8.2 5.8 

Water PH 6.9-7.7 7.4 6.9-8.1 7.5Sediment Ca++(ppm) 6.4-8.7 7.6 3.2-6.9 4.9Sediment PH 6.4-7.2 
 6.8 
 4.6-6.7 

?hosphorus (ppn) 

5.8
 
0.07-0.1 
 0.1 0.07-0.1 
 0.1
 

Most of the 
 variables showed slight differences at 
the
river mouths 
but values of water turbidity and sediment

calcium showed some significant differences at bbth i t#rmouths. This may 
be a reflection of the geological nature
of the areas which the two 
rivers drain. 
 The high turbi
dity of the river Kuja may he attributed to the presence
of a largae mud observed at the river mouth 
(Mainga op cit).

It measured 300 m by 
50 m and 
was a half a metre deep.
River Kuja drains the 
 t densely populated and
mo 

t'ie most
intensively cltivated region 
in the Lake Basin, the Kisii

highlands. 
 Since most of these highlands are very steep
and arc cultivated 
for planting crops (almost everywhere)

just before the heavy rains, 
 one can attribute 
the high
turbidity at 
the Kuja 
due to the presence of a lot of

suspended organic and inorganic material brought down into
 
the 
lake as silt.
 

Some information was also gathered on some of the agricu
ltural chemicals and 
pesticides 
usei in 
the Lake Basin.

Most of them 
fall under the organochlorine and organosphate
groups which are very 
toxic to 
fish and aquatic fauna in very low concentrations as can 
te seen below. Stelladone
 
(300 ec) 
 iz, used as an acaricide on liveSock. lt is both 
an organophosphate and an 
organochlorine. 
Greenzit is a
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pesticide applied on 
vegetables. 
It is an organophosphate

compound which contains phosphorus as 
P2 0 (30 gl-l)

potassium as 
K20 (70 
 i-1), nitrogen (70 gl-1
 ) as
macroelements and iron, 
copper, Boron, Nickel, Zinc,
Manganese, Molybdenum and Magnesium as microelements.

Delnav is an organophosphate insectidide which has a
tropine as 
the active ingredient. 
 It is used on livestock
as an acaricide. 
 Other agricultural compounds 
 used c..
in the-Lake Basin are nitrogeneous fertilizers for example
the sulph~e of 
 imonia 
and the NPK fertilizers. 
 As it
can be deduced, the 
utilization of Greenzit 
as a vegetable
pesticide will have limited 
use for extensive growing of
vegetable in swamps and along the 
rivers since the heavy
metals in it 
are toxic to 
fish and other aquatic life.


The nitrogeneous fertilizers have high BOD.
 

At Ahero irrigation scheme, DDT is sometimes used by 
local
farmers to eradicate rice stock borers. 
 This is because
it is cheaper to 
buy than chemicals recommended. 
 Other
chemicals used in the 
scheme are 
Cabaryl, Diazinon Carbofuran, BHC and Mathion. Molluscides are used for the
control of snails but 
we were 
not able 
to get the name
of the chemi6al used. 
 It is important 
to note that Ahero
is an area which is very 
 suitable for aquaculture and has
good grounds to construct fish ponds. 
On the other hand,
it may be Possible in 
future 
 to grow rice and fish 
on the
same paddy. 
 But the fish are likely to 
be threatened
with the pesticides sprayed 
on 
the rice. Effects 
on
pesticides already in use at 
the
 

the seheme on 
the fshes in the
paddy canals and 
in the rivers around the scheme are unassessed. 
However, 
the process of integrating fish with
rice is 
a practice which has been carried out in South
East Asia for 
a long time. 
 There is very little reason

why it cannot be possible at Ahero.
 

YYTSC USSION 

The effects of the effluents 

The effects of 
the "rfluents on 
the fish are either direct
or indirect. They may 
cause 
a reduction in 
fish food by
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reducing the productivity of the water in which the fish
 
are found; 
 they may get assimilated by fish food and get

concentrated up the food chain so that the fish get them
 
by feeding on 
their prey. The 
fish may get them directly

from the water, "for example silt swallowed with water
 
effects vills of the 
fishes. 
 When the pollutants are

extremely high, they 
can kill both the 
fishes and 
the
 
ge'ieral aquatic 
 life on 
which they depend. In this case

the fish stages which suffer the greater consequence arethe eggs and larval fishes and this 
results into high

mortalities. 
 The pollutants can also alter the habitat
 
(the breeding and 
the feeding grounds) of the fishes by
 
changing their chemistry.
 

A limited number of cases 
have been reported in Lake

Victoria where the fishes have been found 
to have conce
ntrated pesticides in 
their tissues. Koenan et al 
(1970)

found that Tilapia, Alestes and Clarias 
 tissues carried
 
levels ranginp from 0.014 
- 0.068 mg kg- I of dieldrine
levels rangina from 0.014 
- -l0.068 mg kg
 of DDE
Victoria. Corbet (1958) found that 0.14 mgl 1 

in Lake
 
of dieldrine
 

used to eliminate Simulium damnogum larvae applied for
30 minutes daily 
for over 
two and half weeks also eliminated
 
all 
the natural populations of epherreropterans and

trichopterans in the Victoria Nile. 
 Elsewhere in 
the
 
tropics, several 
examples can 
be cited where insecticides
 
used in concentrations thour,'ht 
to be 
very low and therefore
 
not lethal, have 
 had adverse effects on 
fish and the

aquatic life 
on which 
 they depend. Greichus et al

(1977 and 1978) has shiown 
 that water sediments, plankton,

aquatic insects, some 
fish and aquatic birds can concentrate

heavy metals such 
as 
arsenic, cadmium, copper, manganese,

lead, 
zinc and mercury in Lakes Mellwaine in Zimbabwe and

Nakuru in Kenya. 
 This can probably be 
a case where the

chemicals have been transmitted up the food chain. 
 Experiments using chlorphoxim were carried 
out for six months
 
in Ivory Coast on a river. 
 Successive concentrations of
0.025 and 0.05 - ]
l applied for 10 
minutes exterminated
75% of the major aquatic invertebrate fauna (Statzner 1979).
Another example car, he cited on attempts aimed at control
ling Glossira usinp 
 two irsectjrdes, endosulfan and
 
decamethrine 
on the 
:ii-er. Application of 900 gha - I
 
of endosulfan killed 
,ll fish
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species 12 hours after spraying. Treatment using the same
 
product on the Comoe river in Upper Volta at a concentration
 
of between 100 and 200 gha caused a high death rate of
 

- 1 


fish and shrimps (Evert). Application of aerial pyrethroid
 
treatments resulted into 
a high death rate of shrimps and
 
aquatic insects.
 

The very 
low dissolved oxygen concentrations in the Kasat
 
reflect the presence of pollutants with a very high bicc
gical oxygen demand but also which 
are lethal to the surv7.val
 
of' the fishes. This can contribute to poor benthnic produ
ctivity of the water and conditions which both fish and.
 
other aquatic life cannot tolerate.
 

It has been established above that the water turbidity
 
and colour of tile Kasat and that at the mouth of river
 
Kuja arc reasonably 
 high. The effects of these are obvious 
from simple ecological principles. High turbidity and
 
water colour reduce the penetration of radiant energy i-i
 
into.*thr water. 
 The result is that the amount of energy
 
availabLeI for algae and other primary producers in water
 
is limited and therefore less food is available for the
 
aquatic animals 
 from the photosynthetic process (the sole
 
source 
 of food manufacture in aquatic environments). The
 
Kasat is known to 
 cbtain its industrial and urban effluent
 
from Kicmi tex:ile mills and Municipal sewage treatment
 
plants. 7h!,( ,fflume-s from these 
 two sources have been
 
found to be iinadequately treated. The lesser the food,
 
the fewer the fis~h in the rivers and the lake. Fogg
 
(1980) has noted that pollution also 
makes it difficult
 
to estimate primary productivity.
 

It has already been noted that the effectj of the agro
chemicals, industrial and urban effluents on 
the fishes
 
in the Lake 3asin are largely known. For conservation
 
purposes, 
it will be of great interesjt to investigate
 
the environmental impact of these products. 

Another source of pollutants for the fishes and other 
aquatic life is the bottom deposits. Silt being deposited
 
at some river i;,ouths contains 
some of the pesticides and 
industrial efflu.,nrs. Many fish species of Lake Victoria 
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are known to feed 
on bottom deposits like Labeo victorianus,

t le Mor yridae, some 
Tilapia spp. 
 and Haplochromis.

Thus any agrochemical or 
industrial waste 
 in the bottom
deposits is ineested by 
the 
fish and these eventually

find their way 
into r,-in
when he 
eats the fish. Some of the
pesticides in 
the 	bottom deposits are carcinogenic.
 

CONCL[SIONi
 

In order to sustain optimum yields of fish from the lake
and 	its affluent rivers, it is very necessary 
to conserve

the 	aquatic habitats. This not 
only involves prevention

of discharges from large 
towns like Kisumu into the 
lake
but 	also the taking of necessary 
measures on 
the 	prevention

of the u3ag;e o, any agrochemical which is dangerous

to the exi.,tence 
 of the fishes. In this respect it is
 very. important to 
look at 
the entire area drained
 
into Lake Victoria and 
assess 
the 	environmental impact
of esprcia.l]y the 	densely populated districts like Kisii,
Kakamoe-a irfd 	:outh Nyanza on the fishes and aquatic lifes.
 
There ir ne(,d 
 t( foreee the future effects of anyindustr'-i or cto.,es being set up since the existing
 
ones have hocn fotind 
 to pose a threat to fish life.Better ,yutcm-s :3hould b devi,;cd in handling urban wasteslike sewago, runoff and industrial offluents. Lastly,
studies on the "ffeots of the agricultural chemicals
 
in current use on 
 fish 
are very necessary.
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The Municipal Council of Eldoret draws and returns Water
 

to Sosiani River through a conventional treatment system
 

(Trickling filters) and waste stabilization ponds.
 

The waste consists of municipal and industrial effluents
 

with a higher percentage being industrial waste. Both
 

the wastes contributes organic and inor ;anic into the
 

works. Due to fluctuations in the activities of the
 

industries, the characteristics of the effluent received
 
into the Municipal treatment facilities keeps on fluctuating
 

and this affects the uniformity of the sewage or renders
 

it nonuniform.
 

The effluent from the Industries have been preliminarily
 

checked and found to have a wide variation in pH ranging
 
from 4.5 to 12. Below are a few examples according to the
 

Eldoret-based industries:
 

- C.P.C. - pH 4.5 starch factory
 

- West Kenya Bottlers 
 11.3 Soft drinks-

- Coca-cola - 11.25 

- Rayments - 8 Textiles 

- Rivatex - 7.2 Textiles. 

Observation of the final effluent from the ponds showed
 
a pH 	of 8.5. But following through the whole works (ponds)
 
it hss been observed to show very little activity both
 

at the primary ponds which are unaerobic, and much action
 
is expected; the secondary ponds which are aerobic show
 
signs of unaerobic action occuring in them to a small
 

extent. Further to the maturation smell of ammonia gas
 
can be felt which shows that some action is occuring here
 
too. This shows that treatment works is not doing what
 

it is intended for.
 

Due 	to lack of monitoring facilities and personnel 
it would
 

be difficult to point out the exact cause of the failure
 

in the system but to attribute it to general known parameters.
 

1. 	 The BOb and COD loading might have exceeded the
 

amount 
to which this facility can operate efficiently
 

under the prevailing conditions.
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2. The pH value 
being so high and non-uniform must have
 
slowed down the bacterial activity in the 
ponds.
 

3. Dye staff from industrie3 discharged into the ponds
 
must have cut 
down the sunlight penetration which
 
is used for th,_. photosythesis in the alga.
 

4. Continual expansion of the existing 
 industries which
 
varies the flow and 
content of their effluent.
 

5. The inability of the authority to develop the 
infra
structure (sewage treatment works) to cope with 
expansion of the town. 

PROBLEMS WITH THE CONVFNTIONAL SYSTEM
 

The conventional trtatment 
of sewage is highly affected
 
by operation. fle to lack of trained operators who 
can
 
operate the work.i with a relation of flow to the functions 
of the treatment work:s etlements or structure in mind. The 
works fails to carry itsout required functions. Just
 
to mention i f. 
 of the existing problems: 

1. Screening and grit removal : Improper grit removal 
allows the grt to flow into the moving- parts of the 
works wearing down.it This is critical in a situation 
where procurement of' new parts is difficult. Most
 
parts of the areworks rendered non-functional. 

2. Withdrawal of :1udie from the tanks: Improper 
withdrawal of the 
sludge from the tanks have been
 
observed to render, the tank:; septic and frequent
withdrawal depriver< the, tanks of the required micro
organisms needed for treatment. 

3. Lack of paper work: Thi; has made it very difficult 
to study and follow up the history of' the works, thus 
making it difficult to suggest iraprovements. 
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SUGGESTIONS TO IMPROVE THE WORKS
 

i. Since the ponds are 
the cheapest to construct and
 
maintain a system to aid in reduction of BOD and COD
 
should be introduced.
 

ii. 	 Local Authorities should enter into discharge agreements
 
with the industries and the agreements should be
 
specific in standards required.
 

iii. 	 Provide facilities and trained personnel are adhered
 

to.
 

iv. 	 Force the industries to pre-treat their sewage before
 
discharge into the Municipal Sewage treatment system.
 

oooooo0ooooooo
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BY KILONZO
 

Agricultural chemicals have deleterious 
effects on
 
drinking water and sewerage. Upto a decade ago agro
chemicals were insignificant in Africa because the use
 
was still minimal. Elsewhere, the use had 
been high.
 
More recently, increased 
 use of agricultural technology
 
to increase production has increased the chemical inputs.
 
The use _f chemicals has also been directed at disease
 
control as well as control of plant pests.
 

At the same time the chemicals have been found in
 
aggregate to 
have more harm than good. The chemicals are
 
washed to other habitats; food chains and into human
 
body. 
 Because the life and cumulative effects vary the
 
bioaccumulation of the chemicals into human body have
 
only recently been found.
 

Research has been directed 
 to finding chemicals that
 
have short-life.
 

Herbicides have been in recent use to 
replace weeding.
 
Chemicals like 2,4,D selective 
for broad-leaved plants
 
such as 
PISTIA STOIDES 
(of the same family salvinia in
 
Lake Naivasha). 
 This chemical is bad for sewerage treat
ment because of its high BOD.
 

The view in Africa is that the impact has still been
 
low in Africa but there are 
more industries producing
 
variety chemicals in Kenya, for example Welcome Trust
 
of Kenya.
 

This view might be misplaced because chemicals exert
 
pressure and change ecosystems because 
one harm to one
 
plant 
or animal might have serious chain reaction. For
 
instance from NJoro to 
the nearest Lake Nakuru about 30km
 
and wastes discharged in Njoro should, by the time they

reach Lake Nakuru have been drastically reduced. But the
 
effect of 
the wastes have been conspicuous as evidenced
 
by the migration of flamingoes from the Lake.
 

Use of Chromium compounds around Thika has caused immense
 
impact on riverine fisheries and this has been verified.
 



AGRICULTURAL CHEMICALS 
 (BY KILONZO) 

PAGE 41
 

The use of nhlorinated hydrocarbons in agriculture has
also increased the 
chloride content of water. 
 Spray
Used in 
fruit farms to 
increase nutrients for 
the plants.
But the effects have not 
been ascertained. 
 Foliq

for sukuma wiki may also have doubtful 


fertilization 


effect.
 

In spraying of turberois plants the 
chemicals 
may end
up into 'ho roots of plants such as cassava. Mercury may
find 
 its 
way into roots 
 and 
it may accummulate into
 
human body through 
the chain.
 

The policy machinery should not remain oblivious to 
these
actual and Possible deleterious effects on man and his
 
environment.
 

OO0oOO
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BY MADATI
 

By and large the most 
important chemicals are pesticides

which include a whole 
 range of chemicals to control
 
insects, ticks, snails, worms, 
fundi, herbs, rodents, etc.

Fertilizers have taken a prominent position as water
 
pollutants. 
 Then there is 
a third category of potentially

toxic 
 chemicals such as plant regulators, insect repellents.
 

The important point is that these chemicals 
are directed
 
at targets but very often they also end up 
on non-target

organisms including man, 
to whom they are equally toxic.
 

The necessity for 
use of the chemicals such as 
pesticides
 
is not questionable because 
 we 
lose big fractions of
 
crops every year and the losses would be greater if we

didn't. Similarly we 
use thedhemicals for control of
 
vector diseases.
 

The chemicals find 
their way into water bodies by direct
 
application e.g. to kill snails, or by being blown by winds,
 
or washed by rain or even by 
 seepage or by abuse and
 
abuse eg. by washing chemicals containers. The dangers are
 
quite real, warranting urgent remedial measures.
 

Persistance, non biogradibility and toxity 
are the crucial
 
properties to consider before deciding 
on using any pesti
cide or environmental chemical. 
 So also is resistance
 
by the targets where they 
are misused.
 

We know that the deleterious effect of organochlorines
 
are largely on 
the central nervous system; 
 but of late,
 
some of these have 
 been found to have carcinogenic
 
properties. 
Other effects are 
on egg shells of some 
birds.
 
Large doses of organochlorines are 
cumulative and lethal.
 
The organophosphorus pesticides are 
acutely toxic by 
virtue

of their interference of the enzyme cholinesterase which
 
causes vomiting, diarrohea, convulsions and even 
coma
 
or death within hours of ingestion. Carbonatc pesticides
 
are also anticholinesterase in their 
 acute toxicity.
 

Just like orranophosphates.
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Rodenticides find way to water and kill man at 
the same
speed as kii. the rodents and through similar mechanism.s
e.g. anti-coagulatin, effects 
on blood. 
 The analytical
methods of detecting 
 and quantifying 
pesticides are
fairly 
 simple and instruments are 
inexpensive and speedy;
such as gas and liquid infrared and ultraviolet
tometry, spectrop)catomic absorption spectrophoetry. The unfami)pesticides rrequire 
 the use 
of more expensive instruments
like mass spectrometers in addition 
to the above mentioned
instruments. 
One 
can select 
chronatography, polarograpy,
 
and potentiometry.
 

Control of potentially toxic chemical inputs has been rather.
lax and sporadic in 
this region. There is i need for
someone 
in each of the countries to formally register
all the pesticides coming into the country after beingsatisfied that they 
are efficacious and rafe. 
 The.ir to::iceffects should be ascertained, It is important that i.:eshould know exactly what pesticides are used in the LakeBasin Area, for example, and -.creen for, them in ail watersin the basin all the imc. Regi3ter
be kept and 

of such ch- icais shculra tracer, analysis establi.;heu to find outon 
a steady and nontinuing basis what their effects 
are.
Consequently, tre dangerous ones nan be withdrawn themoment any harzadous effects 
are ascertained; 
 or quantities of them he clo.:ly controlled in order to minimise
 
injury 
to health.
 

It is clear we 
cannot do without the chemicals. 
 Public
Health and Agrlcul'ture, especially food production need
use of pesticides the
 
chemicals. It IK only necessa,to 
 register, control, including monitoring in aqurtlc
and other environments and prevent mi.handling
only Z3 tv:a'
the right chemicals are used. Armed with all the
efficacy and toxicological data as well 
as other- socioeconomic factor by all means, let us ban 4hat policy makersagree we can afford to do without. 
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Fertilizers vary in kinds and provide plant nutrients
 
such as P,K,N,S,Ca and Mg. These are known as macro
 
nutrients or MoE,Mu,Zn,Fe and Cu and are referred
 
to as macronutrients. These are derived from organic
 
mantres 
but more readily from inorganic fertilizers.
 

Pesticides: among the 
earlier ones were inorganic,
 
(namely, HgCu,Pb,S compounds). Towards the beginning
 
of the present century it 
was found that many insects
 
were developing resistance to 
these inorganic pesticides.
 
This gave rise to the synthesis of organic fertilizer
 
such as DDT and 
the related chlorinated insecticides.
 

In the early 1940s at 
the Geigy laboratories in Switzerland,
 
biological potency of DDT was first 
established and its
 
use has increased dramatically since then.
 

Studies have reveAled the presence of pesticides in
 
contaminated waters and 
thelr accumulation in Plankton
 
as well as anthropods and birds. 
 The concentration
 
increases from water fish 
to birds and the DDT effect
 
on some of the birds was 
so high that some types of birds
 
are now extinct in parts of North America. Significant
 
DDT concentrations have been found in the 
fat tissues
 
of Eskimcos (who are not agriculturalists anyway) and 
even
 
higher concentration found in people living in both
 
developed and developing countries.
 
This is one 
of the reasons that led to synthesis of the
 
less persistent pesticides such as organophosphates and
 
carbonates. Insecticides like parathion biodegrade
 
quickly so as to allow crop harvests any time after two
 
to three weeks.
 

Studies of pesticide residues in foods and waters especially
 
organochlorins are carried out at 
the Tropical Pe.ticides
 
Res. Just. Arusha and 
a few other laboratories. East
 
Africans should 
intensify studies on monitoring of heavy
 
metals in our water systems. Water which flows nearby
 
garrages and industrial centres is sometimes used
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for irrigation, pollution of the irrigated food crop
by heavy metals such as 
Pb and may lead 
 to ill health

folbwing consumption of the contaminated crop.
 

Pesticide control and registration was
/import recently introduced
in Tanzania, with the purpose 
of controlling/distribution
 
use and production of pesticidus in 
the country. 
 It has
been observed 
 that sometimes pesticide 
 dealers tend

cheat; to


such as change of trade 
names or selling fake
formulations. 
The only remedy, 
as tr -.adati said, is to
strictly maintain a register, and analyse the formulations
 
for their content of active ingredients.
 

Question: 
 Impact of fertilizers on 
soils has not 
been
 
emphasised. 
 We may be 
putting in excessive
 
acidity or alkalinity into the soil.
 

Answer:
 

Answer: 
 It may be 
true in East Africa, as perhaps

anywhere. 
 Super, phosphates and sulfate of
 
ammonia, for example increase 
 soil acidity.
 

Comment: 
 Could we 
come up with a recommendation here to
 
urge for high level training and 
to have
 
professionals who could monitor specific

chemicals to ascertain not 
just eccumulation
 
but alsu the effect.
 

Qustion: 
What has been the decision in US 
where certain
 
chemicals are banned and 
then the industries
 
allow for 
their manufacture and export, mostly
 
to the Third World Countries?
 

Answer: 
 Most companies probably are 
busy depleting stocks
 
of already made chemicals, and governments of
 
these countries should help by restricting these
 
industrial firms from exporting chemicals banned
 
in 
their countries.
 

Comment: Tighter import 
controls should begin in the
 
Third World Countries themselves. 
 in the

U.S. it is difficult 
to ascertain 
 production
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and direction of trade in chemicals such
 

as pesticides.
 

Comment: 
 Any country is a system and all systems must
 
agree to work together, formulate standards,
 
and agree that the whole system maintains
 
health. 
This is what applies to monitoring
 
of agro-chemicals including pesticides and
 
fertilizers and natural 
or indigenous pesti

cides.
 

Comment: We should try 
to use the most natural and
 
cheap organic fertilizers.
 

Comment: 
 Over four years ago it was decided that we
 
should monitor fertilizer inputs in this
 
area. The goal is to see 
methods of control
 
and see if they can be synchronized.
 

When Ahero scheme came up it 
was not certain
 
that 
they would need pesticides in pest
 
control. DDT is 
still cheap and effective
 
but it has a long residual effect. 
 For those
 
who want effective pest control DDT is still
 
the best. It3 effect 
on man and other
 

animas ire confirmed.
 

A new pesticides control Act has been gazetted
 
in Kenya, and it requires that for each
 
pesticide roleased for use 
the conditions
 
for its application should be 
stipulated.
 

Use of DDT hais b(-cn changed. Some of the
 
pests in Kenya have become resistant to DDT 
and this has necessitated use cf Organo
 
phosphates. 
 The latter is a contact poison.
 

A third generiti)n of pesticides include
 
carbonates and these are 
predominant in
 
Kenya.
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KILONZO
 

Biological control of pests would be excellent if it
 
worked 100%. Unfortunately the predator eradicates
 
the target pest then it becomes a pest in its 
own right.

An example of cactus in Australia is in point here. 
 In
 
Kenya's Lambwe Valley steralization mechanisms for
 
specific pests has been 
 used to eradicate certain
 
pests.
 

Pyrethrum is a widely used natural pesticide. Strangely

enough, however, this is exported abroad when we 
remain
 

use synthetic pesticides.
to 
The Board should consider
 

preparation of pyrethrum formulations in Kenya.
 

MADATI
 

Biological control in Tanzania has been tried for bilharzia,

malaria 
vectors by using organisms that predate on their
 
eggs or 
the snails themselves. Studies are also being

conducted for plants that have pesticidal effects.
 
Agronomists should also continue the efforts 
to produce

hybrids which 
are more pest resistant. 
 Also steralization
 
of male vectors 
 of some diseases should 
 continue, as
 
alternatives to chemical pest control. 
 Pesticide and
 
fertilizer run off to the water system is 
prevalent,

legislations should be 
targeted also at 
control of proce
dures for application and 
there must be inspectors that
 
ensure that the standards guidelines and laws 
are adhered
 
to.
 

Our countries should be determined enough to 
adopt

legislations that prohibit import chemicals proved to have

deleterious effects elsewhere and enforce the 
regulation
 
rigorously.
 

There is 
a theory that Eskimos eat seals which 
eat fish

which had been contaminated with DDT in 
warmer waters
 
further south. 
 Thus the Eskimos are found to have DDT
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in their systems although DDT is never used in their
 
part of the world. This is why 
we say some of these
 
pesticides are very ubiquitous.
 

Fertilizers should be used only after soil analysis

have divulged the nutrient defficiency, or else we would
 
be wasting our fertilizer and 
even damage the crops.
 

MOSHI
 

The problem with organic fertilizers is 
that one usually

requires to use 
them in large quantities sometimes several
 
tons per hectare. However, to achieve the same effect
 
normal agricultural crops require only a few kg. per ha.
 
of inorganic fertilizers.
 

NATURE OF THE LOAD DISCHARGED THROUGH RIVERS
 
FLOWING INTO LAKE VICTORIA
 

JOHN GAUDET
 

The diagram below shows a rough estimate of data synthesized

from a variety of sources, especially Okidi, "Natural
 
Resources and the Development of the Lake Victoria Basin
 
of Kenya" IDS/OP 34 
(1980). The figures actually suggest
 
the annual discharge estimate.
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SOME HYDROLOGICAL DATA
 

IVER I DSCHARGEM x 106 t/yS1DM0NT INDUSTRY
SMALL DEMCINDUSTRY
2 CLARGE 
ANNUALLY 
 I II
 

KJ 9i q I
287 0o 4 706 7NZOIA L77 86 7543 -_ i7593 2219 36 600
YALA t 166 ,__6 336
111 


S 9 6

682 -- 485 2 3 900_qo
NYANL 247 82 825 1630 10170SONDU 
 845


AWACH 180I2 1 6 32-
-UA95 215 2 922
 

MARA 1 038 78 768 152515 20727
 

TOTALS 6 500 !1000 
 24 8U0 68 000 75 000 

Much more 
accurate readings 
arc required to 
allow meaningful

development programming and planning.
 

An accur-tte information of 
fiows "nd load is vital for a seminarof this kind, and 
accurate data shoulu be consolidated and analysed.
 

In relativv terms, 
the largest BOD seem to come from industries
but the figures need to be coroborated with research.
 

The complete Lake Ara! in 68,000 
 fiquare kiiometres. The Kenyan
past is about 3,755 sq.km. Th, L:.: Victoria iBasin portionof Kenya is about 50,000 sq. km. The figur, is still controversial 
because they 
havt not bt-en sYt(1roi2.
 

Comment: There is i projsct on river profile by the Lake BasinDevelopment Authority. That project -ihould give areasonced and r)tionalised d:ta on the contribution 
the respective riv,:r 

of 
into the Lake. So far the data 

prepared u, c.,ritrov.rsial. 

Comment: 
 There: should b,, ,-reeomm-nd--tion of this Seminar for 
ar 
East Af'rican Watt r hnefvizinc. 
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.BONUKE
 

1. INTRODUCTION
 

1.1. INCEPTIONj 
OF THE AUTHORITY
 

The Lake Basin Development Authority is 
a Statutory

Organization which wan created by 
an Act of
Parliament of the 
Republic of Kenya 
in August 1)79.

The Authority itself was 
inaugurated in May 1981,
but before 
the official inauguration, steps had
been taken to 
appoint the Chairman and the Managing

Director, and 
to gather a nucleus of professional

and administrative staff. 
 It is headquartered in
Kisumu, the very 
centre of the Lake Basin. In

accordance with the present Kenya Government
 
Organizational structure, the Lake Basin Development

Authority falls under the Ministry of Regional

Development, Science anc 
 Technology.
 

1.2. AREA-COVERED
 

The Authority is charged with the cardinal responsibilities for planning and coordination of the socioeconomic development of the Lake Basin Region and
initiating programmes and project activities identified
from such planninv. area underThc its jurisdiction
consists of Nyanza and Westurn Provinces and thecatchment 
areas lying in 
tr ( districts of Kericho,

Nandi, Trans-tizoia and Uasin Gishu; 
 as well as
parts of West Pokot and Eleyo Marakwet. 
The area,as defined by the Act of Parliamient has some 7 millioninhabitants which iC about 40 of the Kenyan total
population. 
 The Act also d, fined a smaller area
known as Development Area and confired 
to Nyanza
and Western Provinces with a total population of some
5.5 million inhabitants or a third of Kenyan population.
For purposes of overall planning the 
total catchment
 
area has 
to be taken account of.
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1.3. AIN FEATURES OF THE REGION 

In many respects, thc 
Lake Basin Development
 
Area has special if noL unique pnsition within
 
the whole of Kenya. A few facts are given as
 

illustrativ..
 

- the development area occupies a mere 4.3% of
 
Kenyan territory, y,,t it houses a 
third of its
 

population;
 

population density 
is high nearly everywhere
 

and averages over 200 people per square kilo

meter. Local densities are extremely high
 
in some areas e.j-. Kisil district with an
 
average density over 400 per Km 2 and Kakamega 

district with over 2500 per Km; Birth rate
 
range 
from a low 2.2% in S iaya District to high 
birth rates of 5.1% in Kisii District;
 

- Over 90% of the people arc rural based, and 
depend for thc ir livelihood on agriculture; 

- rainfall is rtlatively favourable and more
 
reliable. Yet drought spells occur, while on
 
the other hand hailstorms and 
floods constitute
 

frequent harzard.i;
 

- the area has 10% of the waters of the Lake
 
Victoria and has six major rivers, namely,
 

Sia, Nzoia, Yala, Kuja, Sondi and Sondu/Miriu;
 

- many densily settlcd parts of' the basin are
 
classified as "Medium potential" land, which 
produce only ont- crop of maize and other annual
 

foodcrops per year.
 

- in many places poverty is e'xtrene; the average 
farm sizc In th,2 densily populatcd parts of the 
region is too small to fe-d the family adequately 
and alte rnative souree:n of income are often
 

non-exiestent;
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- as a result of this povcrt.y, modern 
farming
 
techniques which promise higher yiclds, but 
require cash for 
inputs like hybrid maize
 
seed and artificial fertilizers art: often 
not, or only very partially applied;
 

in many plac, :,- proet.:; of rural involution 
and marginalization can h,- observed which 
inter alia loads to rising criminality (inclu
ding robbery tnd thett of crops) despite 
concerted efforts to rever.e 
the process;
 

despite a relatively higph rate of out-migration 
the population cortinued to increase at a 
rapid rate, which further compounds the 
developmental problems and increases the 
pressure on the available resources, 

2.0. STRATEGY FOR AGRICULTURAL MI1D INDUSTRIAL 
DEVELOPMENT IN THE LAKE BASIN REGION 

The Kenya nation-il policy 
on industrial develop
ment basically centres3 on the decentralization 
of industries. This means that future industries 
will have to be located Outjide thu traditional 
major metropclitan areas of Nairobi, Mombasa 
and KisumU. Thj5a policy lays emphasis on 
locatin- inJLu.stri es it, the rural z.areas of the 
countrv. 

The Authority lay:- emphasis on indu:;trial 
development of thQ, re.fion in order, to enhance 
the following broad objec.tives:

(i) To provide for the farm surplus output 
through various, forms of industries and 
thus incra.ijc the farmer.' incomes and 

employment. 

(ii) The need to provide non-farm employment 
in the region due 
to population pressure
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on the land and thus curb outmigration
 

of young people to urban centres of the
 

country.
 

(iii) 	 The utilization of the natural resources
 
available in the region in order to raise
 
the standard of liv._ng of the people of
 
the regien and to earn the country foreign
 

exchange where necessary.
 

3.0. 	 PRESENT STATE OF AGRICULTURAL AND INDUSTRIAL
 
DEVELOPMENT 
AND FUTURE TRENDS IN THE REGION
 

Since the region is basically an agricultural
 
producing region, most of the industries that
 
have been established in the region are mainly
 
agro-industries. 
 Therefore, the agricultural
 
sector may be considered 
"a carrier of industrial
 
development" 
 in the region. Broadly speaking,
 
one may put the type of industries that have
 
been established in the region or that are likely
 
to be set up in 
the region as follows:

]) 	 Agro-industries
 

2) 	 Livestock based industries
 
3) 
 Forestry based industries
 
11) Fisheries and Boat Building
 
5) Mineral based industries
 

6) Tourist indu.stries
 
7) 
 Informal sector and service industries
 

3.1. 	 AGRO-INDUSTRIES
 

3.1.1. 
 SUGAR AND ALLIED INDUSTRIES
 

The region produces the bulk of the 
country's
 
white sugar output. These 
are Miwani, Chemelil
 
and Muhoroni in the Nyanza Sugar Belt, Nzoia
 
and Mumias in Western Province and Awendo in
 
South Nyanza District.
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At present there is 
a mini sugar faetorj at
Yala and 
two mini sugar factories are 
proposed

for Kabras area 
in Yakamega 
 listrict ;ndSouth Mugivani'o in Kisil 
District. 
 There is
:lso a number of small 
scale Jaggeries
 
operating all over 
the region.
 

Most of 
those sugar factories are experiencing

decline in production due 
to shortage in cane
deliveries due to 
a number of problems related
mainly to 
the outgrowerv: not 
having sufficient
 
incentives to 
produce adequate cane thefor 
factories.
 

Utilizing the molasses generated from wh.te
 
sugar manufacture, 
two power alcohol plants
are planned for the 
region. 
 These are Muharoni

and Kirumu power Plcohol plants. 
 It is

envisaged that another, 
plant to 
produce
ethanol 
 fuel is likely to 
be established in
South Nyanza District. The 
future trends would
indicate that 
it is highly unlikely that
 more 
 white sugar manufacturing enterprises will
be established in the region due 
to problems

of balancing 
cash crops versus 
 food crops
production. 
 What is 
likely 
to develop in
future is that the present sugar manufacturing
enterprises wi.11 be expanded rather than

establishmant of new factories. It is also
envisaged that dependine on 
financial and
economic 
 viability of mini 
sugar factories,
 
more of this 
 type of sugar factories arelikely 
to develop in order 
to cater 
for cane
farmers who may not have access to the main 
sugar industries in 
the region.
 

3.1.2. 
 EDIBLE OIL
 

The region has great potential in producing

inputs for the manufacture of edible oil. 
 The
reFion is endowed with suitable conditions
 
for the 
production of groundnuts, sunflower,
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sesame, cotton seed, among others, 
that are the
 
basic materials for the edible oil manufacture.
 
Production of these crops has experienced notable
 
decline in the region. However, 
 the Lake Basin
 
Development Authority in conjunction with the
 
Government Ministries and other agencies are
 
embarking on major rehabilitation of the growing
 
of thebe crops. 
 It is hoped that if these efforts
 
succeed, there will be adequate 
 output of these
 
crops to warrant the establishment 
 of edible oil
 
processing facilities in the region. 
 The region,
 
especially Kitale 
area has established facilities
 
to 
produce certified cereal and vegetable seeds.
 

3.1.3. MILING
 

The area has a number of enterprises of varrying
 
capacities that are 
engaged in milling mainly
 
of cereal crops. 
 They are mainly engaged in
 
milling maize flour, 
 wheat flour and 
to some
 

extent rice.
 

This sector is likely to expand 
in future
 
particularly in 
the area of increased maize
 
milling facilitics that will range from posho
 
mills to 
large scale milling enterprises. It
 
is envisaged also that with the expanded produc
tion of rice both from Small Holder Irrigation 
Rice Schemes ,nd the proposed large scale Rice 
Irrigation Schomes, and the stepped up expansion
 
of the upland rice 
that is being carried out under
 
the auspices of the LBDA. 
 The tonnage of this
 
crop is likely to rise significantly in the next
 
couple of years to warrant the establishment of
 
one or 
two rice milling plants in the 
area.
 

3.1.4. 
 FOOD FPOCESSING
 

The region is endowed with production of horticul
tural crops, such as passion fruit and pineapples,
 
and vegetables. 
 It is likely that with expanded

production of these crops, 
 processing enterprises
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are likely to be 
established in the region.
 

The area 
also, especially in the highlands, has
 
a number of coffee and 
tea factories. 
 These

factories carry out primary processing of cherry
coffee arid 
tea leaves. 
 In most cases, these
 
enterprises 
are located 
 around the rivers or
streams. 
 It is envisaged that both coffee and
tea factories will increase in 
the next couple
 
of years.
 

The region has also a number of enterprises

engaged in 
the manufacture of both soft drinks
 
and beer. 
 At the moment, there are faci]ities

to process soft drinks in Eldoret and Kisumu.
 
Currently, the Kenya Breweries is constructing

a beer brewini 
plant in Kisumu which should be
operational 
in tht next coupi1 This
of months. 

sector is 
likely to expand in regard to 
more
 
soft drinks plants b'2lnp 
 6stblished.
 

3.1.5. 
 TEXTILES
 

There are 
three major textiles manufacturing plants
in the region. These 
are Kisumu Cotton Mills

in Kisumu, Rift Valley Textiles in Eldoret, and
Raymond Woolen Mills in Eldoret. 
 One does not
 
envisage more plants of this 
nature being established 
in the r'egion but rather one can foresee

the expansion of the existing plants.
 

3.2. LIVESTOCK SECTOR
 

The region has the largest population of cattle
in the country. The cattle are both dairy breeds

mainly in 
the hignlands and concentration of beef

animals in 
the lowlands especially in South

Nyanza District. 
 This sector will 
expand with
the iprovement of animal husbandry especially

in regard to 
discase and pest control and the
improvement of stock through importation into
 
tho region of improved grade stock and through
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artificial insemination. Therefore, there is
 
reason to foresee the establishment of most
 
packing plants in the region and subsequent
 
development of allied industries.
 

3.2.2. MILK PROCESSING
 

At present, there are two mild creameries located
 
at Eldoret and Sotik. 
 These facilities do not
 
cater adequately for the dairy farmers in the
 
region. It is therefore envisaged that with
 
improvement of dairy industry, 
some milk process
ing facilities will be established in the future.
 

3.2.3. 
 LEATHER PROCESSING
 

As mentioned earlier on, the region has the
 
largest population of cattle in the country. 
 The
 
region therefore, generates large quantities of
 
hides and skins which are exported in raw form to
 
other 
parts of the country and to the overseas
 
market. At the moment, there is no single tannery
 
in the region. Attempts to establish a small
 
tannery in Kisumu failed due to 
the entrepreneur
 
being unable to satisfy the municipal authorities
 
regarding adequate effluent treatment 
facilities.
 
However, it is envisaged that leather tanning
 
plants will be established in the region to
 
process leather to wet blue stage. 
 After the
 
establishment of this facility, one would foresee
 
the growth of the manufacture of leather products.
 

The region is suitable for growing of wattle
 
trees. 
 The wattle tree provides tanning extract
 
which is used in the leather industry and this
 
offers opportunity for linkages.
 

3.2.4. BEE INDUSTRY
 

The area has very suitable environment for bee
keeping. This sector at the moment is 
not being
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exploited fully. 
 The Lake Basin Development

Authority 
in conjunction 
with the Ministry of
 
Livestock Developme.nt has programmes 
to promote

bee-keeping 
 nd honey refining to produce natural
 
honey and beien 
wax. 
 These refineries will be
 
on 
the basis of' cottage industries and will 
be
 
scattered all 
over the rural 
areas of the region.
 

3.2.5. 
 POULTRY
 

The region has no poultry hatcheries and consequent
ly, poultry farmers have to import day-old chicks
 
into the region which leads 
to heavy loses.
 
Similarly, the region does not 
have facilities 
to process broile:rs for table use. At the
 
moment broilers art 
sent to Tigoni 
near Nairobi
 
to 
be processed and tis leads to the substantial
 
loss of the 
carcasses weight. 
 To reotify the
 
above situation, it is 
foreseen that there will
 
be need to e:3tabl ish a number of hatheries at

strategic 
 points in 
the region and the establish
ment of facilities 
to 
process broilers.
 

3.3. FORESTRY SECTOR 

Ther, is a large scale plant manufacture paper
and pulp at Webuye. This is 
the Pan African
 
Paper Mills. 
 It utilizes pines and eucalyptus 
trees. There are also in chu region a number 
of saw mills th-it 
produce sawed timber. 
 This
 
sector 
is not likely to 
expand unless stepped-up

afforestation will 
be affected in 
th2 region.

The region also has 
substantial potential 
for the
manufacture of inter ali;i wall boaris and ceiling

boards using 
caw dust and bagasse.
 

The region his potential of establishing cottage

industry based on 
the use of papyrus in the
 
region. This enterprise involves unique techno
logy and possibilities 
are 
being explored of
 
utilizing the enormous quantities of papyrus
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available in the region to manufacture a special
 

type of paper that can be used for tourists'
 

art'facts, art paper etc.
 

3.4. FISHERIES AND BOAT BUILDING
 

There has been plans to establish fish meal
 
plants in Kisumu utilizing haplochromis fish
 
species. However, it appears as though the
 
whole eco-system of the fish species in the Lake
 
Victoria has drastically changed with the
 
disappearance of large quantities of non

hyplochromis population and the 
emergence of
 
nile pearch as the dominant species.. The current
 
thinking is that any proposed fish meal plant
 
may have to be based on the utilization of the
 
nile pearch 
either from waste arising out of
 
filleting or 
from the fish itself. The realization
 
of the fish meal processing facilities will also
 
be an important input to the enterprises that will
 
produce animal feeds such as 
poultry feeds.
 

.n order to modernise the fishing methods in the
 
lake, the improvement of fishing boats is 
an
 
important element. 
 At the moment, the region has
 
no modern hoat building facility. In order to
 
improve on the fishing industry, one will foresee
 
the possibility of the establishment of boat
 
building facilitist in the Winam Gulf area of 
the
 

region.
 

3.5. MINER~AL EIASFD INDtJSTPY 

One may observe that the region is one of the
 
areas 
of th,, country with heavy concentration
 
of mineral deposits. These arc mainly 
 limestone
 
deposits in Koru 
 Wire hills, lloma Hills and 
Cherangani. It is thereforc, foreseen that in the 
future, 
there is likelihood of thG e:3tablishment
 
of a cement factory in the region. This will have 
great advantages 
as it will serve the cement needs
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of the refion and the surrounding countries such
 
as Uganda, Tanzania and Sudan. 
 If this project
 
is realised, the enterprise will have 
to be on
 
a large scale basis.
 

There are also mineral deposits such as copper,
 
zinc, and gold 
that are known to exist in the
 
southern part of' the region. 
 The commercial
 
exploitation of these minerals will depend very
 
much on the establishment of their present quali
ties and quantities.
 

The region has vry suitable clays. These clays
 
are being investigated with the 
possibility of
 
establishing brick and roof tile manufacturing
 
industry in the region. 
 One may foresee the
 
establishment of a couple of plants located in
 
various parts of the regior,. There are also a
 
number of quarries 
that. preduce ballast and
 
building ston.sn 
for thc Luilding and road
 
construction. The potential of this sector has
 
not been fully exploitod and one would forer more 
activiti-s in this s.ctor, 

The 'Iabak,-I area in the Kisii District has signi
ficant amount of soapstone deposits. This rare 
mineral deposit will in future be exploited to 
manufacture2 such item., as school chalk, electric 
insulators and po.ssibly china-ware,
 

3.6. TOURISTINbUSTRY 

The Lil:e Basin region has the necessary pre
requisites for the touri3t industry. These 
include scenery, flora, fauna and the cultural 
he-ritage that 
can attract tourists in the region.
 
This regior, falls u der what is known as the 
"Western Tourist Circuit". A number of tourist 
class hotels eStabli 5hed to tap this tourist 
potential. These are at Homa Bay, isumu, }akamega, 
Eldoret and Kabarnet. To tap the tourist potential

basic infrastructure 
 is being established such 
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as the establishment and improvement of road
 

and air transport, communication and other
 

facilities, the eradication of tsetse flies in
 

the Lambwe Valley. With the above facilities,
 

one will foresee increased tourist traffic
 

coming into the region. With the increased
 

tourist traffic, a number of cottage industries
 

to produce artifacts will naturally be increased.
 

3.7. INFORMAL SECTOR
 

In the large and small towns in the region, there
 

are a lot of activities in the informal sector.
 

Repairs and the manufacture of household items
 

are catered for in the open air garages known in
 

this country as "Jua Kali" workshops. This
 

is an important sector in that it provides employ

ment to a number of craftsmen and artisans in the
 

region. Although this sector is often not given
 

the necessary support by the authorities, it has
 

significant contribution to make in the develop

ment of the region. Given the necessary infrastru

ctural support, credit, and know-how, this sector
 

will expand in the future.
 

In the rural areas, one observes that the presence
 

of cottage industries mainly dealing with pottery,
 

basketry, textiles etc. is part of the industrial
 

programme. The cottage industries should be
 

encouraged to produce semi-finished products as
 

inputs to the major industries in the region and
 

the country as a whole. This will be in the
 

area such as edible oil processing and textiles
 

industries.
 

4. CONSTRAINTS FACING AGRICULTURAL AND INDUSTRIAL
 

DEVELOPMENT
 

The problems facing expanded agricultural and
 

animal production are indeed many. They centre
 

mainly on inadequate extension services, timely
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farm credit and other, farm inputs. The whole
 
of the farminF system will 
have to be improved
 
in order to get farmers out of a vicious circle.
 
The farmers are in a vicious circle whose basis
 
arises from producing just enough food for the
 
farily to lacking incentive. to produce cash crops 
due to insufficient 
 inputs, insufficient 2
 
seed at the rizht time, low crop pricing causing 
low incentives and so on. 
 A development strategy
 
of improving this sector will have 
to be placed
 
on breaking this vicious circle that faces the
 
farmers in the region.
 

Regarding industrial development in the region,
 
one may foresee a number of constraints which may
 
be outlincd as folbws:

4.1. RAW MATERIALS 

As mentioned -arlier on, the farmers are faced 
with 
a vicious circlc. in production and consequen
tly they may not bc able to 
produce enough
 
surplus to feed the agro-industrlr. Already
 
thi.s ,Ahortapc of faw materials are being experien
ced in regard to cane 'eliveries to the major 
factories mentioned c-rlicr on. 

4.2. POWER SUPPLY 

The supply of eleetric power is likely to remain 
a major constraint that 
is likely to hamper the 
growth of industrie: in the rerion. The likely 
victim of this situation will be the cottage 
industrics and rural basec small scale to medium 
size industries. Th:. stepping down of power from 
tht main supply iIncs is often far beyond the 
financial means of rural communities and individual 
entrepreneurs.
 

The cost 
for eyample of instilling a transformer
 
is often prohibitive. Furthermore, electric
 
tariff charges arc also so high that the rural 
communities and enterprises cannot afford this 
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essential input for industrial activities.
 

In order to rectify the problem, the LBDA 
in conjunction with the Government will 
 have
 
to explore possibilities of utilizing the hydro
power potential in the region. This will be
 
either the instnallation of a major hydro-power
 

stations or the 
oxplol tation of the mini hydro
power potential that has been identified in the
 
region. Some of the power potential need not be
 

fed into the national grid but can cater for
 
specJfic rural areas, communities as well as 

industries.
 

4.3. 
 WATER SUPPLY AND SEWFRAGE FACILITIES 

Most of the Municipal and Town authorities do not
 
have sufficient quantities and quality of water
 
for industrial use. The case of Kisumu water supply 
is a typical example that face many towns in the 
region. The sewerage facilities are also inadequate 
to cope with the industrial efflue.nt arising from 
the industriea ia the region. A great deal of 
assistince will be needed to the Municipal and Town
 

Authorities 
if they have to cater for future increased
 

industrial activities.
 

4.4. LACK OF' LAND ANI. ACQUIJ;ITION OF LAND FO1 
INDUSTRIAL USE . . . .. . . . .. . . . . . ..--------------------

Mont of th( towns in thf, region are located in 
densily populated artas. This is true in regard 
to towns such as Kakaimega, Kisil, Kericho, Kapsabet 
etc. These town- hardly have any land for industrial 

use. 

The acquisition of land for industrial 
use wil. not
 
be an easy task. Kisumu Municipality appears to be
 
an exception in this regard in 
that it has acquired
 
enough land for most of its devlopment in the
 
very near future.
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Towns n"uch as Kericho, Eldoret, Kitale 
are in the
 
midst of commercial farmlands and 
acquiring this
 
land for industrial u:, 
 is likely to 
be difficult.
 

Furthermore, the administrative and 
legal machinery
 
to acquire land 
for use such as for industrial 
enterprises ia often prolonged and cumbersome
 
process. This 
often 
discourages enterpreneurs
 
who may have options elsewhere outside the region.
 

4J.5. TOWN 'LANNIING AGWNIP:;
 

Most townships in the rejrion do not have adequate
machinery to plan their municipalities and 
towns.
 
Consequently, development han taken place in a
haphaTz rd manner. For instance, construction of 
building,:; would mak,: the installation of social 
ameniti,:n3 such as power lin.-s, telecommunications 
cables, water and scwerale installations quite 
expensiv,,. 

There is3 great nteed and urgency to assist these 
town:3 tr, irlprove theit planning capabilities inorder t o f' ii tate industrial 'rowth of the region.
 

4.6. LACK OF i:CEU"TMV 

Most of the l<seal sjthan it i(,s in,tht. region have 
]iteral]y no lrctntives to offer to petcntial
investor. . Fer excm;)l,., they do not have adequate
water ::upp] rnl ,:wra , ; they miy riot have land
that thfry oiu of'f',r tax roTte on industrni 3i1es 
a s inc, .-nt i v';:. 

Local author i t i , , n,.t h.ave the machinery to
adve-rtiso -rid publici ;, industrial potential of 
their municipaljti-, 
and towns to potential invest
ors 
in the country i(]aabroad.
 



4 

4.e7. 


44'+ '4i-" "K'' K' 4'' +V4§Y7 4 4 
'. 

+ ?++' ++ 

.%4+44 
+ ++++:++++++++++i++.++++++ 

j'.44d'>' ?+++++ +: ++:++ +++;++++ 

4'~~~~~'44444... 44<4++,*++/4 

4.8 


~4;:;j~ ~'. ' 

5. 

LACK OF, CAPITAL 

Domestic financial institutions have not so..~ 
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The' presence of endemic diseases contibute' to hi-' 
mortality' and morbidity of the popnILF.t~icn i'n t*,:o
region. 'Waterborne and~ Vector di.Jeaus arc cct~moal 
in this region. Consequently, mainy rn-dnh.y'of "w:and' non-farm labour is lost, This corntr.Lbutp tr ' 
low' productivity of labour in t1; eaton. ' 

' 

RECOMMENDATION AND CONCUSION~S 

In the context of the Seminar, on, on cb,4orv'-.
that most of the agricultura.l and indsr~t~~ 
vities"'are located near or alongside th o ma J,0 

. '; 

example, Nzoia 

area Lhait usgs 

river. run.9 through ' 

agricultural. cherriodi I.rt ai'le 
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likc:y 
to be washed into the 
streams.
 

In 
view of the location of industries and farm
 
activities with 
this important drainage system

of Lake Victoria, 
the seminar will 
have to

consider measures of conserving the environment
 
arising out 
of both agricultural and industrial
 
activities in the region. 
 in this context, I

would 	 like 
to make 
 the following conclusions
 
and recommendation:

(i) 	 In the context of the seminar, focus need
 
to be made on 
the need for coordinating
 
planning to 
ensure competent handling of
 
industrial wastes ano chemical 
pollution
 
of the 	 environment arising- from the domant 
carrier of indI.utriai development sector 
i.e. agriculur. in our 	 reg-ion. 

(ii) 	 Ensuring safe and adequate amounts of water 
for both domestic use and for. the industrial 
use and 
thus need for effective monitoring
 
and control of the quality of water and
 

effluents.
 

(iii) 	 The importance of en,;urin, that the Lake
Victoria water are not polluted from the 
streams and induSotrjia effluent as this 
would 	 destabilize 
 the aquatic life 
that Playi a rigniicant r'lc in the fish 
industries arnd natural rcquirments of the 
population of th, re rion ar.J the country. 

(iv) Cooperation is required among, the nations 
that share thie Lake Victoria to take 
common measurn 
tc, locate industries 
at a reasonable distance away from the 
Lake shores and rivers 
that drain into the
 
Lake Victcria 
as a way of reducing possibi
lities of accidental pollution of the
 
lake waters. 
 In this regard, there is
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urgent need 
to collect baseline data on the
 
rivers of the region and Ihe Lake Victoria.
 

o00o0ooooo 
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Comment: 
 The main environmental problem in 
the Lake
 
Basin Development Area is that of poverty
 
and under- development. 
 Mr Bonuke has
 
indicated 
 the range of constraints which
 
show that 
tie area needs co develop in order
 
to overcome its deficiencies in 
public health,
 
and malnutrition.
 

Accordingly, the Authority's programme is 
to
 
select a crop a year :or promotion. 
 For
 
instance upland riee is current. 
 The second
 
year is edible oils and 
so on. That will
 
go 
on steadily according Lo selected crops.
 
After five years the Authority will phase
 
out 
the first crop, expecting it to have 
become viable and self-sustaining. 

There is going to be incieased cultivat.un, 
use of water and silcation. Similarly 2ocial
 
services such as sewerage must develop corres.. 
pondingly with industrialization, agrculiturc
 
and urbanization.
 

it fs that develonment which will stabilize 
the population, reverse rural - urban 
migration.
 

Question: What is the role of Like Basin Development
 
Authority in 
helping 
establish industries?
 
Do these go beyond the rerular governmental 
practce?
 

Answer: The Authority io pr.sently lcokin; for 
approaches for doing just that. It has :hc 
mandate to prometu Ievelopmtent in the Auth'ori5. 
area and it is in th2 process of iiaising with 
respective ministries.
 

http:cultivat.un
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With Agricultural Ministry the Authodty has
 
established procedure for farm inputs,
 
especially seed bank.
 

The Authority, where it is convinced about
 
the value of a given project to the area,
 
can actually invest. 
 Right now the Authority
 
is examining the bricks and 
tiles industries.
 
The Authority will spearhead entrepreneural
 
work in the industries of' value.
 

The Authority will also establish food 
-
industry balance, 
vin a vis cash crop indu

stries.
 

Comment: 
 (i) It seems that the key to development
 
of crops in the area will depend on water
 
resources management in the 
area. Could
 
Mr Bonuke comment on irrigation policy and
 
strategies for water resources use.
 

(ii) Use of fish, especially Nile Parch
 
in industrial sense, may be trecherous in fish
 
meal. 
At one time it was haplochromis, now
 
that is not there. Nile Parch is new and
 

might not be viable.
 

Answer: (i) 
 Irrigation is expensive; because
 
of that we have not considered pumping from
 
the lake. We have a focus on gravity system.
 
The proposed Karno Rice programme is irriga
tional and 
we may expand damming.
 

The present land tenure system where
 
farmers are simply 
tenants in perpetuity
 
is inequitous and the future will examine
 
options for ownership of the land.
 

We also want 
to link fish and rice farming
 
as practised in 
the Far East.
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(ii) The ecosystem of the 
lake has changed
 
over 

That is the
 
the past few years. 


reason for dropping haphochromis. But
 
we 
have also secured fundv from the
 
World Bank and FAO for 
fish farming.
 
The 
idea may indeed, need reappraisal.
 

Comment: 
 Remember too 
that Lake Victoria has an inter
national character and 
we are cautious to draw
 
on it for irrigation. 
 lie 
use the water while

it is in the rivers as 
far as possible.
 

Comment: 
 On the Tanzanian side Lake Zone Physical
 
Development Plan for 1980-2000 for Mara,
 
Mwanza, Shinyanga and Kagera Regions.
 

-
 integrated development of sectors
 
-
 to minimize competition and conflict in
 

land use 
between forestry, agriculture,
 
livestock, game, urban and rural areas.
 

urban master plans for important centres.
 

Comment: 
 Mr Bonuke did not 
stress 
the need 
to collect
 
baseline data as to 
the quality of the environ
ment before industries are establisted.
 
Baseline data for the rivers should be colle
cted.
 

Comment: 
 It seems that the LBDA is largely coordina
ting body; yet 
I have also heard from prese
ntations especially comments of Dr Olindo
 
that LBDA is also for implementation.
 

Comment: 
 The role of the LBDA is coordinating but we
 
are also required to 
catalyse and catalystic

role must overlap with implementation. 
 The
 
Authority 
can also supply the seed efforts as
well as initiate. 
We are not confrontational
 
and we recognize our 
limits. 
We have no man
power to 
assume full role of plan implementa.
 
tion.
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Comment: 	 Problems of deforestation is critical. Han
 

the Authority luoked at it?
 

Comment: 	 UNDP Programme is underway on catchment
 
rehabilitation and river pio,'ile studic. 
 It 
vas effective from July ist 1982 for three ',ci 't

and that project 3huld provide n basis for 
dealing with problems of deforestation. 

Comment.:. 	Is a need
there for a future coord-nation of 

conservation of' thr catchmenL of LeUc ietori:. 
basin. :A r:comnendaicrn to thit effect s!hot:(d
 
be proluced by this seminar. The scriuioi 

will have 	 to be in the cooperation -ont',n.. 
basin states.
 

ooocOoooo
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PEREZ M OLINDO
 

The view that the Lake Victoria Catchment of Kenya,

is a sparcely populated rural 
area where subsistence
 
farming is 
the major occupation of its people, is out
dated. 
This status has changed rapidly over the last
 
three or four decades. There 
are high population conoe
ntrations in districts like Kisii, Kakameba, Kericho and
 
threatening 
 trends in this 
regard manifest themselves
 
in Siaya, South Nyanza, Nandi and Bungoma districts.
 

The recent rapid rise in population has led 
to increased
 
demands for food, clothing, providing cmploymen', 
health
 
services and accommodation. 
 Land as 
the basicresource
 
remains the 
same in 
area but continues to 
decline in its
 
capacity to 
support larger populations. Whether one
 
considers 
 the provision of food and shelter or the
 
containment of the wastes produced by these populations,

it is quickly realized that a problem exists. 
 The r,-sult
ant strain 
to existing systems, if not addressed c7nd 
reso-.

fved, will 
 surely destroy the natural and self renewin,

mechanisms within the aquatic and general environment in
 
the foreseeable future.
 

The agricultural sector has continued to progress in 
the
 
recent past. 
 However, sustained observation of the
 
public sector tends 
to reveal some resistance to scientific
 
farming techniques which promise consistent high reLurns.
 
The exacting 
 demands this approach places on all 
those
 
concerned is the apparent deterrent.
 

The order of priority in the expenditure of ft;r-i 
inor:.os
does not include reinvestment in the farn itseAf and thu,

leaves 
 farms to feature as the exploited wc p :,, )y.
This trend han led 
to the realization of diminihin- ieturns

which of necessity breeds discontent, and 
at the i'oi.st.
 
desparation in the 
farming communities. 
 Hav4.nJ hecom: an 
unstable entity, the farmer has tended to develop t~,'.enei(.
of trial and 
error by drifting from crop tc 
 ci")p hop; for 
some chancy good luck to come to hin,along thu ay. 

http:inor:.os
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Fluctuations in Farm Produce Prices
 

The single most destabllizing factor in the production of
any crops, whether they are staple or 
cash crops is the

fluctuating price structure. 
 To a large extent, this
 must have 
an adverse logical relationship to the 
cost

of farm inputs. 
 The truth of the matter is that the
consequent 
 unstable rate 
 of production cannot 
be
 
expected 
 to sustain agro-based industries. 
 Actuallv,
 
a set 
of conditions which promote public confidence is
needed to guarantee a sure 
basis for the rapid development

of a thriving agro-based industrialization 
programme.

With proper agricultural policy inputs, 
 the public

confidence helps the 
sector to ensure the continuing

production of larger and better qualities of selected
 
crops 
to the level of sustaining stable industries.
 
The components of the system suggested would include

pricing structures that take into account 
the cost of
farm inputs and provide for a small margin of profit for
the farmer. 
 Other requisite considerations include a
 secure market, even 
if this means the Government becoming
the main buyer of the 
farm produce and storing the 
same

in the form of reserve food stocks for the purpose of

guaranteeing raw materials availability for industrial
 
activity in the selected areas all the year round. 
 The
current vacillation between periods of plenty at harvest

time and long periods of shortages can never really provide
a good foundation for establishing an agro-industrial base
for any part of the country including the Lake Basin
 
Area.
 

Industrialization
 

Supposing that some criteria was agreed upon to seleat
 
a given number of crops for large scale promotion, how
and when would such a decision have a physical and economic
 
impact to the Basin Area?
 

One could take for instance, Robusta Coffee, Passion
 
Fruit, Cotton, Pyrethrum, Pineapple, Sugar-cane, Cassava,
Bananas, Rice, Oil Seeds, Beans and Peas as crops with
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high potential in the Lake Basin Area.
 

The effort would 
not be as formidable as 
it looks at
 
a glance, yet it would not be 
as easy as to dismiss

it at a glance either. A careful 
 look shows that
 
specific Authorities have been established in Kenya

to promote and market the following crops:
 

Cotton 
 Sugarcane
 
Coffee 
 Rice
 
Pyrethrum 
 Horticultural crops
Whether these Authorities are transacting their business
 

in a manner that is commercially acceptable 
or not is not
the subject under discussion here. 
 However, the strategy

to promote and market these crops at a level that may

sustain agro-based industries would require the interven.

tion of the Lake Basin Development Authority at 
the
 
co-ordination level, between the existing Statutory

Boards, the Ministry of Agriculture and the farming

community at the production level, while the KIE, ICDC

and the appropriate Parastatals undertake the marketing

and possibly processing the raw materials to finished
 
products.
 

The crops around which no Parastatals have been established
would involve the Ministry of Agriculture and the farming

community at the production 
level with LBDA taking the

role of promoter and possibly special institutional
 
arrangements being made which may very well include the
 
establishment of subsidiaries of the LBDA to handle the
Ylh*hr-itz .- I l t .uperts. For the crops around

which Statutory 
Boards have been established, commodity

pricing is controlled and in many cases the farmers have
 
no other markets.
 

However, an alternativo to controlled pricing exists.

This alternative involves the lifting of all controls and
allowing the marketing of farm produce within the country

as may be dictated by 
te forces of supply and demand.

If the country opted for the latter alternative, the
 



DEVELOPMENT 

PAGE 76
 

Besides, it 
is used industrially for the manufacture of

starch, cornflakes, broad and for oil extraction.
 

Maize 
grows well at altitudes of upto 2200 metres;

responds well 
to medium cnnditions of temperatures, alti
tude and rainfall but it does 
not do well under high

temperatures. 
 It can be grown well in 
most parts of
Kakamega, Bungoma and parts of Busia of Western Province,

and Kisii, Siaya, Kisumu and South Nyanza districts of
Nyanza Province; and 
in Nandi, Kericho and Trans-Nzoia

districts which also lie within the Lake Victoria Catchment. Maize is one 
of those crops which have attadned
 
the self sustaining status due to community needs and

commercial productions subject to good prices. 
 Efforts
 
are being made to increase the yields and quality by 
the
introduction of hybrid seed and application of fertilizers.
 

Rice (Oryza Sativa)
 

Rice was previously regarded as a luxury. 
 It has now
become a staple food 
for most Kenyans. Rainfed rice is
 
now grown in various parts of Busia, Bungoma, Kakamega

and South Nyanza Districts of Western Kenya. 
 Potential
land for growing rainfed rice in the 
area exceeds 19000
 
hectares and 
the Lake Basin Development Authority has
definite 
plans to assist small 
 scale farmers to put 
this
land into active rice production. 
During the 1983 growing
season, it is planned 
to plant 6-7,000 hectares of rainfed

rice in the above mentioned districts and 
an estimated
harvest of some 16,000 
tons of paddy is expected. Rainfed
rice 
is grown in swampy areas, which, 
for many years had
remained furlow and only provided rough grazing for native
cattle sheep and goats 
.
 It is hoped that farmers in these
 
areas 
will adopt 
zero grazing and keep grade animals for
their dairy and beef requirements. 
With the introduction
 
of A.F.C. loans 
to 
rice farmers, the purchase of more
 
tractors by 
the LBDA, the early commencement 
of land
preparation should lead 
to the achievement of the 
target

of 7,000 hectares during the 1983 growing season.
 

Millet
 
This crop has the capacity 
to withstand hotter conditions

and grows under less rainfall (around 500 6
 -
mm per year)
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than maize. This crop is well suited to medium/light
 
sandy soils but will produce a good crop on the poorest
 
soils in the area. 
 Thus it is most suitable for the
 
marginal 
 zones of the Lake Basin Area and should be
 
encouraged as a buffer food crop, but under normal
 
circumstances, 
it should be grown specially for animal
 
feeds.
 

Millet is a staple food for 
most families in the Lake
 
Basin area. The aim is 
to find and propagate varieties
 
that can be high yielding and more palatable than the
 
conventional types found in 
the region.
 

Cassava
 

Cassava is a staple food crop in many areas of Kenya.
 
It has considerable potential 
for starch production and
 
may be used for the preparation of animal feeds, both
 
nationally and for export. Cassava is capable of produ
cing high yields under conditions of poor fertility and
 
low rainfall. Its foliage on 
the other hand contains
 
about 17% protein and there are varieties which have been
 
developed in some countries, for other uses. 
 There is
 
a large and rapidly growing world 
trade in dried cassava
 
notably from Thailand to European and American markets.
 
The main cassava growing areas of Kenya 
are situated in
 
the Lake Basin and Eastern Province. Cassava grows in
 
warm drier areas at elevations of below 1500 w.
 

Oil Seeds
 

Groundnuts, sunflower, soya beans, green grams, simsim
 
and cotton can be planted on 
a large scale within the
 
Laku Basin Area. Land preparation is done during the
 
dry weather and seed planted 
soon after the first rains.
 

These crops require sandy soils with adequate rainfall
 
at flowering stage. 
 Clean weeding is essential.. Some
 
fields might require fertilizer, but this is 
not critical
 
for good growth.
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Most of the Lake Basin Area can be 
utilized for growing

oil seeds notably in North and South Kabras, Nambale
 
Division, South Teso, Bunyala and Samia. 
 The entire
 
coastline of Lake Victoria and most of South Nyanza

district are suitable for these crops.
 

Most of the oil seed crops take between 90 - 150 days

to be harvested. 
 The crops are susceptible to various
 
insect pests and disease but these 
can be controlled.
 
Care should be 
taken using chemicals in agriculture

because some insecticide have adverse side effects 
to
 
the environment and 
the insects which 
are useful to the

farmer. 
The bye-prod,-ets of oil seed crops after
 
extracting 
 the oil are useful as 
animal feeds, and will
be in high demand especially by the small scale farmers
 
who are now going in for 
 zero grazing.
 

Simsim
 

This is an oil seed with 
a high oil content (45 - 55%).

It grows well 
in most parts of the low lands of the
 
Lake Basin Area. Simsim is 
fairly drought resistant and

will grow well under 400 
- 500 mm of rainfall and 
a warm
 
climate. 
The crop matures in 120 
- 140 days.
 

Sunflower
 

This crop is grown on 
large scale farms in Trans-Nzoia
 
and many parts of Bungoma and Busia districts by small

scale farmers. Sunflower of the best variety in Kenya


has an oil 
content of 28%. 
 The cake that remains after
 
oil extraction is 
a feed for livestock for which demand
 
will increase as 
the concept of zero grazing takes hold.
 

Groundnuts
 

Groundnuts are used for margarine and cooking oil manu
facture. 
 The best quality are used in 
the confectionery

trade. 
 This crop constitutes an 
important source of human
 
protein in Western and Nyanza Provinces. The groundnut

cake is very rich 
as animal feed and may usefully be mixed
 
with cassava in 
the zero grazing programme of livestock
 
development in 
the area. 
 Most parts of low lands of the
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Lake Basin Area are suitable for groundnuts growing.
 
Two varieties thrive, 
 the Uganda Red and Uyoma type
 
- both of which can be grown during short and long
 
rains. The LBDA is encouraging the farmers to orient
 
themselves for a two crop year in order to build up the
 
stocks for 
industrial development. Selected 
 seeds, which
 
give the highest yield 
free from diseases are being
 
sought and propagated.
 

Cotton
 

Cotton is a perennial crop which is grown as an 
annual,
 
mainly because, if left for 
more than 
a year in the field,
 
the pest problems become 
too great. Cotton grows well
 
in most low lands of the Lake Basin Area and efforts are
 
being made to improve the quality of the crop by proper
 
crop husbandry. Kenya's requirement is 14,000 tons per
 
annum, but at present Kenya produces under 8,000 tons per
 
annum. This is one crop 
on which a full feasibility
 
study has been completed with LBDA Funding.
 

Education
 

Farmers should be trained in all aspects of crop and
 
animal husbandry through any one or 
a combination of the
 
following procedures:

(a) Farmers Training Centres - There are 
four institutions
 
in the Lake Basin Area namely Mabanga in Bungoma,
 
Homa Bay F.T.C., Maseno F.T.C., 
and Lugari F.T.C.
 
These can 
be revived and/or expanded at low cost
 
to cater for intensive courses 
of the nature suggested
 
above. The Institutes of Technology should also
 
be used to further, farmers' education of this 

nature whenever possible.
 

(b) Field Demonstrations 
- either on individual farms
 
or at Farmer's Training Centres shoud be intensified
 
and diversified to 
cover all target crops. When
ever field demonstrations 
are organized, they should
 
be widely advertised 
to attract maximum attendance.
 

(c) 
 Tours and visits should be organized for selected
 
farmers tc facilitate maximum exchange of knowledge
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with other developed farmers 
or those with similar
 
problems.
 

(d) Personal contacts by 
Field Officers should be
 
encouraged 
-
 this will require well 
trained and
dedicated personnel at all 
levels, if maximum
 
returns are 
to be realised.
 

(e) 
 Leaflets and Newsletters:
 

Farmers do not like lengthy letters, short and
 
to the point leaflets in 
a language they 
can read
 
and understand constitutes a useful medium of
 
communication.
 

Field officers must also be trained from time to time
through 
 well organized refresher courses. 
 They should be
prepared to adjust according to the needs of the area of
their posting. Research stations should work on 
farmers'
problems and be able to 
communicate their findings through

prescribed media 
as well 
as through the field officers.
 
Arrangements should be made 
to 
make the necessary farm

inputs accessible to 
the farmers, and if necessary at
 
subsidized prices.
 

CashCrops
 

Coffee
 

Robusta Coffee 
is 
for low altitude places, suitable for
most parts of Bukhayo, Marachi, South Teso, Samia, Bunyala
and large portions of Siaya District. 

in 

The seed is planted

the seed-bed and transplanted after 18 months. 
 The
 crop matures after 2-3 years. 
Treatment of disease and
insect pests is 
necessary. 
 he bean is harvested, dried
and crushed aCter roasting. 
 Yearly prunning is essential
 

if high yields are 
to be assured.
 

Arabica Coffee 
 is for higher altitudes. Treatment is 
the
same 
as with robusta but this variety of coffee requires
pulping before drying. 
 The factories use plenty of' water
during the processing period and Arabica Coffee factories
 
are amongst the biggest and 
worst polluters of water
resources wherever appropriate waste disposal measures are
 
not taken.
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Pyrethrum 

Pyrethrum is for higher altitudes, suitable for some areas
 
in Xisii and to 
a lesser extent up the Elgon mountains.
 
Pvrethrum requires deep loam soil and adequate rainfall.
 
It 
is marketed through the Pyrethrum Board of Kenya who
 
process it and distribute it all 
over the world.
 

Macadamia Nuts
 

Suitable for all 
areas along the lake shores. Very
 
important fruit for domestic consumption and export and
 
yet, little has been done about its cultivation in the
 
area.
 

Avocados
 

Avocado pears contain plenty of food value and oils for
 
soap manufacture and for beauty skin care but so 
far
 
those farmers who have planted this crop find the fruit
 
to be a continuing embarrassment when they do not find
 
market for it and it has 
to rot year in and year out.
 

Sorghum - (Finger Millet)
 

Suitable 
to grow in many parts of the Lake Basin Area.
 
Research should continue with the object of finding
 
high yielding varteties which are resistant to disease.
 
The crop is suitable for human consumption and as cattlu
 
feed. 
 Its common disease is smut but may be contained
 
by the use of chemicals.
 

Possible Industries for the Mentioned Crops
 

Robusta Coffee: 
 ic directly connected to the Instant
 
Coffee Industry. Kenya is 
a net importer of Instant
 
Coffee and allowing 18 months for the growth of seedlings,
 
and 3 years o: 
 The coffee trees to grow, production of
 
instant coffje should be realised within 5 years from the
 
time the project is launched.
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Pyrethrum is well catered for and 
the LBDA would only

need to bring the 
farmers' representatives and the
Pyrethrum Board together 
to ensure 
the full utilization
 
of suitable lands in 
the area and 
the creation of

incentives to encourage the farmers to 
strive for 
greater

heights of production. Arrangements should be made to
 
pay farmers adequately and in time 
to strengthen their
 
confidence in their own 
industry.
 

Sugar-cane : 
The problem of sugar-cane growing lies in the
 
pricing structure. 
 It is the general view that, if a
realistic pricing structure is 
not arrived 
at uoon enough,

the decline in sugar-cane production may 
continue to 
the

point of endangering the heavy investment that has gone
into the sugar mills in the country long before 2005 A.D,

which is only 23 years hence. 
 The formula of considering

the inputs to determine the 
price for sugar-cane per ton

should be used in 
the maintenance of farmer confidence.
 

Cotton: 
 The two textile mills located in the Lake

Victor'ia Catchment area of Kenya are net 
importers of
 
cotton, while 
it is 
true that in 1980, the Lake Basin

Development Authority completed 
 a feasibility study 
on
 
cotton and proved that, given the necessary promotion

and marketing outlets, the crop should be 
self sustaining

and also 
generate a series of other indlstries around
 
cotton. Among 
uch possible industries are 
edible oil
 
industries, animal 
feed industries, cloth making industries
 
etc. Developments of this nature would en3ure the full

and profitable utilization of the full and profitable

utilization of the already established textile industries
 
and rhe farmers would get more 
for their labours. The
 
cotton fErmers continue 
to complain that 
 the cotton
 
Act is der'ective, 
in that, it automatically transfers
 
ownership of their cotton 
to the Cotton Board and must
 
be amended to recognize the farmers' right to 
the crop

before he decides to 
sell it to 
the Board. 
 The Lake
 
Basin Development Authority supports this view and should
 
get the ball rolling towards the realization of legislative

change to meet 
the farmers' aspirations.
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Rice: One may consider that the National Irrigation Board
 

is the logical promoter of irrigated rice. This crop
 

has been adopted by many communities in Kenya as a staple
 

food. When one looks at the numbers of rice eaters
 

who go around but cannot get the commodity, trotting
 

around the country looking for rice and yet returning
 

home empty handed, one concludes that rice growing and
 

milling has a definitely bright future in the Lake Basin
 

Area and elsewhere in the country but further, that the
 

industry must come under the full public control to
 

ensure that, at least, those who grow the crop can eat
 

some of it after it is processed. A conination of
 

rice husks and pineapple peals is known to produce a
 

very nutritious breakfast supplement. This possibility
 

should be investigated further, and the results acted
 

upon for the benefit of the country.
 

Bananas: It has been proved in Kisii and Kakamega Districts
 

that large quantities of bananas can be grown. But there
 

is no steady bananas market. Banana crisps are an
 

excellent alcohol witli the wastes serving as animal
 

feeds. Pilot plants should be considered for Kisii
 

and Kakamega districts where raw materials are already
 

in plenty supply and further research on other uses of this
 

crop should be continued.
 

Passion Fruit- has a ready market for its juice, both
 

at home and overseas and passion seed can provide excellent
 

cooking oil for an area curruntly inhabited by well over
 

7 million people, a majority of whom cannot afford to
 

buy other brands of cooking oil imported into the area.
 

Cassava: is a human as well as an animal food and frcm
 

it industrial and clinical starch may be manufactured.
 

Most of the areas in Lake Basin Area are suitable for
 

cassava growing and the crop takes two years to mature.
 

General: The judicious development of the various acti

vities touched upon in this paper should be able to 

create jobs at the farm, manufacturing, distribution and
 

retail levels and must be given serious consideration
 

within the context of employment creation and the overall
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development strategy of the Lake Basin Area. 
 While
 
projecting agricultural development, it is safe 
to
 
expect a problem rat 
 of 25% of the entire programme,

thereby, calling for intensified research 
to resolve
 
these problems as 
and when they crop up.
 

Gestation Period For Building an 
 Industry in the
 

E1 trlsetr--------------------------


The concerted effort of mobilizing rural communities to
 
accept selected crops and break away from their tradition
 
subsistance practices will necessitate virtually a
 
crusade if any meaningful developmental impact in the
 
apricultural sector is 
to be realised in the 
Lake Basin
 
Area. 
 First aid foremost, the co-ordinating body has to
 
accurately determine what the ground status of the
 
target crop is. 
 This is established by extensive ground
 
surveys, makinR reference to background research and past

experiences at 
the farm level of the target crop and finding

out why it did not take off in the first instance. The
 
psychological state of the community to 
be mobilized is an
 
aspect of critical importance to 
the success of any

community oriented mobilization. 
 The second step is
 
securing the commitment of the community in question to
 
adopt the project as its own.
 

The co-ordinating body, cooperating with the Ministry of
 
Agriculture will move 
further and train field extention
 
officers selected 
from the Ministry of Agriculture to be
 
versed in all aspects of the crop in 
question; including
 
land preparation, planing time, diseases to which the crop

is susceptible, 
 how such diseasts should be avoided and
 
what remedies are available if there is 
an attack. The
 
officers should be 
capable of advising the farmers involved
 
as to 
the appropriate fertilizers, and such other informa
tion as the length of time 
the crop takes from planting
 
to harvesting etc. 
 The process described above 
takes
 
about 18 to 24 
months.
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It is risky to embark on 
field demonstrations and field
days with a bunch of ignorant extention officers, because,

whan they fall 
to answer the questions of the 
farmers or
 
when they give incorrect, information to 
the target

community, that would undermine the intended goal of
 
buildinF up pUblic confiderce in the projects. 
 Some of

the activities- mentioned above may be carried out simul
taneously with muah aavantage. 
 The project organizers
 
are always 
 the best judces of the projects' progress

in relation to what degree of 
success they set 
for
 
themselves. 
 It is advisable that 
specialised units
 
of researchers be alarted to observe and be ready 
to
 
tackle any pathological problems, 
as and when they arise.
 
By the end of the demo:nstrLition 
season, arrangements to 
widely launch the growing of the crop should be made and 
implemented in good time and with plenty of supervision.
Other iridication show that the yield results are better

when the farmo-r is assisted 
to have easy access to the

basic farm inputs such as certified seed, land prepara
tion machines and fertilizers. 

Consultationz
 

In order to mobilize any comrlunity successfully, that
 
community hart to 
 iderciVy j.,3olf directly with the 
objective-; o2 !he .o' '.iton exercise and actually
 
adopt them as 
their ot:r. 
 This requires detailed
 
consultations :t 
all 1'2'1.3 
of that community to enhance
 
widespread invo.1v/, enc in the project. 

Special Extentio Services Training 

It has been proved under 
the Upland 
Rice Project sponsored

by the Lake Bas:Lr. ,-veloumret 
 Authority and the Ministry
of Agriculture that ":pociaiized training is best directed
 
to those already 
 tra'ned technic,--. extention officers 
who have the gi,'a3a of Th; functional aspects of agricul

and have wori(ed cnse!y withture 
the rural farming

communities. 
Such (-,:t-nLjon officers could be the addi
tional trnaining in the gi'owiag of a wide range of selected 
crops. uch i step 4( jt:Wmninimize tihe strain to have on 
the lirii a-d traineo r.:anpowcr and meagre financial resources 
in the country. Put 
aC tne ,;ame t'lme, training of 



~, DVELOMENT.~TPAGE 86 

:~additional mna npower for these projects provides~ theAoppor~tunity for, job creation and therefore th posb-
'<j ~litY of~redu t g ig nte ofX unemplo

~4V"~whijch presently exists irthf, fleuL icC~'-

Y02V22V2C stration fot Field Days 
~~ Th 

* 

next atage of proznotinE the 'growing of selected orops ~ 
through 0%)Ajrgar @nd making it *4~>ijPossible for largi, numbers of farmers ;ithyjx a given area~:~ k to nteractand exhag Jn 
v p a t cexejnha g o m t o 4y±h would ;also 

nstrctio1 inthoproper, husbandryof elctdrOS nd the likely probler'U the fa-esmay 
enone in- the field when grOwIrG the crops, The 
aproach which ha~s, betzn ad~a ytho JBDA is t upr 

36-slected farmers in aireas whereteMnsr .- rconides ppropriate Ag utbr'efore tic growjingTeselected farmers~ are >given certifiedof, theselected cos 
P 4~, 

- -'' 
seed, ~fr~ii~~AeId, f--4~~i necesoary;, 1 iizresearch findings 'or

A~is placed the Cprop -in~iestion~a t Itheir, disonladt laeguaranteed the~ 4
~S~V..Vnecessary protcction Pagain'st~ any pest or d se that;
:~.;;~>? Vmay attack the crop. ' 0T~p~~l6ithen super

v' vised byextentio cffi r fo teMii;Lyoftur-an grclit 1i around such Plot-9 that field days are'~;'AP
oraie o efciey r-~~i~ the needed knowhow to ~~' a~ wie sct ion'.ofj thi tagtfamn 
 COMMI4t i es'

-~ -,v- Project Impjnentat± * 4 
44 

-- 4*-The season Vo loigtedmntain ndfield day
isis
sualy thie bes fo nt h arest mlmn
 

imotant.~ 
 Asitn th amr t puoFiotter
 
tcredit facilities 
 and other apporaeiutlk 

,crtfedgedad hn organALJiig; einr for the.farmers 
 -ASis 4an"'importanflinitial s tratgy .The re a ft,-,r, u se these'S seminar~S as the foruri for identifyi ng -p0as3, e bottlcnecks'and :digeverything posble t lmnt I*! -roblems-,tie.ats have beensee to hl tv -psycholo-<~ 
9cal impact onrt t( f;rmers beaca-ut (3en bI s "thefarmers 

T,; 

7 7 



DEVELOPMENT 
 PAGE 87
 

to perceive themselves as a group striving for the same
 
objectives. 
Therefore, it is recommended that this
 
form of effective communication should be sustained, and
 
intensified. Past experience in many parts of Kenya,
 
including the Lake Basin Area, shows that the rural
 
farming communities usually respond positively through
 
all 
the stages described above until after implementation
 
when problems arise.
 

£r2p_21e4~tion Criteria
 

The most critical consideration in selecting which crop
 
to promote for mass production is that of finding out
 
which crop will sell fastest with attractive returns to
 
the farmers in sufficient amounts to encourage them to
 
repeat, expand and intensify their efforts in 
subsequent
 
years. It would appear from the 
face of things that,
 
staple foodstuffs have no serious problems because staple
 
food markets have been established and levels of o-?mand
 
from time to time can be predicted from year to yeAr.
 
In such cases therefore, public confidence has been
 
achieved and the crops may be 
described as self sustaining.
 
In cases where ready markets do not 
exist, the promoters,
 
the LBDA and/or the Ministry of Agriculture, and any
 
third party interested in utilizing the 
raw materials
 
so produced for c'ommerce or industrial activity, must
 
have a pre-determined commodity flow chat, 
so that the
 
produce is purchased from the farmers as 
soon as possible
 
after harvest. 
 This enables the farmers to honour their
 
obligations with the creditors and therefore, establish
 
credit worthiness 
that will ensure their success as
 
farmers on a continuing basis.
 

It is the considered view of the writer that, wherever
 
this ideal level of farmer confidence is broadly achieved,
 
a basis will have been established for industrial develop

for the crops concerned. However,
ment once achieved, the
 
promoters will have 
to look for ways and 
means of develo
ping dedication and commitment 
to continuity of the
 
industry. Whun one considers the stages describud above,
 
it quickly becomes evident that 
a lot of time is required
 
to promote a crop from any point 
to the level of mass
 
production. Whether or not 
any given crop attains the
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level of self sustenance depends 
on a number of factors
 
including the commitment of the promoters, the farmers'
 
enthusiasm and the sensitivity of the pricing structure
 
to the cost of the wide 
 range of inputs which are
 
constantly required 
to make any farming effort a success.
 
With the hig.i priority that the Kenya Government has
 
attached to 
Load production in 
the country, there is
 
need for clear mechanisms through which suitable farm
 
inputs 
can be guaranteed to 
the farmers at prices which
 
have 
a direct bearing to the cost of their farm produce
 
at any given time. Indeed, there may be 
a need for a
 
Standng Public Watchdog whose sole function will be that
 
of ensuring the existance of a constant balance between
 
farm inputs and 
farm produce prices. 
 If it were possible

to observe this sensitive relationship continuously,
 
the adverse production fluctuations which have plagued

the farming industry in Kenya for decades may be alimi
nated all together. Otherwise, 
these regretable expe
riences may still be realized in the future. 
 In fact,
 
a price produce balancing me!chanism could cruate the
 
problem of surpluses, which at 
the National level, 

be viewed as preferable 

may
 
than its obverse. In point of
 

fact, this should be the deliberate quest of the LBDA
 
in close co-.operation with other departments of the
 
Government. 
 When this goal becomes the reality, a basis
 
will 
exist in which a sitable and meaningful prediction
 
may be formulated for the promotion of the agro-indu
strial development in the [.ak,: 
Basin Area for the future.
 

If one were 
to base a prediction on prevailing trends and
 
past experiences. 
the Lake Basin peoplfe would have 
no
 
option but to 
prepare themselves for recurring rude
 
shocks and developmental stagnation, or 
at the very
 
worst, developmental 
retardation.
 

The thrust of this discussion points to the 
fact that, as

the co-ordinator of the developmental process in 
the
 
Lake Basin Area, 
the policies and resolute determination
 
of the LBDA will 
decide whether Agro-based industries
 
will take 
root and subsuquenf.ly thrive in 
the area.
 

http:subsuquenf.ly
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CROP PROMOTION - A CHRONOLOGY OF ACTIVITIES
 

Stage 	 Activity Responsibility
 

1. 	 General Surveys to determine
 
existing status of the selected
 
crop LRDA & MOA
 

2. 	 Locate trained crops extention
 
officers. Stage 1 & 2 may be
 
undertaken simulteneously to
 
greater advantage. MOA
 

3. Mobilize target farming commu- LBDA, MOA
 
nities and launch crop demonstra- Administra
tion centres detailing the farmers tion, Coope
role and other inputs for making rative Dept.

the 	effort successful. & Community
 

Devel1opment

Department.
 

4. 	 Organize special short courses LBDA, MOA
 
for the crops extention officers
 
see 2 above.
 

5. 	 Mobilize the movement of certified LBDA, MOA
 
seeds and other farm inputs to the AFC, NC, PB
 
target areas and assist farmers & KFA.
 
to arrare credit facilities
 

6. 	 Mobilize ano strategically locate LBDA, MOA &
 
farm machinery teams, prepare the the farmers.
 
land and plant the crop.
 

7. 	 Mobilize researchers with the LBDA & MOA
 
knowledge of the crop under
 
promotion.
 

8. 	 Carry out surveys related to LBDA,
 
produce 	storage and marketing Ministry of
 

Commerce &
 
Parastatals.
 

9. 	 Carry out surveys for processing Ministry of
 
and 	manufacture Industry and
 

Private
 
Sector.
 

10. 	 Undertake large scale planting LBDA & MOA
 
and purchases
 

11. 	 Repeat the exercise yearly
 

A Reserve Food Fund
 

It is tempting to suggest a possible dialogue between the 
LBDA and the (overnment aimed at establishing a Reserve 
Food Fund to facilitate the prompt purchase of selected 
farm produce from Keran farmers, even at preferential 

prices, and store the same in National Reserve Food Stores. 
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The realization of this strategy would convert the public
 
sector into the largest and most stable marketing outlet
 
for the farmers of the selected crops. The issues in
 
question surround what actual expenditure the country
 
incurs in curbing food deficits by buying from external
 
sources, as 
compared to incentive pricing and preferential
 
purchases by the Statr.. 
 The present proposal has the
 
added incidence of job creation and the saving of foreign
 
exchange, having national food reserves, and possibly
 
generating surpluses for export. 
 This raises wide open
 

issues for discussion and resolution.
 

Assumpjions on which Projection !ay be Made
 

It is assumed that 
the LBDA will adopt a reasonably
 
aggressive agricultural policy and will make every effort
 
to open dialogue after dialogue with the Government to
 
streamline farm production systems in order to 
ensure
 
the establishment of thriving Agro-based industries in 
the
 
Area. It is further assumed that a Standing National
 
Farm Produce Pricing Mechanism will bc created to const
antly review the relationships between farm inputs and
 
farm produce, their actual and relative costs, and 
create 
a favourable outcome to the farmer on a continuing basis.
 
This would be a practical incentive for farmers to produce
 
more and more 
in Kenya. It i:salso assumed that the
 
sprouting institutes of Science and Technology will bear
 

frtit in the form of producing serious and well trained
 
technicians, who will have the requisite technical
 
discipline to adapt to changing conditions in a dynamic
 
industry aimed at industrializing the Lake Basin Area
 

of Kenya.
 

Another critical assumption surrounds the need for the
 
modification of emphasis in the investment policies of a
 
majority of the private and 
public Finance Companies in
 
Kenya. A casual observation reveals the fact that
 
finance companies in the country tend to shy away from
 
financing ventures located 
too far away from the major
 
commercial centres of Nairobi and Mombasa. 
 One of the
 
consequences is the depressed economic situation irhe
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Lake Basin Area. It is therefore further assumed that, 

in order to promote the rapid development of such econo

mically depressed areas, the development Authroties will 

have to open discussions with the Government with a view 
to creating a series of preferential incentives to indus
trial concerns to locate their activities in areas that 
are manifestly suffering from industrial depr-ession. The 
incentives may 
take the shape of tax relief, the provision
 

of site and services free to industrial sites, ensuring
 
the expeditious allocation of industrial plots, the
 
waiver, of Rates, Land Bient Pnd Stand Premium. The list
 
of incentive:-i is almost unlimitud. 
 The intention here is
 
not to deny the central Treasury sources of revenue, but
 
rather, 
to underscore the Government's determination to
 
promote a policy of 
equitable industrial development all
 
over the country. In any event, this will expand 
new 
sources of revenue for the government if the expansion 

of the economic activities occur. 

Projection 

With the foregoin F considerations in mind, and further
 
assuming the active promotion of an atmosphere of public
 
confidence in the agricultural and industrial sectors, 

it is not too remote to eitertain a vision of widespread 
developments of agro-based industries and other allied
 

activities all over 
the Lake Basin Area before the turn 
of the century. Anyone imagining that such a vision will 
be easy to com- by is totally on the wrong track. The 

mammoth ta:3ks of eo--ord natiorn and commi tment are so 
extensive that it is not easy to quani.it'y teem nor 
accurately de'3crLbe thei, in words. To o;uccessfuly 
establish thriving agro-basud indu'rtries in the Lake 
Basin Area, it io envi-ta),gd that thf-re will be sacrifices, 
disappointments and casualti,.s along the line, but if it 
is resolved to modernizo agriculture and manufacture the 
raw materials arising from this cxpanded agricultural
 
production to finished products, the possibility of 
industrializing the Lakt Basin Area by the year 2005 AD 
is within our grasp. 
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Environmental Implications of the Projection
 

Water Demands
 

If the increastd crop production reflected in this paper
 

is realiztd, oubstantial water usage will occur. In the
 

entire Kano Plains, the Yala Swamp and most areas near the
 

lakeshore where two regimes of water supply are possible,
 

farming, systems based on rain and irrigation development
 

present themselves as alternatives available to the Lake
 
Basin people, the LBDA, the relevant Parastatals and the
 

Ministry of Azriculture for the extensive diveroification 

of the agricultural sector. This approach if adopted, will 

in turn call for the utilization of larpe, quantities of 
water, especially through irrigation to sustain the crops. 

However, as far as irrigated systems aru concerned, major
 
decisions will have to be made relating to how Kenya wishes
 

to make use of ht-r water resource; to be found within her 
sovereign borders and also what portion of the waters of 

Lake Victoria which will have to be used regulated by some 
form of regionally negotiated water apportionment protocal. 

Kenyan needs will inevitably have to be related directly
 

to two basic factors i.e. (i) her net contribution to the
 

total wate,' mas.s in the lake and (ii) her cost of safe
guarding the Lahe Victoria catchment areas located within 
her borders, without which the stability of the lake level
 
would not bc guaranteed. This would take into account 

the value of the other alternative land uses to which 
the land within the catchment areas could be put. At the
 
present time, the public may feel that, while 3/41 of Kenya's 
surface ]and i!.; mariinal, arid or semi-arid, water is 
a basic limitirg factor. There is therefore the view that 
this important factor to national development should not 
be left pendint- any longor and that firm and binding 
decisions should be made. 

Increased Siltation
 

With the expInsion of arable land, the incidence. of 

siltation will prr ,. i .Thi Thi lur1-'as. 
is bound to cause biological stress to the aquatic 

environments aFid the productive biological systems of 
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the Lake Basin waters. The active soil conservation
 

programme which Kenya is putting into effect should,
 

in due time, reduce the silt load in the rivers all
 

over the country and to an extent, rehabilitate a situation
 

that is currently totally out of hand.
 

Aeicultural Chemical 

Thc modcrn approach tc agriculture calls for the use 

of a range of chemical inpats to increase the productive 

capacity of the land. Fertilizers and pesticides are 
deemed to be esentia] in agriculture, and a series of 

other chewicaln are considerd lesirable for proper 

farmin,.,. This projection inevitably reflects a picture 

of intensive use of i wide range of these chemicals with 

the real possibility of increased deliterious effects 

to toe environment. Considerinz the current public 

concern for lhe wel]] hitin of the environment, and the 

growing t rend tw.ar the use o- hioloicail means to 

fertilize lani! and I'fi]ht pet;; it nmay be confidently 

hoped that. the threat towards total destruction of the 

environment will be prevented or controlled. 

Expectea D ~schrre? Pollution
 

Considering the niph ratt- of pnpulatio, prowth, which 

is currently e>tinat -, at R. C rntd the fact that a majority 
of that population ji unin r th, age of 20 years, the 

prospect of dc I ;bnr tt . [ -&P Fasiu Are" population 

before 2i.; A.]. iq .ite ra I. Onz! may therefore 

expect a Uantit) eff1 aenl ,Ischarrge;acr of oneic 

with tue incident of pollution -e t ey increased, unless: 

check!s -,rd balances atre built into the system t- he 

iaJopted for the devclopment of the area 'etween no, 

and the year 1005 A.D. 

oooo0oooo
 



CHAPTER 
 III
 

CASE STUDIES FROM LOCAL
 

AUTHORITIES
 

BY
 

P.O. SEWE
 

R.I. KATAMBANI
 

ASHIBILA
 

W.O. ORWEYO
 



WEBUYE TOWN COUNCIL CASE PAGE 1 

BY R.I. KATAMBANI.
 

The problems of urban sewage treatment and disposal are fundamentally the 
same for the v-all urban centres in Kenya. In this cegard the discussions 

of Eldoret are illustrative of our problems, with inly a few unique except

ions. But before I make a general presentation on Webuye I want to emphasize 

that there are two special problems that must b2 considered in every case: 

First, that manpower training for the task is a prerequisite. No local autho

rity will be able to assess and deal with its problems on a continuing basis 

unless it has its own trained manpower to an adequate number. Secondly, land 

is getting increasingly scarce in thip country. Therefore, it is already 

quite difficult to got land act aside for placement of lagoons. In Wobuye, 

the paper industry is a unique feature. The problem here is that-very16ften 

the treatment ponds of the paper industry do iot work. Thus, most of the 

effluents from the industry are discharged into the river and other water 

systems. Thus I must point out to the organizing oomittee that the local 

Authorities are in need of a master plan for waste disposal, and stormwater 

drainage.They also need assistance for relevant organizational, financial, 

legal and administrative aspects to adopt and effectively enforce efficient 

treatment drogranmes. 

We require a study with phased plans and recommendations to be represented,
 

wbich will be avaluable planning tool in the hands of the local Authorities.
 

That will enable them to stage municipal developments in the m',st National
 

and economic manner. The reports should represent an essential contribution
 

to the pollution control of the natural water in the Lake Basin.
 

Among the pre-requisite- for the orderly functioning of a Town are adequate
 

water, sewage disposlal, stormwater drkinage and refuse collection. There
 

are problems that ,ire encountered within these services such as pollution
 

of water and air.
 

In addition to the significance of these problems from the stand point of
 

public health, it is clearly recognised that they involve such matters as
 

individuall safety and comfort, recreational activity, industrial productivity
 

and value of land and property.
 

../2
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In the Lake Basin area severe difficultic,. right arise within a few years 
and pose a major obstacle to the continu. ' development of the communities 
if the present sanitary and drainage services are not improved. Up to date 
control of water pollution and air pollution thould be properly planned in
 

the urban areas.
 

Recommendations:
 

(a) 	Av noted above the present conditions of sewage services, drainage
 

systems and water disposal indicate a need for a comprehensive deve

lopment pl 
 This should also include what is mentioned before,
 

namely, organizational, administrative, financial and Legal aspects
 

of the m~inicipal services.
 

(b) 	To make proposals for immediate requirements of the sewerage systems,
 

sewage disposal, ntormwater drainage, solid waste disposals and water
 

pollution control systems as well 
as air pollution.
 

The latter proposals should provide adequate solutions until such 

time as the first phase of implementing: a comprehensive water pollut

ion control and solid 	waste proposal systems become operational.
 

The requirements may be in the form of urgent development needs,
 

operational, maintenancc and administrative changes and any service
 

that 	may be deemed idvisable.
 

COMMENT: 
 The MOWD monitor thv effluent from Wehuye. It is
 

confirmed that most of the time their factory which
 

produces some highly toxic substances - sulphides, 

an, are discharging into the "iver. The effects on 

the biota '!ownstream, including humans, goats etc 

in Siaya are drastic either in the short-term or
 

long range pers:ectives.
 

A small portion of the waste water is used for
 

irrigation but only a small quantity. The rest
 

goes to the river raw.
 

../3
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The second unique problem is the air pollution. 

This is from hydrogen sulphide which is emitted from 

the factory. This can be invitigated by capture and 

removal of the sulphide and the technology is avail

able. 

Q.1. Has the Ministry f Health looked at the im,.act 

of this effluent on Man ? 

Q.2. How about thc colour noticeable in the water ? 

COMMENT: The Ministry haE actually checked ani confirmed that 

the trickling filters were not working and the effluent 

was being drained into the river. In other instances 

the overflow from the 'onds le1 t3 the river directly. 

The Ministry has warned that Company to take action 

within the shortest time posslble. This was about 

20th July, 1982. The air pcllution is yet to be tack

led. 

COMMENT" The Fisheries Officials had, by 1979 noticed a decline 

in the fisheries on Nzoia River. This can be attri

butablc to the impact of the raw effluents discharged 

from the ;)aper factory. No court action has been 

taken against the company for dischor, e of the raw 

waste in the river, 

COMMENT: The Webuye pollution Is not new. It was raised within 

the East African Community's research Institutes in 

1977. So they have actually been d(icharging for thet 

ling. A report prepare,' by Balirwa and Bugenyi on the 

subject was puhlirhed on Biological Conservation of 

1980 at pages 53 - 58. 

COMMENT: But which Ministry is concerned with the enforcement ? 
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A. Ministry of Water Development under the Water Act
 

has power to ensure that any water user treato the
 

effluents before waste water is discharged into "he
 

water system, such as Nzoia. The problem is the 

evidence requircd to prove liability. The process 

itself is long and com~hx including securing consent 

of the AG. to prosecute. One of the problems the 

session should consider, is to recommenc effective 

legislative mechanisms. 

q. Does the LBDA hive power to regulate the quality 

of the water use ? 

A,. Authority has the advisory power to let the 

Government know. Part of the reason for Workshop is 

to get a set o recommendations to tile Government on 

such an issue an(! the Authority will ensure that the 

recommendations reach the right persons. 

COMMENT: 	 The Lake Basin Development Authority should get to 

the baseline data and seek enforcement through the 

right channels. 

COMMENT: 	 There is a lacuna in the capacity in the existing 

aglencies and. not in law. Under Public Health Act 

there are powers and Public ilenlth officers have 

used it in a number of 	instances in the country.
 

The Nzoai situation is a critical one because of 

its impact of man through food chain. The Authority 

is urged to act because its goal of promoting deve

lopment is seriously undermined by pollution endanger 

iag the food chain, 

The matter is critical 	 because tile paper mill of 

Webuye is owne(d by IBRD, Kenya Government and an
 

Indian Company. This means that public institutions 

are doing the damage. 

In the Sosios River instance the case was taken to 

court and the company wos fined Shs 2,000/= for 

the Pollution..
 

.....
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The evidence was clear from the beginning when fish 

had died in the river. Therefore, this was a ridi
culoualy low penalty for the damage caused. 

COMIENT: Municipalities are registered as water 
undertakers
 

but without the Government ensuring the capability 

to ensure proper monitoring. 

There are difficulties in dealing with Webuye Paper
 

Mill, the 
fines have been minimal. At present the
 

Ministro of Health is enquiring with the AG's chambers 

because the Principal Medical Officer if drawing up 
a charge against the factory for the offence and
 

intend to file an injunction to 
stop their operation.
 

The Public Health Act requires that a proper notice 

is served and beyond which the case can be taken to 

court for request fo an injunction or penalty. 

.../6
 



TREATMENT OF SEWAGE IN KITALE MUNICIPAL COUNCIL 
 PAGE 6
 

BY C.ASHIBILA (PUBLIC HEALTH OFFICER)
 

(1) Type of newage:
 

The main sewn;'e is mainly dlomestic as there 
are very few industries 
in Kitale. The only industrial sewage is from th3 Kenya Cooperative

Creameries (KCC) and very little from the new Kenya Uteneils Ltd.,
 
n company located! in the municipal area. 

When the K.C.C. factory was commnisioneri, there were ro arrangements
 
to pretreating the sewa:;e from the factory. This cauAed a major break
down at the then conventional sewage works. This forc,0 the Municipal
Authority to force the K.C,C. to ,,retrent their sewage efore discharg
ing it to the sewer. As a result, a small actiAtp,1 Elut]ve treatment 
plant was installs' at the K,.C.C. since there has never heen a problem 
of the K.C.Co effluent fron lack of monitoring its standard. The only
other inc'ustry of importance is the Tannery which Is presently under 
construction.
 

(2) TYPE OF TREATMENT PLNITS 

FACILITIES:
 

(a) A combined conve:ntional an(! oxidation pond.
 

(h) Oxintion ponds - Not Commission yet.
 

About four years ai-o, the 
 then conventional sewage works was found 
to be overloaded. The s gtem coul,- produce an effluent of improved 
quality if additional extensions were constructed. It was there
fore Odecider' that oxtensionan of oxidation ponds he made, so two 
ponds were odd0''d to -live further treat:nent to the conventional 
wtirkr, effluent. 

The B.O.D. of the effluent from the oxidation ponr, 1 came down to 
18 mg/L hut due to lack of monitorini; nn constant data takln:., it 
is doubtful whether the B.O.Do is still this low. It iH also dloubt
ful since th manr.o-,,er runnin: the gewa:,e works lack adequate train
inj; and app1aratus for proper measurln;, of the B.O.D. 

..7
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(3) MAIN POLLUTION PROBLEMS 

(a) Sewage Pumping Station:
 

There are two old .umos which are part of the sewage system. These 

pumps nre old and spare parts are not easily available. As a 

result when th - pumps break down, it takes months before the spares 

are available an', the pumps reaired. It becomes inevitable that 

untreated sew-e is discharged direct to the rivers below the pumps. 

The resultin f, heavy pollution has therefore, adversely affected the 

flora and fauna of the rivers. 

(b) Petrol Station and Garaen: 

There seems to be no control over the discharge of waste oils in 

the storm water drnins from petrol stations rind garage. As a 

result, when it rairi all these oils are washed to the rivers which 

are already heavily polluted a,,i pointed out above. 

(4) MANPOWER AND TRAINING 

Tle prohlems stated above are aggrevatad by lack of sufficient trained 

manpower to maintain nnd repair the machinery to avoid mechanical break

downs. The manpower also lack the basic knowledg e of monitoring the 

effluent and the apiaratus required to carry out the tests. What there

fore it ultimately alounts to, is the maintanee of the sewage work with

out knowing the end result of the effluent therefrom. No one knows 

exactly how efficient or inefficient the treatment system is, and this 

is a very unfortunate situation. 

(5) FINANCE 

Although a sewa;c works is supposed to be a self-Pupporting, undertaking 

most local authoricies including Kitale Municipial Council divert these 

funds to other pur-io-es. Very little attention i -,aid to what in known 

as Renewal Funds for the purchase of new machinery and their spares. 

Further more, the ,t -iff running the sewage works are never ount for tech

nical courses to ufficiently equip them with the necessary knowhow. The 

end result of both these ,hortage ts lack of proper maintenance of the 

uewafnp ,.xrkn and deturforation of the final effluent. 

...18
 



/3o 

(6) CONCLUSION
 

Kitale sewage works nood constant data collection on B.O.D., C.O.D.,
 
Chemical Contents, organic and inorganic matter so 
as to enable one
 
to come to reaconably nccuratL , ¢ln., 

COMMENT: The prol)Ien of operation and maintenance of the 
scwerage works for local authorities can he amelio
rated hY use of Ministry of Water Development which
 
can u econd their technicians to any local authority 

which makes the request. 

The Ministry of Water Development can also train 
operatora from the local authorities and train them 
in the field. The capabilities of the local authori
ties can enhanced by this exohango and 
training. 
Very few local authorities have 
ever availed themselves
 

of that service.
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KISII MUNICIPALITY AGE 9 

BY W.O. ORWENYO (TOWN ENGINEER) 

Kisii has rudimentary sewerage treatment. This was constructed in 1975 as
 

a sedimentation tank with single stabilization pond to cater for the
 

commercial centre of Kisii, plus very few residential limits close by now
 

called phase I.
 

In 1978 M.O.W.D. commissioned consultants desinged a new framework called 

phase II which is now in its final design.
 

The problem is therefore rather serious because the existing system is over
 

leaded and now depends only on the dilution due to the heavy rains.
 

Agreed, we have a sewerage techniciah but there are no equipments like a
 

loading equipment and exhaustor for desludging septic tanks. Kisii has a
 

problem of storm water because the drainage system is poor and inadequate.
 

When it rains the town is like a large river. The stormwater washes all
 

wastes including oil from the garages to nearby streams.
 

Most of the sewage is domestic - Minimal industries to date but with the
 

advent of industries the town faces catastrophe. That is what the new
 

Mwalimu hotel in Kisii faced. Kisii would like to request cooperation from
 

the Lake Basin Development Authority in this regard.
 

Kisii local authority has cooperated with the central government officials
 

well in dealing with matters related to enviroment. What is true is that
 

there is a great deal of intervention by the politicians in the operation
 

of the local authorities, and in this regard we nee help and cooperation,,
 

from statutory bclies like Lake Basin Development Authority and other local
 

authorities in sinilar situations.
 

COMMENT: Consider seriously the role of urban plunning in 

environmental matters. Most urban centres are not 

planned and the sporadic growth defeats environmental 

objectives. Initial planning should also include
 

long term sewerage systems.
 

Q. Are the facilities of the Ministry of Water Develop
ment decentralized or Nairobi based ?
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A. Facilities in Nairobi but can 
he moved to the
 
local authority, 
 In general, 
the local authorities
 
are encouraged to purchase their 
own equipments.

Thika has bought some of its own and so has Mombasa. 
Kisumu has some, even though limited. 

COMMENT: The munlci:al ltiCs should have their own equipmentsmanpower and monitoring system. 
With that principle
 
in mind they can 
seek cooperation from the central
 
government and statutory hodies like the Lake Basin
 
Development Authority. 

COMeENT: 
 There is no 
requiremunt for environmental 
impact asses
sment hut that Is antiripated in the bill being
prepare for parliament. Perhaps with adoption of that
 
concept growth of urhan centres and establishment of
industries at 
those centreE can 
be closely checked to
 
prevent wild development.
 

.. /11 



POLLUTION AND POLLUTION CONTROL IN KISUMU MUNICIPALITY PAGE 11 

BY N.V. DAGAYE ANTDJ..-l.OKELLO 

1. INTRODUCTION 

Kisumu Municipality in rituated et the shores of one of the largeat 
fresh water lakes 
in the world, Lake Victoria, where it derives almost 
all its drinking water. The lake also nerves an a discharge point for 

industrial effluent, rtormwater and sewage treatment plant effluent. 
Presently, continued discharge of abovethe without pre-treantment will 
result into a wrsacning otate of the purity of quality of the lake water
 
which is still wholesome and abundant and which is esscntial for human, 
animal and life,.plant Unlike city of Nairobi, Mombasa and other towns 
in the Republic which obtain their water supplie from up-lands, uninhabi
ted or populated and protected areas, Kistmu gets its supply from the low 
lylng Winam Gulf which conttinually receives all types of wastes. 

This municipality lake water is therefore faced uwith a considerable amount 
of pollution. The ptoblui in ,,rowing and unless corrective measures are 
taken immediately there iu potantidl damage to the lake and in turn to the 
Municipality's water supply That would. mean an adoption of a more compli
cated and cxpensive water trertment plnnt. To avoid this eventuality, 
the council is presently studyin, rhe pollution with a view eo minimisaing 
its effect on the lake. Thone of tn who have been to Nairobi know Just 
too well, that Narobf River ii dying and it is no longer ble to support 
life even that of lowest flort and fauna. 
 This is because of untreated 

wastes which discharges into it. It will be a sad moment for this to
 

happen to the lake.
 

With this in mind, the council had initiatod some action theon matter. 
In 1979 the council wrote letterq to operators of all possible sources
 
of pollution to provide facilities for pre-treatment and to avoid dis
chsrping oils and indut;trial wanton into 
 the exitring st ormater drains 
and sewers. This was followed up with property ins;,Oction. Little
 
result was achieved, aparently because of lack of a task 
 force to see
 
action throuph In 19N1, Ole Roonoke 
 City Public Works Manager, from
 
Virginia, U.S.A. 
 visited atur town on a Siiter-cit exchange -programme7 


and made 
 a study of the possible sources of pollution, and reported his 

findings to the council., 

Early 1982, a Nrilrub: Firm atartod th( r..-use of used oil and has been
 

buying t, usi-r l ro' 
 tbh. tcir. An appreciable decreanse in thf

..1?
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quantity of oil 
(the major source of pollution) has been noticed, 
However,
 
some more practical 
action is still. needed 
to ccmpletely eliminate the 
pollution threat to the lake, 

OBJECTIVES - The purpose of 
this paper therefore is:-


I. To enlighten ourselves on 
the dangere we are faced with, create
 
awareness to 
the public, an,' on a collective basis work out ways and
 

means to try an.1 
solve the problen;
 

2. To abolish formerly accepted notion 
that the body of water is large 
and any amount of pollution will he adequately diluted; and, 

3. To leorn from the experience of developed countries e.g. U.S.A 
which
 
has to resuscitate either dead or dying fresh water lakes, too costly 

a venture for a develoning country such as ours. 

2. SOURCES OF POLLUTEfON:
 

Thorough investigations hnve tde,,tLfed qeveral 
 sources of pollution to the
 
lake and a list is attached 
 'otthis paper as an) Appendix. However, some of
 

the salient ones are mentioned below,:

(a) Railway mantenance qhed:-
 Thi is th most. knowi' source. The railways 

do not have oil intorceprora,. Th-is sgilled oil "lows freely into the lakc.
 

(W) 
East African Power & Lighting Company Itd. 
- the powc, station at the 
lake shore on Pcwer }llus Road releasesi constant flow of oil Into the lake. 

(c) Petrol Stations:- A study ,rh of the petrol stations in the town 
revealed that t he:aajority ('o not have focitionrtog oil int.erceptors. Oil 
therefore, is dischargcd into the sewer lines and flows into the sewage 
treatment works, 
As most of the petrol stations ire connectee to the 
conventlonal .'-wwg , etiatmunt works. thiaIt is works that is most 
affected. Thi. system discharges finall,; to thL lake.
 

3, tIOTOR VE1IICLE REPAIRS 

(F) 
Built up parages are not provided wit' oil intcrceptors and the used oil 
i us8ol ly dumperd either nto sewer manholes, or into semswater drains. 
Oil finds its way directly into the Sewerage Treatment Works or directly 

into the lake. 

.,13 



Ni) 
 Open Air Garages - oil spillage from dcfective motor vehicles under 

repair in the open air garages find their way into the lake directly
 

without any treatment.
 

(c) 'Motor vehicle vashing i the lake uater 

(d) 
Large transport lorries, bus firms, and tankers repair/wash their vehicles
 

on pavements ol st:ec and roads 
and surface washings drain oil into the
 

lake.
 

4. CTHER SOURCES OF POLLUrPION:
 

(a) Effluent From Indusrrie,, - The majority of industries in the town do not 

have effluents which aret objectionable in quality. However, N/8. 

Kisumu Cotton Millt3 discharge dyes which are received at the Municipal 

Conventional Treatment system in the plant. 

Other industries that may coltribiite will be the Brewi-y and Kenya 

Chemicals and Food orporation which have allowed for pre-treatinent of 

their wastes but uieici !;trfet surveillance conducted they are likely 

to discharge waste., of objectionable i-tnidardi. 

(b) Effluent from SewaeWorks 

The discharie of the above effluent into tile lake has effects oii the 

quality of Lake Water. The quality of the effluent from the sewage 
treatm-nt works ha; been cnitoderabl; affected by oil and teots in 

1979 showed that,'In emI.. the di schtrges are controlled and improvements 

made to the works, t0e offluril from the works will become a major 

pollutant to the lake. 

(c) SIlaliterhouse Effluent 

The preslt cl, ghterhou3r. iext to the lake is old and unhygienic and has 

heen oeined, Wastes discharge into the lake causing pollution comprise: 

Blood, Wash watel , stomach gut.s and solid wasten such as hooves, horns 

and skul Is. 

5. RECOMMENDATIONS 
 FOR CONTROL OF POLLUTIONS
 

To control poll ition effectively, it is recommeded that the following 

steps Ie taken. A lomp' term itudy shnuld be maie with a vieA, to eotablishing 

a research station with a wlI equipped liboratory and qualified personnel 

which will etitabtish a progr xme and action plan for dealing with tile 

iii tuat t -.
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(b) 	Would-be investors 
to be stringently scrutinisbd to 
show 	the nature of
 
their effluents, the quantity, quality and method of treatment. 

(e) 	 There Is need for replannin, of built up ireas of the town ao that
 
possible 
 sources,, (if Industrial pollution, can be stted nwilv from the 
lake to aillow adequate diatance for effective treatment before 

discharge into !ake wnt-r. 

(d) 	 The council ahoild ik the prent comoar, lcs of all petrol stations, 
induitrild firms, Kenva Railwtys, E. A, P, & Lighting Company Ltd., to 
effectively take adequate measures to control oil prllurion, within 
their prcri sea. 1hi s should h! backed with rigorous monitoring and 
enforcement by th.e comcil off ic olt3. 

(e) 	 The Cuncil sihould encoirage garag$es and all users of oil to keep the 
used oil and gell It to the Nairobi firm, which re-uses the oil. They 
should be asked to provide proper storage facilities for the oil if 
wates before the proper mode of d sposalo 

(f) 	 Discharge Agremo'!rt - The Council 4hotld enter into a discharge agreement 
zitth -l1 fact(crie5 in the !own, which agreement will enable monitoring 

of thn ,ffluent from al, thi firm!. The drsft agreement is ready and 
will goon be pneeiI for ronnion. 

(g) 	 The Council should control .ho establishemnt of open 	 ai: garages to 
facilitate proper li,;porol of the waites they 	 generate. 

(I) 	 Pre:ent comp;nt(-:; of netrol ';lation; shoiii1d he n,3ed to re-design and 
resu!.ctIatv oil int.'-eCeTtor a nod train proprietors oi petrol stotiLoi 
and 	 their petrol attendant, for effectiv control of oil pollution. 

(1) 	The Conci] should sot ip a .,nall task force to make checks on possible 
sources of pollution nod al!:o to publici!ce t t r. don,er., ,of pollution. 

CQ) 	 The Council should ask all petrol tatLnn;, depiot, to pr:ovtid Iherbsl 
around all storage tanks to contain oil spills. 

Ck) 	 The Council ; conventional iewage works ihouldhe improvved for effective 
cx Ilta ion of oil.. .. ewnge ;apeC)h ShOld he aroperly maintaineo and 
"- fluent rion torrad t-, attaii, it a crnr I t.t, way, acceptable standard 
of qoali -y allowed for - .,icharpe into a water course. 

...15
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(I) 	Vehicle washing in 
the lake should be abolished and construction of a
 
new site to be pursued.
 

m) 	Th.(!&uncil 
should liase with the Lake Basin Development Authority for
 

Control of inland pollution sources.
 

n) 	The Council should fight the floating inland menance more vigorously,
 
with the assistance of the Lake Basin Development Authority.
 

(o) 	The Council should pursue the question of the physical development
 
Master Plan for Kisumu 
to enable future possible sources of pollution
 
to be identified early and remedial measures taken suitably.
 

(p) 	The Kisumu Municipality (General) by-laws to be up-dated with provision
 
for 	severe penalty to any person who pours oil on 
the Burface, or gutter
 
or 
repairs vehicles in residential areas.
 

(q) 	The existing provision under Cap. 
242 of the Public Health Act, Sections
 
118, 129 and Public Health (Drainage and Latrine) Rules, Building Code
 
and the Municipality (General) by-laws are not 
severe enough to deter
 

(r) 	For a joint responsbility of the residents to control oil pollution, the
 
public to be continually educated, by being made 
aware of the seriousness 
of lake pollution. such education should emphasize the value of clean 
water and safe fisheries resources on which the people depend for food.
 

(s) 	The Council should pursue the question of controlling oil entry into
 
the 	Sewage Treatment Works by provision of suitable safeguards.
 

Ct) 	 Health Department should continue to inspect major sources under
 
provisions of the existing 
law and take appropriate action wherever
 

necessary.
 

(u) 	Periodical consultations be held between the Council and all 
involved
 
in the matter to discuss or review the situation from time to time.
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THE VISIT TO KISUMU TREATMENT WORKS 

This is one of 
the most modern treatment works in the 

Republic. Its let Phase was built in 1957 and 2nd Phase 

was completed in 1967. According to 
the visiting experts
 

the layout is generally good and the treatment systems are
 

working well. The final tank was 
overloaded and sedimentation
 

was inadequate.
 

The problems faced by the works staff is that they are only 

able to carry out ;i tests namely BOD, pH, Temperature and
 

Permenganate activity. Because of lack of equipment the 

treament works staff cannot test for COD, Ammonia Nitrates, 

Nututes and Phosphates, which are all tests vital for 

industrial effluent monitoring. 

The other problem faced by the Municipality is that of 

dicotony of responsibility when it 
come to certifying the
 

adequacy of treatment works of the industrial sot ups before 

licensing. 

In Kenya for instance, the Ministry of Industry and the 

Ministry of Water Development are responsible together or 

singularly for the inspection and certifying the satisfactory 

completion of individual industrial Lct ups - then the 

Municipalities just connect thee treatment works to their 

main sewer. This therefore, puts the Aunicipalities into 

dilema when an industrial set up doesrnot comply adequately 

with the regulations on its treatment works. 

The third problem is that of adrinistrative/technician 

misunderstanding and inability to agree on priorities and 

urgency affecting sewage and industrial waste disposal. 



3'7
 

APPENDIX I
 

PLOT NO. NAME ADDRESS ROAD 

1. 519 Block 6 M/s Roadways (N) Ltd Box 70 KSM Makasembo 

2. 520 - 521 M/ Kisumu M., Works Box 164 KSM Obote 
Block 6 

3. 514 - 515 M/s Rainbow G. Ltd. Box 291 KSM Makaaernbo 
Block 6 

4s 334 Block 6 M/s New Best A. Works Box 1826 KSM Makasembo 

5. 513 Block 6 M/s Doughty Ltd Box 115 KSM Makasemho 

6. 510 Block 6 Ms Ifran Motors Box 56 KSM Makasembo 

7. 506 Block 6 M/s Rehmntkhan & Sons Box 218 KSM Maknaembo 

S. 504 Block 6 M/s Bhamrn Motors Box 121? KSM Makasembo 

9. 1329 & 1330 M/s Lakeland M. Ltd. Box 450 KSM Makasembo 

10. 502 Block 6 M/s Makasembo R. Motors Box 1754 KSM Makasembo 

1. 601 Block 6 M/s Spares & Reports Box 984 KSM Makasemnbo 
Motors Limited 

12. 535 Block 6 M/s T J Cottington Box 1692 KSM Obote 
& Partner, ltd. 

13, 534 Block ( M/s 'estern Tractors
& MtoatdBox& Motors Ltd 890 KSM Obote 

14. 579 Block 6 M/a Farmtec Box 1588 KSM Obote 

15. 530 Block A M/s Roadside Motors Box 546 KSM Obote 

16. 582&83 M/s Yam-iin Motors Ltd Box 1012 KSM Obote 
Block 6 

17. 92P Block 3 M/ Kenya Motors Co, Box 1950 Obote 

18. 1318 Block6 M/ Sembi P. Beaters Box 1720 KSM Makasembo 
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PLOT NO. 
 NAME 
 ADDRESS ROAD
 

19. 	 517 Block 6 M/s Garage Simlac 


20. 	 21 Block 3 '|/8 Barwanji Motors 


21. 	 21 Block 3 M/s Shaker Motors 

22. 	 13 B3lock 39 M/s Kenya Motors Co. 

23. 	 44, 81, io Manager Ectstern Motors 
Block 15 (Hlughe.s Company Ltd.) 

24. 	 37 Block 68 Manager Friends Autorfi 

25. 	 11121 Block6I E A 1,uad Service 

26. 	 8 Block 69 	 Manager Tower Services 

27. 541 Block 68 Manager Lake Service 

Petrol Station 

28. 	 2 Block 38 vlanager Mijele Esso 

29. 	 519 Sec.36 Manager Caltox 

30. 	 2 Sec. 28 Manager Minara P Dist. 


31. 	 Manager Family Agip 

32. 	 56 Sec. 63 Manager Tosheka Total 

33. 	 854 Sec.63 Manager Wayside S.S. 

34. 	 1017 Sec.22 Manager Esso Standard 

35. 	 519 Bolck 6 Nis Mu'see S Station 

36. i15 Block 6 N/s Kenol Oil Co. Ltd 


37. 	 986 Block 6 M/s New Sila S Station 

38. Nairobi Deluxe Service 

39. 	 68 Block 5 Nyakach Bus Service 

40. Karim Bus Service 

Box 888 KSM Makasembo
 

Box 483 KSNI Obote 

Box 30 KSM Obote 

Box 1950 KSN 0 Odinga 

Box 106 KSM 0 Odinga 

Box 1489 KSM Makasembo 

Box 1254i KS Nkrumah 

Box 970 KSM Orala Str 

Box 910 KSM Obote
 

Box 1400 KSM P Mbuya
 

Box 621 KSM Obote
 

Box 618 KSM Kenyatta
 

Box 1648 KSM Kenyatta 

Box 690 KSM Kakamega 

Box 131t Kakamega 

Box 694 KSM Gumubi 

1lox 792 KSM 0 Oyoo 

Box 621 KSM Obote
 

Box 1629 KSM 0 Oyoo 

Box 1007 KSM Otuona 

3ox 107 KSM Owuor 

Box 1395 KSM B/Station 
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CASE STUDTES 
 PAGE 1
 

BY J O'ROURKF
 

INTRODUCTION:
 

There is a small number of officials of the Ministry of
 
Water Development 
whose duty is to visit the industries
 
in the country and to ascertain if their wastewater treat
ment systems are functioning properly. But these officials,
 
including Mr. Kiai, can make the visits only once in a long
 

while.
 

During the visits out of which the following reports arose,
 
I was accompanied by Mr. Kial. 
 At every one of the places
 
visited something, If not everything, had broken down.
 
Very often, the explanation of the industry was that wit
 
had broken down only the day before, and would be repaired
 
the following day". Unfortunately, there was very little
 
or no follow up in supervision and enforcement. Therefore,
 
the Inefficiency of the system was evident.
 

The wastewater, in form of effluent, from 
the plants is
 
generally frothy, with very high BOD. 
 This was true of
 
RIVATEX at Eldoret as with 
the other factories visited.
 

SOURCES OF POLLUTION FROM COTTON AND
 
SYNTHETIC FIBER AND FABRIC FINISHING
 

OPERATIONS
 

Slashing is the fla.t process in which liquid 
treatment is
 
involved. In this process, the warp yarns are costed with
 
"sizing" in order 
to give them tensile strength to with
stond the pressures exerted on them during the weaving 
operntion. Such subotunces as starch, starch substitutes,
 
polyvinyl alcohol, carboxy methyl cellulose, gelatin glue
 
and ugums have been used as eize agents. The source of 
pollutiui, iii th'u process resulto from the cleaning of 
slasher 
boxes, Tolls, and make up kettles. The volume is 
therefore usually low; however, the BO can be quite high,
 

especially if starch Is used.
 

.../2 
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The operation of desizing removes the substance applied to
 

the vrns in the slashing operation, by hydrolyzing the
 

aize into a soluble form. There are two methods of desl

zing - acid desizing and enzyme desizing. In acid
 

desizing, the fabric is soaked in a solution of sulphuric
 

acid, at room temperature, for 4 to 12 hours, and then
 

washed out. In enzyme deoizing, complex organic compounds
 

extracts are
produced from natural products or malt used
 

a
 

0 for n period
 

to solubilize the size. The bath is maintained at 


temperature of 1300 - 180 F. and a pH of 6-7.7, 


of 4-8 hours. Due to the unstable nature of these organic
 

compounds, the whole both must be discarded after each
 

botch. After the sizc has been solubilized, the fabric
 

is rinsed clean. Desizing contributes the largest BOD of
 

all cotton finishing processes - about 45 percent. 

Scouring follows desizing. In this process, the cotton
 

wax and other non-cellulasic components of the cotton 
are
 

removed by hot alkaline detergents or soap solutions. In
 

moot modern plants, scouring is done in conjunction with
 

desizing rather than as a separate operation. Caustic
 

soda and soda ash along with soaps and synthetic detergents 

and inorganic reagents are used to remove the non-cellulose 

impurities. The bath Is characterized by a pH of 10 to 13 

0
and temperatures of up to 212 F. Although the strength of
 

alkali in the beginning of the operation is between 1 per

cent and 5 percent, the waste liquor will have a 0.3 percent,
 

alkaline concentration, the rest being taken out of solution
 

by the cotton fibers. In a few mills, the scouring process
 

is a botch operation requiring the fabric to remain In the
 

kier for a period of from 2 - 12 hours. Scouring is the
 

second largest BOD contributing process in the finishing
 

of cotton textiles - about 31 percent. Following the
 

"boil-off," the goods ore rinsed clean with hot and cold
 

water to remove residuol nlkoli.
 

removes the natural yellowish
Bleaching, the next process, 


coloring of the cotton fiber and renders it white. The
 

two blenches moot commonly used for cotton are sodium
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hypachlorite end hydrogun peroxide. In hypochlorite
 

bleoching the fabric, rcfter scouring, is Impregnated
 

with an elkaline nolutitin of hvpochlorite and nllowed
 

to stand nt room temperature for 4 to 12 hours. It is
 

then weshed, saturated with a weak solution of hvdro

chloric or sulfuric acid for neutrnlizetion and then
 

ngiin washed.
 

About 80% of the cotton containing fabrics which are
 

bleached white are done on continuous rnnges using hydrogen
 

peroxide. The fabric, 9fter desizing, Is impregnated with
 

a 2-3% solution of caustic Hodn ond stored in a "J" box
 

at 200OF for 1 hour. Thin operation replaces the kier
 

scouring of the botch method. After the caustic scour,
 

the fabrics are wahed. All of the above are syncronized
 

so as to give a continuous output of 50 to 200 yearns per
 

minute depending on the weight of the fabric and size
 

of the equipment.
 

The mercerization process was originally developed to give
 

increased luoter to cotton fnbrics. Today it is still
 

used for that purpose, but more importantly to import
 

increased dye affinity and tensile strength to the 

fabric. It is estimated that only 30 percent of all cotton 

fnbrics are now mercerized, and with the increaoing use 

of cotton-polvater blend, less will probably be done in 

the future. The proceno uses n .5 to 24 percent solution 

of sodium hydroxide at room tempernture for * to 3 minutes. 

The fabric is then rinsed in nn acid wash to neut alize 

the fabric, washed in water nod then dried. The effluent 

from thiH proceos Is nlknli.ne nnd high in dissolved 

solids, but low in OD.
 

After mercerizing, tne goods arc sent to the dye house
 

or color shop. In the dye house they ore dyed either 

in small volumes in botch process machines, or on con

tinboalv dyeing ronges in lorge volumes. There are five 

important classes of dyes used on cotton fabrics: develop

ed, sulphur, direct and fiber reactive.
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The dyeing process is carried out in an aqueous bath with
 

Cotton fabrics are printed with primarily
pH variations. 


three classes of colors: pigments, vats, and fiber 
re

are
actives. The most important methods of printing 


a.d flat bed screen printing.
roller printing and rotary 


the former method of printing 1s delivered
The color in 


a print paste from en engraved
to the fabric by way of 


roll. The lattnr method required the print paste to be
 

The
pushed through a perforated screen to the fabric. 


print paste contains color, thickener, Varsol (pigment
 

systems only), hVgroocopic substances, Tesins (pigment
 

ond water. With fiber reactive dyes, the
system only), 


pH of the print paste is adjusted to 8.5. The pH of the
 

print paste for vat dye is neutral, but the print is
 

treated with caustic soda and hydrosulfitite prior to
 

flash aging.
 

The pollutional load from the color shop comes mainly
 

to clean the equipment
from the wash-down rinses used 


in the shop and the cloth rinsings. The pollutional
 

load is rather low In volume and G0D. 
 When a mill does
 

both printing and dyeing, the BaD contribution of the
 

combined processes is 17 percent, and the total 6OD load
 

comes 
from the process chemicals used.
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RIVATEX at ELDORET
 

KICOMI at KISUMU
 

During ourlof industries, Mr. Kiai and I visited three Ltour
 
textile mills. The two 
on which I will present case studies 
today and the third, which handles only synthetic fiber 

and discharges only limited waotewvters. 

The Rivatex mill at EldorLt processes row cotton and syn
thetic fibre into woven cloth. 
 They process the cloth bV '
 
dying and priiting. This mill produces a wastewater that
 
appears to be typical of similar mills in the United
 
States. The waste is highly colored (conducted), high
 
and varible pH, (at times likely to exceed pH of 12),
 
high SOD and suspended solids. No current analyses were
 
available. However sn analysis of the waste in June 1980
 

indicated the following:
 

pH ............... 12,55
 

0C0 .............. 1020 mg/L
 

Alkalinity: (as Ca rf 3)
 

Phenol ............ 1840 mg/L
 

Hydroxide ........ 1G36 mg/L
 

Su';hir2 ......... 500 mg/L
 

(I would expect thrt the 2oD wls in the range of 500 to
 
600 mg/L) and a high concentration of dyes.
 

During our inspectinn of the pretreatment facility on
 
Wednesday, 14/7/82 the waste appeared very dark in color
 

and there wee no reason tj expect that the waste was 
of
 
a quality much different as that found in the 1980
 

analyse. given above. Th2 prctreotmont plant was not
 

functioning during visit.
 

The pretreatment plant contained the following treatment
 
elements:
 

Hand cleaned bar screen
 

Mixing tank with two wrrchenical mixers
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Aeration/Cooling Tower
 

PH adjustment sytem with pH
 

recording
 

OfZ 	 We were informed that the plant was outtaervice to make an 

electrical connection for a new water storage tank that
 
had been recently inatalled. This statement however, was
 
not collaborated bV the Assistant Town Engineer in Eldoret
 

Mr. Sewe, who informed u3 that the system was not working
 
due to "some electrical" problum when he visited the plant
 

in May 1982.
 

The pretreu *ent system that has been installed at the
 
Rivatex Mill :ppeare capable of producing an effluent
 
that ahould ast the limitation setforth in the "Trade
 
Effluent Agreement" signed In May of 1976. No treatment
 

facility, no matter how well conceived, designed and
 
constructed 
can affect any treatment unless it is operated.
 

The impact of the lack of operation of this pretreatment
 

plant is very evident by a tour of the Municipal Sewage 
ponds operated by the Town of Eldoret. The only effluent 
analysen available were from a sample taken in June 1980 
at the same time as the mill effluent was nalysed. The 

results wore as fcllows:

pH ............... 9.2
 

BoD .............. 98 mg/L
 

CoD .............. 640 mg/L
 

Sulphide......... 300 mg/L
 

There appeared to be no doubt that the Rivatex effluent 
was having a deletorious effect on the sewage ponds. 
The Influent to the ponds was highly colored and anaerobic. 
The effluent from the ponds did not appear much different
 
from the influent although there wn a very slight ting
 
of green in the effluent indicting.that-there way have
 
been some algal growth in the final pond. The final
 
pond was producing a fair nmount of gas indicating that
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anaerobic decomposition was 
taking place. 
 It is interest
ing to note that, 
Just a few hundred meters 
 down stream
 
of the discharge from 
the ponds, women were 
waeshng clothes
 
and collecting water for other uses. 
 The key to th&
 
correction of this situation is monitoring and enforcement.
 

On Friday, 16/7/82, we visited the Kisumu Cotton Mills
 
(ICOMI) immediately following 
a tour of the Municipal

Trickling Filter sewage treatment plant. 
 It waa noted
 
that the color of the effluent from Micomi waa 
unlike that
 
of the influent to 
the Kicumu STW (sewage treatment works).
 

The cotton mill hoe 
a pretreatment facili'y that conslata
 
two 
settling tanks (in parallel) that 
are designed to also
 
remove floatable solids and oils. 
 Each tank is divided
 
into four compartments with 
a combined volume of 430m3 at
a reported effluent flow rate of 1400m
 3/day the retention
 

time in the settling tank 
is estimated at 6 to 
7 hours.
 
There ore no provisions 
for pH adjustment. (Incidentally
 
data from H. Humphreyo (Menys) Ltd. repnrt dated June 1980,
 
Ref. 76.039 indicates that the pH of the rnw 
sewege at the
 
Kisumu STW was 
reported as 
high as 9.7).
 

There was a very 
thick lnyer of oil/grease on all 
the
 
settling compartments in 
uhe pretreatment plant. 
The
 
outlet from each compartment Is 
through a verticle "T"
 
with 
one leg of the "T" cubmerged to prevent the escape
 
of oll from that compartment.
 

It was reported to 
us that the compartments are 
cleaned
 
ata frequency of one compartment each Sunday when there
 
is no 
flow into the system. 
 The cleaning is conducted
 
by having the entire compartment contents pumped into 
a
 
tank-wagon and hauled and dumped in the Immediate neigh
bourhood. 
Other large floating objects and rags 
are
 
removd from the 
tanks periodically.
 

There was no monitoring of the effluent from 
this pretreat
ment facility consequently no data were 
available. 
The
 
effluent was 
highly colored but did not 
appear to contain
 

.../8
 



CASE STUDIES 
 PAGE 8
 

large amounts of suspended solids. It is expected that
 
the GoD of this discharge would be in the range of 400
 
to 600 mg/L and at times could be in excess of 100 mg/L.
 
Using the 400 to 
600 mg/L BaD value and discharge of
 
1400 m3 /dny, the waste GoD load from Kicomi is estimated
 
to be about 700 kg/day. The estimated design capacity of
 
the Misumu STW is approximately 3400 kg/day of BoD.
 
Consequently, 
it appears that the Kicomi mill is discharg
ing waste waters that constitute about 20 percent of the
 
design load of the Kisumu STW with respect to BoD loading.
 
This industrial loading should not be excessive for 
the
 
Kisumu STW if all 
the trickling filters were operating.
 
On the day of our visit only two filters were operating
 

which was the caue during the H. Humphreys stud V in 1979
 
and 1980. Even with only two filters operating the plant
 
is achieving in the range of 60 - 70% 
BoD removal (D 
of influent is 400-600 mg/L and effluent Is ebout 150 mg/L). 

Two 	immediate steps should be taken. 
 First, get ell the
 
filters operating at the Kisumu and secondly, require
 

Kicomi to adjust pH to range of 6 to 9.5. In addition,
 
monitoring of the industries Is an absolute necessity.
 

PANAFRICAN PAPER MILLS LTD
 
WEBUYE - KENYA
 

The 	mill at Wbuye is an intergrated pulp and paper mill
 
with a current (1987 capacity of 60,000 tons per year.
 
The mill produces unbleached craft as well as bleached
 
grades of writing and printing papers from plantation
 
grown pines and also from Cypress and Eucalyptus.
 

The 	Mill is composed of the following processes:
 

A. 	Raw Material Preparation - This is the where the
 
wood is stored debarked, chipped and where chips
 

are stored.
 

B. 	Digesters - Chips are cooked in "digesters" in a
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liquor of alkali conai3ting of sodium hydroxide,
 
sodium sulfide and othar chemicals. The reaulting
 
brown pulp is washed to separate the fiber from
 
the digester liquor ("alack liquor"). Caustic
 
soda is recovered from the block liquor. 
 Then
 
ia washed and processed to remove dirt and grit
 
from the fibers.
 

C. Bleach Plant - To prcduce white and light odlored
 
papers the pulp Is bleach with chloride end then
 
washed with caustic solution to extract lignin
 
derivatives and 
to stop the action of the chlorine
 
and finally is bleached white in two 
stages uang
 
calcium hypochlorita.
 

D. Stock Preparation -
 The pulp, both bleauhed and
 
unbleached is refined and sent 
to the paper section
 
where special materials are 
added depending on the
 
final product. Additives include alum, resins,
 
waxes, starches, clay and dyes.
 

E. Paper Machine - There are two 
paper marhines at 
Webuye - one for unbleached and or.e for bleached
 
and one for bleeched grade papers. 
 Thh machines
 
are high - speed fourdrinier machines conaisting
 
of a pressurized headbox, wire section, press
 
section, dryer section and calenders. The stock
 
(o suspension of pulp fibero 
in water) with any
 
additives needed Is I'e 
 continuously to 
the machine.
 
The wet paper is formed on 
a moving wire screen and
 
dried over drying cylinders.
 

The paper i then passed through a series of
 
calenders (rollers) and finally 
is rolled on
 
reelers. Some of 
the paper is cut into sheets 
for final marketing. There are alo a number
 
of auxillary 
or support processes 
that arc carried 
out at WebuVe. 
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These include:
 

A. 	Recovery Causticizers and -ime Reburning - Black
 

liquor from the pulp mill is passed through eva

porators and concentrated. Salt (sodium sulphate)
 

is added to the concentrated liquor and the liquor
 

is fired into a waste heat boiler (Recovery Furnaoe).
 

As the sodium lignate burns, the molten salt flows
 

into dilute caustic solution which is pumped to
 

the 	Ceusticizers where lime is added. A chemical
 

reaction takes place producing sodium hydroxide
 

and calcium carbonate. The liquor is passed through
 

a clarifier where lime sludge is recovered and the
 

liquor is reused to cook chips in the digestora.
 

The 	lime Is recovered by burning in a rotary biln and
 

Is used again in the Causticizers.
 

8. 	Electrolytic Plant - The chlorine, Caustic Soda and
 
calcium hypochlorite used to bleach the pulp are
 

produced on-site in the Electrobytic Plant using
 

salt brine.
 

C. 	Steen and Power Generation - One oil-fired boiler
 

and one waste heat recovery boiler are used to generate
 

the necessary process steam. Electric power is
 

generated by a 12.5 MW Turbo generator. A bark
 

boiler was recently Installed.
 

D. 	Water Treatment - The mills' water treatment plant
 

has capacity of 13.2 million gallons per day. About
 

12 million gallons per day is withdrawn from the
 

Nzoia River.
 

The mill is equiped with a modern waste-water treat

ment plant and the mill practices acceptable fiber,
 

chemical and wood (and bark) recovery methods to
 

reduce its impact on the environment. The waste
 

water treatment plant includes the follnwing:
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Trash Screen
 

Primary Clarifier
 

Sludge Thickener
 

Belt Filter to dewater the sludge
 

Two aerated ponds
 

Two Maturation pond
 

Sludge Beds
 
The trash screen removes the large objects from the waste
 
water. The primary objective of this process is to
 
prevent mechanical damage to other treatment elements,
 
such as clarifier mechanisms and pump impellers. The
 
waste then flows into the clarifier where suspended
 
solids are permitted to settle. The removal of these
 
solids reduces the load on the boilogical processes to be
 
carried out in the aerated ponds. 
 The removal of solids
 
also prevents the ponds from being filled with heavy
 
inert solids thereby reducing their capacity.
 

From the clarifier the sludge (settled solids) are pumped
 
to the sludge thickener to allow them to settle and
 

thicken.
 

The overflow from the thickener goes back into the clari
fier while the solids ore dewatered on a belt filter. The
 
dewatered solids fall into a lorrie-wagon and are hauled
 
to a land fill area. The clarifier overflow (the liquid
 
fraction) flows by gravity to the primary aerated pond,
 
then to the secondary aerated pond and finally through
 
two maturation ponds in series and then 
into the Nzoia
 

River.
 

Biological activity in the primary hnd secondary ponds is
 
the heart of this waste water treatment system. The
 
biological organism (primarily bacteria and piotosos)
 
utilize the celloidal and soluble organic materials
 
in the waste for cell metabolism. This process converts
 
soluble orgunic material into cell material that can be
 
settled out in the maturation ponds. It is a well proven
 
and accepted process for the treatment of pulp and paper
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mill waste.
 

The aernted and maturation ponds have a combined surface
 
area of 67 acres and a liquid detention time at current
 
flow of nearly one month. The two nerated ponda are
 
equiped with 3 mechanical aerators, each. Their aerators
 
transfer oxygen from the atmosphere to the liquid to
 
support the aerobic biological activity in the ponds.
 
Nutrients in the form of ammonium sulphate and super
phosphate 
are added to provide the nitrogen and phorphores
 
necessary for healthy biological growth.
 

Available data, from the mill, Indicates that the treatment
 

works have sufficient capacity to produce an effluent
 
acceptable for discharge in accordance with government
 
standards as can be seen in the following table (with
 
respect to 8oD and USS):
 

Government 
 Treated Mill Effluent
 

Standard 7/3/75 
 24/4/75 20/6/82" 30/6/820
 

BoO mg/L 80 18 40 10 9
 

USS mg/L 60 
 - - 9 7 

* Represent one week composites.
 

However. on the day of our visit 
all waste water was by

passing the treatment works and flowing directly to the
 
river. No treatment works, 
no matter how well conceived,
 
cleverly designed and beautifully constructed can prevent
 
pollution of 
a stream unless it is used on a continuous
 

basis. Proper operation and maintenance are absolutely
 
essential. In addition, frequent inspection and monitor-

Ing by the MDWIs a key element in successful pollution
 

control program.
 

COFFEE INDUSTRY
 

Kiaii Factory Visitsa
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The Ministry of Water Development report by Mr. W, Thitai
 
entitled "Industrial Development in Rural Areas in Rela
tion to relate supplies in Kenya" (dated June, 1979 
- No.
 
79 - 4761) contains an excellent survey of the coffee
 
industry in Kenya. 
 The report discusses coffee process
ing, water use, quantity and churacteristics of coffee
 
waste waters, pollution effects, treatment and disposal
 
of waste waters and methods of disposal of the solid
 

wastes.
 

The processing of the coffee cherry includes 
a number of
 
unit operations:
 

1. Pulpiny - removal of the pulp (the 
 uter
 

akin) in a mechanical pulper.
 
2. Pre-grading - to 
remove 
bed beans and grading.
 
3. Washing - to remove pulp.
 
4. Fermentation - degradation of the mucilage layer
 

from the putped coffee.
 
5. Drying - air dried to 
about 12% moisture.
 
6. HullIng 
 - removal of the parchment (akin) 

by mechanical means. 

Water useage will amount to up to about 20,000 gallons
 
per ton of clean coffee without recirculatfon and reuse.
 
This can be reduced to about 5000 gallons per ton when
 
complete recirculation is practiced.
 

The waste water has extremely high suspended solids
 
(the pulp) up to about 5% by weight and very high GoD,
 
as 
high as 9,000 to 10,000 mg/L. When pulp is removed
 
from the waster water the character average charactaritic
 
have been report by Thitai, 1978 as follows:-


Parameter 
 Menourement
 

pH 
 4.4 - 4.5
 

BoD 
 3600 mg/L
 
Total Solids 10411 mg/L
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the Water Act (Cap 372) requires that all coffee factories
 
are legally required to install water recirculation systems
 
and use about 5000 gallons to process one ton of clean
 
coffee. None of the water used should be returned an*,
 
water course. The final effluent may be disposed on mnd
 

We visited two coffee factories in iMsli, one private' 
factory when no recirculation was being used and the pulp 
was being discharged with the waste water to a "pit" where 
the pulp settled out and the water overflowed to the nearby 
steam. No treatment of any kind was being carried out. 
The operdtor report to us that the pulp was used by local 
farmers as fertilizer and soil conditioners. (Slides of 
coffee factory will be shown). 

The second factory was the 'Coffee Research Foundation"
 
Iisii Sub-Station. This research factory employed
 
complete recirculation of the waters. The pulp was removed
 
by a screen and the water discharged to a nump where it
 

was picked - up by the recirculation pump and returned to
 
the process. Final disposal was through land application
 
(trigation). The pulp was well drained and then hauled
 
away to be used as fertilizer and soil conditioner.
 
(Slides of the Research Factory will be shown)
 

SUGAR INDUSTRY
 

During our survey of industries in the Lake Basin Area,
 

Mr. Kiel and I visited the following sugar mills:
 

I. Nzoia Sugar at Bungoma - Tues. 13/7/82
 

2. Sony Sugar at Awendo - Thur. 15/7/82
 

3. EASI at Muhoron - Sat. 17/7/82
 

Both the Nzoia and Sony Mills have reasonably adequate
 

waste water treatment facilities. Except for the general
 

need for operator attention (Cndtraining) and the need
 

to keep all equipment (especially aerators) operating,
 

these facilities were being operated in an acceptable
 

manner. The EASI Mill at Muhoronl, however, has only
 

anaerobic ponds which do not appear to be altering the
 

quality and/or appearance of the mill effluent, except
 

allowing it to become septic. EASI effluent is current

1V being used for irrigation as a temporary measure to
 

reduce the pollution load on the river.
 

The treatment plant at the Nzol Mill consists of the
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following:
 

Bar Trash Screen
 

Grit Chamber with two Channels
 

Sedimentation Tank - rectangular
 

Two Aerated Ponds-Diesel Generator
 

Maturation Ponds.
 

During oUr visit the sludge was being removed from the
 
sedimentation tank by hand with hoes. The tank 
is report

edly about 1.5 meters (4.5 feet) deep and the sludge
 
appeared to be within about 0.3 meters (I foot) from the
 

surface. It was apparent that sludge should be removed
 
from this tank more frequently. Due to some electrical
 

problem it was necessary to supply power to the treatment
 
plant using a diesel powerrd generator. This generator
 

was capable of driving only one aerator at a time, there
fore the aerators in thu two ponds were operated on a 2
 

hour/on 2 hour off alternating basie. It was suggested
 

that when electricul 
service is restored to the treatment
 

plant the generator set be retained as a stand-by power
 

supply for future use.
 

The maturation ponds had some floating solids but did
 

have some green colour indicating the presence of some
 

algal growth. There did not appear to be any offensive
 

odours in the vacinitv of the ponds. The effluent looked
 

fairly good but had a BoO of about 150 mg/L. This should
 
improve when electrical service is restored and both
 
aerators are operated on a continuous baois.
 

A past pollution problem at the Nzoia Mill which appears
 
to have been corrected was the practice of sending tank
 

truck washing to a separate pond. The same trucks
 
that are used to carry fuel oil are washed at the mill
 

and then filled with molasces. The wash water contains
 

oignificant quantities of oil. The pond to which this
 

oily water was discharged was subject to flooding
 
during heavy rainfall. The contents of the pond would
 

on these occasions be flushed into the river. The tank
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truck washings are now passed through on oil trap at the
 
mill and the oil is coptured. The Sony (South Nvanza)
 
Sugar Mill has biological treatment system consisting of
 
the following unit processes:-


Anaerobic Pond (I day)
 
Oxidation Ditch (1.5 days)
 

2-10 hornepuwor aerators
 

Settling Tank (.4 hours)
 

Return sludge pumps
 

4 - Oxidation Ponds (4.5 days each)
 

Sludge Drying Beds
 
(Total flow-through time about 21 days)
 

At the time of our visit the plant appeared toowell main
tained and operated. One of the aerators had been out
 
of service for some time awaiting replacement parts for
 
the gear box. There appeared to be a good, healthy growth
 
of biomsao in oxidation ditch which flocuted well 
upon
 
standing. The raturn sludge appeared fresh and healthy.
 

There was 3ome flouting solids on the first oxidation
 
pond but the appsaroncc rf the ponds progressively
 

improved from numbor 1 to 
number 4. The effluent was
 
reasonably clear with 
c sight green colour. The effluent
 
appeared to hcvc a quite low suspended solids contents
 

end low turbidity.
 

The influent 'o this waste treatment aystem has, a BaD
 
concentration of around 2300 mg/L and the effluent from
 
pond number 4 had 8U mg/L of 8oD. 
 This represents about
 
96% removal. Although the plant Ja not meeting the
 
discharge requirements cf 25 mg/L of BoD and ?O mg/L of
 
SS, the plant coul6 be used as an excellent model of
 
what can be accomplished with this type of waste water.
 

The Sony Sugar Mill also has to request permission from
 
the Ministry of Water Development to use the treated
 
effluent from the mill to irrigate their can fields.
 
This of course would complotely eliminate the discharge
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river.
 
of effluents to the/ And this seemed to be a job well
 
done. The East African Sugar Industries at Muhoroni
 
should be required to install a proper treatment plant
 

at the earliest possible date.
 

MOLASSES FERMENTATION INDUSTRY
 

The Agro - Chemical and Food Company Ltd., Moleaseq
 

fermentation plant at Muhoroni went into operation in
 
early June, 1982. This plant produces:
 

60,000 L/day - Power Alcohol
 
4,000 Kg/dev - Active Dry Baker's Yeast
 

100 Ton/day - Uinesses (Cattle Feed)
 
and by-product of fodder yeast from the power alcohol
 

fermentation and small quantities of industrial and
 
reagent grade ulcohols. The plant use 200 tons per day
 
of Molasses. Molasses is received aB 
 a 50% solution
 

with a specific gravity of 1.6 which rrepreaents about
 

25,000 litres per day.
 

The plant has a water treatment plant with a capacity of
 
100 tons per hour (100,000 Litres/Hour) and the current
 
water use is averaging about 40 - 50 tons/hour or about
 

960 to 1200 m3/dny - (250,000 to 312,000 gals (US)/day).
 

The waste water treatment plant consists of: (UOGELGUSCH
 

Date)
 

Single Pass Atmospheric Cooling Tower
 

High - Load Aeration Tank (12 hours)
 

Aeration Tank 
 (23 hours)
 

Clarifier (with Return Sludge
 
Pumps) 
 ( 3 hours)
 
3 Unaersted Lagcons (5 to 6 days each)
 
Anaerobic Sludge Stabilisation Lagoon
 

At the time of our visit all elements of the waste
 

water treatment plant were in operation.
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The mixed liquor (mixture of ectivated sludge organism 

and waste water) in the aeration tanks was light brown
 

in colour and appeared to be healthy. The sludge floc

culated on standing clarifier to the High-Load Aeration
 

Taok.
 

There was some floating solids on the unserated lagoons
 

which appeared to be coming from the sludge atabilisea

tion lagoon. A scum battle at the outlet and of the
 

sludge lagoon could easily correct this situation.
 

Infact a scum battle at the outlet of each pond would be
 

adviseable to prevent floating solid from escaping from
 

the lagoons.
 

The third lagoon was not yet full so there was no over

flow, consequently no effluent was being discharged. The
 

water in the final lagoon appeared low in solids and
 

turbidity and had a slight green colour.
 

This treatment plant appears adequate to treat the waste
 

water from the molasses fermentation plant. The plant
 

personnel did not know if inorganic nutrients would ae
 

added to the treatment ootem. They did report that pH
 

adjustment was being performed.
 

According to the design data (from OGELBUSCH) the
 

initial BoD loading of 2400 Kg/daV is to be reduced to
 

10 Kg/day in the effluent from the final lagoon (99.6%
 

removal).
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BY PHILIP SINGER
 

SUMMARY RECOMMENDATIONS ON FIELD TRIPS
 

1. 	 KISUMU COTTON MILL -KICOMI)
 

Oil and grease should be removed prior to discharge.
 

This requires holding basin nnd skimming device. pH
 

should be neutralized to 6 - 9 prior to discharge.
 

This may require an equalization basin to equalize
 

variable quality of discharge. Kisumu should have
 

s sewer use ordinaeice regulating industrial dis

charges.
 

2. 	 KISUMU WASTEWATER TREATMENT PLANT
 
------ (TRICKLING-FILTERS).
 

PH should be relatively neutral (6.5 to 8.0) when
 

waste 	enters plant.
 

Remaining trickling filters should be put back into
 

operation (only 2 of 6 are working). Hydraulic
 

loading to filters should be increased by recircula

ting effluent. This will also improve final efflu

ent quality.
 

3. 	 WEBUYE - PRN AFRICAN PAPER MILL 

Plant should aerate continuously. Aerators should
 

be repaired and be made operative. Nutrients
 

(Nitrogen and Phosphorus) should be added after
 

primary clarification.
 

Paper 	processing should be improved to decrease
 

settleable solids load to primary clarifier. Too
 

much sludge is being collected. Dewatered solids
 

are very fibrous and couln be re-used in some
 

fashion. Waste (dewatered) solids should not be
 

dumped in area odjoining ponds but should be land

filled properly.
 

.../20
 



CASE STUDIES 
 PAGE 20
 

4. MIUJANI SUGAR MILL
 

Stream(s) upstream and downstream of mill should
 
be sampled for DO, BaD. If water quality is
 

impaired by non-point source run-off from the mill,
 

Miwani should be required to install waste treat

ment facilities.
 

5. CHEMELIL SUGAR MILL
 

Stabilization ponds are under-designed, (if they
 
were designed at all). The ponds are overladed,
 

hence they are anoxic. Either ponds need to be
 

enlarged, to provide longer retention for the
 
high BOD of' the waste water, or aeration facili

ties need to be provided to mechanically provide
 

oxygen to meet BOD of the waste waters.
 

Nutrient (N,P) supplementation and pH control may
 

be necessary.
 

6. MUHORONI SUGAR MILL
 

Activated sludge tanks may be undersigned
 

(therefore overloaded with BOD). When O'Rourke
 

visited, the plant was functioning well; the tanks
 
were aerobiv, When we visited two weeks later,
 

the tanks were anaerobic, despite the diffused
 

aeration system. The stabilization ponds are
 

underdesigned !f thev were designed at all).
 

The ponds are overloaded, hence they are anoxic.
 

Some recommendations apply as for Chemeltl Ponds.
 

7. SONY SUGAR MILL
 

Line from anoerobic pro-treatment pond is plugged;
 
anaerobic effluent is spilling out of manhole, and
 

draining overland off the site. The line need to
 

be cleaned and maintained.
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The oxidation data needs to be kept operative,
 

full-time, to provide treatment of the high GOD
 

waste water. The stabilization ponds locked to
 

be of adequate capacity. However, in order to
 

treat the waste effectively, the ponds should be
 

aerobic; they depend upon the operation of the
 

oxidation ditch to pretreat the high GOD effluent.
 

If the oxidation ditch does not operate, the ponds
 

may go anaerobic, as two of them did the day we
 

were vioiting. (The third pond was aerobic, and
 

did appear to have good algal activity). The
 

effluent line carrying final effluent to the
 

stream is plugged; final effluent was flowing out
 

of the inwhole and overland to the stream. The
 

line needs to be cleared and maintained.
 

DISCUSSIONS
 

COMMENT: Colour should be one of the items which should
 

be reduced in any treatment system, and that goes parti

cularly fo KICOMI in hisumu. Colour could impair the
 

biological treatment; processes and has an effect of 

reducing solar rediation asn well as photosythesia.
 

A recommendation on the improvemPnt of treatment facili

ties should include it.
 

COMMENT: The colour queation may not be important for
 

a trickling plant but it might in biological stabiliza

tion plant.
 

COMMENT: Some of the trickling filters were not working
 

but the recyclation was also incomplete. Some of the
 

trickling filtern were in fact blocked. But the point
 

is that the whole system: recyclation and the trickling
 

filter must be made to work all the time.
 

COMMENT: Domestic waste need to be disinfected before
 

discharge into the municipal treatment evatem. Chlorine
 

is an effective enough disinfectant even though chlorine
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has its possible effect via such substances as chloro

form.
 

COMMENT: Mechanical aeration such as used at Webuye are
 

bound to fail. Could they use cascade system or step
 

aeration from the pond to the disposal site of the water?
 

COMMENT: Foaming at Webuye could have been caused by
 

several factoro: Continuous operation of a machine, ABS
 

detergents can both cause foaming. ABS detergents are
 

non-biodegradable and are banned from use in some
 

countries such as the United States.
 

There are three procedures for controlling foaming. One
 
is to add defoamers (antifoam chemicals). The second is
 

to spray water over the foam - spray the water through
 

spray thistle. Thirdly, you can shovel the foam mechan

ically.
 

COMMENT: There is serious basis for concern with the
 

discharges into Nzola River by Webuye Paper Factory. The
 

dark and heavy effluents will have impact on the anadro

mous and catedromous species of fish in the river.
 

There is a need to require that action mandatorily, to
 

save the natural resources of the river and the Lake
 

from depletion. Depletion will arise because the fish
 

species will not reach spawning areas. A barrier will
 

have been created at Webuye and the river will be dead
 

downstream.
 

COMMENT: Most of the dust in Webuye are very fine and
 
they fly out from inside the factory. A closed conveyor
 

system Is necessary to prevent that.
 

COMMENT: We should recommend to the Factory Inspector
 

to check for the discharges especially gaseous discharges
 
and particulates. The recommendation should also deal
 

with the terrific noise which will easily affect the
 

workers in the factory.
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COMMENT: There was 
0 lot of pistia or water cabbage at
 
Chemelil ponds. 
 It seemed that it could inhibit photo
sythesis and cause 
anaerobic situation. 
 The green colour
 
suggested thae there was an 
aerobic situation but then
 
the oxygen probably went straight into the air; 
beneath
 
that there Would be no solar penetration.
 

It seemed that 
the pistia had actually been introduced
 
into the pond.
 

COMMENT: 
 This seminar should make a recommendation to
 
Miwani and Muhoroni 
to construct proper treatment. Miwani
 
did not have a direct discharge into a river but there
 
might be subterranean flows to 
the river. One should
 
take sample up and downstream and 
see the difference
 
then to trace the 
source of organic discharge.
 

COMMENT: There will br 
a recommendation here that 
a
 
regional short-term intensive training programme for
 
waste water operators and workers 
from all the three
 
countries of the basin. 
 Financial requests should be
 
sent to USAID, 
ETMA and UNEP, among others.
 

QUESTION: Why shouldn't the LABDA and other basin
 
authorities employ a 
water quality expert to deal with
 
the problem we have here. 
The LABDA which has a water
 
resources man already 
did not 
even have the person
 
here at the Workshop.
 

ANSWER: A water quality expert is 
indeed necessary
 

and LABDA will consider it.
 

COMMENT: 
 The TRDA is looking into water quality
 
control by monitoring effluents 
from the municipal
 
centres along the river.
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2. 	Fisheries Reaearch Findings in Winam
 
Gulf of the Lake Victoria 

by Okemwa, Ogari and Kibaara
 

3. 	Distribution and Abundance of Fishes in the
 
Kenya Part of Lake Victoria 

by Okemwa
 

4. 	The current Situation of water quality
 
and Pollution Problems in Tanzania.
 

by Madati, Mosha, Berege, Moshi
 
and Shikony
 

5. 	The Aquatic Environmental Pollution in
 
Uganda - Current Status and Conservation
 
Measures.
 

by F.W.B. Bugenyi
 

6. 	The current Threats to Aquatic Pollution
 
in the Ugandan Sector of the Lake Victoria
 
Basin.
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ABSTRACT:
 

Although Kenya is a country not endowed with major inland
 
drainage systems, it possesses less than 400OKm of
 

permanent rivers, however, the basin area 
is favoured
 

with a number of inland drainage systems compared to the
 
rest of the country. There are about five major
 
permanent rivers and other six small rivers not to
 

mention the many intermittent streams that also drain
 

into Winam Bay,
 

The water bodies have formed important fishery for the
 

local population over the year, however, owing to the
 
gradual change in both climate and ecology of the area
 

the level of fishery continue to change with time, both
 
in the Bay and the basin rivers. In this paper, I have
 
tried to discuss the fishery in the region both in
 
historical terms and have also highlighted"the presept
 
situation. I have further tried to shed 
some light
 

on changes influenced by the development pRgterns ip the
 
region. The emerging industries in tile rp qtp nd curtrrep
 

agricultural practices that call for agro-chemipft! 4go
 

such as pesticides, hebicides and iptl OBides,
Arp
 

Attr* qte tp such tfluepcp ap Wgp, FRuaJty rpo4fOA
 
into ijddrppt effopts gn he bp*p fihery.
 

T~aRQDUCTION:
 

T4P Puifqpe water resources Of 9 regipn are the resqlt
 

of the interaction between the physical relpf qnd
 
climate of the region, Past geolqgipal events create
 
catchments and Lake Basins while differences in altitpde
 
influence rainfall and temperature. Rainfall in 4enya
 
is characteristically low with uneven geQgraphical and
 

temporal distribution, honco, over 70 per cent of the
 
country receives less than 500mm of rain per annum, the
 

rest or the country receiving between 500ujn and 750 nR,
 
Kenyan lake basin area seem to be favoured by a number
 
of inland drainage system compared to the neighbouring
 

countries as may be seen in the number of rivers that
 
drain into Winam Bay, (see fig.1). In Uganda there is
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only one main river Kagera which drain into Lake Victoria.
 

Tanzania on the other hand has one major river, River
 

Hara, which is very close to the Kenyan border and which
 

is likely to influence part of the Kenyan waters and a
 

few other minor ones such as Mosi, Gurumeti, Simiyu and
 

Isanga rivers (Fig.ll). The basin area is further
 

such drainage system compared to the rest of
favoured by 


These are the drainage
the country(see table.l). 


systems that have formed important fishery in the region
 

for many years. These drainage systems also do influence
 

Thus, Winam Bay fishery
fish production in Winam Bay. 


continues to be sustained inspite of heavy fibbing that
 

It 4 a fishery rhich is
charaqterze the gulf area. 


n~w being affetqd by the phanging trends in development
 

patterns and ogricultural practices in the region.
 

THE FISHERY IN TE BASIN AREA: 

The Fishing in the region ip reognzed an an imporVant 

fishery and it ham had a long history of succeSa. The 

Gulf area produces the bulk of the total national annual 

fish landing from freshwater and marine fishery put
 

together. In the last few years the Lake yield has
 

continued to rise, with catch for 1982 showing a record
 

40000m. tons. These catches are largely influenced by
 

emergence of Lates niloticus (Mbuta) fishery, a species
 

Of fish introduced in the lake in the late fifties and
 

porly sixties on the Uganda side, the see4lipgp mostly
 

h@*ng drawn from the Western Uganda Lakeu whep'p tt i
 
sn4epio, 

(a) THE LAKE BASIN RIVERS: 

Past records show that the river fishery tin the
 

Basin region formed very important fishery until
 

about two decades ago. The fish taken from the
 

Nyanza rivers, over the years, remained entirely 

of anadromous species that ascend the rivers from 

Lake Victoria at the onset of the rainy seasons, 

Usually in late March and October every year. Prior 

to the rains those fish which include Barbus, 

altianalis radcliffi, Labeo Victorianus, Schilbe 

mystus, Alestun nurse and other cat fishes 

congregatedi in the river mouths where they were 
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often exposed to intensive fishing upsteam to their
 
spawning grounds fWhitehead, 1959). Although the
 
river fishery remained high over the year.,
 
changing trends in the development of the region
 
has had remarkable influence on the fishery a part
 
from the effect of fishing pressure and ihe methods
 
of fishing practised by the local artisanal fisher
men over the years. 
 The wide variety of indigenous
 
and ingenious fish traps used by the local fisher
men removed significant proportion of the unspawned
 
population ultimately leading to reduction in the
 
standing stock of the riverine fish. 
 The changes
 
in water quality upstream may have also affected
 
fish population in rivers as the young fry are more
 
susceptable to pollutants. 
These changes in water
 
quality come about because of the modern agricultural
 
practices and the establishment of industries in the
 
basin area whose wastes and runoffs spill into our
 
rivers subsequently emptying into Winam Bay. 
Some
 
of'the developments also resulted into river
 
impoundement thus interfering with the normal
 
upstream immigration of the riverine fishes.
 

In general the rel.ationship between river Viahory
 
n the development of the basin area And roported
 
de*pe *n yield of r*yer f4sh production would be
 
difficult to determine because of lack of xufficient
 
data on fish yield from these water bodies and
 
because of the many other factors that may be
 
Qperating in the whole basin river system.
 

RiVgr Kuja which used to form a very important
 
fishery South Wept of the gulf has since shown some
 
decline in fish production a fact which may have
 
been influenced by river impoundment for purposes of
 
hydroelectricity. 
The other smaller rivers in the
 
same region have also shown decline partly because
 
of destruction of catchment 
areas and partly
 
because of overfishing of the riverine species
 
during spawning time. 
 It may be not worthy to
 
record that when river Kuja was 
dammed provision
 
for fish ladder was izcorporated but the structure
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broke down at a very early stage and hence never
 

as to allow free migration of
became.operational, 


fish up and down stream.
 

Similar factors have also affected the fishery of
 

major rivers North of the Gulf such as Yala and
 

Nzoia. The former became affected in recent year by
 

land reclamation programme initiated in the lower
 

facilitate agricultural
reaches of the river to 


activities in the area. This development had great
 

impact on the immigration of the riverine species,
 

and other resident fishes in this river, where some
 

fish found themselves in shelved lagoons such as Lake
 

support
Kanyaboli. Although Nzoia river still 


significant fishery the trend is slowly being
 

affected by creation of dikes to control flooding
 

in the lower reaches and also by the establishment
 

of Paper Mill on the upper reaches of the river at
 

Webuye. In our monitoring system it has already been
 

established that there is a reduction of fish
 

population in this river which is progressive from
 

the paper mill factory downstream, and there are
 

indication that similar effects may extend down to
 

the Lake shores.
 

Finally, to say the least, assessment of the impacts
 

of basin development on river fisheries may be
 

possible only when adequate long-term fisheries
 

statiatics are available. The collection of such
 

data has been difficult because of the relative
 

importance that Kenya attaches to this fishery. It
 

has, however, been observed that during the period
 

1971-1977 the river catches amounted to about 5% of
 

the total inland catches which covered about 27000m.
 

tons. You will observe that this is a decline down
 

to about 100 m. tons in 1977, (Litterick, 1981). It
 

is difficult to attribute this decline to the actual
 

river yield or to a reduction in intensity of data
 

collection, it is however, clear that river fishery
 

do affect the greater populace that consume the
 

unmonitored, invisible yield from the many rivers,
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streams and tributaries in the basin region,(see fig.
 

11).
 

(b) WINAM IAt FISHERY:
 

Winam Bay fishery has a long history of exploitation
 

by the fishing community around the gulf. Over the
 

years, the records have continued to show the gulf
 

fishery to be the major contributor to the national
 

annual fish catch every year, (see table 11).
 

The gulf fishery in the past had generally been
 

dominated by the cychlids e.g. Haplochromis app.
 

Tilapia spp and non-cychlids such as Bugrus spp,
 

Clarias app, Barbus spp. Labeq spp, Engraulicypris
 

AM Protopterus spp and other catfishes. Other
 

species formed smaller percentage of the total anneial
 

catch. At the present time Tilapia, Bagrus, Clarias
 

have been partly affected by
and Protopterus seem to 


over-exploitation and partly by the effect of
 

predation by Lates niloticus (Mbuta). The Lates
 

niloticus (Nile perch) has in recent times emerged
 

as a major fishery in the gulf and remain under-


The trend on Haplochromid
exploited (Arunga, 1981). 


fishery tend to be influenced by a number of factors,
 

in the gulf. The general decline in the inner gulf
 

of the fishery may be attributed partly to pressure
 

of fidhing and heavy predation by the Nile perch
 

which was introduced in the lake about three decades
 

ago and other endemic predators such as the cat

fishes. The Haplochromis fishery, however continue
 

to be dominant in the open parts of the gulf less
 

infested by such predators. Engraulicyp~ris fishery
 

continuse to be stable and may be considered to
 

have been under-utilized in the past. It is a
 

fishery which is likely to be affected by
 

continued establishment of the perch and the apparent
 

progressive decline of the Iaplochromis that hitherto
 

formed the main perch food. It is envisaged that the
 

perch may revert wholly to Engraulicypris as its main
 

food source thus threatening its very existance.
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Lake especially in Winam Bay. It is therefore, likely
 

that the 	basin rivers that drain into the Lake do
 
experience pollution long before the entire Lake becomes
 

affected. Accumulation of pesticides, such as DDT, have
 

been detected in fish and birds in Lambwe area, (ICIPE,
 

personal 	communication).
 

As indicated earlier the agro-industrial influence on our
 

fishery is indirect in nature and its magnitude is not
 

likely to be realized immediately. The trend therefore
 

calls for continued pollution monitoring systems in
 

rivers, 	streaas, bays and lagoons as a first priority.
 

This monitoring should be paralleled by a survey of agro

industrial activities and general urbanization around the
 

Lake shores especially in Winam Bay.
 

It has already been established in Winnim Day that some
 

of the chemicals such as Furadan, used in the spraying of
 

rice farms have deleterious effects on fish fauna and wil
 

will kill fish immediately. The use of Feacon, Dimecron
 

(saw 50), for the same purpose is still considered safe.
 

In concluding, however, it would be important to mention
 

here that pollution and enrichment (eutrophication) which
 

are often associated, are indeed separate in concept
 

as they may have totally different influence on fish
 

stock. Pollution arises mainly from industrial
 

activities and has received attention from diverse
 

sources in the past giving rise to many publication on
 
the subject (Hynes 1971). The effect of pollution on
 

the aquatic life in the ecosystem may be summarized as:

(i) 	 Actual lethal toxicity which kills the fish
 

at some stage of its life history,
 

(ii) 	 Sublethal effect which may be difficult to
 

detect or prove but which may have a notable
 

effect on its biological development,
 

(iii) 	 Cumulative effects which may render fish either
 

unsafe or unpalatable for consumption.
 

Enrichment known as eutrophication, however, arises
 

from domestic or agricultural wastes which sometimes add
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phosphorus, nitrogen and organic substances in water
 

media. Thus, moderate enrichment is not necessarily
 

harmful and may be beneficial and heavy enrichment
 

results into pollution when it is sufficient to produce
 

dioxygenated 	condition in a particular water body.
 

DISCUSSION AND CONCLUSION:
 

The maintainance of a fish stock in any body of water
 

depends on a variety of factors, many of which are
 

external to the fishery or even to the aquatic system.
 

This is particularly so when one considers the increasing
 

pressure on water for industrial, agricultural and
 

domestic uses, and fishing for food and other purposes.
 

The management of fish resourcec under these conditions
 

therefore depends on two major policy levels: the
 

importance of fisheries relative to other uses of the
 

rivers or lake basin; and objectives for the management
 

of the fishery itself.
 

Fishery managers have a variety of tools which they may
 

apply for effective management of a fish resource. These
 

may include legislation controlling direct fishing effort,
 

control on gear type used in fishing activities,
 

protection of physical structure of the environment,
 

culturing of fish, and introduction of new species to
 

a water body as was done with the Nile perch. Here
 

L success 	 again the L of any chosen strategy to flourish
 

would largely depend on maintainance of physical environ

ment at a premium or optimal levels.
 

From the foregoing one agrees that the negative impacts
 

on fisheries in the basin rivers and Winam Bay resulting
 

from both agro industrial development and many other
 

diverse factors, appear to be well defined and the 

solutions tend to be hampered partly by technical 

difficulties and partly by adverse political and social 

forces. Secondly, the Management of the basin will 

continue to be geared towards water supply needs as a 

primary goal, while consideration of fisheries needs 

remain subordinate. Fisheries hoiver, will continue to 

feature prominently when the development and management 

of Winam Bay 	is considered and the emergence and continued
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abundance of 4ile perch fishery will economically 

continue to be an important factor in the region. It is 

suggested that maintainance or management of Winam Bay 

water quality should bear this point in mind. 

As will be seen above, if river management in the basin 

concentrates on maintainini high standard of water 

quality then fishery management in the river basins and 

aquaculture techniques may iuccessfu.]y be developed for 

the betterment of the fishing indus.ty in the region. 

A workshop on water quality manngcment and pollution 

should clearly iddress itself to the pnints raised in 

this paper.
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TABLE 11: 	 Comparative annual fish catch in Kenyan
 

waters by regions (M. tonnes)
 

Lake Victoria Marine 
 Other Total
 
(Kenya Waters) (coast) Lakes
 

1977 
 19.332 
 4,066 23,398 36,625
 

1978 22,529 4,178 19.687 46,394
 

1979 30,592 
 2,858 16,963 50,413 

1980 26,940 3,490 

1981 46,667 -

DISCUSSIONS
 

COMENT:
 

Nile perch was accidentally discovered in Lake Victoria in
 
1963/4, on the Uganda side, 
 A debate followed as to whether
 
it should indeed be introduced, but the point remains that
 
it had actually found its way into the Lake by chance.
 

The idea the.i was 
that the Nile perch would eat the
 
haplochromis and convert to 
its great mass. Indeed the Nile
 
perch has increased the annual 
catch statistics of Kenya, it
 
might not be nogative effect.
 

Perhaps, there are 
other bases of 
the change of species in
 
the Gulf. In which case we 
should change, and accept the
 

new species.
 

COMMENT:
 

It is 
true the Nile perch is doing well in Lake Kyoga; it is
 
true, too, that other species in Kyoga have also been dis
appearing as is the 
case with species in Lake Victoria.
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COMMENT:
 

The DDT has been used in the Lake Basin Area. It is
 

ICIPE researchers who established the level of DDT in
 

fish and birds. Since the LBDA became active %here should
 

be a change and a now study should be commenced to
 

ascertain impact of DDT on ecosystem, other than that it
 

has had positive effect on the public health.
 

RUESTION:
 

Can the Fisheries Department deploy control devices auoh
 

as prohibiting fishing in certain areas by season and
 

eoological zones 7
 

ANSWER:
 

The Department has used the device of control in the
 

marine fisheries and Naivasha. The situation has been
 

rather difficult in Victoria for some topographical
 

reasons. We have tried to create protected areas for
 

tilapia, for example, and the results have been positive.
 

We have discouraged people from eating fish from sewage
 

lagoons because of the ngtablished mecury content. There
 
is a need to ascertain the same factor in sewage ponds
 

in the country.
 

COMMENT:
 

The Ministry of Health has ascertained that the mercury
 

content in fish has been intermitent. Some of the
 

mercury is from dissolved thermometers but the exact
 

iDurce of most of the mercury found in fish is not clear.
 

The Municipality of Kisumu, we understand, has some of
 
that information but the extent is limited and so there
 

is a necessity for further research in this critical
 

area.
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ABSTRACT
 

The research findings of Nyanza Gulf are briefly described
 

under 	the following headings :
 

1. 	 The biology of both anadromous and Lacustrine species.
 

2. 	 Stock assessment.
 

3. 	 Water Chemistry.
 

Of the three major divisions of research, the studies on
 

fish biology, classification and stock assesoment have been
 

given more time. The fishes of the rivers affluent to the
 

Nyanza Gulf which have been studied, include: Labeo
 

Victorianus, Schilbe mystus, and Synodontis app. Most
 

of the early research findings regarding Lacustrine species
 

in Nyanza Gulf are based on the studies carried outside
 

the Nyanza Gulf of Lake Victoria.
 

-
Comparison of mean stock densities (Kg ha 1 ) from 19 hauls
 

in 1969, 69 hauls in 1975, 167 hauls in 1977 and 194 hauls
 

in 1981 from Nyanza Gulf showed the following :
 

1. 	 A reduction in mean stock densities for: Bagris,
 

Clarias, Haplochromis, Labeo, Protopterus, Schilbe,
 
Synodontis and Tilapia Zillii.
 

2. 	 An increase of Lates niloticus and Sarotherodon
 

niloticus.
 

3. 	 A part from 1967 survey no S. Esculer.tus wan caught
 

In the 1977 and 1981 surveys.
 

River Kaat is polluted to a higher degree.
 

There is a need for a long-term research in Nyanza Gvaf and
 

its surrounding rivers on the following
 

(a) 	 Invertebrate ecology and biology;
 

(b) 	 Ecology of aquatic vegetation;
 

(c) 	 Biology and ecology of freshwater fishes;
 

(d) 	 Water Chemistry.
 

(e) 	 Restocking of fish and development of fish ponds.
 

(f) 	 A co-ordinated, regional research effort into
 

lim-nology of Lake Victoria and rivers In East Africa.
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INTRODUCTION:
 

The need for research on problems connected with Lake
 
Victoria was emphasized by the East African Common Services
 

Organization after the 
2nd World War. This led to the
 

foundation of the East African Freshwater Fisheries Research
 
Organization(EAFFRO) station at Jinja, Uganda in 1948. 
 In
 
1972, two sub-stations were 
set-up in both Kisumu and Mwanza
 

to cater for Kenya and Tanzania, respectively.
 

The fisheries research invcstigations carried out during
 
that period included among others, the life history (Fryer
 
& Whithead (1959), Taxonomy (Greenwood (1966), Ecology
 

(Okedi (1960), stock assessment of various fish gcneral
 

(Bergetrand & Cordone(1971), 
and Kudhongania & Cordone(1971)
 

and the productivity of the lake (Talling (1966). 
 most of
 

the findings were compiled in EAFFRO Annual I}eportn (1951
1974). With the 
collapse of the East African Community i
 
1977, the Management of the laboratories were taken over by
 

the respective states.
 

Lake Victoria has fish fauna dominated by the Cichlid fishes
 
which include Haplochromls spp. tilapia (Sarotherodon
 

niloticus, S. 
Variabi]is, S. Leucostictu, S.Esculentus and
 

T. Zillii), and the non-cichlids like, Barbus spp., 
 Labeo
 
op., Synodontis spp., Clarias spp., 
 Protopterus sp.,
 

Schilbe sp., Aleste spp., EngraulicyLpris sp., Mormyrus spp.,
 
etc. The introduction of gill-nets in 1905 and beach
seinen in 1920's resulted in increase in fishing efficiency
 

for the two endemic Tilapia :;pp. 
 As a result of increased
 
exploitation inshore, there was P 
 decline in the catch of
 
Tilapia app. (Beauchamp 1956). 
 In 1951 and 1953 four
 
exotic tilapia speies namely S. niloticus, S. leucostictus,
 

and T.zillii, T. 
rendalli, were introduced into Lake
 

Victoria. Competition between the endemic S. 
variabilis
 

and the exotic T.zillii might have occurred (Fryer 1961).
 

The predatory fish Lates niloticus 
(Nile Perch) was
 
introduced into Lake Victoria in 1960, with an intention of
 

feeding on the Haplochronis spp.
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RESEARCH FINDINGS IN WINAM GULF
 

The finiings in Winam Gulf can be classified under the
 

following headings.
 

(a) The biology of both Anadromous and Lacustine species.
 

(b) Stock assessment.
 

(c) Water Chemistry.
 

Anadromous species:
 

The fisheries of the rivers affluent to the Winam Gulf are
 

quite significant. The anadroilous species include Barbus 

altiarnlis, Labeo victorianus, Schilbe mystus, and Alestes 

nurse. 

There is scanty information provided ir the literature
 

available, regarding the anadromous species in Lake Victoria
 

and especially the Nyanza Gulf. Whitehead (1959) described
 

thirteen fish species as anadromous within the whole of
 

Lake Victoria. Cadwalladr (1964) reported on the decline
 

of Labeo victorianus in the Nzoia river and he attributed
 

their decline to overfishing using gill-nets at the river
 

mouths, a practice which removed potential spawners migrating
 

upstream to spawn. Cadwallndr (1965) reported that during
 

flooding season, Labto victorianus could migrate from Jinja,
 

Uganda to Nzoia river, Kenya for spawning purposes. Rinne
 

(1975) studying Schilbe mystus found that the spawning
 

period occurred in the months of December, January, May,
 

)une, and July.
 

Mainga O.M. (1982) accomplished studies on some aspects of
 

the general biology and ecology of Synodontis spp. found at
 

the mouths of both Miz'iu river and Kuja river. Ile found
 

that Synodontis breeds during rainy season (March-May).
 

Apart from that there are also some on going investigations
 

on the breeding biology of both Labeo victorianus and
 

Schilbe myBtus. With the decline in catches of the
 

anadromous species, the Kenya Marine and Fisheries Research
 

Institute (K.M.a.R.I.) had decided to set-up two sub

stations on rivers Kuja - at Gogo Falls and Miriu at
 

Sangoro with an aim of carrying out research on riverine
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species. The ultimate objective of these research sub
stations will be to produce fingerlings by artificial
 

spawning for re-stocking the river-systems.
 

Lacustrine species:
 

Most of the early research nditg's regarding these species
 
in Winam Gulf are based on te studies carried out mainly
 
outside the Nyanza Gulf pf Lake Victoria. Within less than
 
half a decade same'research findings carried out by
 
research officerp. at the Kenya Marine and Fisheries Research
 
Institute is beginning to bear fruit."OIieng, I.J. (1981)
 
completed studies on the brgedinK and feeding habits on
 
Bagrus docmac in Nyan'a.Gk'tlf. Ogari ia-'Analysing results
 
on studies on the dLstribthion, food and feeding habits of
 

Lates niloticus in Nyanza Gulf.
 

STOCK ASSESSMENT
 

Though several species were threatened by overfishing, large
 
stocks of Haplochromis spp were believed to abound in the
 

lake. 
The paradox of the Lake Victoria fishehyl, hetefore, 
called for a fishing regime and management strategy which
 
would economically exploit the stocks according to their
 
biological characteristics. This required knowledge of the
 
distribution pattern, extent and magnitude of the lakewide
 
available'htons which was still lacking in 1967.
 

Therefore, the East African Fresh Water Fisheries Organiza
tion and UNDP/Lake Victoria Fisheries Research Project
 
(LVFRP) embarked on a lakewide bottom trawl exploratory
 
survey to bridge this gap. The immediate aims were to
 
derive preliminary estimates of the temporal and -patial
 
distribution pattern, magnitude and relative abundance of
 
the available stocks and to evaluate trawling a 
a fishing
 
technique for the Lake Victoria fisheries. These aims were
 
accomplished and reported by Kudhongania and Cordone, (1974).
 

Four bottom trawl surveys done in Winam Gulf by Bergstrand &
 
Cordone (1971), Martel, 
et al (1976), Muller and Benda(1981),
 
and Okemwa (1982(b)) are compared in Tabie 1. This
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-
 ) from 19 	hauls
comparison of mean stock d. aities (kg ha
 

in 1969, 69 heuls in 1975, 167 hauls in 1977 and 194 hauls
 

in 1981 from Winam Gulf showed the following :
 

Bagrus,
1. 	 A reduction in mean stock densities for: 


Clarias, Haplochromis, Laboo, Protopterus, Schilbe,
 

Snodontis and T. 	zillii.
 

An increase for Lates niloticus and S. niloticus.
2. 


A part from 1967 survey no S. esculentus was caught
3. 


in the 1977 and 1981 surveys.
 

Earlier surveys carried out in Winam Gulf used 'Ibis' &
 

These trawlers had some limitation i.e
"Comorant" trawlers. 


they could not trawl in areas which were less than 5 metres
 

in depth. This meant that over 50% of the surface area of
 

Winam Gulf was not trawled.
 

Table (1) Mean stock densities (Kg ha- 1) from the Winam Gulf from
 
UNDP, EAFFRO, FFRI and KAYRI, bottom trawling surveys.
 

1977"** 1981''**
Species 	 1969/70* 1975"" 

19 hauls 69 hauls 167 hauls Mean I
 
Mean -I Mean Mean 1 (Kg ha- ) S.d.
 
(kg ha ) (Kg ha- ) (Kg ha- )S.E.
 

Bagrus docmac 11.732 12.545 1.845 0.170 0.078 0.078
 
0.026 0.0496
Clarias mossambicus 3.318 2.638 0.694 O.O81 


Haplochromis spp 35.837 32.721 28.555 2.299 + 0
 

Labeo victorianus 0.066 0.130 0.070 0.10 00
 
0.827 2.808 	0.446 39.791 12.768
Lateo iniloticus + 


Protopterus aethiopicue 3.743 10.923 0.252 0.081 0.026 0.078
 
Schilbe myetus 0.025 0.218 0.005 0.002 0+ 0
 

2.137 0.171 0.478 0.100 0.026 0.052
Synodontis app. 

Sarotherodon niloticus 0.013 0.i68 
 0.722 0.107 2.533 2.245
 

Sirotherodon variabilis 0.030 0.106 0.266 0.038 0.026 
 0.026
 
Tilapia zillii + + 0.27 0.2 0.01 0.1
 

,Bergstrand& Cordone (1971) UNDP Survey.
 

Morten, Wanjala & Guluka (19761 EAFFRO Survey.
 

Muller & Benda (1981) FFRI Survey.
 

Okemwa (1982) KMFRI Survey.
 



WINAM GULF 
 PAGE 18 

The availability of a fibre-glass boat 34' long, enabled
 
Okemwa to trawl in areas of about 3m deep. 
Despite the
 

additional information from the inshore areas 
there is still
 
evidence of alarming decline on S. variabilis, I. Zillii,
 

BaK!us docmac, Clarias mossambicus, Labeo victorianus,
 

Trotopterus ae thiopua and Haplochromis app. among others,
 

within the Winam Gulf.
 

At least 89% 
of the catchable demersal ichthyomass in
 

Winam Gulf consists of Lates niloticus, whereas other
 
predatory fishes like Bagrus, Clarias and Protopterus
 

constitute less than 0.5% by weiSht.
 

Okemwa (1982) suggests that the existing inshore artisanal
 
fishery should be protected. Mechapized water tranoport
 

should be provided by the co-operaeives to
I the fishermen to
 
transport their catches to the beaches along the Lake shore
 
so as to 
reach the consumer in good condition.
 

The data wi have been getting has been inadequate to estimate
 

catch effort and length frequency in Winam Gulf for
 
commercially important fishes. 
Early in 1981, we recruited
 

Field Recorders oa all landing beaches around the Winsm
 
Gulf for that plrose. The data already collected is being
 

analysed.
 

Fish population in models have been developed with knowledge
 
from studies of biomasz of both phytoplankton and
 

zooplankton in some areas. 
This brings us to the studies on
 
planktons in Winam Gulf. The taxonomy, biology and ecology
 
of the aquatic stages of insects in the gulf for example are
 
still unknown. Such studies are 
necessary in view of the
 
importance of various plankton groups as fish-food.
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POLLUTION:
 

At the present tixe, there are three principal areas that
 

may act as pollution sources in the Nyanza Gulf. These
 

are:
 

(1) 	 Urban devolopment projects.
 

(2) 	 Industrial wastes.
 

(3) 	 Use of farm chemicals, mainly pesticides, and
 

soil erosion.
 

The Kisumu Municipality hit iffluent collection installations
 

at Nyalenda (Lagoons) and Kisuma waste works, which cater
 

for effluents from the towa and Kicomi and other factories.
 

The Kenya 	Marine and Fisheries Research Institute has
 

conducted 	a cae study of the water chemistry of the River
 

Kasat that received effluent from the sewage treatment plant
 

near Kicomi. The river empties directly into the lake.
 

The Kasat water is dark in colour and has a fawl odour.
 

Water samples for analyses were collected on a daily basis
 

from Monday to Saturv:|y for three months, January to March,
 

1982. Sawples wer- collected at the river mouth.
 

Table 2 shows the wean r.-tults of the water sampled. 

Table 2 suggests that Rivir Kasat i. polluted to a higher 
1
 

degree. Conductivity of the water as high as 4250cm
 

and a pH as high as 11.8 have been recorded. These are far
 

above the 	tolerance limits for fish.
 

It is of interest to note that the Kasat water gives both
 

phenopthalein and methylorange (total) alkalinities. Thib
 

indicates the presence of both hydroxide and carbonate,
 

which rarely exist togcther under normal conditions at a
 

pH higher than 8.2. The iitrate content of the river
 

(6
 .94mg i-INO 3 ) is far higher than that permissible for
 

drinking water.
 



WINAM GULF 

PAGE 20
 

CONCLUDING REMARKS
 

Much 	still needs to be done in fisheries research and

training to cope with socio-economic and technological
 
developments in Lake Basin Area.
 

There is 
a need for a long-term research in Nyanza Gulf
 
and its surrounding rivers on the following
 

(a) 	Invertebrate ecology and biology;
 
(b) 
Ecology of aquatic vegetation;
 
(c) 	Biology and ecology of freshwater fishes;
 
(d) 	Water chemistry;
 
(e) 	Restocking of fish and development of fish ponds.

(f) 	A co-ordinated, regional research effort into
 

limnology of Lake Victoria and rivers in East Africa.
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Table 2: 
 Mean results for various parameters analysed for

the Kasat River mouth and its surrounding areas.
 

Parameters
 

Temperature (0C) 


Alkalinity (mgl-CaCO
 3) 


Chloride (mgl- Cl) 


Nitrate (mgl- N0) 

mg-N03)+
 

Dissolved Oxygen (ppm) 


Dissolved CO 2 (ppm) 

Turbidity (FTL) 


Colour (mgl'ipt) 


p11 

Conductivity ( cm- ) 

Odour 

Salinity (%) 

Sampling Areas 

River Kasat Golf Coast Beach Boat Jetty 

25.5 26.8 26.9 

654 (T.A.)
180 (P.A.) 

P.A. NIL P.A. NIL 

86.0 6.45 7.15 

60.94 

0.8 6.72 6.12 

NIL 4.55 4.84 

325 26 27 

1050 109 

10.5 8.0 7.95 

3000 255 249 

Objectionable -

- 12.07 11.0 
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DISCUSSIOVS.
 

COMMENTS:
 

Research has been going on in the Lake for about 30 years 
yet most points raised seem conjectural. Perhaps what we
 
need is some cooperation between researchers and the general 
Managers to combine their knowledge to ascertain use of the
 
research information in management.
 

ANSWER : 

Most of the earlier research was by itinerant; researchers 
without much contact and comnitment to management. The 
establisunent of the Research institutes since the collapse 
of the EAC has encouraged development of' local research staff. 

In any event, most of the serious research started in late 
1960's and early 1970's.
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COMMENT: 

A researcher's work is to ascertain the preblem and inform 

the policy makers. Researchers can advise on the protection 
of spawning periodt for -ome species. Then it is upto the 
policy snakers to prohibit for example, beach seining. 
Similarly, the researcher may advise on protecLion of 
anadromous and catadromous species. Then it is upto the 
policy makers to protect the 
rivers and keep passage free.
 

Upto now, however, there ha.; been virtually no coordination
 
between th,- Researchers and Manageri,, io., KNFRI 
 and the
 

Fisheries iepae'tmeni.
 

QUESTION: 

What have you recommended for restocking ? 

ANSWER: 

The Institute considers restocking areas for the riverine
 
species. 
 But we ,a-e not sure how successful it will be.
 
For irstancz.,, when the fingerlings are released they may 
 be
 
quickly caught by those ,zsing "mosquito,! nets" or they fall
 

prey to [ates nilotica. 

W- are considring otherl possible areas of cooperation.
 

Approaci'es will be geared to 
establish causes of depletion. 
There may he diseases, overfishing, effect of papyrus or 

floating islands zt tha moluths of rivers. 

There are timitat.jo,,s but we will continue with fingerlings. 

CO0.,:iLNT: 

There may be a problem of liaison with policy makers. However, 
it Seemlj clear that most of the reiearch todate is frag
melnta -y and ;'Icorciusive. Thi s present.s a problem for policy 
makei-r;. 1he research must r3eem determiued to be taken 

seriously by policy makers. 
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COMMENT:
 

Causations of natural/physical changes are often manifold.
 

But once there is a specific causation established policy
 

makers ought to act on it.
 

For fisherien one factor causing decline in stocks should
 

be tackled at once. 

COM.ENT:
 

It has been submitted earlier that the early researchers
 

were itinerant and perhaps took data with them. What has
 

been the criteria for research for the EAC institutions
 

or for the KFICI ? 

COMENT: 

As one who has been involved in the EAFFR I agree that a 

priority conference is necessary. There are nfw factors 

such as pollution which should be taken into account now. 

QUESTION: 

Researchers hold that policy makers do not use research 

findings. In turn policy makers argue that research is 

inconclusive. 1ihere are the research findings taken to ? 

ANSWER: 

Research findings are communicated to the policy making 

body - The Fisheries Department, and in some cases they 

have used the information as is the case of control of 

spawning areas mentioned earlier. 

COMMENT: 

There is no agreement as to what the correct procedures 

are for transmission of information from the researchers
 

to policy makers.
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The fact is that there is no communication of that kind in
 

Kenya. Researchers decide what 
they will do unless there
 

is actual specific request.
 

COMENT:
 

This workshop should put together a recommendation on links
 
between the information from the researchers to the policy
 

making machinery.
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ABSTRICT
 

Replicate trawling was done 
in each month at each of 15 locations
 
in Lake Victoria (Kenyan Part) from October 1977 through December
 

1981. In 806 hauls, 392,361 fishes were caught, and 20 species
 

(II families) were identified from the collections, (Haplochromis
 

Bpp. were treated as one group).
 

Movement of Haplochromis out of Nyanza gulf to main lake because
 

of predation from Lates niloticus is suggested. Other movements
 

by Bagrus and tlarias out of the gulf are discussed.
 

Size analysis for some of the nmre abundant species shows that
 

adults and juveniles were found In all areas of the gulf.
 

Nursery ground for Lates niloticus was located.
 

INTRODUCTION
 

In the past the former East African Community carried out
 

Fisheries research which covered the whole of Lake Victoria.
 

But after the collapse of East African Corininity in 1977 each
 

state bordering Lake Victoria was to go it alone. In 1977 the
 

Kenya Marine and Fisheries Research Inst'tute (K.M.F.R.I,)
 
embarked on hottom trawling survey of Kenyon part of Lake Victoria.
 

(Okemwa (1981),)
 

The first lake-wide exploratory bottom-trawl survey of Lake
 

Victoria was made by Bergstrand and Cordone (1971). Later
 

Kudhongania and Cordone (1974) made a generalized botuo,! trawl
 

explerat)ry survey in Lake Victoria to 
define the distributional
 

pattern and magnitude of the lake wide demersal stocks.
 

None of the above lchthofauna studies surveyed all of the bays and
 

shallow areas of less than 5 metres in Kenya water of Lake Victoria
 

with the some sampling frequency. A different sampling frequency
 

in different hobitats (ie. stratified sampling) in Nyonna gulf
 

was applied, and compared with the means of unbiased reconstruction
 

of the whole lake community structure from the previous workers.
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The objectives of this research were to 
ascertain the species

composition, relative abundance, and distribution in Kenyan waters
 
of Lake Victoria.
 

STUDY AREA
 

The study area is 
shown in Figure 1. For 
sumpling and analytical
 
purposes the survey 
area --s subdivided into three tri
jor sub-areas.
 
Trawling stations were arranged according 
to 5m depth intervals.
 

Subdivisions and the density of stations within sub-:7ea 
I were
 
based on 
the location of fish landings set out by Kenya Fisheries
 
Department. 
We attempted to 
sample systematically by trawling in
 
a set direction and at set distance between hauls in 
sub-areas II
 
and III. We had hoped to 
sample the various depths in proportion
 
to their abundance, but 
this goal could not be attained because of
 
commercial gill-nets and shoreline irregularities which our research
 
vessel was 
to avoid when turning.
 

A description of each sub-area with respective sampling density
 
follows:

Sub-area I, included nearshore waters (1-5) metres. 
Sampling
 
density was planned at one station near each fish landing.
 
Sub-area II, covered eareas 
of (6-10) metres.
 
Sub-area III, included areas of ( 
II) metres.
 

GENERAL INFORMATION ONPYSICAL FEATURES AND HYDROLOGY OF THE LAKE 

(a) Fluctuations in lake water level. 

The fluctuations in the water level of Lake Victoria over the 
past 30 years (1935-1965) measured by the Jinja Gauge (Fig. 2)
 
were calculated by Welcormnie (1970). During this period there 
was a well marked cycle of five years periodicity until 1961, 
when a sharp rise in the level occured, and by the1964 water 
level was 1.4 M. above tiny previous record. Subsequently the 
levels had declined, leaving most of the previously flooded
 
areas dry by the end of 1966, Welcomme (1970).
 

The fluctuations in the 
level of Lake Victoria from 1969 to
 
1981 
as measured by the Kisumu Gauge (Kenya Ministry of Water
 
Development, 1981) 
are shown in Fig. 3. 
Water heights in the
 
lake determine the extent of flooding of marginal areas, 
thus
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by calculating back from the previous recorded depths, a rough
 
timetable of the inundation of the shores 
can be worked out.
 
At present the water level in Lake Victoria has not changed
 

very much from the record of 1966.
 

The vegetation that surrounds many of the shallow bays in
 
Nyanza gulf of Lake Victoria was affected by the rising
 

water level.
 

During rainy season, the Lake Victoria water level rises to a
 
maximum and drops the following dry season (Fig. 3). With
 

the rise of lake water level during rainy season in Lake
 
Victoria (Kenyan Part), large areas occupied by papyrus and
 
Vissia cuspidata are dislodged, floating freely to 
different
 
areas of the lake with the continued rise in lake water level.
 

In dry season some of the papyrus either die leaving shallow
 
inlets and pools within the Nyanza gulf, or are planted in
 
different shallow areas awaiting next rains and the cycle
 

continues.
 

(b) Solar radiation
 

The solar radiation in Lake Viatoria for over 12 years 
as
 
measured by the Kisumu Solarimeter (Kenya, Hydrometeorologica


1
 
Department) are shown in Fig. 4. 
The average value for
 

- 2
radiation is 450 (ca/cm ).
 

There is a negative correlation between monthly solar
 
radiation and monthly rainfall in 
the lake. There were high
 
values of solar radiation during periods of rainfall minimum.
 

(c) Rainfall
 

Rainfall 
in the Nyanza gulf of Lake Victoria from 1970 to
 
1981 as recorded by Kenya Ilydrometeorological Department
 

is shown in Fig. 5. 
The amount of rainfall in the lake
 
basin varied from a minimum of 6.3 cm to a maximum of 394.1
 

cm with a irean value of i09 Z 89.3 cm. 

The rain pattern in Lake Victoria can be classified into
 

two seasons, rainy nnd dry.
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(d) 
 Surface water temperature
 

Surface water temperatures of Nyanza gulf of Lake Victoria
 
in the period 1977 to 1981 
is shown in fig. 6. The monthly
 
mean 
surface water temperature was variable, rising to
 

32.3 0 C and dropping to 16.70C.
 

MATERIALS AND METHODS 

Okemwa (1981) described the methods that were employed for 
this
 

survey. 

The trawl used throughout had a 13
.7m headrope and 38mm mesh codend.
 
Bottom trawls 
were made at approximately 2.5 knots for a period of
 
30 minutes at each location. Specimens in each sample were sorted
 
to 
species except Haplochromis app. and individuals of each species
 
were counted and weighed to 
the nearest 1 gram.
 

Length was determined for about 50 specimens of each species, and
 
when less than 100 specimens were available all were measured.
 
Total length was measured for all 
specimens except Labeo victorianus
 
and Snodontis spp. where fork length 
was used.
 

STATISTICAL TREATMENT OF RESULTS
 

The sample frequency distribution of the number per haul 
from
 
Kenyan waters of Lake Victoria was Poiseonian and suitable for
 
stratification.
 
The cumilative 


- rule of Dalenius and Hidges (Cochran 
1963) was applied. 
When we come to the problem of finding confidence intervals for 
f, our path is again smoothed by the fact that when f is large the
 
Poinson distribution tended to normality..'.'
 

The following notation is used:
 

For Stratzm X(X=I,2,3). 

Nx - total number of hauls 
nx = number of hauls in the sample 

Yxi = number of fish in haul i. 

Nx 
N 

= Stratum weight 

Yx - nx Yxi 

nx Sample mean 
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The mean number per haul for the whole area is now estimated by 

the weighted mean
 

3 
Yw - Nx Yx 

x-1
 

Differences in 
the mean catch per haul between locations were
 

tested with the Student-Newman-Keuls Test (Sokal and Rohlf 1969). 

Abundance by sampling month was plotted for those species 

represented by 2 or more individuals.
 

Non-parametric test, such as Contingency table tests was applied 

to compare fish length distributions.
 

RESULTS 

FISH CATCHES
 

The total catch of fishes for the years' day tra.l collections
 
(338 samples) was 392,361 individuals. They represented 20
 

species and 11 families of freshwater fishes. The catches are
 
summarized by species in tables 1 and 2. 

In 1977 the 
two most abundant species were (Lates niloticus and
 

Haplochromids) which made up 14.37., and 63.3% respectively of the
 

total catch (78.1 kg/hr). The catch rate changed tremendously
 

in 1981, Lates niloticus, Sarotherodon niloticus and Haplochromids
 

represented 95.17., 4.47., and 0.0% respectively of the total catch
 

of 177.9 kg/hr (table 1).
 

There were statistically significant differences between the
 

mean 
total catches of 8 species in various stations in Nyanza
 

gulf (table 3).
 

Figure 7 shows total monthly catches of different species between
 

(1977-1981) in the Kenya part of Lake Victoria.
 

Chi-square test was used to test species proportions in Nyanza
 

gulf (table 4). Comparative catch rate between day and night,
 

and period (1971 and 1981) for two sampling occassions (Cordons
 

and Kudhongania, 1972) are shown in table 5.
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The catch rates (kg/hr) for Barus and Protopterus increased
 
in night and decreased during the day, and the reverse 
is true
 
for the rest of the fish species (table 5). Comparing species
 
composition in 1971 and 1981 
it is clear that all 
indigenous
 
fish species have disappeared from Nyanza gulf while the
 
introduced Lates niloticus has colonised the gulf (table 5).
 

The species composition 
in 1977 and 1981 differed slightly i.e.
 
in 1977 we 
recorded 18 species, whereas 6 species were collected
 
in 1981. 
Species diversity progressively decreased with time
 

in Nyanza gulf (table 1).
 

DISTRIBUTIONAND ABUNDANCE:
 
Out of 338 trawls, only two 
specimens of Sarotherodon esculentus
 
were caught. Sarotherodon leucostictus was 
found in stratum III
 
at 3m depth.
 

Tilapia zilli and Sarotherodon variabilis were found in the 
depth range of (0-9 )m. Sarotherodon niloticus inhabited a
 
wider depth range of (l-14)m.
 

Very few numbers of Alestes 
pp., Mastacembelus frenatus and
 
Schilbe mmymtus were 
caught in the Lake (Table 1) during the
 
period (1977-1981). Xenoclarias app. was only found in offshore
 
waters of 15m depth, while Mastacembelus frenatus had the
 
narrowest bathymetric distribution (0-4.).
 

Seasonal changes in abundance and composition of the fish fauna
 
of Lake System occured during the survey. The catches by
 
seasons for all species are listed in Table 2, and the percent
age of the 
total catch of fishes and the total number of species
 
are shown in Figure 8. 
With the onset of dry season, the grouped
 
percentage of total catch for all the months declined to 
a lower
 
value of 22.4%.
 

In 
the rainly season, catches were highest, 77.6. of the total.
 
Only in the dry season did we observe a slight change in the
 
number of species in our collections. 
The number of species was
 
19 in the dry season, while it was 20 during the rainy season
 

(Fig. 8).
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Abundance in dry and rainly season for those species that were
 

represented by 1000 or nre individuals (Table 2) and arranged
 

in order of decreasing magnituet were as follows: Haplochromide,
 

Lates niloticus, Bagrus docmac, Synodontis 2M., Sarotherodon
 

niloticus, Sarotherodon variabilis, and Clarias moesambicus.
 

FREQUENCY DISTRIBUTION:
 

From the data of the survey 1981 3 strata have been constructed
 

by using the cumulative Vt - rule. All the hauls taken from
 

Nyanza gulf of Lake Victoria have been considered under:
 

Stratum I: 1-5 n1 = 74 hauls
 

Stratum II: 6-10 n2 = 62 hauls
 

Stratum III"> 11 62 haulsn 3 

The individual hauls are classified into the three strata as 

given in Table 6. The mean number per haul and its confidence
 

limits with variance are calculated and given as:
 

Yw = 815.83 

Var Yw 8253.57 

90% confidence limit of Yw = 815.83 + 149.9. 

SIZE
 

Comparisons of lengths distribution of the very important commer

cial species were made between different sampling areas (Tables
 

7-12).
 

The meun total length for (Lates niloticus, Bagrus docmac, Clarias
 

mossambicus, Sarotherodon niloticus, Sarotherodon varisbilis and
 

Tilapia zillii) were tested and these dista were compared brcween
 

locations (Table 13). In general, the smaller individuals of most
 

fishes were found in shallower areas in the Nyanza gulf and the
 

larger fishes were more frequently observed in all areas in the
 

gulf.
 

No significant differences in comparisons of mean total lengths
 

between locations were found for Clarias mosambicus and Begrus
 

docmac.
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Lates niloticus were found in aggregation of a cohort of many
 
juveniles with 2-'iadults. 
 In some cases juveniles and adultL
 

were moving separately.
 

Two largest fish species ever recorded in Lake Victoria were
 
caught during this survey: Sarotherodon variabilis which was
 
albino was caught at Kaloka in July, 1980, with a length of
 

44.7 cm and weighed 1.7 kgs; Bagrus docmac was caught at Usoma in
 
May 1980, with a length of 98 cm and weighed 15 kgs.
 

DISCUSSION
 

Between 1961 and 1964 the water levels of Lake Victori& increased
 
tremendously. This increase produced changes around the lake
 
shoreline creating new habitats in the 
form of papyrus swamps and
 
lagoons (Fig. 1). Chemically and Physically these new regions
 
resembled small tropical fig, ponds, with a nocturnal reduction
 
in both dissolved oxygen and temperature (Welcome 1970).
 

Protopterus aethiopicus and Clarias mossambicus have inhabited
 
papyrus swamp in Nyanza gulf (Fishermen - Per. Conn.). The mat
 

of floating vegetation or papyrus swamp, by reason of the dc
oxygenated conditions that exist under it, 
acts as a form of
 
biological filter. 
 Thus, fish from the lake can only penetrate
 
to the swamp or !loating vegetation if they can tolerate the low
 

de-oxygenated conditions.
 

The effect of floating papyrus in the lakes, 
is that they take
 
away fish nets, block trawl net during trawling operation, and
 
become barriers to beaches used for beach seining and fish landing.
 

The suggestion has been made by Beauchamp (1958), that a great
 
improvement in fish production would result if the papyrus, which
 
blocks most of the shallow water bays and inlets in the lake,
 
were either totally or partially cleared. The waters that have
 
come into existence, 
as a reult of the recent rises in lake
 
level, resemble those that would be produced by such partial
 
clearance, and those waters or 
lagoons have infact become colonized
 
by several species of fish. 
 Sarotherodon leucostictus, Haplochroms
 

spp. and other species. This observation agrees with, the finding
of Welcomme, (1970). Species diversity decreased with increase of
 
depth. Movements or migrations fish species are suggested and are
 
probably related to depth and predation (from Lates niloticus).
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The decline and gradual disappearance of Haplochromids (prey)
 

from shallow areas (Nyanza gulf) which hitherto had formed the
 

greater percentage of the Nyanza gulf catch was followed by
 

rapid growth in numbers of Lates niloticus (predator) (Okemwa, 1981).
 

High catch rates of Haplochromids were found in the main lake
 

where Lates niloticos does not occupy because of depth intolerance.
 

A corresponding increase of catch rate was observed in the main
 

lake for Clarias mossambicus and Bagrus docmac (both predators).
 

It could suggest that the two predators moved away from areas
 

where Lates niloticus occupy, because of competition from the later.
 

It is suggested here that Lates supports the inshore water fishery
 

of Lake Victoria, while Haplochromids supports the offshore water
 

fiehery.
 

Powell (1977) suggested that Clarias and Bagrus have declined
 

recently in the Nyanza gulf. 
 Okemwa (1981) reported that Haplochro

mids have disappeared from the Nyanza gulf.
 

It is suggested here that Clariae, Bagru and Haplochromids have
 

moved from Nyanza gulf to the main lake.
 

There were seasonal variations in the ibundance and species
 

composition in our catches (Fig. 8).
 

Adults and juveniles of all fish species were found in all areas
 

in Nyanza gulf. The notable occurrance of juvenile forms (3.5 
-


25.0 cm) of Lates niloticus in our trawl samples and in all months
 

throughout the year suggests that Open Water (Homs 
- point to
 

Mbita Light house), and Rusinga Channel provided a nursery ground
 

for this species.
 

The catch rate (Kg/hr) of Sarctherodon niloticus and S. variabilis
 

also portray seasonal variations with higher catches occurring
 

during the rains.
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Table 1: 
 Monthly mean catch raten in kg/hr of fishes caught in bottom trawling in
 
Nyanza Gulf of Lake Victoria Konya portion. 

PERIOD 1977 1979 1981 

No. of Trawls 167 107 64 

Mean SD )% Mean SD 7 Mean 8D % 

SPECIES 
Alestes spp. 0.1 0.1 0.1 0.0 0.0 0.0 0. 0.0 0.0 
Bagrue ocmac 6.1 4.7 8.6 3.7 2.2 7.5 0.5 0.3 0.2 
BarbuL altianalas 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 
CLARIAS MOSSAKBICUS 2.7 1.4 3.5 1.2 1.1 2.3 0.2 0.4 0.1 
llan lochromis app. 49.4 39.6 63.3 6.7 8.9 14.5 0.0 0.0 0.0 
labeo victorianus 0,3 0.2 0.4 0.2 0.1 0.4 0.0 0.0 0.0 
Lates niloticua 11.2 8.4 14.3 34.6 15.8 70.3 169.1 48.4 95.1 

_9__r__ kannume 0.4 0.1 0.5 0.0 0.0 0.0 0.0 0.0 0.0 
matacembello frenatus 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 
Prot erus aethiopicu 1.1 2.1 1.4 0.0 0.0 0.0 0.0 0.0 0.0 
Sarotherodon leucostictus 

Sar*therodon ailloicuH 

0.1 

3.0 

0.1 

2.5 

0.1 

3.9 

0.0 

0.7 

0.0 

0.6 

0.0 

1.4 

0.0 

7.9 

0.0 

9.1 

0.0 

4.4 
Sarotherodon variabili 
SchiLbe myntu! 

. 1 
0.2 

1.0 
0.1 

1.4 
0.2 

0.7 
0.0 

0.5 
0.0 

1.4 
0.0 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

ynodontis afrofischcri 0.4 0.6 0.5 9.7 1.1 1.4 0.1 0.2 0.1 
Syndontis victoriae 0.9 1.5 1.2 C.5 0.3 0.9 0.1 0.2 0.1 
Tilapia. z;ilii 0.2 0.2 0.2 0.1 0.2 0.1 o.0 0.0 0.0 
Xenoclar-as spp. 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 

Avan total catch in kg/hr 7849.1 177.9 74.7 100 

' cies diversity 18 10 
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Table 2: Seasonal catches by numbers of fishes in Lake Victoria Kenyan
 

Part (1978 - 1979).
 

SEASONS
 

SPECIES
 
RAINY ** DRYTOTAL 

Alestes app 6 1.1 2 1.0 8 

Barbus app 690 1.4 22 1.0 712 

Bajvus docmac 4482 80.1 2170 64.0 6652 

Clarias mossambicus 1457 22.0 788 13.0 2145 

Labeo victorianus 895 4.0 324 1.0 1219 

Lates niloticus 26577 100.0 16122 98.4 42699 

Haplochromids* 260316 100 64897 93.4 325213 

Mastacembelus frenatus 7 1.0 4 0.0 11 

Mormyrus Kannume 115 5.0 1 1.0 116 

Sarotherodon esculentus 1 1.0 1 1.0 2 

S. leucostictus 12 3 28 2.0 40 

S. niloticue 2688 747 1049 65.3 3737 

S. variabilis 1689 3.6 712 2.0 2401 

Protopterus aethiopicus 4 1.0 1 1 5 

Schilbe mystus 260 6.1 38 2.0 298 

Synodontis afrofischeri 2071 20.1 710 11.0 2781 

S. victoriae 2342 23.2 501 12.1 2843 

Tilapia zillii 506 7 221 4 727 

Xenoclarias app 46 2.0 0 0.0 46 

Engraulicypria argentus 506 9 200 5 706 

Total catch 304,570 87,790 392,361 

Percent of total catch 77.6 22.4 100 

Number of species 20 19 20 

Percent of total epecies 100 95 

*Iaplochromids were treated as ono group, because of identification
 

difficulties.
 

** Bottom trawl percentage frequency of occurrence.
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some fishes between
 
TABLE 3.: 	 Comparisons of mean total catch (Kg/hr) 

of 


locations caught by trawling in Nyanza 
gulf of Lake Victoria
 

(1977 - 1981).
 

Degrees
 

Location, mean total 
catch ()
 
C IE Sof
S P
SPECIES
 

Freedom
and significant 	lines* 


Bagrua docmac (1.9) 
2 

(3.8) 
1 

(6.4) 
6 

(16.6) 
14 

(16.0) 
13 

44 

Clarias mossambicus (0.4) (0.2) 3.4 1.9 2.6 45 

3 2 14 15 11 

Haplochromids (1.2) 

5 

(0.7) 

2 

(1.2) 

1 

(6.7) 

6 

4.2) 

3 

(125.6) 

14 56 

Sarotherodon niloticus (1.0) 
6 

(1.0) 
4 

(1.3) 
1 

(2.6) 
3 

(4.2) 
5 

(8.0) 
12 36 

Sarotherodon variabilis (3.1) 

10 

(1.6) 

12 

(0.3) 

1 

(0.4) 

3 

(0.2) 

5 

(0.7) 

4 32 

Synodontis afrofiecheri (0.1) 

2 

(0.2) 

4 

(0.2) 

3 

(0.2) 

1 

(0.1) 

2 

(0.4) 

6 

(3.2) 

5 40 

a2dontis victoriae (0.2) 

1 

(0.1) 

4 

(0.3) 

3 

(0.3) 

6 

(0.4) 

2 

(4.2) 

15 44 

Tilapia zillii (0.1) 

3 

(0.3) 

1 

(0.4) 

2 

(0.4) 

10 46 

(47.8) (96.2) (64.8)
(31.4) (34.0)
Total catch 

7 10
12
6 5 


the same line have been tested and found to 
be
 

* 	 The location underscored by 

- Newman - Keuls Test) but 
,ignificantly similar at the 5% level, (The student 


differing from the next group of localities, 
underscored by different line.
 

50 
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TABLE 4.: 	 Chi-square in testing the significance of the difference
 

between proportions.
 

S P E C I E S df x 2 Contingency 

coefficient 

P 

Lates niloticuo vs Sarotherodon 

niloticus (1) 

Bagius vs Clarias (1) 

Labeo tip.vs Schilbe mystus 

Synodontin spp. vs Sarotherodon 

variabilis (1) 

Lates niloticun vs Sarotherodon 

niloticun (2) 

Bagrus vs Clarias vs Labeo sp. (2) 

Schilbe vs Synodont,, app, vs 

Sarotherodon variabilis (2) 

5 

5 

5 

5 

13 

10 

10 

19.71 

37.82 

4.5 

61.36 

318.11 

12.81 

24.62 

0.33 

0.53 

0.33 

0.53 

0.29 

0.51 

0.59 

* 

* 

n.e 

** 

n.a 

(1) Sample tested that of 1977 

(2) Sample tested that of 1981 

• Tested and found to be significant at P = 0.01 

•* Tested and found to be significant at P = 0.001 

n.n Tested and found to be not significant at P = 0.05. 
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TABLE 5.: Comparative catch rates in kilograms per hour for 
38 mn codend mesh nize fished along the same 
transect at three
 
different locations in Lake Victoria.
 

Location
 

(depth fished, m (4-6)e)Ho-Bay Home-Bay(4-6) (1) Ho-Bay * Homa-Bay(7-12) , Northeast of(1) (2) Homa point Madundu point (1) 
" 
(7-12) ** (11-18)
 

Codend mesh size (m) 
 38 38 
 38 38 38 38
 

Time of day (hours) 0800-0900 I 0800-0900 
 1700-1800 
 2245-2345 1115-1215 1115-1215
 

Haplochromids spp 
 0.0 150.0 
 0.0 82.0 
 j0.0 316.0
 
Tilapia esculents 
 0.0 40.0 
 0.0 0.7 0.0 
 -
Bagru. docmac 
 0.8 11.5 
 0.2 28.0 0.0 
 136.0
 
Clarias mossambicus 
 0.0 9.0 
 0.0 6.0 0.0 
 16.0
 
Protopterus aethiopicus 
 0.0 10.0 
 0.0 45.0 0.0 
Synodon tis victoriae 0.0 

14.5 
0.4 0.1 0.1 0.0 1.0

Lates niloticus 101.4 1.4 227.2 1.5 689.4 1.3
All except Haplochrois 102.2 
 72.3 
 227.4 
 81.3 689.4 168.8
 

1. 
 All hauls made WiLh the 24 m trawl in Nyanza Gulf, Kenya.
 
2. Comparisons made during night hours.
 

* Source: Cordone and Kudhongania, (1972).
 

** Present research.
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TABLE 6.: Classification of the individual hauls from the 1981 survey.
 

Individual hauls per stratum
 

STRATUM I STRATUM II STRATUM III 

80 98 24 528 838 710 1046
 

76 80 80 440 458 210 2100 1456
 

173 155 266 120 222 176 1100 2010 

78 38 84 512 268 356 1101 12091 

72 108 56 230 324 1120 1221 

334 170 130 118 172 196 1760 1620
 

54 22 82 172 128 1247 1448
 

170 76 46 506 116 1144 3121
 

94 156 20 826 202 11108 1210
 

58 20 110 460 342 1360 1680
 

58 132 76 432 710 340 1280 2160
 

70 56 106 413 118 320 1100 2441
 

52 86 36 80 1186 236 1421 4588
 

46 72 62 360 508 288 5744 1260
 
148 164 94 104 630 1950 2850 

44 44 62 
108 

50 62 74 1110 134 1625 1884 

74 141 2 318 568 3120 

110 92 150 

34 56 68 204 382 

127 97 75 

61 89 

nl - 66 = 44 n3 33 

Y1 = 89.21 Y2 =371.84 Y3 = 2127.09 

n2 = 

S12 = 3080.29 S22 = 2
65317.39 S3 = 3,700,227.9 

http:65317.39
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TABLE 7.: Length distributions of Lates niloticus caught in Trawls around Nyanza Gulf of Lake Victoria during the period 

1977 - 1979 

Area 
Season 

Dunga 
Jan - Dec 

Kaloka 
Jan - Dec 

Kendu Bay 
Jan -Dec 

Open Water A & B 
Jan - Dec 

Sau.go 
Jan Dec 

Usoma 
ian - Dec 

Year 19771 178 197S 1977 1978 1979 1977 1978 19791 19771 1978 1979 1977 1978 1979 1977 1978 1979 

5 
i0 

2 2 
20T 

123 4 15 
49- 111 

- 2 126O-107 

1 

29 

7 

269 

461 
109 

24 
131 

51 

12 

54 

34 7 
T21. --M 
83 40 

5 

100 

31 

31 
iBT 
25 -

5 

120 

24 
5Z 
53 

20 

25 

30 

335 

45 

3 

69 

73j 

5 

"35 

13 

66 18 

51 24 

23 19 

16 4116-
20 

7 25 
7 

1 

24 

2 

18 
11 

-

88140 

103.,,---- -8 __ 

41 37 

30 23' 
27 

27 
27 

29 

18 

20 

5 

5 

-117 

58 

11 

4 

6 

29 

31 

35 

14 

8 

4 

3 31 

3 9 

2' 9 

3 6 

8 

3 

36 42 

36 16 

18 11 

231 

38 1127 
52 

34 

5 

3 

2 

2 

1s 

17 

7 

3 

1 

5 

48 

42 

41 

37 

17 

19 

105 

86 

38 

30 

28 

26 

16 

17 --

19 

47 

15 

6 

1 

50 2 2 29 7 11 25 2 8 t '47 1 4 3 3 14 3 

CO 55 1 1 12 1 4 15 1 1' 43 2 6 2 3 8 

60 2 1 2 4 1 9 1 24 1 8 2 

65 2 8 1 1 9 1 4 1 

70 1 2 1 2 

75 

80 

85 

Mean weithtSample ih kR hr 

n c are covere 

17.5 

53.2 

7 

87.4 

1 1 

22.21.1 

30.4 145.6 

1 

19.1 

87 

1 

1 

3437 

5 I . 

13 

3 

2 

.4.3 

1 

1 
4 
1 

2.46. 

2 1 

2 

13.6.36. 
87.4 3 



TABLE 8.: 
 Length distributions of Begrus docmac caught in Trawls around Nyanza Gulf of Lake Victoria during the period 1977 
- 1979. 

Area 

Season 

Dinga 

Jan - Dec 

Kaloka 

Jan - Dec 

Kandu Bay 

Jan - Dec 

Open Open Water A & B 

IJan - Dec 

Sango 

Jan - Dec 

Usoma 

Jkn - Dec 

Year 1977 1978 19791 1977 1978 1979 1977 19782 1979 1977: 1978 *1979 1977 1978 1979 773 
10 

15 

20 

25 

9 

33 

2 4141 

42 

29 

24 

31 

37 

3 

3 

8. 

7 

1 

5 

9 

25 

14 

13 

23 

18 

2 

8 

8 

13 

48 

62 

16 

2 

53 

62 

45 

43 

5 

10 

14 

5 

4 

11 

6 

23 

19 

23 

33 

29 

3 

1 

7 

9 

11 

15 

33 

15 

51 

39 

32 

29 

2 

1 

3 

37 

53 

51 

42 

28 

28 

25 

17 

1 

1 

? 

30 

35 

40 

33 

28 

23 

50 

39 

16 

9 

5 

7 

16 

12 

8 

16 

17 

13 

2 

4 

2 

7 

2 

5 

43 

35 

23 

9 

3 

3 

13 

24 

20 

63 

58 

46 

12 

7 

17 

14 

16 

14 

21 

15 

20 

6 

6 

7 

35 

27 

21 

8 

3 

4 

2 

3 

2 

m 45
50 

33 
27 

26 
5 

5
2 

3 
5 

6
2 6

4 9
3 3

2 17
12 21 7.25 6 

, 4 7
48 19 3

" 1 

55 2 2 1. . .! 

in Het 
SampKg/e ri 

53- 8.
1 .8. 45.63 8 3 1.32 . 6 3 2 9 6.8 

t e c 
18. 6 . 4. 8 

-L 4 
. +I. . 

in~~H et r 3 3 8 .- 0 4 E . 1 7 3 . 43.7 4H739. 99 " 17 . 1. . .! 8a. 34.2 43. 7 87.41 32 3 
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TABLE 9: Length distributions of -Clarias E 4-moasambieusc 8ht in Trawls around Nyanza Gulf of Lake Victoria during the periodPAE4 
1977 - 11979. 

Area 
 Dunga Kaloka Kendu Bay 
 Open Water A & B Sango Lsm
Season 
 Jan -Dec Jan -De-- Jan Dec 
 Ja De 
 JnomDc 
 a e
 
Year 
 1977 1978 1979 
 197 1978 1979 1977 
 Iq78 1979 19"771 1978 1979 
 97 1978 1979 17 98 17
 

5
 

10 11
 

15 3 i 27
 
20 611192 2,1 - 3'2
 

3 0 4.
~35 7_ 3 1 2 6 i 1 2 .. . .9 4522 14 -T 
 - _, T7i2,
l1 
 19 --2---I 22 
 1 1 'U 2 3 1 13 

40 8 33 1 
 1 
5 11 2 1 

0--
 4. - i 2 1 4 1 

75
 

80
 

Mean weight 
 "
 
S ml/ r inK 1 4 .12.6 
 1.6 0 2 3.6 1 .91. 
 2.3 '1.1 .
Total Area--- . . 34 1.
-" --- " ---- " .
 

1-

Covered in Hectare 
5. 874 30.4 
 .7 123 43.7 87489. 3 14. 2 18 8. 3. 
 32.3
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TABLE 10: 
 Length distribution Gf Sarotherodon niloticus caught in Trawls around Nyanza Gulf of Lake Victoria during the period 

1977 - 1979. 

Areao Dung Kaloka Kendu .Bey 0pe Water A & B 
 Sango Uaua
Season Jan - Dec Jan - Dec Jan - Dec Jan - Dec Jan - Dec Jan - Dec 

Year 1977 1978 197 1977 1978 1979 1977 1978 1979 1977 1978 1979 1977f 1978 1979 1977 1978 1979 

5 2 14 8 3 5 5 

10 65 10 4 35 54 84 8 1 1 1 1 i5 2 134 22 1 
15 36 4 1 2 6 23 74 13 2 1___1 8 1 __8 

20 1 4 1 115 8 1i 3 1 120 10 3 

25 
 2 1 3 45 
 4 271 1

V5 - _i_- 71 


30 2 
 2 2 2 
 2 3 41 
0 3 5 3 1 i 

.3 1 1 4 2
40 5 
 2 
 2 
 3 19
 

65 2 1 
 1 
 1 6
 

Mean weight
 
Sample in Kg/hr 2.6 0.4 1.3 0.8 1.3 4.2 
 1.0 1o8 1.0 1.0 0.9 1.0 1.0 0.3 
 8.0 0.9 0.1
 

Total Area
 
covered 
Hec tare 

in 
53.2 87.4 30.4 45.6 81.7 32.3 43.7 
87.4 39.9 89.3 178.6 34.2 '41.8 81.7 34.2 43.7 57.4 32.3 

- _______. _____F.____ 
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TABLE 11: Length distribution of Tilapi. zillii caught in Trawls around Nyanza Gulf of Lake Victoria during the period 

1977  1979. 

Area Dunga Kaloka Kendu Bay Open Water A & B Sango Usoma 

Season Jan - Dec Jan - Dec Jan - Dec Jan - Dec Jan - Dec Jan - Dec 

I1 91979 1 is 1 1978 1979 

Year 1977 1978 1979 1977 19781 79 1977 1978 1979 1977 1978 1979 1977 197819771 1978 1979 

1 1 19 2 2 
= 10 1 1 5 48 1 1 2 2 3 

S 15 12 8 23 1 2 2 2 1 

C t 20 2 4 1 1 1 

25 

Mean weight 

Sample in Kg/hr 0.2 0.2 0.5 0.1 0.1 0.7 0.1 0.1 0.1 0.1 0.3 

Total Area 

covered in 

Hectare 53.2 87.4 30.4 45.6 81.7 32.3 43.7 87.4 39.9 41.8 81.7 34.2 43.7 87.4 32,3 
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Length dietribution of Sarotherodon variabilis caught 
in Trawls around Nyanza Gulf of Lake Victoria during the
 

period 1977 - 1979.
 

TABLE 12: 


Open Water A & B Sango Usoma
 
Dungi Kaloka Kendu Bay


Area 
 Jan - Dec
Jan - Dec- Dec- Dec JanJan - Dec JanJan - Dec 

1977 1978 1'-a 

Season 


1978 11979 1977 i978 1979 1977 1978 1979

1978 1979 1977
1977 -978 1979 1977
Year 


' 5 I 
24 


1310 2 4 
3 1410i 

15 54 2B 43 10 

15 31464 6 
e20 2-5 1-8 39 16 

1
25 i I 6 4 
r 

Mean weight
 

0.7 0.4 0.2 0.3 1.4 0.6 0,.
1.5 1.6 0.1 0.6 0.2 0.3 0.2 

Sample in Kg/hr 3.1 1.6 1.0 1.0 

Total Area
 

covered in
 
87.4 39.9 89.3 175.6 34.2 41.8 817 34.21 43.7 87.4 32.3 

31.7 32.3 431.7
Hectare 53.2 87.4 30.4 45.6 
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TABLE 13: Comparisons of mean total length 	(cm) of some fishes caught by trawling berveen locations in Lake Victoria
 

Kenyan Part, 1977 - 1981.
 

S P E C I E S Location, mean total length C) =nd significance 1ines * 	 Degrees of 

Freedom 

Bagrus docmac 	 Luanda Mirunda Main Homna-Bay Mbita
 

Naya Bay Lake
 

(29.5) *6.5 (10.6) +5 (26.9) + (34.5) :5.6 (30.5) +4.1 10 

Clarias mossambizu. 	 Asembo Main Mb!ta Mirunda L'anda
 

Bay Lake Bay Naya
 

(39.9) +9.1 (39.8) +7.1 (37.5) +9.9 (38.6) +8.9 (41.5) +10.1 16
 

Lates niloticus 	 Asembo Mirunda Usoma Homa Point Luanda
 

Bay Bay Naya
 
(31.4) +27.2 (36.0) +29.1 (44.4) +34.6 (75.2) +26.8 (85.1) +19.3 10
 

Sarotherodon niloticus 	 Asembo Kaloka Kendu Mirunda Luanda
 

Bay Bay Bay Naya
 

(16.5) +7.8 (21.8) +5.6 (24.1) +4.0 (30.1) p10.1 (3b.9) +11.3 22
 

Sarotherodon variabilis 	 Luanda Mirunda Mbita Kendu Kaloka
 

Naya Bay Bay
 
(22.6) +3.6 (23.4) +4.0 (21.5) +2.0 (19.2) #3.8 (19.3) +4.0 24
 

Tilapia zill-i Mbita 	 Asembo Luanda Mirunda
 

Bay Naya Bay
 
(15.7) +3.1 (13.8) +4.6 (16.0) -3 (17.8) +4.1
 

• The location not underscored by the same line are significantly different at the 57 level. (Contingency table tests).
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INTRODUCTION:
 

A water body is a dynamic system whice. .nvariably absorbs
 

a range of solids, liquids and gases, both natural and
 

man-made. In addition, natural waters usually team with
 

living organisms which can radically affect the course of
 

events in that particular water system. All of these
 

substances animate and inanimate, may flow, disperse, and
 

interact physically and chemiually, before they reach a
 

sink, 	such as a lake or ocean; or before they reach
 

receptors such ar 
 luatic fauna or flora. Enroute from
 

source to receptor, these substances may assume a variety of
 

physical and chemical forms.
 

Water 	as 
1,,0 is a chemical compound of unvarying composition.
 

Consequently, natural waters are 
never pure. A water is
 

regarded 
as impure or polluted, by one or more substances,
 

if it is found to be unsuitable for its intended use e.g.
 

for domestic, industrial or agricultural use; or for
 

propagation of aquatic animals and wildlife; 
or for reaction
 

and other miscellaneous purposes. Pollutants of air and
 

soil invariably pollute waters by being carried by rains
 

and washed into rivers, lakes and oceans.
 

Pollution is generally associated with heavy industriali

sation and dense population. Thus all those ghastly 

pollutants in domestic and industrial effluents whose most 

favourite disposal routes are sewers, ultimately end up in
 

streams, rivers and thence 
to lakes and oceons. Pesticides
 

applied ont crops, or unwanted chemicals or wastes buried
 

in the 
ground often get washed off, flushed and transported
 

by waters to water bodies. 

The principal pathways for polluting substances to reach 

a water body are :

(a) 	 Discharge into the aquatic environment of domestic
 

sewage whica contain pathogens and Bo cause bacterial
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pollution and its deadly waterborne diseases such as
 

cholera and typhoid. 

(b) 	 Discharge into the aquatic environment of industrial
 

effluents which contain heavy metals and other toxic 

chemicals which affect man if he uses the water directly 

or eats aquatic plants or animals (food chains) which
 

have absorbed and even concentrated these chemical
 

pollutants.
 

(c) 	 Accumulation of organic pollutants or wastes or certain
 

nutritive salts or ions, which deoxygenate the ,quatic
 

environment and so cause gross eutrophication and build
 

up of reducing compounds such as methane, ammonia and 

hydrogen sulphide - processes which kill off certain
 

organisms living below the oxygenated surface water 

layer.
 

(d) 	 Accumulation of other loc,.lised pollutants such as
 

petroleum oils and their products, and hot waters from
 

power plants.
 

(e) 	 Pollution of watera and food chains there-in, by direct 

entry, run offs or streaming of pesticides used in the 

many control progrnmmes against numan and endemic 

diseases, as well a against agricultural pests. 

Almost all these pollutants, |bo they chemical or micro

biological, have devastating effects on human health and 

on lives of other organisms living in or depending on 

aquatic environmients. For a long time, it was assumed that 

Africa was safi from this modern-day ill. But, infact the 

more under-developed a country is, the more vulnerable It 

is to the harzadour effects of these pollutants. This 

calls for preventive measures to avert such portending 

dangers. BuL which measures, against which of the hundreds
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possible pollutants, responsible for which harzadous
 

effects? The answers needed for these questions are
 

subtle rather than simple, and scientific rather than
 

political.
 

The answer is constant monitoring and assessing of the
 

aquatic environment. This concept holds that no one can 

manage, modify, or repair anything, or indeed fight any 

enemy, unless orl has a through understanding of the enemy. 

This flmndamezital datmi of experience applies to clocks, 
engines and environments. The aim of monitoring water or 

any other environment. is to be able to detect trends, predict 

events and to provide decision makers with sound information 

upon which to base environmental action plans. 

Ideally, assessment begins with a pr.liminary examination 

of the problem, i.e., what precisely is it ? What are its 

priorities? What knowledge is presently avail.able on the 
subject? This invariably leads to an enquiry into cause 
and effect, followed by prepounding a hypothesis, and 
instigative! research into the processes which may be causing 

the problem, followed by monitoring, so as to keep track 

of the processes as they are identified. As information is
 
gathered, a synthesis of knowledge about the problem becomes
 

possible. !W.';th this knowledge, one can determine the scale 

and nature of the problem and predictives made of future 
trends, and of corrective action available to decision 

makers. Finally, corrective actioi, too will have to be 

monitored, and its effects assessed. 

The problem may be neurological or even carcinagenic effects 

caused by high levels of organochlorine compounds such as 
DDT, PCIs, etc. ia water; or skeletal deformation caused 

by excessive fluoride; or dental cavities caused by total 
defficiency of fluoride; or nethaemoglobinaemia caused by 

excessive nitrate, in water, etc. The mooitoriizg tool for 
the water; or the monitoring tool for the organism living 

therein, or for man who suffers from ingesting the polluted 

water, is a:l analytical laboratory. 
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It is an opel secret that Africa has too few analytical 
facilities to perform the indispensable joh of monitoring
 
our aquatic environment. Consequently, there are too many
 
gaps in our knowledge of tile pollution state 
of African
 
waters. As 
 such, it is very difficult for most African
 
countries today 
 to evolve a plausible action plan to protect 
and manage their aquatic enivironments before fill Lng in
 
these gaps. h~orkshlops, such as this offer good 
 opportunities 
to exchange valuable information with which to fill such 
gaps. Tids paper outlines a few pieces of information
 
known in Tanzania, about the 
 Lake Victoria basin. 

SOMP. FACTS ABOUT LAIKE VICT0,!IA: 

Lake Victoria is a vast shallow depression with a surface
 
area 
of 69,000 sq. km situated between the two big rifts of
 
equatorial Africa at 
an al titude of 1,140 m. It was formed
 
through the uptLifling, 
 of the rifts during tile miocene
 
period of the torti ary 
 ara. The maximum depth is 80 n and 

tthe average depth Om. '[he open wat,:r is bounded, ospecially 
along the southern, north1l-western and northern shores by
 
large and shallow swampy bays which occupy 
a high portion of
 
tile total area and are 
 ecologically different from tile open 

water.
 

The main input of water is direct rainfalL. File largest si.ngle 
ii flow is from Kager;, River ol the western side which
 
accounts for approximately Ito,,; of the total 
 average annual
 
inflow. Most of the remaining inflow comes from tile 
eactern
 
side, from rivers originating 
 in tile Koiyan Highlands. These 
account for tabout iltj% of the average annual inflow. The 
contribution from the northern and southern shore catchments 
is estimated to bfe it the order of 5.2% arid 3.6% of the total 
i ifl ow. T1h diver Nile i the only di-scharge. The mean 
annual water balance for the peri od .1925 - 1959 has been 

estimated at 

raj ilfa I 1,630 
Inflow 259.5 
Evaporation 
 1,583.5
 
Outflow 
 306
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Lake Victoria has a normal seasonal level rise and fall of
 

0.2 - 0.4 m. An unprecedented rise in level occured in
 

1961 to 1964 due to a climatic fluctuation which developed
 

large areas of peripheral flooded lowlands.
 

Contrary to the great deep lakes of Africa Lake Victoria 

is not stratified to a significant extent. Due to its 

shallowness and form it is affectively stirred down to the 

bottom by winds most of the year. By this the water at the 

bottom is mostly well oxygenated and the nutrients, which 

are released by decomposition of dead organic material at 

the bottom, are also well distributed in the water mass moat 

of the time. 

The natural inflows provide the mail, ultimate sourc of 

nutrients upon which the biological production of the lake
 

depends. The most important immediate source of nutrients 

is through recycling of' the products of decomposition.
 

The photosynthetic production in the lake is high and 

provides rich food for the fish. The shallot; inshore waters 

in particular as very productive, and have so far provided 

the most profitable fishing grounds. Fishing is a major 

activity along the shores of Lake Victoria. In the three 

Tanzania lake regionso about 1.8,000 fishermen have been 

recorded dtri ii, recent years. The total annual recorded 

catch was 60,000 tons in the late sixties but has gone down 

to about 110,000 tons during the last decade. It is not 

known whether this drop in the fish catch is the result of 

pollution or whether it is due to over-exploitation of the 

most popular fish species, or sone other cause(s). 

Other than fishing, the lake is used as a source for domestic 

water supply. The Tanzani:in urban areas along the shores 

take most of their domestic water from the lake. 

THLE PP0ULATION OF THE LAKE VICTORIA BASIN 

The population of the three Lake Victoria regional capitals, 

Mwanza, Bul-oba alnd Musoma is about 215,000, while that of 
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the Lake Victoria basin rural 
areas is 670,000. It has 

been estimated that thin population will have grown to 

about 1.9 million people in the year 2000, of which 

approximately 820,000 will be confined to the urban areas
 

of Mwanza, Bukoba and Musoma only. Asuming that half 
of the total lake population live in Tanzania thia would 
mean that roughly 2 million people at present live in the 
areas around the lake. Aseuming that the population in 
Kenya and Uganda portions of Lake Victoria basin would 

increase by the same proportion estimated for Tanzania, the 
Lake Victoria basin population would total up to 4 million 

in the yoar 2000. 

EXISTING AND PROJECTED INDUSTRIES OF THlE LAKE VICTORIA BASIN 

The majority of industries and/or pollution sources in the 
Lake Victoria basin are confined to the major towns 

indicated bolov 

MWANZA MUSOMA BUKOBA 

(a) Existing'
 

Soap Dairy- Coffee 

Taiiery Textile Sugar
 

Starch Domestic Sewage Domestic Sewage 

Textile
 

Domestic Sewage 

Fish & Fish 
Product c 

Vegetable Oils.
 

*Most of' these industries now have facilities for treatment 
of their effluents befort. discharging them into the lake 
or rtreamBJ. Residual run-offs of' pesticides widely used 

surrounding cotton and coffe growing areas near the lake. 
It seems to affect the whole Lake Victoria Blasin. 
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(b) Projected'"
 

Grarments 
 Textile(phase 11) 
 Banana
 

processing

Breweries 


Oil Mills
 
Glass 


Dairy
 

products

Starch 


Tannery
 
Blendud waste 


Coffee
 

roasting

fledge sisal 


meat
 

processing

Paper & Package 


Beers and
 

soft drinks.
 
Agricultural Implements
 

Pharmaceuticals
 

Steel rolling mills.
 

"All proposed industries have provisions for effluent 
treat
ment and proper Environmental Impact Assessment studies
 
for 
them have to be carried out before their establishment
 
is sanctioned by the environmental protection and Management
 

Unit.
 

WATER QUALITY
 

Although data is still scanty, it appears that the bulk of the
 
open lake water is unpolluted (see Appendix 1). 
 Pollution is
 
localised and confined to 
discharge points of domestic
 
sewage and industrial effluents. 
Some small scale industries
 
like garages which dump oil 
residues and vehicle washings
 
into the lake, or chemical efforts to 
control vectors of
 
bilharzia in these 
areas and to 
the pollution of the waters
 
of the Lake Victoria Basin. 

Although North Mwanza port and }Bukoba port are 
the only
 
sampling points in Lake Victoria used in GEMS programme since
 
1979, plans are under way for major laboratories in Tanzania
 
to collaborate in 
a project to monitor in greater details
 
the waters of Lake Victoria basin and other aquatic
 
environments.
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EVIDENCE OF POLLUTION 

Investigationt; carried out recently on one twoor fish oil 

samples showed appreciable amounts of DDT and its metabolitee 

e.g. DDE, Endosulfan, dieldrin, Lindane metapolitea and other 

ydt urid:,n-tijed pesticrdes. Traces of similar pesticides 
have been detected in equally few and unrepresentative 

samples of the Lake Victoria waters. No heavy metals have 

been detected iii thetie Hamp!es of Lake Victoria basin waters 

or its biota. rhi. , is likely to be due to the top few 

and unrepresentative nature of' the sarples. Consequently, 

there is a great and urgent nied to take and analyse more 

samples arid to gather bnsel ine data on the exact pollutioh 

status of the Lake Victoria basin. 

POLLUTION CONTROL IN TANZANIA
 

From the legal point of view, the main instrument is the 
Water Utilir;ation (control and Regulation) Act, 19714 and its 

Amendment which incorporates the Standards for E|ffluents and 

Receiving 'iaters (Appendix 2.1 and 2.2) Other laws include 

the Public Health Act, the Fisheries (General) Regulation, 

1973 made uirder the F ishieri ia Act, 1970 wella!; Township,as 

Local Gover mr:it Ru.esa, The Marine and Port Act, all of which 

forbid the pollution of any water likely to affect human 

health or fisih. 

Different Mril;strie. 4'. e;porisible each of the abovei for-

mentioned laws, and none of the Minis3try ha s the resources 

available at prersent to monitor the effluents or the 

receiving water, or #-ven to check that the effluent treatment 

plants or facilities when they exist, are operating I-:, 

effici eitly, or that th( effluent and receivinrg water 

standards set art complied with satisfactorily. 

IECOM1ENDATIONS 

(a) Ivvelop close cOcperation between Tanzania, Uganda 

Kenya, Ruanda and Jurundi regarding the protection and 
management of the Lake Victoria ard its resources, as 

well as with other countries for the protection of 
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Other national and international water resources.
 

'b) 	 Exchange regular information and encourage consultations 

between these three countries surrounding Lake Victoria, 

on all major activities which may affect the waters of 

the lakes and their basins. 

(c) 	 Syuchronise monitoring programnmes of the three countries 

by forming an Advisory Committee comprising one or two 

major monitoring laboratories of each country, to chart 

the pollution state of the lakes and their basins all the 

time, and advise governments on appropriate remedial 

measures they should take. 

(d) 	 Strengthen the national laboratories and coordinate 

their monitoring prograinmes so as to feed the Advisory 

Committee with the baseline data on which to base
 

environmental action plans. 

(e) 	 lntroduce intra and inter-laboratory quality assurance 

schemen so as to generate reliable data.
 

(f) 	 Study the rates of accumulation of various pollutants
 

in various aquatic environments and organisms.
 

(g) 	 Study the toxicity of different pesticides and other
 

pollutanti and evaluate their impact on certain
 

characteristic aquatic organisms under tropical
 

conditions.
 

(h) 	 Study the persistence of pollution and their speed of 

decompo.i tion in these organisms. 

(i) 	 Identify inidicator organisms which have high or low 

seiLsitivity to the effects of these pollutants. 

(j) 	 Zstablish models of biological equilibrium for receiving 

wa t eri. 

(k) 	 Prepare anid regularly reviow an invetory of laboratories 

which have the capability to perform some or all of the 

water and waste water analytical tests. For purposes 

of this recommt!iidation as well as recommendations c,d, 

and e, we outline nome of the laboratories in Tanzania 

which are capable of carrying out water analyses and 

their limitations (Appendix 3). 

(1) 	 Donor countries should assist these laboratories by 

providing them with some of the missing items. 
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more na.tional and inter-fernforial
(m) Conduct more and 

more arLalysts and
workshops to train more and 


work as well as interpre tation 
technicians in nonitoring 

of analytical data.
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APPENDIX 1 - A - ANALYSIS OF THE SAMPLES OF SOME RAW KFFLUENTS OF SOME INDUSTRIES IN MWANZA 

Date 

Collection 

Source/ 

Site 

Date of 

Report PH 
Collecion 

Alkalinity 

PPM 

Cond 

Micromhogen N/NH3 NIN02 
Iboiling) 

NIN03 

Permangana te 

Value CID Mi 

14.11.79 

1980 

1980 

Lake -

Vic. 

Sewage Voil 

2nd/Sewage 
Mwater/ 

Sewage Pond 

Influent 

Pond 

effluent 
Lake Soap 

2nd/Sewage 

Voil 2nd/ 
Sewage 

17.12.79 

" 

" 

' 

12.2.80 

" 

7.9 

11.5 

13.2 

13.4 

9.2 

8.9 

12.2 

6.5 

-

-

100,000 

-

-

-

-

-

-

400 

200,000 

5,500 

500 

650 

25,000 

500 

0.3 

0.12 

-

-

4.2 

18.5 

--

-

0.26 

-

-

-

-

-

-

2.4 

0.04 

-

-

3.0 

150 

1180 

140 

16 

40 

560 

190 

i -_ _ _ _ _ _ _ _ _ _ _ _ _ 
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APPENDIX I - A
 

Total. To tal 
B. 	 0. D. D is vo].wd Suspended E. Ohi 

, lS F~o,,. 0ol ds5oid 

-8 I .0 	 828 

270 320 180 	 -

Could not
 
be doli. -

18 1 21.70 'Io 	 

11 .-60 20 
 72,800
 

35 360 50 
 11,200
 

APPENDIX 1 '13' 

nalysis of the 8amploq of, water of Lnci Victoria under 1the GEMS Projiect
 

(MWANZA NORTH! PORT SAMBLING POINT)
 

Date
 
of S L ' en, C Phi Cndun Lvi ty DIO. Chloride
 
Snmpl i rig
 

22.3.,0 North 

Post 26 7. 1 107 5.(6 6.o 
2.5.80 26 -)' 	 8.0 5.0 
2.6.80 211 7.1 100 6.9 8.5 
1.8.80 26 7.2 1 10 8. 7.0 
2.9.80 24 7.0 tO0 8.11 8.0 
2.10.80 
 25 7.41 170 8.4 10.0
 

1- -=  -_ _ _ _ _______ 
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Continued ..........
 

Alkalinity Nitrogen Nitrogen 
 Phosphorous
 
NI 3 NO + NO3 Soluble reactiveas
 

P/mg/L 

46 Not done Not done Not done  - _ 
56 0.3 0.28 0.01 - _ _ 
24 0.28 0.15 0.03 
 - -
48 N.d N.d 0.02 -  -

20 N.d 
 N.d 0.46  _ 
52 N.d N.d 
 N.d 
 -

N.d. not detected, possibly because of 
the lapse of time between sampling
 

and analysis. 

APPENDIX 2.1 TEMPORARY STANDARDS FOR RECEIVING WATERS 

Category I: Water suitable for drinking water supplies, 
swimming pools, feed and beverage industrienj, permaceutical
 
industries requiring water ofa source comparable quality. 

Category 2: ',-later to be suita.ble for use in feeding domestic 
animals; in fisheries, shell-cultures, recreation and water 

cortact sports.
 

Category ): water suitable for irrigation and for industrial
 

eitivities requiring water which does not have to meet 
the
 

standards of category 1 or 2.
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Substances Characteristic 


A2.i.1 General
 
A2.1.1.1 Suspended matter 


(Turbidity) 


A2.1.1.2 Colour 

A2.1.1.3 Taste and Odour 

A2.1.i.4 Temperature 

A2.1.l.5 Total dissolved solids 


A2.l.l.6 pH 


A2.1.1.7 Dissolved oxygen 


A2.1.1.8 Oxygen solution 


A2.1.1.9 B.O.D.- 5 days 20°C 
- 5 days 25°C 
- 5 days 30°C 
- 5 days 35°C 

A2.1.1.1 Permarnganate Value 

A2.1.2 Inorgan Lc Substanices 

A2.1.2.1 Aluminium (Al) 

A2.1.2.2 Arsenic (As) 

A2.1.;.3 lDariu (La) 

A2.1.2.It Poron (B) 

Unit 


mg/l 

(as SiO 2 


number 

(Pt-co 

Scale) 

0
C 


mg/l 


mg/I 


/ 

mg/l 
mg/l 

mg/l 

mg/l 

mg/i 

mg/l 

mg/i 

ing/l 

mg 

mg/l 
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Maximum permissible
 

conc entration
 
Category 1 Category 2
 
Category 3
 

discharge of effluents 
shall riot cause forma
tion of sludge or 
scum in the receiving 
water. 

discharge of effluents 
shall rot cause any
 
change in the natural 
colour of 'the
 
receiving water
 

discharge of effluents 
shall not cause any
 
change in the natural
 
taste or odour of the
 
receiving water

discharge of effluent; 
shall not raise the 
tcmperature of the
 
receiving water by
 
more than 5 	 C 

2,000 2,000 No
 

Limit
 

6.5-8.5 6.5 	6.5 8.5
 
6.5-9.0
 

6 5 3
 

80 60 40
 

5 5 10 
6 6 11
 
6 6 12 
7 7 13 

20 20 30 

0.3 0.3 0.5 

0.5 0.1 0.1 

1.0 1.0 1.5 

I.5 1.5 1.5 

http:A2.1.2.It
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Substances Characteristic 
 Unit Maximum permissible
 

conc entration 
Category 1 Category 2 
Category 3 

A2.1.2. 5 Cadmium (Cd) mg/iA2.1.2.6 Chromium iii 0.05 0.1 0.2(Cr 3 + ) mg/i 0.1 0.3 0.5 
A2.1.2. 7 Chromium VI (Cr6 +
 ) mg/l 0.05 
 0.1 0.1
 
A2.1.2.8 Cob-t (Co) 
 mg/i 
 0.1 0.1 
 0.5
 
A2.1.2.9 Copper 
 (Cu) 
 mg/I 
 3.0 3.0 
 4.o
 
A2.1.2.10 Iron (Fe) 
 mg/l 
 0.1 1.2 
 1.5
 
A2.1.2.11 Lead (Pb) 
 mg/l 0.1 0.1 
 0.2
 
A2.1.2.12 M -ganise 
 (M,) mg/l 0.5 0.8 
 0.8
 
A2.1.2.1

3 Mercury (Hg) 
 mg/l 
 0.001 0.001 
 0.005 
A2.1.21 5 Selemiuj, (Sw) mg/I 
 0.5 0.5 0.1
A2.1.2.111 Nickcl 
 (Ni) 
 mg/i 
 0.5 0.5 0.1
A2.1.2.16 Silver (Ag) 
 mg/i 
 0.05 0.05 0.05
A2.1.2.17 Tin (Sz.) 
 mg/i 
 0.5 0.5 0.1A2.1.2.18 Vanadium (V) mg/i 
 0.005 0.005 0.01
A2.1.2.1


9 Sinc (Zn) 
 mg/i 
 0.2 0.2 1.0
 
A2.1.2.20 Ammonia 
 + Ammonium

(NH 3 NIl ) mg/l 
 0.5 0.5 
 2.0
 
AZ.1.2.21 Chlorides (CI-) 
 mg/i 
 200 200 400

A2.1.2.22 Flourides (F-) 
 mg/l 
 8.0 8.0 8.0
A2.1.2.2 Cyanides (CN-)
3 mg/I 
 0.05 0.05 
 0.1
A2.1.2.24 Nitrates (NO - ) mg/i 50 50 50

A2.1.2.25 Nitrates 
(NO2 ) 
 mg/I 
 as low as is required
 

to prevent eutrophicai
tion or excessive weuo( 
growth if nitrogen i.'
 
aA2.1.2.26 Phosphates (p04--

limiting nutrient.
) mg/l 
 In waters which are
 

suscptibie to out
rophication 
or ex
cessive weed growth
 
or in riv(ers and 
streams draining into
 
such waters, the 
lowest possible
 
colcenO1tration should 
be aimed an if 
phosphorus is a limi
ting nutrient. 

http:A2.1.2.26
http:A2.1.2.25
http:A2.1.2.24
http:A2.1.2.22
http:AZ.1.2.21
http:A2.1.2.20
http:A2.1.2.18
http:A2.1.2.17
http:A2.1.2.16
http:A2.1.2.13
http:A2.1.2.12
http:A2.1.2.11
http:A2.1.2.10
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Appendix 2.1 continued
 

Substances Characteristic 


A2.1.2.27 Sulphates (50,--) 

A2.1.2.28 Sulphiden (S--) 

A2.1.3.1 Organic Substrices 

A2.1.3.1 Alkyl Beizene 
. -phonates (AfS) 

A2.1.3.2 	Aromatic and aliphatic
 
hydrocarbons 


A2.1.3.3 	Aromatic nitrogen 
containing compounds 
(eg aromatic aminea) 

A2.1.3.I Chloroform extract CE) 

A2.1.3.5 Formaldehyde 

A2.1.3.6 Grease & Oils 
(petroleum ether
 
extract) 


A2.1.3.7 Non-volatile chlori
nated compounds 


A2.1.3.1 Volatile chlorinated
 
hydrocarbons (CI) 


A2.1.3.9 Organochloriiie
 
pesticides (CI) 


A2.1.3.10 Other P'esticides 


A2.1.3.11 Phelzoln 


A2.1.3.12 Resins, tar etc. 


Unit 


mg/i 

mg/l 


mg/l 


mg/i 

mg/l 


mg/l 

mg/l 


mg/l 


mg/l 


mg/] 


m|g/l 


mg/l 


mg/.. 


mg/l 


mg/l 


PAGE 79
 

Maximum permissible 
concentration 
Category 1 Category 2. 
Cater 	 3 

600 600 600 

0.01 0.00 0.1
 

0.5 0.1 0.1 

0.5 0.1 0.1
 

0.05 0.05 0.1
 

0.01 0.01 0.1
 

0.5 0.5 0.1
 

0.2 0.2 0.5
 

0.5 1.0 5.0
 

0.005 0.005 0.01
 

O.OG5 0.005 0.01
 

0.0005 0.0005 0.001
 

C1.01 0.001 0.005
 

0.002 0.002 0.1
 

0.1 0.1 0.5
 

http:A2.1.3.12
http:A2.1.3.11
http:A2.1.3.10
http:A2.1.2.28
http:A2.1.2.27
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Appendix 2
 

Appendix 2.2. TEMPORARY STANDARD FOR EFFLUENTS
 

Maximum permissible value
 

Substanco/ 

Characteristic 


A2.2.1 General 

A2.2.1.1 Suspended 


solids 


A2;2.1.2 Colour 

A2.2.1.3 Taste 	& Odour 


A2.2.1.4 Temperature 


2.2.1.5 Total 

dissolved solids
 

2.2.1.6 pH 


2.2.1.7 	B.O.D. 5 gays, 

20 C 


B.O.D. 	5 days 

25 C 


B.O.D. 	5 days 

300C 


B.O.D. 	5 gays
 
35 C 

1.8 Permanganate
 
value 


Effluents meant 

for direct dis-


Uni 	 charge into 

receiving 

waters 


Not to cause
 
formation of
 

mg/i sludge or scum 

in the receivin
 
water
 

Number 	 Not to cause 
Pt-Co) 	any change in
 

the natural 

colour 	of the 

receiving
 
wator-not to
 
cause any
 
change in the 
natural taste 

- or ordour of 
the receiving 
water-not to 

0 	 cause any 
C increase of the 


receiving 

water gy more 

than 5 C 


3000; No res-

rictions for
 
discharge into
 

mg/l 	the sea 


-	 6.5 - 8.5 

30 

mg/l 34 


37 

mg/l
 

40 

mg/1
 

mg/l 

mg/l 80
 

Trade & Industrial
 
effluents meant for
 
indirect discharou
 
into receiving
 
waters, e.g. via a
 
municipal sewage
 
treatment plant
 

No limit
 

100
 

No limit
 

35 C 	or not more
 
than 5 C above
 
ambient temperature
 
of the supplied
 
water, whichever is
 
greater
 

7,500
 

No limit
 
"
 
"
 

No limit
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Substance/Characteristic 

2. 

A2.2.1 Altmiinium (A) 

A2.2.2 Arsenic (a) 

A2.2.3 Barium (Ba) 

A2.2.4 Cadmiun (Cd) 

A2.2.5 Chronitun-li (Cr) 

A2.2.6 Chromiun-Vl (Cr) 

-2.7 Cobalt (Co) 

A2.2.2.8 Copper (Cu) 


A2.2.2.9 Iron (Fu) 

A2.2.2.10 Lead (pb) 

A:'. 2.2.11 Managane.-je (Mn) 

A2. 2,2.12 Mercury (fig) 

A.2.2.2.13 Nickel (Ni) 


A 2.2./14 Solfcuiiuni (se) 


A2.2.2.15 Silver (Ag) 


A2.2.2.16 Tin (SOi) 

A2.2. 2.17 Vaniditin (M) 

A2..2.2.18 Zinc (Zn) 

A2.2.2.19 Anuoni,i , Ammoniun 

(NIl 3 , NIl ) 

A2.2.2.20 Chlorides (CI) 

AL 2.2.21, Free Chlorine 
(C1!) 

A2.2.2.22 Cyani des (C?;-) 

A2.2.2.23 Ni t rate.s (NO 3-) 
A2.2.2.2 1I Nitriteii (NO2,-) 

),..22.25 Ph|osphaltes (PjOl4--) 

A2. 2. 2..2 6 Sulipho t e2.; (s 4O--)
A.2.2.27 Sulfidei's (--) 
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APPENDIX 2.2 CONTINUED 

Maximum permissible value 

Effluenit.s Trade & Industrial 
leant for eff iunts meant for 
direct dis- indirect discharge

Unit 	 charge into into receiving water 
recoiving i.e. via a municipal 
Watters sewage treatment plant 

INORGANIC SUBSTANCES 

mg/I 2.0 5.0
 

mg/l 0.1 0.1
 

mg/I 1.5 3.0
 

mg/i 0.1 0.1
 

mg/l 0.1 2.0
 

mg/l 0.1 0.2
 

mg/i 1.0 1.0
 
mg/i 	 0.1 1.0
 

mg/l 3.0 5.0
 

mg/l 0.2 0.2
 

mg/l 3.0 5.0
 

mg/I 0.005 0.005
 

mg/i 	 0.5 0.5
 

mg/l 0.5 1.0
 
mg/l O.i 0.1
 

mg/j 2.0 2.0
 

mg/l 1.0 1.0
 

mg/l 1.0 1.0
 

mg/i 10 no limit
 

mg/I 300 800
 

mig/1 1.0 5.0
 

ing/l 0. 1 0.2
 

mg/I 50 80
 

,mg/I 1.0 10
 
rag/1. 0.0 	 1t 5 

ing/I 600 600
 
mg/I 0.5 .0
 

http:A.2.2.27
http:A2.2.2.23
http:A2.2.2.22
http:A2.2.2.20
http:A2.2.2.19
http:A2.2.2.16
http:A2.2.2.15
http:A.2.2.2.13
http:A2.2.2.10


CURRENT SITUATION/TANZANIA 
 PAGE 82
 

Appendix 2
 

Appendix 2 continued
 

Substance/Characteristic 


A2.2.3 ORGANIC SUBSTANCES
 

A2.2.3.1 	Alkyl benzeyl
 
Sulfouate(ABS) 


A2.2.3.2 Aromatic and
 
aliphtic
 
hydrocabons 


A2.2.3.3 Aromatic nitrogen
 

containing
 
compounds (e.g.
 
aromatic amines) 


A2.2.3.4 Chloroform
 
Extract (9CE) 


A2.2.-.5 	Formaldehyde 


A2.2.3.6 Grease and oils
 
(petroleum either
 
extract) 


A2.2.3.7 	Non-Volatile
 
chlorinated
 
compounds (CI) 


A2.2.3.8 	Organnchlorie
 
pesticiden (a) 


A2.2.3.9 	Other Pesticides 


A2.2.3.10 	phenols 


A2.2.3.11 	Resins, tar, .t.-

A2.2.3.12 	Volatile ch
 
chlorinated
 
hydrocabons (Cl) 


Unit 


mg/l 


mg/l 


mg/l 


mg/l 


mg/l 


mg/l 


mg/l 


mg/l 


mg/l 


mg/l 


rn./ 


mg/l 


Maximum permissible value
 

Effluents Trade & Industrial
 
meant for effluents meant for
 
direct dis- indirect discharge into
 
charge into receiving water i.e.
 
receiving via a municipal sewage
 
waters treatment plant.
 

2.0 5.0
 

1.0 5.0
 

0.05 0.05
 

5.0 1.0
 

1.0 1.0
 

5 	 2.0
 

0.05 0.05
 

0.005 0.005
 

0.01 O.0i 

0.2 1.0 

2.0 5.0 

0.05 0.05
 

http:A2.2.3.12
http:A2.2.3.11
http:A2.2.3.10
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APPENDIX 3 
THE TANZANIA STANDARDS OF QUALITY OF DOMESTIC WATER 

TANZANIA
TANDADSINTERNATIONAL STANDARDS 

(WH1]963) FOR RURALWATERS
 

GROUP 
 NO SUBSTANCE 
 UNITS ALLOWABLE
 

1 LEAD pb mg/l 0.05 0.1
 
2 ARSENIC AS 
 " 0.05 0.05
 
3 SELENIUM So 
 0.01 0.05 
4 CHROMIUM (6+) Cr 0.05 0.05
5 CYANIDE CN- 0.2 0.2
 

66 CADMIUM Cd 
 0.01 0.05
 
7 BARIUM 
 Ba 1.0 1.0
 

8 MERCURY Hg " 
9 SILVER Ag "
 

1 FLOURIDE F ].5 8.0t 2 NITRATE NO3 - 30.0 30/100* 

1 COLOUR mg pt/l 50 

2 TURBIDITY (S02) mg/l- 25 

50*
 
30*
3 TASTE UNOBJECTION=
 

4 ODOUR 
 ABLE
 

5 PH 6.5-9.2 6.5-9.2*
c66 
 TOTAL FILTRABLE -0 

RESIDUE mg/I 1500 2000*
on7 TOTAL 11ARDNESS (Ca 
Ca3) mg/i 
 600* 

V) 8 CALCIUM Ca mg/l 200 300

I- 9 MAGNESIUM Mg 150 600*
 

10 MAGNESIUM+SODIUM 
SO4 0000
I000* 
11 SULPHATE 504 
 " 600* 
12 CHLORIDE 
 CI 600 0.5*
 

13 IRON 
 Fe 1.0 1.0 
-n 14 MANGANESE Mn 0.5 0.5
 

z 15 COPPER Cu 1.5" 3.00 16 ZINC Zn 15 15 
,,
 

,L 17 BOD (5 days, at 650
 
0
0 F) mg 2/1 6 6.0 

u 18 PV (OXYGEN ABS. KHNO4) 10 20
 
19 %MMONIUM (N113 Ni14) mg/l u.5 2.0

0 IM 20 TOTAL NITROGEN (Exciudin 
0 o 0 ding NO3) mg/l 0.1 1.0 

21 SURFACTANTS (Alkyl 
- 2 Benzyl vulphonateu Img/i 1.0 2.0
 

W < 22 ORGANIC MATTER (Aa 
carbn in chlorotorm

j -extract mg/I 0.5 0.5
 
23 PHENOLIC SUBST'NCEC .).. < (As Phenol mg/ 1 

0.002 0.002 
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APPENDIX - 3
 

SOME OF THE TANZA1NIAN LABORATORIES CAPABLE
 

TOWN/CITY 


Dar es Salaam 


Dar es Salaam 


Dar-es-Salaam 


Dar es Salaam 


About 10 Re-

gional Contres 

including Mwanza 

and Bukoba 


Morogoro 


About 15 Re-

gional Centres 


Dar es Salaam 


Arusha 


OF 

PERFORMING WATER AND 

INSTITUTION 


Government Chemist 


University of Dar-

es-Salaam, Chemistry
 
Department
 

Ministry of Water
 
(Laboratories) 


Tanzania Food and
 
Nutrition Centre 


Ministry of 'ater 

(Laboratories 


University of Oar-

es Salaam, Agricul-

tural Faculty
 

Ministry of Health 

(Laboratories) 


Tanzania Bureau 

of Standards 


Tropical pestici
des Research
 
Institute
 

WASTE WATER ANALYSIS 

CAPABILITY 


Complete water analy-


sin including pesti-

cide analysis and 

heavy metal analysis 


-do-


-do-


-do-


Some simpler water
 
and effluent analy
sis including micro
biological assays 


Complete water and
 
effluent analysis 


Some simpler water
 
and effluent analy
sis including micro
 
biological amnays 


Complete water and
 
effluent analysis 
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SHORTCOMINGS
 

Some acdessories
 
and/or spares to
 
some of their
 
equipment; and
 
the shortage of
 
some reagents
 

-do

-do

-do

-do

-do

-do

-do-


The Government chemist laboratories in Dar en Salaam for example, possesses
 

amongst other equipment the following
 

1. 	 SP 191 Atomic Absorption
 
Spectrophotometer - which can perform heavy metal analysis
 

2. 	 SP 9-100 Atomic Absorption
 
Spectrophotomoter 

3. A.C. Polarograph 	 - ,, 
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1i. Series 104 Gaschromatograph which- can perform pesticides analysis 

5. Series 304 11" 	 , I It ,, 

6. 	 Data Control HPLC Gastrophoto
meter - if H II ii
 

7. SP 1000 L.R. Spectrophotometer - " , 

8. SP3-100 IR Spectrophotometer  , , 

9. SP 80O UV/ Spectrophotorneter which- can perform pesticides and
Visible colonmetric analysis 

10. SP 8000 Spec tropho tomet r - if It It ,, if 

II. SP8-200 I f It it ,, , 


1)I S C U S S 1 0 N S 

COMMENTS: 

Concerning the discharget3: From lukoba and Mara the most important input is
 
-iilt, and that in 
 a common denominator for all the three countries. The
 
second are pesticides and f'ertJ] izert;.
 

COM.ENTS:
 

!!;ra, Shinyanga and Kagera 
 arcnat art? pavt of a physical development plan in
 
the bawiA area iin Tanzania. The purponn i a to balatice the land use 
in the area 
as well as to asses- the pacet oi urbanization. 

The exercise is new in Tanzei.iij an d hes lbeen introduced in Rufiii lasin Develop
ment area. A task force hs been fnet for the Ruf'iji to ensure efficient 

development planning. 

A copy of the plitns will he seit to the LBDA for their information, examinatio: 

anmid exchargo of .deas. 

C011E NT:
 

iollutant, from farming 
 ;rfeai et;pecially in, cotton areas where organochlorinate 
pesticides are a critical pollutant that should also be considered as pointed 

out in the panel discussioui. 
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DISCUSSIONS Continued.
 

QUESTION:
 

How stable are 
the discharge standards in Tanzania? Secondly
 

in monitoring of suspended matter what is 
the range of
 

substances examined?
 

ANSWER:
 

The standards are 
now part of the national regulation but no
 

standards are supposed to be static; they are 
subject to
 

constant reviews and we are constantly looking for criteria
 

and basis where changes might be necessary but the standards
 

are not temporary as such.
 

Note that initially the standards were set temporarily pending
 

consultation with industries. 
Then they have now been
 

formally adopted.
 

On the 
second question generally we use indicators with broad
 

application. There is no test of suspended matter that is
 

fool-proof.
 

COMMENT:
 

Suapended solids will be part of the joint standard setting
 

process for our East African countries. We should look for
 

some broader "Universal" standards applicable in the entire
 

catchment of Lhke:,lotoria. 

COMDiENT: 

Tanzania remainis flexible and we could change our standards 

tomorrow if the colleagues in the Batin Area agree on 

scientifically superior standards and procedures, for 
dealing with suspended solid-. At least that 
is the view
 

of the office of the Govcrnment Chemist in Tanzania. 
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DISCUSSI' NS Continued 

COMIENT: 

The nature of suspension is relative. When a stream is 
agitated thore might be suspension may be high while the 
some umterial settle after awhile. Therefore, common
 
standards inus,t 
 apply to a specific situation. 

QUESTION: 

The first fishn il. plant was in Mwnnza. Has any work 
been done to soi tor the effluents from there ? 

ANS1WEII:
 

We do not have specific report on that even though we know
 

that test samples have been taken from there. 
 We call
 
exchange the information on that with Uganda and Kenya.
 

QUESTION:
 

How about monitoring work. in diamond 
 mining and smelting 

areas of Shinyanga ? Any mining has its own side-effect. 

ANSWAEHI{:
 

There J.is no melting going in Tanzania. But generally we
 
have not !tarted monitoring work on heavy metals including
 

waters of the inll..i teaS.
 

COMMENTS: 

Tanzanjia used one ;! t. o1 ,standards at ini Appendix 3 for 
domestic waLvr uso 1" runral areas; in the urban areas we 

used internationA.i stalndards from the WBO and other 

supplementary orgazliv.ations. 
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ABSTRACT 

The state of the water quality of tile Ugandan major fresh
waters (the lakes and rivers) is briefly described, pin
pointing to the potential pollution problems. 
 Of the three 
major divisions of aquatic pollution, Piological, Chemical 
and Physical; the first two pose a potentia] danger.
 
Eutrophication 
 from untreated or partly treated sewage, and 
the gastroenterical epidcnic dLiaonsc7 (IIke cholera, typhoid 
fever, diarrhoea etc.) caused by the uin-iihygienic practises
 
of certain 
portions of the population,ore the most serious. 
This in/ will be followed Ly the heavy metial pollution
 
(especially 
 front the mining works) and the pesticides
 
and other i ndu:atrial 
 (fluents from the on-cominfl/on-going 
industrial 
activities and agriculturril practices. 

There is azi urgent need to those concerned to collect and
 
compile 
 ba.sel ine data and knowledge on these freshwaters.
 
It is alno necessary to educr:te the astjeii 
 of the dangers of 
befouling the aquatic environment. It will be necossary
 
too, to try and monitor thia environmnent. Those will be
 
some 
 of the immediate aquatic environmental conservation
 

measures.
 

1. INTRODUCTION 

Aquatic pollution can be defined, as, "the introduction by 
man, either directly or indirectly, of' substances or energy 
into the aquatic ,invironment, resulting in such deleterious 
effects which can, harm the livIng aquatic biota; become 
harzardous to human health; cause hindrance to water 
activities, including fishing and sporting; and impair the 
quality for ue of' the water." 

In Uganda, as elsewher e in the world, wator means alot 
to the populace, so that, however indirect the pollution 
effect may look, 
it will finally bc 
the populace to experience
 

the effects.
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Aquatic pollution can, for the sake of convenience, be
 

broadly grouped into three divisions: Biological, chemical
 

and physical pollution. There are certain pollutants,
 

however, which fall into either of any two groups above,
 
but most others are 
quite distinct in their classification.
 

Uganda's aquatic environment cannot be said 
to be under
 

great threat of pollution at the moment, 
at the same time, it
 

has a great potential of pallutants, now that it is trying
 
to develop its industries and its agricultural sector; and
 
because of the growing population and its consequent
 

urbanisation. Mhat is needed mont right now, is the baseline 
knowledge of all possible (present and future) or potential 

pollutants that can directly or indirectly effect the aquatic
 

biota and human population of Uganda.
 

It is going to be 
the Educational institutions (Bugenyi,1978);
 

the Research institutions (Bugonyi, 1977); the various
 

chemical, water and civil Engineering firms and departments;
 

and various Government Research departments which will
 
undertake the duty to 
avail the baseline knowleugo and data
 
concerning their activities and i ts effects on the freshwater 

environment and its quality. The present status of the 
aquatic environment should be obtained from the general
 

limnological surveys of the Lakes and rivers (Fig.l) and 

compil ed.
 

The possible pollutants should be looked at 
and studied
 

from a knowledge of the various industrial activities,
 

engineering works, agricultural activities, mining activities
 

and sewage works in municipalities of other countries. 
 In
 
Uganda now, 
there are many areas which are threatened by
 

disease epidemics to human populations; freshwater
 

"eutrophication" due to nutrient enrichment; various organic 
and inorganic pollutants from industrial ind agricultural
 

activities; civil, water and chemical erginoor.ng development 
projects and many cther phyiical polltrion effects (Figs. 1 
and 2). In this paper an overview-look at some of the 
potential pollutantp to the Ugandan Aquatic Environment and 

some conservation measures, is given. 

http:erginoor.ng
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2. PHYSICAL CHEMICAL AND BIOLOGICAL POLLUTION
 

2.1 Physical pollution:
 

Physical pollution is one of the three major divisions into
 

which aquatic pollution can conveniently be grouped. It is,
 

however, not a major threat to the Ugandan freshwaters. It
 

is usually caused by the drastic changes from the normal
 

physical conditions, when say, the temperature of the
 

water suddenly rises or when there are present foreign
 

solids objects such as floating islands; fishing nets,
 

warm industrial effluents which raise the temperature of
 

the water. Floating islands have often proved nuisance
 

especially An L. Kioga and the Northern shores of L.
 

Victoria, and especially at the Chers Falls hydroelectric
 

dam on Victoria Nile. These prevent the smooth running
 

of the dam's turbines; prove nuisances to water transport
 

and fishing activities. Temperature rises decrease dissolved
 

02, increases metabolic activities of the aquatic organisms
 

and this is likely to result in high Biological Oxygen
 

demand (BOD).
 

Military wastes (Fig.2) are also grouped in this division
 

in as far as the majority affect the physical conditions of
 

the aquatic environment first. These wastes, however, may
 

consist of solid objects, organic material, biological and
 

chemical warfare agents, heavy metals, petro-chemicals,
 

out-dated explosives, defoliating agents etc- material
 

peculiar to the military establishment. The inclusion of
 

this information should not come as a surprise if one
 

recalls that Uganda has just come out of the 1978-79 war of
 

liberation. The areas most vulnerable to this are the
 

freshwaters adjacent to Kampala city and Jinja town
 

(Fig.l).
 

2.2 Chemical pollutants
 

This is the largest group and probably the most hazardous.
 

It is normally sub-divided into the organic and inorganic
 

chemical pollutants. Here lies the greatest potential of
 

pollutants to the Ugandan freshwaters. Work is already
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going on at 
the Uganda Freshwater Fisheries Research Organi
sation, Jinja, on the copper (and other heavy metal) pollution

studies in the Lakes George and Edward (Bugenyi, 1979, 1982)

and on the pollution effects of the industrial processes in
 
Jinja town, on the Northern shores of Lake Victoria and the
 
upper Victoria Nile (Bugenyi and Mungoma, 1980).
 

Chemical pollutants can be adequately grouped into 
two major
 
groups; 
Inorganic and organic chemical pollutants.
 

2.2.1. 
 Inorganic chemical pollutants
 

This group consists of many chemical pollutant potential for
 
this country: Nutrients (NO3N and P0.p) and ammonia from
 
detergents in domestic sewage and the agricultural and
 
industrial effluentse 
 The cyanides which spring from
 
industries, like the metal plating plants, gas works and
 
coke ovens, and from scrubbing of steel works. 
 The acids
 
and alkalis from the production plants e.g. sulphuric acid
manufacture plant at 
Tororo. 
This could give rise to large

quantities of waste acids which could be disohar~ed in the
 
aquatic environment. 
 Sulphur (as sulphite, SO3) may enter
 
the aquatic environment as 
a sulphite waste product from such
industries 
as pulp industry and rayon manufacture. 
The heavy

metals 
(apart from the pesticides) may turn out to be the
 
most threatening pollutants in Uganda as it develops its
 
mining industries; 
paints, ceramics and glass factories;
 
steel industries, motor vehicle industries, among others. 
It
 
is from the above industries and from domestic 
sewage that
 
moo, aquatic environments get 
the allochthonous loads of heavy

metal concentrations. 
The heavy metals are particularly
 
dangerous because of their ability to accumulate in the bodiee
 
of the aquatic 
biota and hence their consequent chronic
 

toxicities.
 

There is an 
ongoing project of copper pollution on the lakes
 
George and Edward. 
The copper waste products which find
 
their way into the above water 
system are 
from Kilembe copper

mines, and it 
(and other toxic heavy metals, Co and Cd) is
 
carried down to 
the lakes by the River Nyamwamba. The
 
distribution of copper and cadmium in the waters and the
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sediments (Table 1) and the concentration of these in the
 

algae has all been studied (Table 2). The phytoplanktonic
 

algae is used as food by some Tilapia fish species. The
 

object is to establish the acute lethal doze of copper
 

to the Tilapis fish species and later to advise on the limit
 

of copper concentration to be let into the water system.
 

The other potential heavy metal pollutants inclule, lead
 

and mercury. Lead is from the storage batteries and anti

knock petrol additives (e.g. tetraethyl and tetramethyl
 

lead). Much of' this lead is released into the atmosphere 

of major towns in exhaust fumes and part of this does 

eventually find its way into the aquatic environment. 

Mercury is used mainly in the chlor-alkali industry. It is 

also widely used in agricultural chemicals, pharmaceuticals,
 

electric switches and instrumentation, in dentistry and the 

dyeing industry etc. Most of this mercury ends up in the
 

domestic sewage system.
 

Thus the present industrial set-up in Uganda will act as
 

potential sources of heavy metal pollution, especially after
 

full reh~bilitation..of the industries. It is necessary
 

to have now the baseline data on all the Ugandan freshwaters.
 

An attempt to compile all the past and present Limnological
 

investigations in Uganda since the 1920's has been done 

(Bugenyi, 1980) from the scattered literature. The present
 

state of the physico - chemical characteristics of the major 

freshwaters is presented in Table 3. Apart from such factors 

as geographical differences and the nature of catchment area 

the difference.s in these are not due to pollution effects,
 

except in isolated instances. 

2.2.2. Organic chemical pollutants
 

These shall be further subdivided into two groups: the 

Pesticides and the other organic pollutants such as organic 

industrial. wastes. The perticidos cover a wide range of 

substances of differing chemical composition and class of 

target organisms. Apart from a few metal - containing 

pcsticides, most of theso are organic chemicals. They are 

solely used to control the various groups of pests; herbs, 
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weeds, insects and fungus diseases. Use is frequently
 

on a fairly large scale, and spraying from the air is a
 

common means of application in moat areas. Not all the
 

material sprayed will reach the target area, some being lost
 

to the atmosphere. The tendency is to spray relatively large
 

quantities, a pioportion of which will reach the aquatic
 

environment by exchange with the atmosphere, in rain or
 

absorbed on air-bone particulate matter. The areas most
 

vulnerable to pesticide contamination are: the Kigezi
 

Agricultural highlands in the South, the swampy malarial
 

disease areas, the N.E. corner of the Napoleon Gulf in
 

Northern L. Victor4 (from the Kakira Sugar farm workrl.
 

There has been very little work done on pesticides in Uganda.
 
Sserunjogi (1974) attempted to study the residues of
 

organochlorina insecticides in soils, with particular
 

reference to DDT and, Dieldrin.
 

ioe insecticides are made up of organochlorine, organo

phosphorus and carbamates. The organochlorine compounds:
 
DDT, Dieldrin, Enderin, Aldrin and Endosulfan have been in
 

use all over the world for more than thirty years. They are
 

used either in agricultural or public health pest control.
 

The organophosphorus group includes inter alia, malathion,
 

parathion and azinphos-methyl. They are more varied in
 

chemical terms than the organochlorines.
 

The carbamato compounds, based on carbamic acid, are mainly
 

used 'n agriculture. One form of the carbamate group, the
 

carbAryl (or sevin) may replace DDT in future malaria control
 

ope*ations. A few of the carbamates are also used as
 

herbicides and they might be expected to have minor toxic
 

effects on the aquatic floating plants (the phytoplankton).
 

The herbicides are a mixed group of compounds most of which
 

are water soluble. They include: Diquat; 2,4-D and 2,4, 5-T.
 

The last named herbicide has proved very toxic and its
 

production and use has been banned in many of the developed
 

countries. This was after many countries reported explosions
 

in the manufacturing plants of that compound, which resulted
 



PAGE q4
AQUATIC POLLUTION/UGANDA 


into the production of the very toxic dioxane 
gas.
 

2,4,5-T pesticide has been reported to have been
 

responsible for miscarriages and now-born 
baby
 

deformities in areas 
where it has been in 
use.
 

are a variety of organic mercurial
The fungicides 


in agriculture and horticulture for the
 compounds used 


control of seed-home and fungal diseases. 

They hav4
 

as slimicides in
 also boon used extensively in the past 


the paper industry. Most of these are st.o-glv - .. I 

on to soil particles. The-nfIati-ij. w.y into the 

Aquatic pvixjoruunf only in times Cf floods. 

- containing
There are also the miscellaneous metal 


( a copper salt),
the Bordeaux mixture
pesticides, e.g. 


Those compounds have
 
lead arsenate and fentin acetate. 


likely to
 
have appreciable solubilities in water 

and are 


be transported to the freshwaters 
by land run-offs and
 

drainage.
 

2.3 Biological pollution
 

The most well known and coimnon biological 
water contami-


This situation arise
 
nation problem is ,,Eutrophication". 

from the the "washdown" from watersheds of the lakes and 

river flood plains enriching the freshwaters 
with 

Nutrient euichment can also come from nutrients. 

and recreational
agricultural, industrial, urban &swage 


This process of nutrient accumulation
 activities of man. 

sumina-ised under 
and its consequences, genorally the 

term ,,eutrophication", which prinmrily 
means, a rise
 

of primn'y jnodueoi.rate and biomassin the production 
the increaned
is due to 


The increased production rate 


Eutrophication 
often
 
availability of plant nutrients. 


quality of water for drinking, bathing 
and
 

reduce te 


domestic uses and dotorioratem the 
suitability of the
 

water for recreation, for the production 
of human food
 

(fish) and for other human needo.
 

a potential for
 Two particular areas in Uganda have 


sowagj, which is often
 eutrophication, mainly from urban 
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under-purified before letting it into the water. 
These
 
are adjacent to 
some Portion of the Lake Victoria waters,

and these 
are Port Bell (Luzira), a small port, which is
 
the major outlet of the Kampala City sewerage, and .,a

another one is the freshwater environment adjacent to
 
Jinja (Bugenyi and Mungoma, 1980). 
 Then 	there is yet

another not 
- in 	- the - near 
- future potential area,

Lake Georg~e for which rainfall run-offs from the Catch
ment area could eesily cause 
euntrophication as the
 
agricultural practices intensify.
 

The main likely future 
cause 	of eutrophication for the
two areas above could be partly treated domestic sewage.

When discharged untreated, thii has other ensuing
 
dangers apa;t from the nutrient enrichment of the

receiving waters. 
 This type of domestic sewage has five
 
major characteristics :
 

(a) 	 a high bacterial content, presence of parasites

and possibly virus concentrations, contaminating
 
the water for the aquatic biota (e.g. fish) and
 
limiting the use of bathing areas;
 

(b) 	 dissolved organic and suspended constituents which
 
give a high BOD;
 

(c) 	 settling solids (organic and inorganic) depositing
 
on the bottom  the organic component undergoes
 
decay with consequent oxygen depletion;
 

(d) 	 high nutrient concentrations (mainly P and N
 
compounds) leading to enrichment of receiving
 
waters and potential hypertrophication;
 

(e) 	 floatables, which may be organic or inorganic
 
materials on 
the surface or in suspension,
 
constituting a serious amenity problem and
 
interfering with primary production and affecting
 
self purification.
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By softheoocharacteristics,. sewage affects
re 

uiliznt 

pulchat adrnri ameniie.7 Th prdcto 

character ot- 3of ,Tho.r co iving~waters may bo- altered 

and there ir, oPQr_iblo conneiction with the-,dovlopmnt'~ 

oftocc:,blocmtu of algae. 

recreaion, ooftho freshwaterfode'gfih
 

In Uganda, tiiLo problo', w±.loooner or: later become acute._,~'§~~ 

>depositsa'havo'boon ioa!:!ed 'dowthenatiura.i.. 

1As a recult, epidemic bctria andyviral'. iseases 0.g., 

cholera (Fig 3),,diarrhoea and 'others havo'hit vari~io 

areas in Uganda (Pigs l and 2). Mont~of thiono,gostroonte

-- rical diseases aro in, areas, where 'ccrinit+yhoalth has, not
 
been empha-izedcl o~that the hom3stead donothvo any~
 

pit-latrinan, or 9 i 'tehomas
of. nomadic caottlo coopers,-

without~pormanont homos. ' -Ui 

Other, ho-hl hc oznter the munic±ipa1 ewrao 
system-include detergents anid opticnl~ brigShtoncrmo',>~~ ~< 
pharmaceut:.cals, ,housoandCanp~i ' n te 
chemicals 'and oily and other dcischarges - -from~ smal busi -;w 1 i 

neise, 'and garagoo, mrai ,r alIIo beIimportant. Another problem2 2.... 
area'has-,boon in ,the, West NiLle 4along tIhe River Nile where~~'4'-~ 

-4~'-~ Lft en there hatebeen reporo'thouriney intotinal2 - .-. 

- :,"Bilh zzi sis (cchintcrc.iei).~T~', ooevrl 
ar Q s jis problem, owo 

-_hdbe nw tlowc an i~±nariable ofo.ba fetr 

''' irrigation rohe-osa in tro,~a areas.-I tcm lwn 

-chrougsi -eovis slhallow shores ,' mtr -- T areac of ~ ~ $. 

~-------' -and 
4 ir~rigation zystem7.tnvc-.riably~ favour th anal~mn
 

--------------of schiidtosome4- upporting snails.~ Drncig n4-4- -i-


B' ''in, or ,bathing ,in4-bio1hwaor, onek~a t es-'bcontract~-~ -y .
 4 

44~44--~ - the' disease. < 'C444 4, 4- 4. -- -44 

-
~~~2424'-,~4-The .toxicity4 
rind~oeth-er dangerous offecf eari'sing frca:~lth7-'~~44' -2- .
 

4-4 ~-~ 4~~444-. biological,.Irhysical and -chemical'potenitial poll%_trit -5j144--S?4
 
4'~'--"4--are mwany and varied.,-it 4is ,)nly througb, acricu- *r ~ -

4--Y-~4 --- individual invotigation resulti of thioea, hnt: managerial~f~'U'

an concervatien~reaal1os,4 can- be -based. 

T - - - - - - - - - ,, 4 , ------ ~ , 4 2i, -
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3. CONSERVATION MEASURES
 

In trying to conserve the aquatic environment to maintain
 

the quality of the freshwaters, to restore the quality of
 

the already befouled freshwaters, and to prevent and
 

control the water borne diseases, we should look
 

comprehensively ati 
and study the various pollutants
 

(Fig.4) and take the corresponding immediate measures.
 
Water borne diseases and all other human effects
 

resulting from water pollution come 
after the pollutants
 

mentioned above have befouled the water. 
Two major
 

conservation measures 
can be undertaken:
 

(a)' The control and prevention of diseases, of various
 

pollutants (organic, inorganic, physical and
 

biological) and
 

(b) making the public 
aware of the dangers of a
 

contaminated aquatic environment, and generally
 

educating the young through "Environmental science"
 

or more particularly "Environmental chemistry"
 

(Bugenyi, 1978).
 

3.1 Disease and pollutant control and prevention
 

Most water pollutants manifest themselves through
 

(directly or indirectly) causing disease te 
human .).,ulac
 

populace. Once this happens, then services of the public
 
health departments are always called for. 
 The approaches
 

employed are therefore therapautic. Specific methods
 

are directed against a pathogenic agent, vector or
 

intermidiate host and these 
are different for the various
 

diseases. 
The common attempts at controlling malaria or
 
schistosomiasis use insecticides, molluacicides, mass
 

chemotherapy and mass eradication of snails. 
 Environ

mental measures have the advantage of being efficient
 
against several diseases at the same time. Thus, the
 

construction and utilization of latrines and of
 
appropriate waste disposal systems protects the environ

ment against contamination, particularly foecal pollution,
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and at the 
asametime hinders the transmission of viral
 
and bacterial diseases.
 

Monitoring of watcz input,; from the various industrial
 
establishments and the v'rious engineering projects are 
measures which are zlwaya necessary to detect any over
load of the inputs which is lilcly to endanger the
 
quality of the natural 
 irater. 

3.2 Environmental Science education
 

Little may be expected from a Progiamnm of aquatic
 
environmental conaervation 
 without OSt,1hi hllng broad 

contact with the population through mass education in
 
Environmental Science Education, public health 
 ,
 
and similar measures. For envi ronmental chemi stry
 

education, M1itenyi (1978) proposes an introduction in
 
the curriculum 
of fi.5,t of all the University, then the 
higher schools and on on down to the primary schools. 

The immediate na: righ:. now, however, is to get the
 
initial basolin0 data of all the 
 Ugandan freshwaters
 
compiled and the 
 -. 'ter quality ascertained. This is 
going to be very valaable later when aquatic pollution 
problem becomes a reality. 
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RESULTS 

TABLE 1 

WATER AND BOTTOM SURFACE SEDII4-NTS DIST]ISUTiON OF COPPER AND CADM.IT.1:
 

1. Cu L. Georr, 
 L. 2dward
 
Concs of:
 

2. Cd
 

Surface water (a) 	1.0.10+ 0.02 0.015 + 0.006 

2.0.006+ o.0016 0.001 .0.00M,
 

Mid-depth waters (a) 	 1.0.091 0.01 
 0.015 + 0.002 
2.0.005+ 0.-W:. 0.0015+ 0.0003
 

Bottom waters (a) 	1.0.11 o.! ().017 + 0.002 
2.0.005,O.Oei 0.0!77 O. C04 

Surface sedimonts (b)
 
1.0.102 0.0 
 0.037+ 0.008
2.0-00334 0.0005 
 0.0027+ 0.0004
 

(a) Colic of metal iornr 0n ppm
 

(b) Conc in (mg/gm) dry -,ediment -t.
 

http:orgai'ochlor.no


AQUATIC POLLUTION/UGANDA 	 PAGE 101
 

TABLE 2 

BLUE-GREEN ALGAE CONC AND CONC FACTORS OF COPPER AND CADMIUM:
 

-

L. 	George Dry wt conc (Ug. Kg ) Conc factors
 

Cu Cd 	 Cu Cd
 

range 9.8 - 101.3 45.0 - 892.0 

5.32 x 102 5.92x 10
355.4
moan 53.2 


S -32.6 ±299 

L. 	Edward 

range 2.8 - 76.1 113.2 - 1070 

614.2 2.60 x I03 55.8 x 104

39.0 


S t29.0 ±318
 

mean 




.9-&/
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TABLE 

A few comparative limnoiogical parameters for the major Ugandan fresh
waters: (a) lakes (b) rivers.
 

(a) Victoria Edward Albert George Kioga
 

Conductivity MS.cm -1  
 96 925 735 200 200
 

PH1 range 7.1-8.5 8.8-9.1 8.9-9.5 8.5,10'O 7.4-8.5
 
Approx. salinity 0.093 0.789 0.597 0.139
 

-
Na+ meq. 1 1 0.430 11.78 3.96 0.59 0.47
 
-
K+ meq. 1 1 0.095 2.32 1.67 0.09 0.27
 

-
Ca2+ meq. 1 0.280 0.57 0.49 1.00 0.54
 
Mg2+mq.1 0.211 3.98 2.69 0.67 0.57
 

CO3= mq. I 0.900 9.85 7.33 1.91 1.17
 
SO, meq. 1- 0.037 0.89
1 0.76 0.23 0.65 
NO3 N ppm 1.32 1.40 0.009 1.45 0.02 
PO4P ppm 0.9 0.25 0.j3 0.50 0.20
 

SiC 2 pmm 3.9 
 6.0 3.4 11.5 34.0
 

(b) Victoria Nile Kagera Semiki
 

Conductivity MS. cm-1  130 100 
 500
 
+ CO3 -1=CO 0.86 7.3 

Sol ppm 1.5 36.4
 

Ca2+ ppm 7 5.4 15
 
SiO 2 ppm 2.5 
 17 3.8
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Fig.2
 

Fig.2
 

Fig.3
 
Some of the many incidences of 'cholera' epidemics that
 
occuired in Uganda in 1980, reported in Uganda Times
 

newspaper.
 

Fig.4
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A great deal of literature is available on the use ofrapyrus swamps for sewage treatment. it has been done
in all the three East African Countries

that we The problem is
 
There 

still do not know what the outer limits are.
are limits, fo 
 example 
some sowage loads Are high
in salinity, which will eabily kill papyrus.
 

It is also important that papyrus fix nitrogen from the
air. 
A caution ought to be posed that papyrus should be
used as a last resort.
 

COMMNT: 

Papyrus swamps are generally considered 
a nuisance,
especially in Uganda situation. 
 One probably ought to
Bay what uses there are to 
which the papyrus could be put
to 
keep a balance of their growth. 
 There would have to
be a harvesting 
programme. 

papyrus is 

However, harvesting of
a rather hazardous task. 
In any event
industries using papyrus have not been Particularly

profitable anywhere.
 

QUESTION:
 

Would you nay more on tracer copper in fish ?
 

ANSWER:
 

The results of the project are not all out ;:nd 
given the
nature of the problem we shall wait for the final
 
analysis.
 

COMMENT: 

The final Oxidation ponds of sewage lagoons in Jinja have
been found to 
be suitable environments 

tion. for fish cultiva.
Oxygen concentration 
is high enough. 
There is
luxuriont Phytoplantonic 

invertebrate growth and an abundant
fauna. 
 Such fish that have thrived well in
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DISCUSSIONS: Cont.
 

such habitant have included charias mossambicus and
 

protoptasus oethiopicus. 
 But other species could be
 

tried.
 

After the passage of this effluent from the oxidation
 

ponds through papyrus, it has been demonstrated that the
 
effluent is very well purified. This is almost 100%
 

oxygen saturation, efficient removed O, and suspended
 
matter. Such water has been noted to 
support high
 

concentrations of fish populations including Tilapia
 
spp. "One enterprising Scientist in the 1860's from
 
Jinja testified to 
the purity of this effluent water
 
by drinking such water" 
(Ontidote).
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The Lake Victoria Drainage Basin covers directly five territories, namely
 

Kenya, Tanzania, Uganda, Rwanda and Burundi, and thoue.:4de of corresponding 

square kilometers. Lake Victoria therefore becomes a good potential
 

recepient of aquatic pollution from all the territories. Current Sources of 

pollution are thought to arise mainly from: Domestic wastes, L.dustrial 

Effluents and Agricultural wastes the latter largely comprising modern
 

chemicals used as fertilizers and pesticides.
 

No water quality oriteria have been determined for the whole of Lake Victoria
 

although measurements of certain parameters have been done by KAFFRO,
 

National Departments of Fisheries and Health including the various Town
 

Boards along Zhe Lake Shore. It is perhaps to be expected that certain 

bays and gulfs close to areis of intense human activity are already
 

experiencing pollution at different rates.
 

For the purpose of this short paper, it is important to highlight certain
 

aspects of human venture in the Basin Area likely to cause pollution
 

directly or indirectly. That the Lake Victoria waters are clean and un

polluted is an outdated opinion not reconcileable with current human activities
 

in the Basin. Hence dirty, smelly and unsightly waters are not only the
 

pride and shame of the industrialised world but also a monster quickly
 

threatening Lake Victoria.
 

It is strongly felt that scientists, administrators and planners at all
 

levels within and outside of Governments should appraise themselves and keep
 

abreast of trends of detelopments in the quality of the Lake Victoria water
 

body for its proper use for domestic and industrial purpose, recreation,
 

transportation and as a medium capable of maintaining a balanced variety
 

of fauna and flora.
 

A casual examination of the Lake Victoria drainage basin shows clearly that
 

there are few large rivers draining into the the Lake. The greater mass
 

of the Lake Victoria water body is therefore derived directly through
 

precipitation. However, the few rivers worth noting as potential vehicles
 

of pollution into the Lake from the Uganda side are:-


The Kagera: Draining the highlands of Rwanda through
 

Western Lake Region of Tanzania and entering
 

the Lake through Uganda territory.
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The Katonga: 	 Draining from a large swampy region of Western
 

Uganda.
 

There are also innumerable small rivers all along the shores of the Lake which
 

periodically flood and empty into the lake often through systems of swamps.
 

From a pollution point of view, these rivers and bay" will experience pollution
 

long before the 	entire lake becomes polluted. Hence the need to monitor 

pollution in rivers, streams, bays and lagoons as a first priority. These
 

streams empty into the lake and levels of pollution particularly for persietant
 

agents, could become cumulative in the lake. It has been postulated that over
 

95 per cen;t of water lose from the lake is via evaporation and that the only 

outlet through the Nile accounts for the remainder. Accumulation of
 

persistant pollutants then becomes real possibility with time. A survey of
 

agro-industrial 	activity and urbhnisation around the lake is therefore
 

necessary. Data on measurement, of desired parameters are scanty. Information
 

on existing methods and levels of effluent treatments is not available.
 

It is however hoped that the dangers of untreated effluent originating froM
 

domestic, indusarial or agricultural activity can be surmised. A few examples
 

are drawn form current developments and activity on the Uganda side of the 

Lake Basin:
 

1. ORGANIC RESIDUE: 

1. Domestic 	Sewage:
 

Several towns ranging from, large, medium to small 

have .......
 

cropped up along the lake shore and within the drainage basin with populations
 

of up to 300,000 people. In some of these towns e.g. Kampala, Jinja and
 

Entebbe there is a partial treatment of sewage effluent through oxidation,
 

activated sludge 	process and biological ponds. However, in some towns e.g.
 

Majanji and Bukakata raw sewage empties directly into bays. In Kampala and
 

Jinja an ingenious process in sewage treatment includes the passage of the
 

treated effluent through a mat of papyrus before discharge into Murchison
 

Bay and Napoleon Gulf respectively.
 

The effects of draining sewage direct into bays are complex. A few notable
 

examples are:-

Deoxygenation and Increased B.O.D.:- Due to consumption of Oxygen for aerobic 

decomposition of organic matter. 



PAGE 112CURRENT THREATS/UGANDA SECTOR 


High load 	of organic and inorganic nutriepts (Phosphates,
 

Nitrates, Potassium, Calcium, Magnesium etc.) leads to
 

explosive growth of algae etc.
 

Eutrophication: 


Arising directly from excreta. The above conditions
Introduction of Pathogens: 


where 	 have been greatly minimised in Kampala and Jinja ILt no serious effects of
 

sewage effluent have been observed In both Hurchison Bay and Napoleon Gulf.
 

In many other smaller towns e.g. Mbale, Soroti, Gulu, Masaka, Mbarara, among
 

others, sewage effluent is partially treated before being released into small
 

rivers. Because of trubulence and flooding, de-oxygenation effect of sewage
 

effluent is minimised and the streams quickly become purified downstream.
 

Existing cities and townp will probably grow in size and new ones will in

sewage
evitably be built. Hence the thrust of argumejnt is therefore for 


effleunt to be treated through the activated slufta process and biological
 

ponds. Its passage through papyrus swamp is advocated as the papyrus absorbs
 

its high nutrient load for its own vegetative growth.
 

1.2. Other Organic Residue Effluent:
 

Most of these are rich in organic load and arise from agro-based
 

industries, notably dairies, manure heaps, slaughter houses, sugar
 

mills, breweries, fish meal plants and paper mills. 
Their composition
 

and affect are similar to that of dowestic sewage.
 

Because of suitable climate, good soils and availability of water,
 

the shoreline of Lake Victoria has developed an expensive sugar
 

cane industry. In the northern shores three large scale sugar
 

industries exist, viz:- the Kakira, Mehta and Kinyala Sugar Enter

prises involving thousands of hectares each producing thousands of
 

tons of white sugar, mollasses and Bagass per hour.
 

These sugar cane mills produce large quantities of organic residue
 

which if discharged untreated into the lake has de-oxygenating and
 

eutrophication effects. Some of the culprits will argue that, their
 

effluent is first discharge into rivers. Although the river is
 

capable of self purification due to aeration and aerobic organisms,
 

the final recipient of these processes is obviously the Lake.
 

Therefore the wastes should be systematically treated befos',:beLni' 

Introduced int eke river because that salt autoparification process 

might not be complete. In any event, one wants to protect fauna and 

flora in the river too. 
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Several breweries occur 
in Kampala and Jinja and several others are planned.
 
Brewery effluent is high in organic laod and similarly requires treatment.
 

One notable small paper manufacturing plant is 
found on the Nile just outside
 
Jinja. Organic material 
from paper mills is not easily broken down by aerobic
 
organims hence its de-oxygenation and deliterious effects tend to 
be prolonged
 

down the River.
 

2. pbisono:
 

Amongst these are heavy metals e.g. Copper, Mercury, Lead, Zinc,
 
Cadmium and other toxic substances such as phenols, detergents,
 
ammonia and free cyanide. 
 They arine directly from the industrial
 
activity of urbanised centres along the lake shore. 
The effect of
 
these to-day is not pronounced due to 
the low level of industrialisation
 

in Uganda but is expected to rise significantly.
 

Some of 
the potential polluting industries occur in 
the major towns.
 
Jinja is the industris.l 
town of Uganda situated on the shores of Lake
 
Victoria. The major industries include:-


Copper Smelting: Producing Copper and its compounds and Cadmium as
 

the main poisons which are discharged into the lake.
 

Match Factory: 
 Producing effluent heavily loaded with Phosphorus
 

and its compounds.
 

SteelHill: 
 Produces attendant poisons e.g. Cyanides and heavy
 

metals.
 

TextileHills: 
 Two such mills producing large quantty of effluent
 

bearing poisons such as detergents and ammonia.
 

Paper Industry: 
 Producing organic effluent with sulphitea as poisons.
 

Garages, Workshops etc: 
 Many of these operate within the towns
 

producing effluent rich in poisons such as
 

mercury, lead and other heavy metals which
 

drain directly into the lake.
 

The basic problem regarding these toxic substances and their compounds is the
 
determination of permissible levels of 
their concentration. Nevertheless,
 
toxicity levels differ according to major biotic communities e.g. phytoplankton,
 
Zooplankton, insects, Fish and Man. 
Their toxity will rise with water hardness
 

and higher temperature.
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The overall effect of these poisons may be 
lethal if concentrations ire high
 
enough; may reduce growth and reproductive rate if concentrations are sub
lethal or may alter physiology and behaviour of an 
organism. It is therefore
 
imperative to identify cause of pollution due 
to poisons and determine their
 
adverse effects on various strata of the ecosystem.
 

3. OIL: 

In Lake Victoria oil pollution is not marked like oil pollution at 
sea.
 
Nevertheless it h.s its own pecularities and dangers. 
 It *rises mainly
 
from garages, workshops and ships, Good examples are the current oil
 
pollution as seen 
floating around the Railway Workshops in Port Bell and
 

Jinja.
 

Beside being unsightly floating oil prevents penetration of solar energy,
 

glidfig exchange and obstructs respiration of certain animals. Ito
 
presence makes domestic and recreational use of water harzadoua.
 
Limited areas of the lake arounctu-bLrncentres are affected to differing
 

degrees.
 

4. HOT WATER:
 

This is the result of heat exchangers and cooling systems in 
industries.
 
The hot water effluent finally being released directly into a river
 

or a bay.
 

A number of potential industries exist along the lake shore but their
 
effect to-day is perhaps minimal. The most notable examples being the
 
East African Steel Mills and Textile Mills.
 

A few examples of thermal limits will surfice. 
Most Blue Green Algae
 
die beyond 480C, Diatoms above 500C, Photosynthetic Bacteria at 600C
 
while most Invertebrates and Fish above 350C.
 

5. PESTICIDES:
 

Extensive use of Pesticides is carried out 
in the northern portion of
 
the Lake Victoria Basin for 
the control of several sectors e.g. on:-

Agricultural crops Cotton and Coffee. 
Domestic animals and for the
 
control of schistoscmiasis onchocerciasis 
and Trypanasomiasis.
 

Several pesticides in use include the following:-


DDT, DDD, DDE
 

Malathion
 

Lindene
 

Endesulfan
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Dieldrine
 

Bayluscida
 

Freecon
 

etc.
 

Whether applied directly over water e.g. Hulluacicides or onto farm crops
 

and farm animals, these pesticides finally end up in rivers and bays of the
 

lake due to rainfal: and run off. Thus their effects tend to be cumulative.
 

Their 	effect on aquatic organisms is variable. High concentrations are
 

lethal. In invertebrates 907. mortality has been noted in certain applications.
 

Further some of the pesticides tend to accumulate along certain trophic
 

levels e.g. Fish, Birds and Man.
 

These 	agro-based and public health requirements for large scale applications
 

of pesticides can not be stopped. However in several instances along the
 

Nile (Simulium destruction) and along the Northern shore in Busoga (Glossina
 

destruction) concentrations of applications have tended to be too high thus
 

causing the mortality of many Invertebrates, Fish and Birds as well.
 

Hence specificity of these pesticides should be determined against target
 

venture ind lethal doses worked out. To avoid run off accumulation, it is
 

necessary to find time and season of best application of the pesticide.
 

In summary the most serious danger to aquatic pollution today in the Lake
 

Victoria Basin in Uganda comes from the following:

1. 	 Sewage pollution from urban centres.
 

2. 	 Organic pollution from agro-based industries.
 

3. 	 Heavy metal pollution from industries and agriculture.
 

4. 	 Pesticide pollution from agriculture and public healh projects.
 

There 	is a need to undertake the following as a matter of priority:-


I. 	 A survey of growth of agricultural and industrial activity and urban
 

centres in the Basin.
 

2. 	 Documentation of current methods of effluent disposal And treatment
 

by all industries and Urbsn Centres.
 

3. 	 Determination of current levels of pollution in Rivers and Bays in
 

the Lake Basin.
 

4. 	 Determination of lethal concentrations of various pollutants to several
 

tropic levels of the aquat ecosystem.
 

5. 	 Determination of water quality criteria and permissable concentrations
 

of the various polluting agents.
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DISCUSSIO\S
 

COtMENT: 
 There are two ways in which Lake Victoria water leaves. Evaporation
 
and outflow through the Nile at Jinja. 
 But the outflow through the Nile
 
constitutes only 5% of that total, which means that the other 95% 
is thtough
 
evaporation. The implication is that most of the pollutants entering the
 
Lake remain in it. This is something critical to consider in deciding the
 
importance of pollution control.
 

0.: What are 
the steps taken in Uganda to deal with the pollution 

since Uganda receives water from the other parts of the basin.
 

COgENT: 
 The physical nature of Lake Victoria need to be understood clearly.
 

The circulation of the water of the Lake affect the behaviour of the pollutants,
 
and Uganda must first understand these processes fully, and thereafter adopt
 

regulations.
 

COFMENT: 
 The general trend of the flow in the Lake, whatever are the other
 
physical forces, will tend towards Uganda.
 

A.: 
 Most of the wind system is towards the Northeast (from Indian Ocean
 
side) therefore the movement of water will tend to flow towards Uganda.
 

Secondly, even though 
 ater (upto 95%) is lost through evaporation
 
the organochloride compounds will remain.
 

Thirdly, a study of the flow in the Lake show that movement of
 
water is towards Jinja and the prime example is the Kagera which has its
 
trench through to Jinja.
 

It has been pointed out that some of the species in the Lake are
 
disappearing and I believe that some of that result from pollution.
 

COiEN: Most of the 
-
pollution load concentrate at the estuaries and
 
immediate vicinities. 
This has been proven in the inland waters in the U.S.
 
However, ultimately they move 
to the final outlet of the Lake.
 

CcMtIENT: 
 There is a need for the three countries to synchoronize the work
 
on pollution control so 
that all the three countries know others efforts.
 
The target is one and 
it Is possible for them to cross 
the border and reverse
 
movement. 
 The same process of use of pesticides for control of vector-bone
 
diseases should apply to pollution control.
 

COMMENT: 
 The movement of water towards Jinja is still only presumed.
 
There is a need to determine the precisan movement and velocity of water
 

towards Jinja.
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COMMENT: 
 The fisheries officials ought to conduct studies, through various
 
techniques including tracer techniques, to ascertain the pollution agents
 
in fish, their origins as well as persietance and toxity.
 

COMMENT: 
 ie danger must bo traced from fish-eggs and fries because some
 
of the traces that may be found in fish species at different age* are well
 

beyond the impact on the impact on the younger fish.
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A Workshop of Experts which met in Geneva in March
 

1961, water pollution was characterized in the following
 
manner:
 

" A river is said to be polluted when the state
 

or composition of water in it 
is, directly or
 

indirectly modified by human activities which
 
render it incapable of being used in the 
same
 
way as when it is in its natural state".
 

Water pollution, which no 
doubt exists in the Lake
 
Victoria Basin as a consequence of urbanization 

agriculture and industrialization which are slowly but
 
surely in progress, is 
not yet a problem of high priority.
 
However, it is not advisable 
to wait until the problem
 
hAs reached a critical stage before taking the 
 .vonrtetl 

appropriate action.
 

In fact, the principal threats to 
the environment and
 
ecology are approaching as the pressure on land area
 
increases with population as well as agricultural and
 
industrial growth; 
the high utilization of rangelands
 

by livestock is beyond 
the carrying capacity of the
 

land. These dangers are more prevelent on hill slopes
 
in Ruanda and Burundi. 
 But the studies on the impacts 

of projects on the environment could be taken into 
consideration to avoid bad consequences which might 
affect these projects. Similarly, a programme of studies
 
which relates to 
the evaluation of informations collected
 
to facilitate the prediction of possible ecological
 
impacts for the development of Kagera Basin has already
 

been proposed.
 

Another thing, the installation of a Secretariat as a
 
research centre and for the protection of the envirornment 
is conceived to facilitate the establishment of protective 
measures which ensure the realization of minimum negative 

ecological impacts. Better still, the Organization has
 
already started 
to consider strategy for management
 
actions to 
deal with the f,,u'*r., Fti .n - on.,, ,... oil. 



KAGERA BASIN/ENVIRONMENTAL PROBLEM0.S 
 PAGE 119
 

The Organization'.; plan is that the dam will expand
 

only existing laker in the country above the Rusumo
 

Falls, and that this will regulate the hydrological
 

regime which is already properly regulated balco the
 

falls.
 

For macro-clim.te, there is no effluent arising from
 

dammsing the river because the 
lakes concerned are
 

relatively small if we 
compare to factors which determine
 

this ajcro-climate. For a lake to have influence over a
 

macro-climate, it must be as large as Lake Victoria and
 
this is not the case. The climatic situation after the
 

da (lake) will be the same with the previoutj situation 

o.C lake and swamp. Ther there will be no remarkable
 

modification of the micro-climatic factors nor are there
 

likely to be any local changes which may le perceived by
 

the local people.
 

Considering tho galogy, the only effect predicted above
 

the Rusuwro fali_ will be the augmenttion of the storage 

in the lateral strirto whi,;h depend on the depression of
 

Bugesera region, aad thaL is lot negative. Below, there
 

is no risk of great modificz tions of under flow of the 

high water mark, because the hydrogramme will have small
 

modificiations. "egetation iD really abundant in the 

depression o.'. uge.-ora and Kagera. The principal factor 

which is rcEponniblr for the actual type of vegetative 

formations in Buge.qera and the Kagera National Park is 

hydrometry of the_ rivitr and, precisely, the levels of the 

ground water table. 

The hydrot:etry alriedy :1jears very much transformed in 

the tranaverac and longitudinal topography of the valley 

which includes many areas affected by tle natural floods.
 

The management projected for Phisumo falls will not change 

the annual water debit which will. be contant below the 

falls. Tie only consequence will be a modification of 

the distribut'on of the river flows in the course of the 

year. Brt it is wi-if to antJ_:ipate the action of 

rogul'AL .,g n fli.:,w '.: in- the period of floods. This is 

http:macro-clim.te
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particularly so 
because it could be safer to maintain the
 
permanent debit which corresponds to the smallest low
 
river-flow. This should be allowed to flow during a
 
limited period of the year and flooding should correspond
 
to the debit of the small floods.
 

The large wild animals are not as abundant as before,
 
except in the Kagora National Park, in Ruanda. 
The
 
specific diversity and the biomass are directly dependant
 
on vegetation and, the presence of water. 
Consequently,
 
any modification of hydrological regime ceuses a chain
 
reaction with large animals as a final point. 
The .' ,nct.
 
impacts on the human environment as well as development
 
are diverse. The political choice to build the dam,
 
including the development of fisheries with all its
 
infrastrure are based on the increased employment 
-

opportunities of the population in the river basin. 
In
 
a regional context the people and the large fauna are
 
in competition; inevitably the people's presence prevail
 
and the number of the wild animals will steadily decrease.
 
From the human health point of view, the important
 
problem is that of malaria. Fortunately most of the
 
local population have great resistance against malaria.
 
It is recommended nevertheless, that the public be
 
informed that the use of antimalaria drugs should be
 
taken seriously. Human migrations from affected areas
 
and he installation of appropriate miedical infra
structures will expedite the necessary protective systems.
 
We think that, no action can be taken on the lake to
 
eradicate malaria vectors by use of pesticides and that
 
approach has not been pursued.
 

On the ecological plan, the spread of trypanosomiasis
 
vectors will be reduced by the glossina habitats being
 
covered by the expanded lake. But we recommend to the
 
local populations to be vigilant in the course of the
 
said migration and especially after they have moved into
 
the new areas.
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Finally any modification of the environment 
causes
 
cultural responses of the people. The management of
 
this region will evidently have an impact on the region's
 
culture. Farming ccmmunities will, for instance, start
 
participating in fishing activities and will adopt a
 
different life style. 
The only recommendation we can
 
fozomilate is to respect, as far as 
possible, the wiahes 
of the migratJng cotrimunit.,as. 

CONCLUSION:
 

The organization for the Management and Development of
 
the Kagera River Basin ,i- ,onauious of the fact that the
 
exploitation of the natural resources must finally
 
support the social economic development (of the country).
 
This will be manifested through changing natural areas
 
artificially therebr changing the natural equilibrium of
 
ecosyste.is that means changing the equilibrium of the
 
population and the biotope.
 

Negative ecological impacts will be manifested by
 
limitations of future utilization of natural resources
 
at a high coat to the scciety. But, usually the
 
positive impacts should predominate as far as possible
 
to constitute satisiactory and acceptable balance to the
 
regionn1 and national communities.
 

The suscaptable sectors related to 
the management are:
 
animal health, the terrestrial and aquatic ecology, the
 
habitats, the utilization of soil and water, the
 
biodynaciics of vegetation and animals. 
However, the
 
Rusumo dam construction is restricted to a maximum of
 
1325 metres above 
sea level and that will mini-ize the
 
negative impacts brought about by the changes in the
 

area.
 

The possibility of thermal pollution (heat pollution) 
will exist but :-t w!!l prcbably be limited because 
long channoln for h--t wiite"r will he ccnstructed to
 

.h:.. 
 , raou"e of About 

http:ecosyste.is
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The utilization of mineral fertilizers and of pesticides
 

the extent of posing a pollution
is not widespread to 


danger to the environment. But precautions will have to
 

be observed when introducing chemical fertilizers 
in
 

large quantities to avoid the change of the coil chemistry
 

and the contamination of drinking water an,* fisheries
 

biotopes.
 

Another matter of consern is the presence of tsetse flies
 

in some regions of the four countries. The suggestion
 

one can advance here in that the various insecticides
 

tsetse control Liust be administered
to be used in the 


under expert supervinion to avoid adverse impact on the
 

environment. If the human population continue to rise r.
 

and if the regional development atracts more people into
 

the tsetse fly infested area, then a control programme
 

of the flio using selected insecticides may be justified.
 

The recommendatione from the Kagera Basin Organization
 

are addressed to the four National Governments and the
 

erpected to ameliorate agricultural
Governments are 


ensure maximum productivity while
extension scrvices to 


associated with
minimizing the negative! impacts which are 


the utilization of chemical products in agriculture. As
 

a matter of fact, w.hatover may happen to Ruanda, Burundi,
 

Uganda and Tanzania these countries are unlikely to
 

forget that they used to be vast agricultural regions.
 

In conclusion, on the ixinue of polli,.tion, the Kagera
 

Basin Organizati:n is roquireu to make its intentions
 

known now. Like uconomic development, the control of
 

pollution and the quality of water must be undertaken
 

at the regional level which is the only way of safe

guarding the future, using the past as a point of
 

reference. Regional action is imposed by the economic
 

structures of our countries which are developing, but
 

the joint effort will help to reduce the risks arising
 

from lack of adequate documentation. The regional action
 

should be contrnlized in order to facilitate the
 

integration of development strategies at the commencement
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This Basin must be protected
of planning in the Basin. 


and developed at the same time.
 

DISCUSSION:
 

QUESTION:
 

Does Kagera Basin Commission intend to convene seminars of
 

this kind to discuss pollution control ?
 

ANSWER:
 

May be not. Kagera Commission has the duty to execute
 

projects designed by the member states and it will be
 

expected that the four member states would convene such
 

a seminar.
 

QUESTION:
 

see what is actually
Th6 participants here might want to 

happening in that part of the Lake Victoria drainage 

system. Is the Kagera Cowission receptive to such 

visits 7 

ANSWER:
 

It seems that there are several development oriented
 

organizations around Lake Victoria. It seems that there
 

is a need for the consultation among the organizations
 

the take Victoria Fisheries Commission, Kagera
concerned; 


Basin Commission and the LBDA. The Kagera Basin - ;.n
 

Commission would encourage such visits and consultations.
 

QUESTION:
 

Representative of Rwanda attended a GEMS meeting in
 

Nairobi and a question was raised about the monitoring
 

system on industries within Kagera Basin.
 

ANSWER:
 

We have not commenced the programme of monitoring. Plans
 

are underway for that and IUCN has plans to establish a
 

monitoring centre within the Kagera Basin Organization.
 

There are other plans for oil pollution monitoring but
 

they have not become operational.
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r 1 The'Issue 

SBy the time the.United Nations Conference on the
Hluman Settlement convened in 1972 in Stockholm, 

it had becopie obvious that evirnetloj-CtiVges of' industrialised en oj] onmntlcountries (IC) and developinp,(DC) are not necessarily identical. 
-' &' 

While ICs'have now, started. to mitiPgate environmental 
daaesgneae by unrestricted 'conomic 
growth,
the DCs, at least 
a l'arge' number among'them, often 


I 
viewterseii 
environmental problIems as 
a
 
diretrnlto 
hi underdevelopmlent.
 

Sveral DCs'believe that their specific environ-t~ "mental problems can be "!3olve,'; only if they are 
T' 

able: to achieve a larger share 
"' 

of~w!orld producItIion 
andIntrntional trad, 
 nmly 25%.share of.world.industrial productio)n by, theycar 2000 as demanded 

byUNIDO inth Lima Declaration of 1975. ltse s.that as long as' the supp.ly of basi cosmr od 
goo
0 sic conumerand 'emPloyment 'possibilities' is insufficient,, many

D~s, assign a hihrpirt'1 economic.o0 lopen
than to 'the enh~anceme nt' and protection of environ-
metal qualityA'.~> 4' A 

A 

~AAAs 
Afar a-, the dvlpncotreare 
 Concerned,

that environeal protection 
A~ 

is of' 
'"low Priorty,," of~even 

thp notilon 


a lluYis deceptive'and O'Uestionable on' twio 
counts at ledst: (a)
In DCs' the nature of many environmental. problems posea serious threat to the economic well-'being, and 
 . 'often even toA survival, of a large segment of the,
population. 
The~ Consequence of goil erosion and 

A'.deterioration of terrestial and aquatic c-ytm 

. 

Al Aar e often extremely 3erious or 
-vn"c 
 A'tp
l~A'4~AAA''AA 'A"'
 

degredation, 

Al':"'th'e 

of Africa Is Sahell for exmpleA'AA'AAA''AA4
 
A A 
 Aand not only limjiting 
 the improvement of 'standard.A 

'AAV.'AAfAI~ 

4 
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of livin' , but also endani'erinp people's 
lives. Obviously the environmental problems

cannot be viewed as Luxury'. (h) The argument
that higni priority should be g7,iven to meet thebasic material needs and if-nore 
problems of the
pollutin- Jn(t-!3tries is danrerous. Since the
existinr, knowl-d.r is rel-tively limited aboutthe ec.svste, of tropical and sub-tropical 
envirorm.ntn, it is a'iviceable to proceed

cautiously with the in,'ustrializatior, in DCs since some of these ir,', ;thlerts may cause more irre
verriLfe daimage,; in L s then in temperate
 
re-ziou; 
 of the TC-. 

Those DC(7,ho',evr, who attach a lower priority
to nvironm.nta2 qu lity believe that there is a possiblc trade-o'f b):twoen these two socio
economic objective=-. 
In this respect, less

restrictive environmontal lei-islation are 
considered a comparativ, economic advantage
which could accrl-,rate the industrialization
 
proceoss; 
 ar(c thereby create additional income
 
and jobs.
 
ince mosL !C.,s ar, short of 
 investment funds, 

some attempt to t 3, thi.s comprative economic
 
advant;, 
 to att',,ct and stimulate foreigninlestmtrt;. 
 Their assumption rs, that increased
 
production costs in iCs caused by the stiffer 
environmental prot 
' ction laws are a sufficient

r-'ason for conpanie-' to increase their invest
ments 
in DCn.
 

Whil n'oma PC: hop,2 to achi:ve more rapid
economic ,,v. opr>ent by i, noring environmental
 
damat,' a, 
 the for,i ,, ar that international
 
differ'.nc-. 
 i. rvi roni, rtal quality standards 
may proi;,-, di3 tortior: .n interrational
 
competition. 
 Althouj, il. may be desir:able to

locat( ;ollutinr production 
 activities in DCs,
where fhc similatJv Sapacity of the environ
ment is not y .t fully utili:,d , thi:; change
of indutrial .sitinc , howevor, may reduce 
investmant spendini, ari create additional 
employmont in ICs. in fact, representativesof industry and trace unions of Its have expres

http:differ'.nc
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sed their warnings of an increasin" flight
 

of polluting industry to the less restrictive
 

DCs. The extent to which differential environ

ment laws and onforcement have contributed to
 

the relocation of production activities to DCs
 

is not yet established. Available studies
 

claim that such environmientally induced capital
 

movements do )ccur, but they penerally suffer
 

from a lack of conclusive evidence and unreliable
 

data to d(etermine convincingly the importance
 

of this relationship. (YFZFi:, jV7l) PEARSON,
 

1976; WALTER, 1977). A casc study for example,
 

about German Investment behaviour concludes,
 
that the German industry derives no investment
 

incentivo when Cs intentionally sacrifice
 

environtiental quality in favour of accelerated
 
economic development. Consequently, less rest

rictive environmental policies do not provide
 

DCs with much additional foreign investment than
 
could be attracted for other reasons (KNODGEN,
 

1979).
 

Over the last decade inoustrial development
 

programmes and siting has i,,creasingly become
 

subject to public controversies in those DCs
 
which have be'un to take environmental concerns
 

into account. In :3ome Cs, legislation and/or
 

uideline- for the impl,.mentation of environ

mental assessments for, industrial siting are
 

already in existence, or are being prepared.
 

However, thero ar2 still mi!vi vings anmont
 

decision makrrs in the Third World about the 

cost,;, and possiblc delays, connected with
 

carrying out environmental impact assessment,
 

and about the ability and skills of the
 

assessors to provide useful advice. The
 

issue of the extent to which it is necessary
 

or worthwhile to get involved with environmental
 

impacts is a difficult one for developinn
 

countries, because the first claim on their
 

natural resources is for domestic consumption
 

and for earnings foreign exchange. Furthermore,
 
the manpower responsible for environmental
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management 
is often inadequately trained and
 
organized for an 
efficient implementation of
 
environmental laws and regulations. 
 It is in
 
this context that a simplified, cost-effective
 
and yet practical and effective environmental
 
impace assessment format needs to 
be designed
 
as 
the basis for a comprehensive environmental
 
policy in developing countries.
 

It is here not intended 
to present a systematic
 
discussion of all determinants and motivations
 
for selecting a particular industrial siting,
 
such as dependable supplies of natural resources,
 
availability of' skilled labour, winning new
 
markets and avoidance of high tariff barriers.
 
All these various aspects are subject of specia
lized branches of economics, such as regional
 
and 
location economics. 
 The following the
 
focus will be 
on methods 
to mitigate industrial
 
pollution, namely, 
on environmental impact
 
assessment 
(FIA) and benefit cost analysis
 
(BCA), includinr economic pollution control
 
strategies, and some 
of their problems of
 

application.
 

2. Assessment Methods
 

The CBA - and EIA - reports are proposed as 
a
 
means to prevent undesirable surprises of post
development consequences of industrial siting
 
and to avoid the less-than-ideal solutions
 
which may result from conflicts of the affected
 
social groups. In addition, the assessment
 
methods are aesigned to 
identify environmental
 
modification. as 
soon as possible during the
 
planning and/or im;plementation process, 
so that
 
appropriate actions and project modifications
 
can be suggested and undertaken.
 

To accomplish these tasks the assessment methods
 
must (1) identify, (2) measure, and 
(3) evaluate
 
environmental impacts. 
Some methods focus mainly
 
on enuneration of rotentia] impacts and 
on
 
c oIl c ',-:,. 
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addressed on how well impacts are listed and
 

measured. Very little or no provision is
 

made for the core problem, namely the weigitng
 

and evaluation of environmental impacts.
 

In the early 7970's EIA became available as
 

of project assessment
an additional instrument 


methods that first began with the extensive
 

followed
application of CBA in the 1950's; 


by Planning, Proqramming and Budgeting (PPB)
 

and Cost-Fffectiveness Analysis (CEA) in the
 

late 19701..(1) Despite its relatively new
 

arrival to the arsenal of assessment methods,
 

EIA is not rally that new. It has to be 

noted that some countries have had already 

introduced for, example sophisticated land use 

plannini. methods well in advance of the 

introduction of :.tionalth" Environmental 

Policy Ac-t (H!EPA) by the U.S.A. in 1969. 

Tht. introduction of NEPA, however, provided 

an au,litional momentum to the international 

environmental management.. It made ElIA 

internationally accepted as a special eflort 

required to a.-,scss the impacts of proposed 

development activities.
 

As factors which led to the introduction of 

FIA and the extf-nsion of the conventional 

framework of CPA, can be identified: (a) 

the increasinj' scalte and following side

effects of indutrial developments and 

resource development sohemes;; (b) the rise 

of activc and informed protest by well 

organized interest rroups and prominent 

several proposed
individuals in opposition to 


and 	 implemented development programmes and 

policies; and (c) the shortcomings of the
 

(1) 	A complete list of asoesmnent methods would include also 
environm-ntal risk assesnment miultiple-objective analysis, 
systems analysnis and opt.iization models, and finally, 
input-outpsvt athaIsis. All these methods can be rerarded 

,as envienr'ntl. .' :%act a9so.ylrmcent "chisin 'd:i* '- d 
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to accommodate appropriately
available assessment methods 


into thesocio-economic and environmental impacts 

applied 	method.
 

The dimension and apparent economic urtency 
to
 

undertake largescale development schemes, like energy
 

supply, infrastructure, water management 
and mining
 

kinds of environmental effects
 development, caused all 


as well as local, regional and
 
to the ecosystems 


become too threatening
internattonal communities and 


spread of these
 to be ignored. The very size and 


are still ongoing

developments, which took place and 


developing countries, overin industralized and 


whelmcd 	any conventional project appraisal 
technique.
 

a response to this, environmental activism
As 


several countries and it manifested itself
 
emerred in 


as
 
in an efficient coinLination of tactics such 


information base, improvedestablishin,- Letter 

analysis and r:et3od:; by the opponents of the short

and couldproposed development schemescominFs of the 

develop it-elf mst effectively in political 

guarantee individual'sdemocracies-; thjt protect and 

t appears that in many developingright to object. 

countri,-.e only f, w p,--rnons and small groups have 

to raisethe inlormatcti ua ind th,: resourci-s 

developmentobjectionssi ! iinot. ma 	 or irndustrial 

receive eithcr governmntalprovraimm,s ;nd rarely 
support for probing such proposr.ls. or constitutional 

.-: 	 any 

more probably to come from 
Tn,.rofore, 	 it seems, that pressure for enhanced 

environT,nt;, quality is 

informed internationalthe technicalliy 1-ttcr 

community of' tht irdustralized countriOs and from 

international agencies, such as UNEP and the
 

World Pank. 

2.1 The 	 Cct-Ben fl.t %nalyflis 

has many applications 	and isCost b!n.nfit analyi:r 

for most pollution control strategies.the foundation 

It :1I e,',d to allow informed value judrlements to 

assist the 	deci.ion-makk-;rs and planners in ranking 

projcct.; according to their economicinvestment 

- f fici incv. P! ir-,orr r quir., both qualitative and 

http:proposr.ls
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no model or
 
quantitativi: consideratilons, but 


'best' decision
can generate the
decision rul, 


hop( that cost-benefitby itself. EconCmists 

foal decision by
analysis can ,uide the 

identifyinr the uncertainties and 
classifying
 

(Hollick, 1981;

the 	assumptions involved. 


, 1975). Althou4h speiflc formula
N!ash et <0 

from 	case to case, cost-benefit
tions ciffcr 

combinationanalysis Untally involv< some 


or the followinf steps
 

tbe( goals ard objectives of the
a) 	 specify 

project(s);
 
and 	 costs

b) identify th, expected benefits 

for uacb alternativo; 

mcas.:ure applicablec) derin,- the unit of to 

each of the outputs .id .stimate the 

Of units;quantititiv, numb.r 
of

d) apply monetary terms as common index 

allow comparabilityrtelativ . value to 

and additivity; 

weiiht i ng 'actors in recognitione) 	 introduc, 

that v,-Ie judgement ,ill be part. of 

analys,i. ' eightinf, f,,ctors in recogni.tion 

that. v:,.u t judrem nt wil Iw part of 

nr. 	 ysi . Wieights :r,. ,mployed to adjust 

th .. ;timat,. of mon t ry 	 value for 

of social, culturalnon-mir!'et corLsid,r wtion, 

-c-, of the evaluationand -Colokiesl 

p roe ses;
 

- -;.r3 	 (ii.count benefitsnrdf) 	 esti mrt 

and cct: of the, identi-fied consoquencer 

of th,: project. and 

c') 	 employ r-tni.kin, rt,:ria to evaluate 

alterno:tiv s. 

analysis has
Traditionally, cost-benefit 


valuable to industrialproved to b, quite 

and 	 resource mainaers in gunerl and to envi

ronmenta' mna.,ers in particular. However, 
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it has to be noted that cost-benefit analysis
 
is not a prescriptivo tool. it ia most useful, 
and less controversial, for' the application of 
reltiV 1311, lc-purpoao ;,rojectst withv 17 si !er 

few externait',.: 'idontly, 
 envirnrental 
manag, is varely a i tuit ion:. 
shortcomir. at,, i 

t, 2'l ;uh :;ubstantial. 

i at e w t.h the so ;t-henefit 
analys:n iuci the relative ease with the 
expected flo: f borwfit-, and costs can be 
mar:ipulatoe, accordin , to the planner's interest; 
the necessity cf restricting the Sccpt, of The 
project since large projects and prcgramnea tend 
t.o alter, the entire rarge of relative values and 
output.; :ielection of an appropriate rate of 
social di Sou, t; de termination of the proper 
estmate: for - ,lnes to he considered in the case 
of imperfect. ui non-exi::t ant market evaluations 
(such as envirinrnt.al quality); considerable 
faittn in trne ability of competitive markets to 
produce ,ocally d',sirabl result; justification 
for the orinis, excluricn- of certain benefits 
and costs ; arit tca asse namen t of income redistri
buition ,ff', :'or, of th,.7 shortcomin,n (not 
all rind -,n:. tu ;I t'.rta e re ) ran bt adjusted 
r,t:;onl!). ' ''2 !io,;evor,, . rAardi,*:': f t.he degree 
of :t f tlh cnt-ben.t'it anal-is 
approach 0:;. 5l,, 'uo prtanv coat -bjunflt analysis 

. equt;lp,., t-) ,i'latf- t'he need for, ,,ub.,tantive 
'' ul. jd i,m . t-,t final stsp, of th, plannini:
anod Ia-' - p 1 sr cc :;.h.ntend, th, planners 
have Io r- ,Iy t.,nrt,:ri:;ci i ir,r ) nr antatd teams 
to a:se::: t. "a,. i:au . which ar' inaceuately 
reflect o hi eoth, t-ben fit t'raF.o:work (Muller 
1982) .e:, the shortcominps will be discussed 

further below. 

http:envirinrnt.al
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2.2. Environmental Irioact Assessrent 

The demand for environmental impact ass2ssment
 

(EIA) has generatcd proposals for so-called 

methodoloriao to satisfy the planning or decision 

-makers' requirements. .Most of these proposals 

suggest or prescribe a list of* data requirements 

and most differ only in their sug esions for 

presentation of the, information ('yunn, 1976). 

EIA can be thought of as a basic tool for the 

thoroucrh assessment of industrial development 

programms and/or proposal,. rhe characteri

stic of EJA is that : attemp,.s to use scienti

fic knowled1ge to assess the possible conseque

nceo of developmnnt action on the environnient. 

EIA aims to identify, predict and assess the
 

likely primary and secondary repercussions that 

may rsult as a consequence of a proposed
 

industrial development and, the results, compiled
 

and evaluated as syste.matically and objectively
 

as possible, are presented in at- Fnvironmental
 

Impact Statement (FIS) or FIA - report.
 

Basically, VIA - reports (v.ewcd conceptually
 

in a narrewcr sense) can bhe arrangod into four 

groups (,i) chcklists, (b) matrices, (c) 

ntwor.:: and (d) map overlays. Occo-sionally, 

computer :,imulations are mentioned as another 

alternative. The checklist is a common feature 

and usually rcepresent, a atp]orsue of possible 

impacts that m: jht be expected from various 

types of activ £ties. As sucs, this type of 
catalo uc provid - only mt:agre irformation 

about th, ,_,xtnt of impact a-,d its relative 

importance. (,drm:nds ond Ltefy; howe et al. 

1918). Matrices instead combine. a list of 

impact possibilitic witih various project 

activities that might b, associated with or 

produce such consequencts. The purpose. of 
these motrics is mor, to be explicit in 

disecrning- uhich actions have Ln impact on 

which environmental characteristics. Network 
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proposals attempt 
to describe more comprehensi
vely case and effect relationships, listing
 
impacts and indicating how these 
 are generated
 
through effects on 
resources.
 

Finally, map overlays try 
to identify areas of
 
lesser confiict among resource 
uses and enviro
nmentally important values. 
 This is armplished
 
by superimposing maps describing various 
uses
 
for values (such as vegetation, water ccurses
 
or unique wildlife habitat). The method is
 
employed in locational screenirg of alternative
 
project sites. 
 However, its chief shortcomings
 
are that it fails to differantiate the weight
 
or relative importance between the respective
 
resource uses, 
nor does it indicate the inter
relationships among them. 
 Fnvironmental impact
 
assessment may pive assurance to 
planners that
 
their decisions on industrial siting 
are made
 
on a broader scope of values than would otherwise
 
be the case. 
However, the separately conducted
 
study 
or listing of environmental factors has
 
not been a particularly efficient 
jr corvincing
 
approach for the inclusion of environmental
 
considerations in prevailing development appra
isal and planning methods. Impementation of
 
such considerations has frequently been costly
 
and time-consuminp.
 

Most of the times, EIA reports have been
 
requested 
for truly massive or 
unusual projects.
 
For such projects, unique environmental
 
procedures may very well be advisable but they
 
become questionable wher applied 
to the numerous
 
routine projects planned annually in nearly
 
every country. Obviously, EIA 
- reports must
 
be efficient, manageable and 
operational.
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In 	most casus, FISs were conducted following
 

the directive which centered on 
data to be 

generated and the form for presenting this 
•athered inferration, avoiding 
 almost entirely
 

any comparison and accommodation of economic
 

considerations.
 

Sometimes, it was even specified that economic
 

values were not to be included in the EIS
 

(Knetsch, 1979). 
 With emphasis on producing
 

data on purely environmental matters, it is
 

not surprising that the normal 
response of
 

programmo proponents is towards side study,
 

usually contracted out to 
people independent
 

of those involved in planning the project
 

itself and 
with the sole purpose of collecting
 

:2nvironmente] information. With such 
a 

narrow sceo,,., th sr studies obviously have 
little focu.3, loss point and do not improve
 

interdisciplinary 
 planning methods. (2) All
 

method-. of assessing the -nvircnment are
 

frau-ht with major difficultie:s. A major
 
problem amom, thrse 
is the assignment of
 

values to the relative significance of pre

dicted chsnp: s (Bisset, 1978). Vhereas the
 

more traditional cost-bmn,:.fit analysis (CBA)
 

of develop-rent .,rojjcts lends itself to 
some
 

measur,.-ment in monetary terms, the impact of
 

(2) 	 It s.-ns thit the necessity to show 
environmental concern to the court in several
 
countries, this perver.se tendency 
to 	assemble
 
masses of infornation over relevant infor
mation was evn reinforceri, since the envi
ronment-l iotorest lawyer !,ill not challenge
the ideuac,, of the EIS if its "weiEht. 
is overwhelmintr enourh. 

http:perver.se
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pfojects on the ecosystem have not yet been usefully
 

and reliably quantified, in particular on commensurate
 

scales. Deciding what is of greater or lesser importance
 

is n generic problem. Though cost-benefit analysis
 

is much used nowadays, the fact remains that EIA,
 

- report in the narrower sense is still a form of cost

benefit accounting except that the various items are
 

not calculated strictly in monetary terms. Current
 

FIA methods, almost be dfinition, vary with the
 

evaluater involved and have to be viewed as a personal
 

value judgement. Comparability and reproductivity
 

of inter-project ratings - sometimes even among the spe

cialists themselves - remain a constant source of
 

concern. Guidelines repeat the need for more objecti

vity. Furthermore, attempts to aggregate and/or
 

sumiza different impacts in some sort of quality
 

index are also inherently arbitrary and highly sub

jective. An additional problem with current EIA methods
 

is how to deal effectively with basic unknowns and
 

uncertaintios of possible impacts. The present
 

understanding of causal factors in the environment
 

in far from complete.
 

. EIA Frocedure for Developing Countries
 

An EIA report is only one of several tools for deter

mining industrial impact and managing the environment.
 

Even in DCs where planning procedures are not fully
 

established, FIA coula bc beneficial. In this contex
 

attention is drawn to the two-steps approach to EIA,
 

outlined below, as a useful and cost-effective proce

dure for DCs to implement.
 

For any EIA - system is it necessary to have a 

procedural framework in which EIA will operate. UNEP 

has published such a framework and those countries 

in which EIA is being implemented have established 

their own PIA prccedures. It is not feasibile to 

suggest an FIA procedure which would be applicable 

to and acceptable by all DCs, since they each have 

developed theur own r..2ision-makin,- and plannin systems 

"-' . :' "crrcn'c/Cr 
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projects. Therefore, here we will only present
 

a general, idealized EIA procedure. (UNEP 1980).
 

The effective operation of E1A depends upon a
 

review of the potential onvironmental effects
 

of policies, programmes, plans, and/or projects
 

by an agency. In the initial step, it is to
 

decide on the scope of the assessment which
 

specifies how extensive and intensive the EIA
 

will have to be. This decision, determined by
 

the regulation or review procedures of the coun

try conmrned, sets the stage for, the 
 extent
 

of the FIA system required and the details
 

necussary for it. 
 The agency, which undertakes
 

the initial step, for undertaking the screening
 

activities may be a local, state 
or federal
 

government authority or a specialised agency.
 

The objectives of the review agency can 
be faci

litated by requesting a submission of a project
 

brief describing the proposed industrial siting
 

of the planned activity. Another important aspect
 

at this initial stage is the selection of
 

personnel for the team prepail.Lg the EIA. A basic
 

requirement is that this team should 
be technica

lly competent and be capable to prepare an
 

objective scientific report. The E!As may be
 

conducted by the proonent, consultants, government
 

officials or, a combination of all three.
 

Since most EIA experiences are related to projects
 

and only to very few plan, - programmes, - and

policy-FIAs have been conducted, in 
the following,
 

the reneral attention is directed toward project
 

EIA. The EIA-team screens the proposed industrial
 

siting for potential advers'e environmental 

effects. Screenins. is a procedure which attempts 

to identify, as soon as possible, those industrial 

sitings with potential impacts which may be of
 

major significance and should, therefore, be
 

scrutinized by 'IA. Projects which might have
 

http:prepail.Lg
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significant" environment eff'ect5 can be
 

investigated and, if no such effects are
 

detected, they can then, obviourly, be excluded
 

from further environmental analysis and their
 

implementation can advance. (JAIN et.al.19 81).
 

Howevzr, there is a grey area" uf identifica

tion of environmental impacts. Within this
 

grey area' it is possible to identify a further
 

three types if projects. Firstly, those with
 

no significant effects which could be mitigated
 

through minor project modifications and/or
 

by appropriate environment management. If this
 

is the case, then no further EIA becomes nece

ssary and the project implementation goes ahead.
 

Secondly, tnere are projects where the nature
 

of potontial detrimental environmental effects
 

may not fully be known. Thus, a preliminary
 

EIA, but not yet a full and comprehensive EIA
 

is required to evaluate the significance of
 

the imuacts. The findinrs from this initial
 

assesswmrnt will show whether a detailed EIA
 

is necessary or not.
 

Thirdly, there are Drojects where the nature of
 

adverse environmental impacts are obviously
 

significant and require a detailed EIA. Thus,
 

the function of the screeninp procedure is to
 

determine in a cost-Pt'ficient and expeditious
 

manner whether a project should be subjected
 

to a comprehensive Elji. Thir project to project
 

approach is proposed in [NEP Cuidelines (Fig.2). 

The Fit. I depicts a sequence of preliminary 

(steps I - 5) and detailed (steps 6 - 9) asses

sment steps to analyse and assess potential
 

impacts bv a proposed development and its availa

ble set of alternatives. The essentially stra

ight forward nature of the preliminary assessment
 

procedure implies that steps I - 5 can be
 

successfully executed within short time. For
 

many projects not. havini! significant environme

ntal impacts the requirements of time and resources
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will not be substantial, pruvidcd that the 

project brief is adequately specified. For 

example, step h requires a systematic identifi

cation of possible interactions between the 

nature and the characteristics of the devclopment 

site, illustrated by use of an interaction 

matrix. :,'ep 5 applies a screening test in 

order to letermine those elements (e.g. environ

mentally sensitive areas) and sub-elements
 

(e.g. coastal zones) of the environment upon 

?thich there may bQ important impacts. The 

results from these tc.sts indicate whether a 

detailed EIA will be required. Step 6 - 9 

covering the comprehensive, detailed FIA procedure
 

which require., examination of the significant 

impacts in more detail through increases
 

analytical precision of detailed baseline and
 

proce.:s studies. The two-step procedure is
 

illustrated in Fig. 2.
 

The recommended two-step approach to EIA
 

consists of a preliminary or minimal environmental
 

impact assessment and, if necessary and required,
 

a detailed environmental impact assessment.
 

The preliminary EIA report should include at
 

the minimum the following elements:
 

a listing of' the potential environmental
 

emis.sions of the planned industrial siting; 

- an environmental inventory of the possible 

project location; 

- identification of the magnitude and relevance 

of the expected environmental impacts; 

consideration of siting alternatives,
 

technical and locational;
 

report on overall assessment including
 

possible environmental protection measures.
 

Basically, the preliminary FrA report collects, 

orgarize; and analyses the roadily available 

information about the 'significant" and 



PROTECTION 

PAGE 16
 

"substantial" environmental impacts of the

proposed activity. 
 It is realized that the
 
operational difficulties in defining in advance
 
criteria for the selection of development
 
activities to be 
scrutinized 
either by a

preliminary and/or detailed 
 IA are considerable.
 
Conditions in developing countries differ too
 
widely in relation to 
their socio-economic
 
feasibility and 
in terms of their ecosystems
 
and national 
resources base 
to lay down broad
 
prescriptions. 
 Realistically, the definition
 
of what is a "signiffcant,' impact must ultimate
ly be left to the judgement of the review agency

in the country in question.
 

The EIA process will involve the collection
 
of information relating to 
the release of
 
various types of Pollutants of the proposed

industrial 
 siting to environment. 
 With this
 
type of information and knowledge of prevailing

environmental conditions, it is also possible

to use FIA as 
a tool for abating the emission
 
of Pollutants. Obviously, ahatement cannot
 
be implcmented directly but the information
 
gained from EIA reports 
can 
become an important

prerequisite for dosigning Pollution control
 
strategies.
 

Finally, it has 
to bc recognized that there is
 
reluctance of some 
countries, in particular
 
dev-.lopinz countries, to prepare and implement

FIA procedures 
. This reluctance is 
based to
 
a larFo extent, 
on 
the belief that EIA reports
 
are 
very expensive. 
 Experience, however, has
 
shown that the cost of preparing an £1S is


relatively low, runing from 
 0.25% to 0.75% of the
total project cost. 
 AccordinC to a study carried
 
out 
 by the Environmental Protection Agency of
 
the U.1)., the FIA 
costs ar? approximately only

0.19N of the 
total project cost. 
 Furthermore,
 
with inereasinq know..how and improved data-banks
 
a further downwar(I trend in costs may be 
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The costs are obviously commensurate
expected. 


with the complexity and significance of the
 

the level of detail
environmental problem and 


required. Thes,! costs may be borne by the
 

the authorizing agency
development proponent, 


and/or some other ajrency. Neasuring the
 

benefits and costs of individuals EIA - reports
 

and EIA - procedures is a very complex under

taking, namely, it is rather difficult to
 

conduct a full monetary cost-benefit analysis
 

of ETA reports because some of the environmental
 

benefits and costs escape quantificati.n.
 

Nevertheless, if one attempts to compare the
 

costs of preparing ETA reports with the costs
 

of combating pollution and preventing environ

mental degradation, it seems that the costs of
 

ETA reports are minimal and should not be
 

viewed as an obsLacle to introducing EIA
 

procedures in developing countries.
 

4. 	 Economic Strategies of Controlling Industrial
 
Pollution
 

O tina 2Lvl of Pollution4.1. 2

Probably the most difficult practical problems
 

in evaluating environmental impacts and, thus,
 

combating industrial pollution are the determi

nation of the significance and the resulting
 

pollution damage costs. CBA requires a lot of
 

determiinformation about these costs for the 


nation of an optimal level of environmental
 

damage. In particular, the knowledge of the
 

shape and position of the damage function over
 

a wide range of environmental degradation is
 

required. The idea, however, of an economic
 

optimal level ot, pollution generated some
 

controversy among the scientists. Biological
 

criteria to determine acceptable levels of
 

pollution have been suggested as alternatives
 

to the economic optimum. An economist who
 

responded to this controvorsy is Pearce who
 

art,, l V -ioloin ica! and envi ronmental
; n 
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considerations sct limits to the applicability
 

of CBA and the eancept of optimal environmental
 

damages. (Pearce 1976, Muller 1975).
 

The main thought in Pearce's argument is that
 

physical environaents have a definable 'assimila

tive capacity" for pollution. For some types
 

of waste the assimilative capacity depends on
 

biological and physical factors (for example,
 

biological decomposer populations). Above some
 

critical level of waste emission, the decomposer
 

population will not be able to regenerate, if the
 

waste emission exceeds this level of absorptive
 

capacity, ecological imbalance results. Conse

quently, the absorptive capacity itself will be
 

reduced before the waste is decomposed. This
 

process will continue until the assimilative
 

capacity is destroyed and, consequently, the
 

waste will build up in the environment.
 

It is in situations like this that Pearce and
 

others question the relevance of CBA and argues
 

in favour of biological and environmental standar

d3 as criteria for acceptable levels of pollution,
 

instead of optimal level of pollution determined
 

by CBA. According to these authors, the problem
 

with the economic approach is that the optimal
 

level of pollution, which it defines may well,
 

exceed the ass;imilative capacity of the environ

ment so penerating ecological instability and,
 

thus, entails risks of larpe-scale non-survival.
 

Looked at in this way, a CPA appears to be
 

redundant, because such analysis requires prior
 

physical ana bioiorical knowledge of where and
 

when ste emission will cause ecological crisis:
 

information which EIA-reports supposedly can
 

provide. Consequently, it is quite possible to
 

argue, that the use of ecological standards to
 

define assimilative capacity and limit the
 

level of' waste emission, is an efficient and
 

practicable procedure of achieving ecological
 

stability. However, it is not quite convincing,
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why such ecological standards have to be
 

considered as preferred alternatives to
 

economic optimization. (3) In fact, in
 

14eneral the economic optimal level of
 

pollution should coincide with ecological
 

standards for assimilative capacity, and not
 

exceed them. The argument that CBA is in

applicable and/or redundant when there is
 

incipient ecological instability is far from
 

clear, because it is not obvious that the
 

determination of an impact's ecological
 

significance is easier to establish than its
 

monetary evaluation. The ecological signifi

cance is based on a scaling/ weighting system
 

which involves the use of value Judgement
 

at two staqes:
 

(1) 	in scalinp the magnitude recorded within
 

each impact category according to some
 

form of value function intended to indicate
 

the relativo importance of different
 

magnitudes within any given impact
 

category;
 

(2) 	in weighting the scaled magnitude to the
 

relative importance of the impact category
 

to which they belong.
 

6esides the fact, that some scaling/weighting
 

systems are with technical problems, the main
 

difficulty with them is that they include value
 

judgements. (Lea, 1982).
 

In the following, various economic strategies
 

for combating industrial pollution will be
 

discussed.
 

A formal illustration o:' this concept will not here 
provided. (ke. P- arc, 1(976; Cocper, 1981 pp.43). 
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4.2. Pollution Control Policies
 

lany theoreticians and practioners suggest
 

a great variety of proposals for the solution
 

to industrial pollution problems. Some of
 
these appear more analytically elegant than
 

practically possible, and others favour
 

particular interest groups to the expense of
 

others. However, common to all these proposals
 
of abating industrial emissions is the notion
 

that the fundamental factor underlying most
 

environmental problems is the failure of the
 
economic systemn tc allocate resources effi
ciently because of pervasive external spil

lover effects of consumption and production.
 

Given this fact, it follows that the main
 

justification for governmental intervention
 
in the economic system for environmental
 

purposes 3hould be to mitigate these external
 

effects (i.e. pollution) and to internalize
 

for society those effects that are external
 
to individual households and firms. It is
 

relatively easy to design theoretically how
 
an elip'htned, efficiency-oriented government
 

should act in 
a world where full information
 

is available and at reasonable cost in order
 

to reduce pollution and, thus, to improve the
 

functioning of the economic system. The myriad
 

policy proposals are mostly variants of a
 
relatively limited number of basic policy 

instruments. (4) 

(a) Taxes or effluent charges
 

In general, properly designed tax or
 

effluent schemes are appropriate instru
ments of influencing resource allocation
 

() There exists an extensive body of literature on this
 

subject. For intooductory purpose:; see (3ene a and
 
TaussiF, ]Y79, F,:rro.3 198, Pamoi am Oatas, 1975).
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and environmental quality. These measures
 

rely on creating economic incentives for
 

consumer and producer that, in conjunction
 

with the profit n,ouiv?, change economic
 

activities. The potential aims of taxes
 

as a general fiscal instrument are varied
 

and could include such items as industrial
 

.missions, incomes, factors of production,
 

or specific outputs. Any specific tax has
 

the effecr of an economic penalty and deter

rent to the taxed activity. Within this
 

general arsenal cf tax instruments, effluent
 

charges are thc particular form of taxation
 

for the direct application to industrial
 

pollution. The tax or effluent charge may
 

be uniform, or it may be different for
 

different polluters. Furthermore, the
 

level of the char~e may either be centrally
 

dctermined by the government and/or pollu

tion control agency, or be the outcome of 

an auction of ':polluters" rights - to 
pollute administered by the pollution cont

rol agency. 

A per unit tax on industrial effluent
 

discharges means that the "zero-price tag"
 

associated with the use of environmental
 

services for waste disposal such as air
 

and water resources, is removed and thereby
 

the governm nt is narrowing the unrestricted
 

property rifchts implicit in the free use
 

of environmental services. Consequently,
 

a policy of enwronmental effluent charges
 

implies that the kovernment or control 

agency formally establishes its property 

rights to environmental resources and sets 

the price that must be paid for their use. 

An effluent charge, therefore generates 

incentives for companies to assess alter

native costs associated with production 

modifications with the purpose of avoiding 

the tax. Th, nrofit-motive will influence 

the polI;:'t-,r to :earch for a :rinimum - cost 
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solution and this may 
 result in a combination
 
of output reduction, t:mployin alternative
 
and less polluting tochnologies, waste
 
treatment and, maybe, payment of the 
effluent
 

charlge. 

(b) Polliter Subsidies
 

An alternativ to the effluent charge is to
 
encourage pollution abatement through the
 
offer of a goverrnment subsidy to cover all 
or part of the production costs. 
 A government
 
offer of 
a subsidy of a certain amount acts as 
a :'bribe not to pollute". The subsidy has to 
be viewed as an opportunity cost in terms of
 
foregone revenues and also poste,;ses th3 
offect of' internalizin- the social costs of 
waste disposal. A polluter Subsidy implies 
a fundavimental difference in the surucLure of 
property rightu in environmental resources 
from that of an effluent charg e scheme, namely, 
the propr-'ty rights of di:;charging waste into 
the envirormun t accrul to the POilutinig firms. 
Since the io,,ernrment provide a payment to 
the polluter not zo exercise his right, the 
industrial pollutor considers wa.ste abatement 
as another potntially mark0e.able good (i.e. 
the sellin;- of r'i-hts to pol1 lute) and tries 
to maximize profits when thc government offers 

the Subsidy.
 
Onc majot obiection to a polluter subsidy
 
.chtmt- is tha: it may produce inceetives to 
genurato wast,- if the abatement costs are less
than thi.eper uniLt ,te s idy. This may 

even rosuj. in CFirmns Cing into the 
'waste-producing. basin-s.: in response to the 
perfectly tuastic & nmand aehedul : for aoated 
waste creat( thuby government's offer of a 
flat per unit polloter :;ubsidy. Since this 
perverL-,, behaviour exist, it is u strong 
objection a!,ainst the implementation of the 
subsidyd . ie. 
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zoning regulations, each site would tend to
 
be devoted to a use that maximized the profit
 
of the individual owner. 
The aggregate of
 
such individual maximizing behavior would not
 
necessarily lead 
to the most efficient use
 
of all sites because of the importance of
 
e>frenal costs in land development. In many
 
situations, pollution damages tend to increase
 
with proximity. For example, if land in
 
a residential area were 
not zoned exclusively
 
for this purpose, the 
owner of the potentially
 
pollutin.7 firm might 
find it profitable to
 
construct his factory into the residential area
 
or at least threaten to 
do so and then demand
 
a sufficiently large bribe paid by 
the
 
threatened residents for changing his initial
 
intension. In general, it seems that zoning
 
is an important component of an overall national
 
or regio.ial planning process which intends 
to
 
achieve a proper balance between the various
 
possibilities of land 
uses. In principle,
 
the zoning process would distribute tracts of
 

land among well-planned commercial, industrial,
 
residential and recrational land 
uses and then
 
allow the market system to distribute indi
vidual sites within eah of the specifically
 
designated tracts. 
 Thus, proper national and/
 
or regional land use plannin' would avoid
 
the occurrence of many formL 
of social costs
 
of unplanned land use development and, there~c
 
fore, would contribute to achieve allocational
 
efficiency within the regulated zoning scheme.
 

(e) 
Government Production of Environmental Services
 

Production of environmental services in the
 
public sector is another environmental policy
 
alternative open to the 7overnment. A classic
 
case of qovernmont provision of environmental
 
services is tl'o hig~hly organized river basin
 
authoritiev in Germany. 
The Gprman approach
 
of coordinating river basin authority is a
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rather complex institutional structure to
 
control water pollution. The German rivet
 
basin 
)rganizations are calle Genossenschaften,
 
which means 
cooperative associations. Of
 
particular interest is 
the Genossenschaft
 
of the Ruhr River Valley, which is heavily
 
industrializcd with concentrations on 
iron,
 
steel, and rclated manufacturing activities,
 
all of which are 
 heavy polluting industries.
 
Furthermore, thD population density is
 
relatively high (approximately 8 rillion
 
people) and zhe river system is 
a relatively
 
small one 
by North American and African
 
standards. Consequently, the 
river system
 
carries an 
enormous amount of pollution,
 
while simultaneousil, 
 it is providing the
 
water supply for households and industry
 
and outdoor r,creational facilities.
 

The management approach ta'ken by the
 
Genossenchaft is 
the main element for the
 
success. 
Since river basins are treated
 
as a whole, the Genossenschaften can 
take
 
advantages of many 
economies of scale in
 
water pollution technology. For example,
 
certain sections of rivers have been zoned
 
for recrational and amenity 
purposes, while
 
other parts arc 
used exclusively for
 
efflu~ent discharges. Furthermore, the
 
Gonossenschaften have also cnntributed to
 
the relocation Df industrial sitings, when
 
the envirenmrntal 1cffccts of the proposed
 
siting were considered as undesirable for
 
water and ,rvironmenta. quality. 
 Several
 
specializcd and 
 cost-effective effluent
 
treatment techniques hav 
 been employed. 

Tho basic philosopny of the Genossenschaften
 
has been to distribute the costs of pollu
tion abatement to 
the sources of pollution
 
by making use 
of direct effluent charges
 
rclated on the type and quality 
 of waste
 
discharged by 
individual companies. The
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experience of this approach seems 
to favour
 
a system nmanagement approach 
 to pollution
 
problems 
and a reliance on 
the fundamental
 
economic principle of achieving an effi
cient 	allocation of costs. 
 (BOWER and KNEESE.
 
Chap.12, 1968).
 

In sum, 
if society decides to abate pollution
 
a number of viable policy strategies exist
 
to enhance environmental quality. 
However,
 
one has to realize that 
the application of
 
exclusively one strategy to all 
types of
 
pollution is not 
feasible but rither of
 
mix of policy strategies seems 
to be desir
able. (5)
 

4.3. easuring Pollution Damages
 

In the present section some 
issues of measuring
 
environmental damage costs will be addressed.
 
Economic damages due. 
Lo environmental externa
litie.s can be categorized into two classes:
 

(a) 	 environmental impacts may affect material
 
outputs, 
or change production costs in which
 
case damage costs 
are measured by the
 
monetary value of lost production and
 
consumer surplus; and
 

(b) 	 environmental imeacts may have direct
 
effects on persons' welfare, quite aside
 
from the effect of output losses.
 

In this situation, the costs, 
of damage are
 
evaluated by referring to 
people's willingness
 
to pay to have environmental pollution abated.
 

A ienrthy discussior of the aavanta'es and disadvanta
,es of the various pollution abte- ent(:on hi r , o 	 strateiesn,ro,!ji -d .!Ur to IL.altintat on. 
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Examples of output effects resulting from
 

environmental damages are manifold: soil
 

degradation reduces crop yields; water pollution
 

diminishes fish catches; air pollution in urban
 

areas can cause bronchial illnesses; and
 

inadequate sanitation can cause water-borne
 

disca -cs. 

Direct effects on persons' welfare are more
 

ulusive because nhev depend on individual 's 
subjective responses to environmental impacts,
 

but they have to be included in damage costs 

as well as output effects. Several output
 

effects are associated with direct effects as
 
well. For example, ill health reduces producti

vity and the incomes of the sick. But, in 

addition, it leads to distress to sick individual
 
himself and to his/her families ano frienas.
 
Furthermore, per.3ons who are not even affected
 
by the health hazard may nevertheless suffei, 

distress because of the misery of those who are. 
Their welfare is reduced by the knowledge that 
others are ill. The utility due to these various 
kinds of discomfort and distress are not included
 
by the measured otitput effects of illness. 

Unfortunately, because of the conceptual diffi
culties to nea:-ure them, they are frequently left 

out or underestimated in CBA and ElA - reports.(6) 

Direct effects on individual welfare also include
 

goncral disamenities. Persons put subjective 
valuations on tnc destruction of natural environ

ments for various reasons: destruction of 

scenery could be an irrevors;ble los3 in itself; 
destruction of wilderness may represent. a loss 
of recreation opr.ortunities. 

The relative imp;ortance of th.se two c]:isses 
of environmental damages are likely to be
 

different between industrialied and developing 

countries, because there is a hig:h income 

,6) P0r variou; umthods of e:st.,mating environmental 
effec; 5., Fr 2snan, 1979. 
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elasticity of demand for environmental amenities
 

which individuals consume directly (Pearson and
 
Pryor, 1978). Though damage costs due to loss
 
of output may be more important compared 
to
 
disamenity in DCs than in ICs, 
it can not be
 
concluded that disamenity and direct effects
 
on the individual as 
consumer are generally
 

unimportant.
 

The conceptual and empirical problems of estima
ting individual willingness to pay (WTP) for the
 
prevention of environmental damage are not yet
 
sati:.j(ctc-ilv colved. 
 The "free-rider problem"
 
still ropresents a major difficulty and the
 
"revealed nreference- methods of estimation are
 
only a partial solution to this problem. Further
more, there are two additional general problems
 
about datermining I.''F-. The first problem refers
 
to the fact, that it 
is only possible to measure
 
total damag-e costs at some given level of envi
ronmental deterioration. 
Total damage costs,
 
howevei', are an 
inadequate guide for establishing
 
the op'imal level of pollution, which is derived
 
frim , rrginqi damage costs. For the measurement 
of thu :argir.al dama'e costs, the knowledge of
 
the shxpe of the total damage costs curve over
 
a sb.'.antia3 
rantye i!;required - a prerequisite 
which is seldom flulfilled (Cooper, pp.50, 1981; 
Xiutilla and Fisher, Chap.2, 1975). 

1he ,,-orid pr-V' i.z that for many policy 

meajure:: it is not only required to know the
 
ex port est im e:; of damaf-e costs, but the 
e : ante estimatc-, and these 
are especially
 
dif'ffiult to dete.aiin, ,. The replies of direct 
ques ioning and reveiled preference methods are
 
unlike!, to be different from the perceptions 
thei; might have later of the dJ.;amuri.ty value 

of actual environmental damage. 
 These sh3rt
corrint's anu problems about the measurement of 
',, u- oll.ution damage costs which can only be 

dirrotly .;tin:,atcd Through WTP, apply with equal 
weiht in DCs as in iCs. Furthermore, measures
 

http:dJ.;amuri.ty
http:argir.al
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of WTP create particular problems in most DCs,
 
since the validity of the measures of 'revealed 

preferences, depends on complete monetisation 
and perfect markets, and tnese conditions are 

unlikely prevailing in DCs. 

Even if relevant data on WTP can be collected, 

their interpretation is likely to be complicated 

mainly for two reasons' 

(a) 	 the income distributlon is usually much
 

less equicab],: in DCs than in ICs, and
 

in many casvs even viewed as politically 
destablizin7. The aggregate of individual 

'4TP is, howevwr, a result of the distribu
tion of many incomes. 

(b) The WTP concept is only appropriately
 

applicably to other types of economic
 

orfanization is questionable.
 

In situations of most DCs, where income distri

bution is considored as unsatisfactory, it is 

just not adequate to apply lirectly monetary 

valuations in C5A of environmental impacts, 

without considering who los:; and who gains 
from environme.ntal damage and it.,, control, and 

without attachin., some weight on the income 

effocts on di ffert.r t rci s-conomie 7troups. 
This relaton.ship ' for a cleanerbetwuen CTl 

environment .n:! variou.s incore le(l:; has 
implications for * conomic evaluation, namely 
it qucstionn the adequacy of dama-e costs 

mcasuruments which ignore different income
 
levels of various persons aft, ted by pollution
 

damag7es.
 

In addition, the measurcment of WTP poses 

particular -roble ms in MC, because of the 
difficult.i.<, th.,t th interpretation of such 
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date generated in only partially monetised economies.
 

Methods of revealed preferences' on WTP are confronted with
 

particular problems where a significant proportion of
 

people's income consist of goods they produce for their own
 

use, and only a part consists of money.
 

Often 	subsistence farmers enter the market. only because they
 

need money to purchase goods they cannot produce for
 

themselves (e.g. medical supplies). Obviously, these
 

circumstances bear implications for the way they may respond
 

to questions about their WTP.
 

Some of these problems may be reduced, if "payments" for
 

combating environmental degradation can take the form of
 

allocations of labour-time, for example. If this is the case,
 

then the problem of valuation of environmental damage can be
 

"solved" by asking individuals about their "willingness to
 

work". However, people may be willing to contribute fully
 

to environmental improvement through self-help schemes,
 

provided the free-rider problem does not arise,
 

5. 	 Strategy for the Use of CBA and EIA Methods for Industrial
 

Siting
 

The separation of EIA-reports from economic evaluation
 

prevents environmental impacts being considered at an
 

earlier stage in tho planning of the proposed industrial
 

project. It is posibl, that this separation may tend to
 

make planning decisions sequential by first preparing an
 

economic feasibility study and then, at a later stage,
 

considering the environmental impacts and their abatement.
 

If this describes the usual planning process, then there
 

is hardly any (or no explicit) trade-off among alternative
 

choices made in the formulation stage of the programne
 

and/or project, thus adding substantial inflexibility to the
 

planning process. Consequently, the burden of proof is
 

such that an extremely convincing case has to be made to 

cause changes in an industrial project since at this planning 

stage, the set of alternatives is already reduced and such 

changes at a later stage will probably also be more costly. 
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Thus, at the moment, EIS are often viewed more as an 
adversary reports than an instrument to enhance in planning 

process. The practice of environmental impact accounting, 

with little or no requirement to consider environmental and 
economic-trade-offs, can also lead to inconoistent treatment
 

of environmental impactn across different projects and,
 

therefore, result in wasteful 
allocations of resources. 
 In 
fact, without priorities, the request for environmental data 

collection is very much open-ended, rather .,xpensivc and 

often proves of little benefit to the integrated planning
 

process (Knetsch and Freeman, 1979).
 

The separation of EIA from project/programme planning may also
 

generate conflict between the deve lopmnt.planning team and
 

the EIA team and thus, prove to be rather obstructive to an 

integrated planning process. 
 What seemJ to be required for
 

an integrated planning process, if the ETA 
- report are to 

be substantivu and useful, are procedures which emphasize 
explicity the trade-off between measurable economic gains and 

more intangible environmental impacts. This connection of 

environmental effecta, to economic gains and losses could be 
achieved by linking the ETA to the criteria of CBA and 

requiring the necesslty of a supported judgement..
 

Despite th_ previously mentioned shortcomingo, the CBA has 

one major virtue - an explicit conclusion concerning the 

expected benefit/cost ratio. As a consequence, the awareness 
of this feasibility test, and the obligation to demonstrate 

that the evidence Suaportn. the conclusion, influencec planning, 

from the very beginning of the project/,rogrmme, to nelect 

carefully option- that reduce the costs and increase the gains. 

Cont-benefit analy; in a6 the theoretical foundation for the 
asuessment of environmental impacts and pallution control 

strategien, hio advatnced in recent yearn go .hat even 

amenit hg and other ut;,:; of environmental impacto and other 
uoes of environmental resourcen can  or at leaat for the most 
part - be expr,:.fsed in monetary terns (Welabroad, 1964;

7 
Cicchetti and Frcmen, 1971). 
 A poitikve recommendation for
 

llowever, recent contributionu hay,. extended the convention;,l
Ci% through the inclusion of ":he option value concept for 
precerving natural envlronments. 
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implementing an industrial project implies that any negative
 

environmental impacts are outweighed by beneficial gains to
 
other 	objectives and considerations, or that any positive
 
environmental impacts outweigh any negative effects on
 

economic welfare or other social-political objectives. Thus,
 

a decision rule of such an integrated planning approach would
 
require that recommendations for decisions 
to proceed with
 

a project/programme include an explanatory statement 
that
 

the net economic benefits of the industrial project under
 

consideration exceed any negative environmental impacts,
 

or 
that the negative economic benefits are exceeded by the
 

expected, positive environmental benefits. In this 
exercise
 

of value comparison, the EIA 
- report would become central.
 

The integration of 
these two concepts according to the suggested
 

comparison, would force the decision-makers and planners to
 
demonstrate that the benefits exceed the costs. 
 Furthermore,
 

it also provides a point of orientation for the collection
 

of required information and leads to interdisciplinary
 

cooperation.
 

Any statement of the relative values would be required to be
 

substantiated by details of evidence and assumptions used
 

to justify implementation of the project. This evidence should
 

be arranged in such 
a way 	as to clearly illustrate a
 
comparison of the not economic gain with any negative
 

environmental effects. This comparison would require the
 

following steps:
 

(a) 
 to identify the potential effects on the environment
 

associated with the project alternative under
 

consideration;
 

(b) 	 to 
assess the nature of values associated with the
 

identified ,.ffects and separate quantifiable values
 
(usually expressed in monetary terms) from non

quantifiable values; and
 

(c) 	 to state necersary assumptions to support a Judegmunt 

of economic and environmental jus-tification of project 

choice over other;, including the assumptions of how 
values are expected to change over time in response to
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change8 in demands for both project outputs and uses
 

of natural environment.
 

An important element in this comparibon is the assumption of 

values concerning the time paths of e:pected benefits of 

preserving resources and alternativc, development projects. 

Thus, the analysis would illustrate any expected change in 

the fild of benefits ove: time from each of the alternative 

options and rhow how these assumed growth-paths lead to the 

conclusion reached about the relative values oi environmental
 

and developmental benefits.. The respective time path has to
 

include:
 

(a) 	 the expected life of any facilities related to alternative
 

development: 

(b) 	 changes in the demands for any of the commodities of
 

each alternativQ over time (including any other
 

possible consideration that would affect the flow of
 

benefits over time);
 

(c) 	 the degree of avallAble substitutes for commodities to
 

be produced nl a result of the suggested project
 

(incliiding those stemming from non-development); and
 

finally,
 

(d) 	 the consequences of any irreversible characteristic
 

of change in the use of the resources being considered
 
8
 

(Krutilla and Fisher, 1975)..
 

The necessity of explicit statements on the economic desirabi

lity of the project,- and the associated judgement that any
 

identified environmental coot,, are less than the net economic 

gains (thus presuming it to be the most efficient choice), 

requirc the decision nakure and planners to arrange the 

information and to make an explicit Judgument about the values 

involved. The suggested utrategy, of explicitly noting the 

economic and environmental trade-offo, lends itself to efforts 

to account for changing values associated with natural areas, 

or other unique environmental assets.
 

This approach war. developed and successfully employed by 

Krutilln and Fisher in thu Hells-Canyon Case U.S.A 
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6. Conclusion
 

Looking at the environmental management syntem as a whole
 
in general and at industrial sitingo in particular, they
 
reveal their appalling complexity. 
Many of its components
 
are 
not yet fully understood and require substantially more
 
research efforts. Obviously, it would be 
ideal if thin
 
system were 
fully comprehended before implementing environmental
 
policies. The kznowludge of abatement costs 
for several types
 
and sourrao of pollutants is sketchy, the curren 
available
 
information on the value of pollution costs 
is almost
 
non-exiatant for many exot.ic 
forms of polli,tion. The valuation
 
of pollution costi requires both 
information on the magnitude
 
of the damage measured in physical units and an 
accepted
 
means of converting thece into a common unit of measurement,
 
namely monetary values. 
Many of these problemr, such as
 
evaluation methods of pollution damages and decision-making
 
under uncertainty and 
lack of information despite their
 
importance were here only briefly mentioned and/or omitted
 
due to time and space limitations.
 

Since environmental policy cannot await perfect knowledge 
-

an 
unrealistic d(,mand -, we must use the available considerable
 
insights we have gained from a more partial view of the
 
environment, knowing its imperfections, to improve policy 
and management of environmental quality. 
 Up to this point,
 
we have to realize, that governments and decision-makers have 
not even made good use of what is already known - especially
 
what is known of the economic nature of the environmental
 

problem.
 

If society decides to 
control industrial pollution, a large
 
number of policy strategies and quantitative methods, for
 
example CHA and EIA, are available to achieve improvements
 
of environmental quality and were discussed above.
 

From the presented analysis follows, that several steps 
are
 
urgently required. Although they alone are in 
themselves
 
not sufficient, but 
they definitely will push environmental
 
policy and management in the right direction:
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(a) 
 Wherever possible, pollution control instrumento should
 

be imposed on the use of environmental services for
 

waste 	disposals.
 

(b) 	 Institutions should be establishLd to manage whole river
 

basins and airsheds as oan integrated environmental system.
 

(c) 	 The functioning and the power of the legal process should 

be improved. 

(d) 	 Government support for research on all aspects of the
 

environment should be funded adequately.
 

(e) 	 The political decision-making process should be improved
 

so no to incrasQ its nccessibility, accountability
 

and representativeness for 
the public.
 

This set of Stniare the minimal requirements for a more
 
efficient unvironmental policy, 
Thu challenge of environmental 

destruction, however, requires basic and substantial changes
 

in our present wny of doing things.
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J HIJ YAMIJ 

INTRODUCTION
 

Pollution it,the introduc:tion into the environment (air, water or land) 

of containinants, te quantitien, characteristics, and durations of 

which nre likely 1.obe injurious to human't;, aninal's ond plant life. 

It in the coracorn of thc Minintry of Health to protect human health 

'nd to ,reat.e n healthful covironmenit. in arena where population 

cuncentration if; likely to grow rapidly and in Arcar, which are 

becomin ; 
induotri aliuAd - an if the c-wCe widh the Lake Victoria Basin 

.nd its Crtchmenr areas - maintenance f1a heal thful environment calls 

for careful nxnitoring of the impact of Effluent discharge and 

Pollution on the said environment. 

ECOLOGY AND COANGE' 

Ecology -s the ,;ienc doolin with the inter-relationship of 

I iviig or nismrif and ':ier surroundings. The earth, its surrounding 

envelope of li.'e - givlng water and air, and all its living things 

comprise, the mliospere.. 

However '!,retil onvi,'omnentat syaLm include not only the Biosphere 

but also hit; J~itm1acroiv; A,,.Ai 1i natural and manmade surroundings. 

Chnngnm in efio:yretm,; occur continually. Many interactions take 

place nt *Aer, c.'nt.noi the day ai planttj and animals respond 

to variotiono in th,Al- .urroun-dings and to each other. Since 

interact on.i; atr,: o numerous, they form long chains of reactions so 

fimall changu-' in one port of tite ecoynt.m are likely to be felt. 

Drama tic .,::ampl e:i of chonge can hi- oeen where man ha; altered the 

courj of nnturc.. -c i; vividly uvident itnhij economic far-reuchlng 

int,;n Jons whirl tire of-ten poorly thought oll. Md which ultimately 

tamper with r 'tn lake The Dam examplelnd cosystemso Aswan for 

ryair prim.-.aily bI. t-o generate electric power., It producee power 

but it. .,"io ,c:eaed the fitih population, increased the number of 

,ar ,uatlc r;niis, thedie ac, qg and markedly lowered fertility 

of the ... t vii .y .h ow, 
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The lesson is not that such activities as 
thu Aswan Dam should be
 
stopped, rather that the consequences of such construction projects 
- or 
for that matter starting any project, must be carefully studied
 
and understood before constructicn plannern and managers embark
 
on its implhmentation. 
They must appreciate the enormous interrelated
 
complexity of the environment, weith and compare potential 
envirojunental hnrm against the benefits of such undertakings; look 
at alternatives, and incorporate environmental safeguards into the 
basic design/planning of new projccts.
 

TYPES OF POLLUTION 

Although pollution may be the most prominent and immediately pressing 
environmental concern, it is only one facet of environmental problems.

It is usually a highly visible, and sometimes dangerous sign of 
environmental dugredationo Pollution threatens natural systems,
 
human health, and aeLsthetic sensibilities. 

llistrically, man has asnumed that the !and, water and air around him 
would absorb his 
waste products without limits. 
 The Oceans, lakes,

rivers, the atmotphL.rv and 2ven the earth were viewed an receptacles
of iufinate capacity. It is quite clear now that man may be
 
exceeding natures capacity to assimilate his wastes.
 

Most pollutantH -ventually decompose and diffuse throughout the 
environment, Whtn organic subtances are discarded, they are
 
attacked by bhicteria ond decompose, 
 Hlowever me synthetic products

of our advanced technolcgy 
 resint natural decompo.;Itiono Plastics, 
some cans and bottls, oi well as various pernistent chemicals such 
as pesticides fall Into this category., Many of the e materials are
 
toxic and pofse serio)uq 
 dangers to health., 

Some pol lutants which may bQ thin , sfpread thr,,ughout the environment
 
tend to concontratL 
 in natural food chain. 

When penticld ; diffus, in water, many water animals filter cut
 
particular kinds 
 of chemical compounds, including pesticides, andaccumulat, them in certain parts of their bodies. Such accumulations 
are usually at cnncentratir,., far higher than in the water they live 
in. In turn, hi~ir concntration may )ccur in the hird or mamals 
that have eaten th0 fish iWhen th0: accumulation of 0h, t):cic
substances renches a hi.h enough level, it may kill the mamal/bird 
directly ,r itrterfere with Its re2pvductIvc syqtem or , therwise. 

http:atmotphL.rv
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Water pollution is a problem throughout the world. It is however 

most acute in densely settled or industrial section of our
 
communities. Organic wastes from municipalities and industries
 

enter river,, lakes and oceans whore they 
are attacked and broken
 
down by organiuomn in the water. But in the process, oxygen in the
 
water in used up. Nutriunts from cities, farms, etc. nourish the
 

algae, which nl. use up oxygen when they 
di rnd ducompoc.,
 

And when oxygen in taken up from th. water, 
 thu rivur "dies", The
 

oxyg,.n it; gone, the fish d i.pp,or, plants rot, and the stench of
 
d',cay reaches for miles. - This in a situation which we should
 
never 
 reach and all efforts should be exploited so as to prevent it. 

TIlE MINISTRY'S OBJECTIVES 

In the Lake Basin and for that matter in the entire tountry, the 

Ministry of Ilual th has a duty to enrure that all the existing
 
and planned fnctort s (industries) do not cause pollution to their
 

immediate environment.. To achieve this we have officers in all
 
the districts who 
 are charged with the duties of monitoring 
effluent discharge into the environment, This is being well coordinated
 

from the national level to ensure uniformity 

RESPONS IBILITY 

The Law is a formal -xprension of policy and discusions of the 
(;,vernment, and the means by which it dlschorites its functions. 

The Ministry of Ilealth has powers under the Public Hlealth Act
 
(Cap. 242) . .... to mintain a healthful environment by
 

controll ing pollttiin, controllin p and preventing occupational 

diseasest, and looAing into the welfare of the people of this 

country. 

Section 118 -'f the easme rc. ,s omt(; define what constitutes a 
nuisance.,,, In Sub-sHcCIta (c) it- says: "Any noxious matter, or 
WasLe: "inter, flowing ,r (iochnrg, ol fram any ,,utter cr side channel 
of any street, -r into, any nullah or watercurse, irrig.ation channel, 
or be.,' thereof n,;t apprjved! for the reception of nuch discharge" 

in nultintc-. Similarly the Act provides in sub- ctl,,n (q) cf the 
same Hucti'm that "any chimney sending f rth srN)kv in such quantities 
or in nuch manne.r an t e offensive oir injurious or dangerous to 

henitih," it;a bui'ijnc,:,. 
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In rsction 115, 116 mand of thu SaM, Act it providLs that "No person 

shall cauoa a nuisance or orshall suffer to) exinat on any land 


premises o:wn. lr occupi, l by him 
 or of which he Is Incharge 
any nuioancL .r/th,r conditions liable to b,:injurious ,r /any 
dan:,crous to health",. Sub6equontly thu Act pro.vidos that it.Lathe 
duty of thi,L.cal Authority tO maintain their ,'istri.cts in clean
 
antc i
snnitory con a-ill st i.n tin They shall in ,, ni,,n;"take 

all lawful , ncusnirv onn'r-as nably practicable rnaosur .i for 
preventing :r cnusinp, t--,be prcventd ',r r~medir't all conditions
 

liable to bf tnjurioms ,r ,'an:-cr,uo t,.h alth ..... ",
 

The Ministry f lion) th hlis identif h. f.ecil pc.J lution in the 
Lake Basin Catchment Ar~n as frit-htfilly high, This is due to 
the high population denslity In some 'r,ns, thL 9,)il -G lose, the 

water table it hi;,h and in :.othersj it i3 swampy. This presents
 
a .reat problem in ur uffoirts 
 t,'dinpoe of thc foecnl matter
 

vanitarily. Au a resul t 
 f ecal , contaminants (pathitnenic organisms) 
fin,! their wny -i thor throucLi run,'ff witour, or t a hou8er degree, 
thr uiin':r 1 ',Un" water into our viiunhlbBois ,,fwater., This 
is possibly wh; wc hsv, hi:.h incidents ,f eunteric fevo.rs within 

LhV Lake Bain. 

Thv HWinistry )I lien ti has un,1k.rtaken t. impr. e f .ccal matter
 
,!Lnp-fal W. Ihiv,. 
 ,v t1 pe2- ,.n!w t chnII ,'yIn pit latrine
 

conslructi ,n which W_ (- c, nvnc,:'. 
!;ut tal' ,;rsuch condtions. 

',pilot pr .I,-ct ho be ,lannd and is n,,w in th,:early Hta:,es of 
implerntti'n in lBii-k District where w,. hnv_ very 1:)iGe s-41
 
an. 
 hio"h water ta ,s. This Ir,,j0,ct will B, pri,resusively uxtended 

t" caer the ;ntlre country 

W: real tse hi'w,.v,<r thnt thier. .r, '.fern:. sc,cial behaviours of 

th pie within ,.;.:nrs and that this can do fer "ur efforts 
on' ,yeetartonso It i,;With tLhis in ,in' thot ,, hay, 
our lk.,th educa tin pr,).'ans within the se. -ireas. W_, hope t, 
m)tivate the pcr,;. I accept chan/,, 

.. intensified 

nn,' real -is,-th ned *.o use 

thso fnci itie, 

Th, Ministry als , raltr I- hit water if; very imp rtan t if efforts 

t, lm;'rv, cnnit.Lti n wr, L be fruit fu 1o W.. hav, su p.r ted ant! 

will c ntiu_it surt n'ill !icll: !;,lf 11l.; water ijr,jects 

within the Lake Basin ctchImnent 'ir: with avallabilIty f funds. 
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Individualo,............, n l uo o- ,gv n cn a e c le 

oweorcler must i
It a hatlo,(3ringecnirom ,:al',j!mprovement 

ff~ta
In to iturethe f atios oncomlet endosdsciplinost 

Evenntevrnetlpolm~ ~ ~ toa~ PRVr ONlydealt witnth 

to-prail i a, ndofenony ftr hvaj~cemat he 
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Q. :The Ministry :of Heal th to trying: to gat" rid of' foecal pollution,~'7V~ " 

/"''< you say, but what is' the pTroceidure, for. achiavine, the goal7-~ '4~ j 4~~, 

442{.4A. ,The Hinatr a efHatncouraged pit 'lacrinoo but~there. 
Y.~ his boocn a numhor of problm!P ato has'-been 2.,
 

44 .~44., YincronainF, rapidliy. Secondly, thuro are ethnic taboos, and< '44
'' 

those have reduced..tho use of pit latrines.'.

1" ' Therehas been a physical problemi. In mnost of Nyanza the soil '2"?<. . 

~is4444 lcsI an pi arnsclas very easily.~ Therefore,'. 42:,. 

stated ab~ove, the pilot project 4has tarted! with Busia ' ,'4 

Q. ministry of Health and'.Ministry pf Water Dovelopment,seem to' '"~~~' 

'4444424projacts in dealing with pollution 'in lower plans..where 

flodn is4 a problem?
 

A. Ministry.44 of44Health.. ho pubLrioc!.%'>. ic 
 ncr as 4444444o 

awrnsof th' prblm of sonil44.4 Tho4 4.44'to
 
4444'4444 
 ar4 in p o e s
 4st4'.' 

444442444ion '4 of f , toouta Mnsr f,1Lad 
c.o w hao Q. ntl ehvuteholg .444 o 

efeciv 
 coto ffoostepolmswlean
Cho ertencase to44"in'4 L"''"'' 4, 

44.44.4.4.4.4 ry aof4'~t an44 aii er boath Mntinistr uie ust c atope nt o n r a e ""e.44~'4~~4 4..''' 44.. 

of chlr ,teMnsty fWaoac 4.44lbt.iata 

Deoo"io sol 4

prvd safe wate 44,opp444fo,.4 rural 

areas. It seumethat 2'thisnila more urpen and immediat 

poblr~e e th t o y4po bieerisfsaation. ".4.4.44 0hs 

Prje t on sh lo wel'4tho nru par icuarl protected4~.44~4'4'
 

*~ j4.44.4444~ .~I ca4' un4 4 r ay still inumpr cenrus already. in4.44Kann. 

.... 4o AG to e o l.u n i n th r nr44t.44 ru n o c m n ai a 4 .44 44 4 4$ 
4which t.4 collpse
use n 444 Th' 44 con4424'be. done' .rv 

'4.444'4r 44 4 4 4 4'' .4 4 4 44.44444 4 4 

BL L 4. I 4. .4. 444. 
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and their t.chnology is well known. Their construction ought
 

to be commonced in the Authority area.
 

Thure± are also traneterritorial transf.r of cholera frc ,
 

neighbouring Tanzania and Uganda, Those characteristics 

ncsalitntes a regional concertud offort. But these2 require 

finances and political oodwill,, 

Q. 	 How will thc Iqlnit.try -if Health deal with the question of 

ethnic taboois? 

ar. r:peitid 

crisis, When Ih-ru are outbreak the population is easier 

to convince ind w, hav "Iften conducted campaigns to explain 

the need l,-lr use of latrines. 

A. 	 There r appealu to the population during times of 

COMMENT: Chl era Ir-nunization ,iv s: minimal percentage of 

i nunity. Therefore, Minoitry of ilalth prefers to concentrate 

on public .ducation carpaigns. Immunization it still being 

to,conducted hut a sina II extent, The immunizatin duration 

for cholera is only six r*onths, and p:apl, dci not like it. 

Besides, it is cofitly,. Thoruf,-ro, th, Government has 
conccntrated ., the latrines and educntin as the proferred 

appr(ach. 

Vcntilated impr,,v r' latrins (VIP Latrines) han been tried 

in Zambia and it if an approach that neceds study as one of 

the new t-chn, l:;;iI -

These th, r ,-al,: VIi' latrines have e,en tried in Kenya. 

Vontil at -nm J1 t ke.p j. wn tile sm, Il1 Thin hau the advantage 

cf kc.ping thw (tin- (fl) riasinur r,, ofl -;quitc'_; 

cau5 in, rliqu I t H). It therefore haf, -in advanta-.. 

COMMENT: Thc c nt If pit latrino In th, rurl xr,'aa must be 

taken jnt 'icc 'ut. Thurc. ar, .9o called "m~unt latrines" for 

areas f hith wnt.r Ilevl hut it han a ri, uq I I.mitatirns 

The c-'untry u.,ht t , f cus *n delivery ,' safe water supply 

an th.. surest wly L prevent water h'rn: Oisea ses. 
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I. 	PRETREAThENT PROCESSES
 

A. 	EQUALIZATION
 

1. 	For industrial plants which have a highly variable wastewater,
 

either in quantity or quality.
 

a) 	OBJECTIVE: to release an effluent to the municipal syFirtm, 

or to the industrial waste treatment plant, that is much 

more consistent in Iti characteristics than each of the 

component waste streams that are discharged from the plant.
 

(See 	Figure I.)
 

b) Especially suitable for plants which have many products and 

a diversity of wastewaters, e.g. textiles.
 

c) 	Stabilization of pH and BOD, and removal of heavy metals and
 

suspended solids can be achieved effectively through
 

equalization.
 

d) 	Equalization consists of the construction of a holding basin
 

with a retention time equal to the frequency at which the 

process streams vary.
 

e) 	Simply holding the waste is not sufficient to equalize it. 

Each unit of waste must be adequately mixed with the contents 

of the equalization basin. 

B. 	SEGREGATION
 

Io 	 Segre:-atioin of warte streams from different processes in an 

industrial plant may reduce Lhv strength and the difficulty of 

treating the fli,al waste from the plant, 

a) 	Segregation u ;u(,lly results in the generation of concentrated 

waste utreams which are small in volume and weaker wastes 

with almsost the same volume as the original unsegregated 

waste.
 

b) 	The concentrated wastes, In small volume, can usually be 

processed economically using methods specific to that 

waste stroam. 
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:may u~l in the' recovery 

waste 
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-part-of 

egreat p of a concantrate wase may render the' najor 

the waste remaining more amenable' to conventional',~ 
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N e ) Segregation of 

wii'.omo*r. ay, 

coolin8 

euti 

:water and 

appreciabJle 

storm' water. 

savings. 

frcnm proceass, 

C. NEUTRALIZATION ~ '~'2 

1.Acidic or alkaline wcstes can 

and biological waste treatment 

adversely 

processes.~'""~ 

affect 
I2;:;2y'jstream 

n) 'pH values 

discharge 

between 6 'and
2 

. are 'uull 

either into a~strem or 'a 

e'"edpio 

munic.ipal sewer. 

o 

2.'-Proeduesor eutaliing acidic or 'alk~alinewse 

a) Mixing' of acidic6 and alkalin~e waste streams. '~),,-*~*'j' 

' 'b) 

' 

Addition 

neutralize 

of line 
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(CaO) or' limestone 

wastes. ' 
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ii)'- CRCO 3 (S) + Ca + 11CO _ ~' 
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e) 	 Addition of C0 2 , either from compressed cylinders or waste 

boiler flue gas C14'. CO2 ) can neutralize alkaline wastes. 

f) 	 Addition of sulfuric acid to neutrilizQ alkaline wastes. 

D. 	 COAGULATION AND PRECiPITATiON 

I. 	 The addition of coagulants such as alum (Al 2(SO 431811 20), 

ferric sulfate (Fe 2 (CO ), ferric chloride (FeCI3), or lime 

(CaO) can bring about the destabilization of collodal particles 

thiru to grow to(particlen I mu to I u in size) which allowt3 

a size :hereby they cin be readily removed by sedimentation. 

(See 	Table 1),
 

a) 	Mixing facilities are required to rapidly disperse the 

coagulant through the wastewater, Such dispersal can be 

readily achieved In turbulent regions of flow, eg. 

venturis, Parahall flumes. 

promote
b) 	Gentle mixing, or flocculation, is required to 


collisions between the destabilized particles, thereby 

allowing them to grow into a larger, settleable floc. 

This cpn usually be achieved effectively using a baffled 

flocculation chamber, 

ferric salts are acidic compounds; lime is 

an alkaline aoent. 

c) 	Alum and the 

d) 	 Coagult nutS have been s;ed ll fcftuiVelY to remove dyes from 

text ile wastQ'water!;, 10in wiod--proceS;ing wastewaters,i i-or:; 

material from animal .proceUF1inF 'iastuwaters,protl.inaceouN 

other inorgan i c specIes such as arsenicheavy metal a and 

wide variety of industrial wastewaters°and 	 fluoride from a 

Many metal , are quite ,[rolutl at n.,ut.ral pli. 

When fount; at hji;h cuceiutr i jot ill ac idic 

waa toewat ers, they can lie r(enducvei its uble, a:s 

hydroxides or carbonates, by iimply raising tle pH. 

The solids generated can Ih,!n be chemically 

coagulated and reroved by sediment at Ion. 



4 
~ 
 4 

e Thsldesnrtdby coagulation~and sedimntation mut~" 
bedisposed of.I the saludge ,contains pot nt al 

h'~~azardous materialp disposal in's secure landfill way be 
SFfnecessary tn order to prevent aeepage into~groud orsurfce 

~f). Synthetic. organic polymers (either cationic, anionic , or '~ n i'ic) can also bceued to bring~abou" 
8, t oaglaionof

'colloidal particles,at much lowe r dosages, thereby resulting"4inossblecost-savings 61huht 
tg he polymers are 

4 .appreciably more expensive than alum li '~ or ferric at)'" 
&nd~producin0g.oas sludge to be ultimately'diaposed of.~ * 

4 

(See Table II) TH 4< , 
-

Fp--. MISCELLANEOUS PRETREATMENT MTODS

1. Oxidation-recuction chemical trea~tment. ' 

a) Reduction of Cr (VT) to Cr (III) using 503so ,~ 
44ferrous sulfate under ~acidic conditions. .The Cr (III) is;' -~: 

s'44'4ubsequently 'precipitat~ed as' chr~oium hydroxide by 1ai g~ 

.4444~~4' 

44.4 

Sthe p~l back to,neutrality.~ (Se igu4 ' 4 4444 

o b) Oxidation of CN 4444une.akaiecndi's'i 

(Se Figu ,III)4:444 

2.I Solvenextr'action.44J4)44r4 

a).Reoalrc4vr of "pcii 

suing chlorine.44~4. 44 

44 4444 4 

" 

44o4t4mi4nants44from44co4cent4rated 

' - -~ 4 

waste444'4-stem 

to4au4equ4n'4444444 

in44d44 

4 

4 

aten4 '4ct 

oone the watwae 

or 'to-4recover4444 

mor nmenable 

Extrationof,-heno~f44 

o1.vIntroxtuction. 
444 ~~:~~44,-44444 

4 44~'"Y 
P444 

2. D444' f I-4'ti n 

44p4:444:':4~ ,~4 ~ -44~'

4. 4444444.4444
4 4 '44 -44. 444 444 
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a) 	 For example:
 

Biochemical Oxygen Demand -


Cooling Water -


Compatible Pollutants -

Director (Superintendent) -


Domestic Wautes -

Garbage -


Incompatible Pollutant
 

3. Prohibitions and Limitations on Wastewater Discharges
 

a) 	 Prohibitions - oil and grease, eplosive mixtures,
 

noxious material, improperly shredded garbage,
 

radioactive wastes, solid or viscous Wastes etc.
 

b) 	 Limitationn - specific concentration or mass limitations
 

on arsenic, barium, boron, cadium, chromium
 

(trivalent, hexavalent), chlorinated hydrocarbons,
 

copper, cyanide, etc.
 

4. Controleor Prohibited Wastes
 

a) 	 Regulatory actions, submission of plans, pretreatment
 

fncilities operation, admission t property, protection
 

from accidental discharge, reporting of accidental
 

discharg(. 

5. Industrial Wantewater Monitoring and Reporting
 

a) 	 Discharge report.:s, records and monitoring, insnection, 

sampling, and analysis. 

6. Industrial Discharge Permit System.
 

a) 	 Wastewater discharge permits required, permit
 

application, permit conditionn, duration of permits, 

transfer of permits, revocation of permits. 

7. Enforcement procedures 

a) 	 Notification of violation, show cause hearing, legal
 

action, penalty, coats.
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FIGURE I 

PH 1 Basin influent (unstnble) 

6 - ,B; 
4 

4 I / l, 

-i'i 

0 20 4) 3180 1Of) 

Timu l i l fLt'r" l!:L Of equalizatdon min. 

TAiBLE I Il'OPER'iE; OF (CW!iONl COAGUbNTS 

Common Name Formn i1': Hu pH Availabil ity 

Alum 
i' 

Al 
. l 

3 li 20 100 3.4 lump
Al 0 

- 177. 

I203 

Lime (.(oI) 2 4 0 12 Lump - aG CaO 

Powder - 93

95. 
Slurry - 15

207 

Furric ChlorldQ FOCI 361120 91 3-4 Lump - 207. Fe 

Liquid - 20%Fc 

Ferric Sulfate FL2(s04)2.3112 G 51.5 3-4 Granular -

18,57 Fe 

Copperau FuSO4 71120 139 3-4 Grar.uI a" -

20% Fo 

Sodium aluminate Na2 A 2 04 100 11-12 Flake -

46% Al 03 

iquid -

2 6. Al 203 
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FIGURE II - BATCH CHLORINATION OF CYANIDE WASTES. (AFTER ORSANCO (156))
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T*rABLE ib~.f:uT 	 SCCRd CuLFS 

1CLCSS1 FO.NTORM '.ND AVAILA'BILITY 
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Over Powderu or cmulnions2. 	Coicrnic FI--ii-ntn 
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SEWER USE ORDINANCE CHECKLIST REVIEW 

Project No.
Grantee 


the 	purposes, jurisdiction, and
1. 	INTRODUCTION (Brief statement on 


scope of the Ordinance, with reference to penalties for
 

violation if such are to be imposed).
 

2. 	DEFINITIONS (Given to clarify the intent of all parts of the
 

Ordinance, eliminating differences of interpretations).
 

3. 	REGULATIONS REQUIRING USE OF PUBLIC SEWERS (Where available)
 

(Primarily set up to prevent unsanitary wastewater disposal
 

facilities that eventually lead to public health hazards.)
 

A. "Reasonable Accessibility" clause - (clause requiring 

system if property owner'sconnection to public sewer 

within X numbor of feet of the public
property line is 

sewer )
 

B. 	"Compliance Time" clause.- (a customary clause that provides
 

is being
the property owner with proper notice that he 


requested to provide a connection to the public sewer.
 

Compliance time, a reasonable time allowance for completion
 

of the work, usually vaties from 30 to 90 days. The
 

longer time limits are usually allowed for installation of
 

toilet facilities and plumbing when necessary.)
 

4. 	REGULATIONS CONCERNING PRIVATE SEWAGE DlSPOSAu (where public
 

sewers are not avail, ile)
 

A. 	Clause prohibiting privies, cesspools and septic tanks in
 

sewer servic' areas.
 

of septic tank effluentB. 	Cl iuse prohibiting the discharge 

or cesspool ,verflow to any open drain, ditch, stream or 

well penutrating water-hearing formations If cesspools and 

are allowed in sparsely settled incorporatedseptic tanks 


areas.
 

C. Clause giving specifications or minimum lot area that can 

be approved for a private sewage disposal facility.
 



14 

~ ~ ~of 

D. Clause giving authority to muncplt to>4aprv rrjc 

private sewage disposal facilities in accordance withi~ a 
standard set of .plar6 and specifications for installation '. 

such facilities. Permits for' these facilities-shouldK>~ 

be''iisue wenprvdadpiocinspoctions'a u~ld bev2 
S made b'y' the plumbinag inspctor.-or "the local health depart-ment, 

depending on who iosues the permits. ,. v < 

~ 

4 

~ 

n 

~ . .4 

Np 

~v4. 
.5 

>4.,,ijn 

REGULATIONS COI4CERNING THE'B'UILDING OF 'SEWERS AND CONNECTIONS' 4). 

C 9idinsewer regulations are properly covered in plumibing4'>~ 

andbuldngcodes,~and should bo,'included in the sewer use N4> 

ordinance only if they do> not apear elehrein theci ,c 0 

ild4. 

A. Clause requiring Permit for building sowers.- Clauise 

authorizes proper authority to approvepermit as well. 

4 

~ ~. 
B. Claus requirig'separate buildingjconnections 

except by~special permits' for unusual cases. 

to sewers ... .> .4i> 

*.4~W 

i 

4>' . C. Clause prohibiting now~connectiona 'to..the sanitary sewer 

system from inflow sources. (Sati'sfies Title' 1IReuultion 
.35.927 4) '

~' , .4 

<>'"D.' Clus deainnn 

of building sewers 
repniiiyfrtVpoe 

(to thiproperx authority). ". 

installation 
. 

4'. 

E. Clause introducing costs 
n oncion insVecions' 

for processing sewer applicatins.4"'. 

F.Cau' concenn th s Vfexstn buidin sewers. 

Cae concerning the'reuse ofges nd slies fors~'4b"uildingin42 

~ V, 

H". Clause civn spcfcain 

I Vlus perinning8h~ 'app 

fo uling sowern4~>r4> te 

us~rae ernd aiesbuilding 

18 

44wein4nuV't' 

-a.~'i-. 

i'> 44. 

. slaue r irn,l~otnn'""L tha reqireent be met...4 ' 
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6. 	 REGULATIONS RELATING TO lbTE OF DISCHARGE AND CIIARACTER OF 
WATERS AND WASTES ADMISSIBLE TO PUBLIC SEWERS 

A. Clause prohibiting discharge ot 	 into
surfacu runoff waters 


sanitary sewer 
system when separate storm and sanitary
 

systems are availnble,
 

B. Clause prohibiting discharge of sanitary wastewater into
 
storm sower system without exception. 

C. 	 Clause prohibiting' g;round paper products from being discharged 
into thu sewer systm. A8lso, more specific rules, 
regulations and requirements concurning grinders and their
 

use 	should be set forth.
 

D. Clause ]imitin,; or prohibitin the diicharpe of all waters 
that would damag;e 01 interfere with th;e operation of the 
treatm nt works, (Industry should be discouraged from 
diluting; 
their wastes with uncontaminated water,.) 

E. 	Clause excludinr, curtain wastes which prove to be detrimental 
to the sewer 
system (wood, ,Jnos, fire or explosion hazards, 
ashes, sand, cinders, unohred!red yarbage, etco). 

F. 	Clause prohibiting the discharge cf flammable substances or 
materials that obstruct 
the 	flow in public sewers.
 

G. 
Clause allowing dichar'o -ifuncontaminated cooling water
 
to storm sewer system (n'ded volume of unpolluted volume 
increasun pumpin, costs, and rLducU detention periods 
of settlinj tanks, aeration units, etc.)
 

H. 	Claus.. limitin, thu: temperatrre ,f wastes and wastewater
 
introduc.d into the sanitary 
 sewer system. 

I. Clause limiting nr prohibiting: th amounts of oil and grease 
that may b( introduced into the sanitary stwer system. 

J. 	Clause limiting the pH of various substances and materials
 

introduced into the sanitary sewer system. 
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II. 	ENFORCEMENT AND PENLTIES (to make Ordinance effective) (Clause
 

setting forth and explaining all penalties, fines and prosecution
 

procedures).
 

12. 	 LEGAL REQUIREMENTS (to protect the Ordinance's validity)
 

A, Validity (or Contract) Clause
 

B. 	Enacting Clnusu - clause giving effective date of legal
 

enforcement of the Ordinance.
 

C. 	Passage - signatures of proper authorities and Attest.
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INDUSTRIAL 'WASTES: - A SiURMlARY 

Referenci,:: Mc~auhey PH, o1ourn' ar g'n: of Watu:r Qual ity,, 

McGraw-Hill Ulook Co., New York (1968) 

Table 5-5 Typau of 1o wa~uorwo ad pr inc Ip i indut)ir ios 

produciro6 c i 

Chiefly lrnChfl rincrb.iil 

liChieflywo:gAIinic innttrials 

ii -it.:rnp, n~d chlni, cl y wauh PCotrolknvir, -1f1nin,, 

Hiro rniro. (ccp)p LL w4oti r-) Styref.l 11oLILU, 

Pick), jro (F. "u, '.11d Z11) llpd..r l 0 t. 

rp~ P-oco, Ir, r urnil rubhcrz 

Ct:oloIo 42 Copol'yri- rrx I:o 
liolk~r ilo: r isci I Vp. 00 r 

Inorgor: Ic c'ric wnirr .rLo Moo icit 0 

flo.t,-r7 ;ahiuoi c nor.. Synth.: I pcu co 
Inorgool:c pipmflcot!; Syliort~ :I l 

cool wocfhing Orgoo Ironoocor 

Photowropric wrnttn PolonL ip or 

Oil ilud gru'r!. F;10C. minn 

Phenol ic wnst,:, 

Ca id0 cok,. 1lYproduc tr 

Tnr uirtil'1100iu mid 

Wdood d Ii 1 L on 

Dy rorro I ilctur-, 

Blongicnl 

lBiolog icaipl~rr n 

Tn0ioi,3t .- Im ti.iu lnth~r 

il cm l I nlitriio 

Mkc f, 2r'lr.( ( indi't-

C] nor L' ,;101d .lf:. 
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Table 5-5 Continues
 

Chiefly mineral, or partly mineral-

partly organic materials
 

SOURCE: Ettinger (7). Reproduced 


by permission of the publisher
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Chiefly organic materials
 

Biological wastes:
 

Biological processing
 

wool scouring
 

Textile manufacture
 

Floor cloth manufacture
 

Paper manufacturu
 

Laundries
 

Food processing
 

Canneries
 

Meat packing etc0
 

Milk and dairy wastes
 

Corn products plants
 

Beet sugar factories
 

Cane sugar factories
 

Fish procussing
 

Food dehydration
 



+
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- ~-;$W,4I4~)r..9.442:~Tabl 5-6 'Som sip 

-+l '+&++RElTEEA++hENT -!+4 £+ + i ++t4++mrI~'+>;"?aU2+:+- I+ 

S-Vchemical Industry.~4~' 

t cid Acotate rayon, Pickle and bectroot maufacturoe < 

kaCotton and straw, keiring, cotton manufacture,,' 
~ merceiig wool8orig lanre
 

Ammonia GaQs coke manufacture, 


Arsenic 


and 4+ - chemical manufacture - 4, 4 

Shuep-dipping, fell mongering 4 

Chlorine ' ,+++,au.....i......paper mills, textile bleachingl.. 

-- - Chromium Plating, chrome tanning;~ Oiuminuium anodizing 4' 

Cadmium 4 Plating 

CidcacdSoft drinks and citrus fruit processing 

- .4Copper - Plating, pickling, rayon manufacture 4444444 
Cyanides PlatinR, metal cleaning; case-hardenin,4 

- gas manufacture 
'4V 

Ft oil&, grase W scou+ oillaundries, textiles, ..........
 

.4 
 4 4 refineries 4 4 

FlO'ide > Gaand coke maaufacture, chemical manuf acture 

.fertilIJz er 'Plants,~ transistor manufacture, 

+
 ., g4>,
4, 4 #m etal . r fin in g, .c ramic pl an ts ss4 Ala 
444..44444,..4 ~ 44'4 ~ et~ching 4 44' ~ '444
 

.44<li 
 4' H. an ufacture of aynthatic resins and penicillin~ 444'44444 

Hydroaruon Petrochemical4and rubber 44 44444..t4A.44 

Hydoe peroxide4 ~ 4Textile bleaching, rocket mtor t otinig 4,44 Batterynu.4rLoad444t.. manfacure
~$~4444manuactre, 444~ lead mninin,- 'pa~int '. 

44anuacture, gasoline manufacture 
...... Morc ptans 444 

. 
-.... Oil ref ining, pulp mills 444 n -44

44J Mineral acids ~ 4Chemical'mnf cn-Ctur
 

Nitro... componds' piklnufDD aufactiue brewing4'
 

444.444.4,4,4.44 4' '444 44anufacture, tcmat tu sa tnnenarein,.ta444r4,444,.4.~ 

chemical,4 an444=unure ho-dpi) 

4.44 4 4 4-A 

J-4 '< 44 
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Table 5-6 continuej 

ChLmic aI Industry 

Silver Plat iny, phr,t,,, rrphy 

Starch F.wod, t,-ih , wallpIper n. ufac Lure 

Su; ars Da riiui,,O , ,i,.r refinin;,,, prr.r,cvvs, 

v'ond prc,c . 

Sulfid.!s T,xtilI, t,onerios, <ao manufacturu, :ayon 

Sul f tten W(,o ! ;prtcuwn, vicm, i.nufocture, bleaching 

Tannic acid Tannini{, f wiilIi 

Tartaric aci! Dyinu, wirse. lcoth,;r, and chemical manufacture 

Zinc Gnlvanizin;,, pIninn,;, viococ manufacture, 

rubber pr )cuu 

SOURCE: Klein (8). RtLrocuced by ,f-)rmlnnin IublinhlLrthe 

Tnbl, 5-7 BOD Aif was,(t., from ncltod iduutries 

S'jurc, )A wnas. 5-day, 20'C BOD of wastu mra/litcr 

Buet tmar refinin 450-2,000 

Brewery 500-1 ,200 

B .. r ij], 11,00 

Cnrinry '.'00-4,000 

Grnin Ii,;t ill n; 15,006 -20,000 

MKInfu , ULntfllinp, 20,000-30,000 

Laundry 300-1 ,000 

Milk pr ,cciviin, 300-2,000 

Munt pnckin;, 600-2,000 

Pullp and paper 

Sul f it 20 

Sul f it-cnokor 16,000-25,000 

Tannory 500-5,000 

Tuxt I] j 

Cotton pr(,cnquin, 50-1,750 

Wy, I cotlurl 1', 200-10,000 
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Table 5-9 Sursmary of industrial waste: its origin, character, and treatment (continues)
 

Industries OriCin of major wastes 
 Major characteristics Major treatment and disposal

pr:'ducing wastes 
 methods
Food and drugs oentinuei)
 

Yeast Residue from yeast filtration Hih in solids (mainly organic) 
 Anaerobic digestion, trickling
 
and BOD 
 filtration
 

Pickles LLe water; brine, 
alum and Variable pH, high suspended Gocd housekeeping, screening

turmeoric, 
syrup, seed and pieces solids, co!-r, an? oranic matter .qualization
 
of cucumber
 

Coffee 
 Pulpin- and fero-entin.- z'f cffee High BOD and suspe-ided s.lids Screening, settling and trickling

be-n 
 filtration
 

Fish Rejects from c,:ntrifuge, pressod 
 Very high BOD, total organic Evaporation of total waste,

fish, evap,-rat-r and other wash snllds, and door 
 barge remainder to sea
 
water wastes
 

Rice Scaking, cookino, and washing High in BOD, total and 
suspended Lime coagulation, digestion

ef rice solids (mainly starch)
 

Soft drinks 
 Bottle washing, floor and High pH, suspended sclids and Screening, plus discharge to
 
equipment cleaning, syrup-storage-
 BOD municipal sewer
 
tank drains
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Table 5-9 - Summary of industrial waste: its origin, character, and treatment (Continued) 

Industries 
producing wastes 

Origin of major wastes Major characteristics Major treatment and disposal 
methods 

C h e m i c a 1 s (Continued) 

Explosives Washing TNT and guncotton for 
purification, washing and 
pickling of cartridges 

TNT, colored, anid, odorous, and 
contains organic acids and 
alcohol from powder and cotton, 

m tal, acid, oils and soaps 

Flotation, chemical precipitation, 
biolopical trcatment, aeration, 
chlorination of TNT, neutralization 

Insecticides Washin. and purification 
products such as 2,4-D and DDT 

High organic matter, benzene 
ring structure. toxic t,- bacteria 
and.fish, acid 

Diluticon, storage, cezivated carbon 
adsorption, alkalink, chlorination 

Phosphate and 
phcsph-rus 

Washing, screening, floating 
rock, condenser bleed-off from 
phosphate reduction plan,-

Clays, slimes and tall oils, lnw 
nH , high 8uspcnded solids, 
phosphorus, silica, an' flouride 

Lagooning, mechanicc clarificatin.n 
coagulation and set-in! of r'fined 
waste 

F-rmnlXehyde Residues from mar.ufncturine 
synthetic resins, and from dyeing 
synthetic fibers 

Normally has nigh BOD and 
ECHO, toxic to bacteria in high 
concentrations 

Trickling filtratio 
on activated charcoc 

ndsrption 

Mat er i a Is 

Pulp and paper Cooking, refining, washing of 
fibers, screening of paper pulp 

High or low pH; colored; high 
suspended, colloidal, and dis-
solved solids; incrganic fillers 

Settlinp, la3ooning, :io-logical 
treaLment, aeratirn. recovery 
of byproducts 

Photographic 
prcducts 

Spent solutions of developer and 
fixer 

Alkaline, contains various organic 
and inorganic reducing agents 

Recovery of silver, :lue discharge 
of wastes into municia! sewer 
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Table 5-9: - Sunzaary of inelustrial waste: its origin, character, and treatxrent (Contintiad) 

In'ustri.es Ori,:n :%fma~jcr wcst~s Maj-r chpsracteristics 	 Majo r treptment an. disr,-sal 
mn-thos,r-:ucin.- waste~s 

E n r y
 

Stcam p-Wer C-:lirv wnt~r, b-ilor bl-wcDown, Hot, Idi--h v umQ , hiA-h in-r -rnic C:,-i r by acration, tr. f 

coal dr~ixa~-an ' disshvc-' sn'iurutralizrcticn :,f excess 
ncjO" wastes 

Coal T-ccssir- Clomir.. Pn' clasificati-n of IHi-h qus-,in-2' sl- 'iaySttlln-, froth flntAti-n, 'rain.: 

c-nl. -,.-chip.. f sulfur strnta I Wl~;11 ,hi-h P SO, r.'. rtril, an-' scaiin 

Iwith wr FceSO4 

-)cr Pr c-ssin:- rs, laun- urin-, :f Rsc'io-activc OLmcr's: can b, Co-ncentratio)n Ar,-' c-rtpinin-Nuclear 
"h-ot.' 	 '.utio n an,! dis-:rsiman' rai >-activ, c-ntainritc ' cl it~, rcsca ceb-lab v~ry ac"' ran' 

wast,25, -)rcccassinr- 2f fuci, 
--wc-r;,I1ant c -lin,, waters 

SOURCE: Nemernw (1O). Rc',rcuca' by -ermission of the nublisher 

0 

http:In'ustri.es


LEGISLATION FOR WATER QUALITY CONTROL IN KENYA 

BY 

PETER WERU 

MINISTRY OF WATER DEVELOPMENT, KENYA 
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Supplemental References (Available from the seminar library)
 

I. US ENVIRONMENTAL PROTECTION AGENCY PUBLICATIONS 

A. 	 PROCESS DESIGN MANUALS 

1) Suspended Solids Removal (January 1975)
 

2) Upgrading Existing Wastewater Treatment Plants
 
(October 1974)
 

3) Land Treatuont of Municipal Wastewater (October 1977)
 

4) Wastcwater Treatment Facilities for Sowered Small
 
Cimanunities (October 1977) 

5) 	Sludge Treatment nnd Disposal (October 1979)
 

6) 	Onaite Wastewater Tr, atment and Disposal Systems
 
(Octobe.r 1980)
 

B. TECHNICAL CAPSULE REPORTS 

I) Color Removal from Krnft Pulping Effluent by lime Addition 

2) Pollution Abltam,:nt in a Brewing Facility 

3) First Progrusa Report: 
Wnstewater Sludge 

Static Pile Composting of 

4) Effichnt 
MN, USA 

Treoatment of Small Municipal Flows at Dawson, 

C. 	 INDUSTRIAL ;FNN,*,R PUBLICATIONS 

1) 	Upgrading Textile Operations to Reduce Pollution (2 vols)
 

2) 	Erosion rnd Sediment Control - Surface Mining in the 
Eastern USA (2 vols) 

3) 	 Pollution Abatement in th, Fruit and Vegetable Industry 
(3 vola)
 

4) 	Controlling P)] lution from the Manufacturing and coating 
of Metal P'roducts (3 vol,) 

D. MUNICIPAL SE21INAR PUBLICATIONS 

1) Upgrading Lagoons 

2) 	Upgrn:in;g Existing Wastewnter Treatment Plants - Case
 
Histories 

3) 	Flow Equalization
 

4) 	Sludge Treatment and Disposal (2 vols)
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II) Waste Stabilization Ponds Training Package
 

12) Wastewater Sampling for Process and Quality Control
 

III,, WATER AND SANITATION FOR HEALTH PROJECT 

1) WASH Project - Mis-contrdct Summary (31 March 1982) 

IV° OTHERS 

1) Mara, Do, 
and Sons, 

Sewage Treatment in Hot Climates, John Wiley 

Lonclon (1976). 

2) Selected Industrial Wastes, Reference: Nemerow, NL, 

Industrial Water Pollution: Origins, Characteristics, 

and Treatment., 

3) Sewer Use Ordinance Information
 

4) North Carolina Procedures Manual for Preparing a POW
 

Pretroatinent Program Submission
 

5) Dairy Processing: Water and Wastewater Management by
 

Carawan, RE, JV Chambers, RR Zall; Extension Special
 

Report, January 1979.
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The Board also imposes the effluent discharge standards required
 

to be discharged at any given point of any affected watercourse.
 

Rules 71-80 of Water General Rules of the Water Act are designed
 

to prevent and control pollution as well as discharge of effluents
 

into any watercourse.
 

In pursuance of these goals the Minisatry's Pollution control
 

division has carried out various inspections of industries whch
 

are likely to pollute our rivers and action has often been taken
 

against those found to be polluting.
 

However, the provisions of the current Water Act have been found
 

not to be comprehensive enough to deal with all aspects and
 

sources of water pollution. There is an urgent need to monitor
 

likely sourcos of pollution whLzh may not be requiring authority
 

to use wate.r apportionment board. Some problems have been
 

encountered in trying to enforce the present provisions of the law.
 

The Water Act has thereforei, been reviewed to incorporate those
 

measures which have been found necessary to have effective control
 

of water pollution These amendmenta will soon be tabled in
 

Parliament and when passed will help in controlling current and
 

future sources of pollution.
 

Kenya, like any other developing country, is faced with the threat
 

of water sources pollution by industrial, agricultural and domestic
 

discharges. The accelerated industrialization of our urban and
 

rural areas often results in massive discharge of domestic
 

and industrial wastes into our rivers. To cope with this threat
 

there is need to urgently review tho national requirements 

(manpower and financial renources) and lay strategies at broadly
 

based national forn in order to adequately plan and be able to
 

harmonize development with proper environmental protection and 

management.
 

The Government of Kenya identiflod the threat posed by human 

activities to national resources and to this end created a water
 

quality and pollution control division within the Ministry of
 

Water Development in 1972. The Division is current' staffed
 

with a multidisciplinary force of professionals ranging from
 

environmental engineers, chemists, biologists, and 1isuratory
 

technologiats whose duties include raw and potable monitoring and
 

pollution control inspections on a country wide basis.
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Lastly, the Division has laid down national guidelines on pollution
 

in Zorm of location or siting of factories to
control. ThoseG are 


afford proper dilutior of the final effluent. The Ministry has also
 

undertaken to establ'.h well equipped laboratories and well staffed
 

provincial offices. To moot manpower requirements, a training
 

to provide the requisite professional
programme has boQn arranged 


pruparation to the officurs both locally or abroad. In the fi6ld of
 

wastewater and water treatment, the Ministry has 
r cantly established
 

a research section to deal with problematic cases. For example,
 

during this fiscal year it is arranged to have research work going
 

on in the fields of Tannery, Coffee, and Sugar waste treatment and
 

disposal, also in wastcwator reclamation and fioh culture -


Deflonidation.
 

DISCUSSIONS
 

Q. 	 What is the Ministry of Water Development doing on instances
 

such as the Nairobi River7
 

A. 	 The Local Authorities are water undertakers under the Water
 

Act and the Nairobi cIty Council is an example. In most cases
 

they have performed less than any acceptable standard. This
 

applies to Nairobi and Ngong Rivers. The Ministry of Water
 

Development has decided to establish monitoring centres.
 

At the came time, the Tana and Athi River Development Authority 

has embarked on monitoring work for Ngong River. The Ministry 

has not decided un how to art against Nairobi City Council 

for non-oanforcemont of discharge standards in both rivers and 

the decision will not be an easy one to carry out. 

COMMENT
 

The Ministry o. Water Davelopment has been criticized for not supplying
 

adequate clean water for domestic consumption. This is a position that
 

the Ministry has taken but there have not been enough money allocated
 

by the Exchequer for water delivery programnes.
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COMMENT:
 

Water 	 quality and public health are inseperablu and the government 

ought 	 to make the proper supply i priority, Yet moot of the projects 

of tic; Ministry of Water PevelopMrent h.ave broken doVn; in BFl)8t caSeG 

the readoli ivjn fo tt ,n :o 1ni , nd t io. t c, t !., of dyfifunctioa 

io due to latk, o p~re pnr 1hcau: i irIor t i.1 Litionfi. iU 

the governmint rea[l seriously conaited to cian -water supply 

to rural areas?
 

A. 	 Tlce Miiatry i, cornLtted except tht the economic constraints 

are ofton unourtwuotabl,,. 

Q. 	 On the tritmant of coffee tin:i hiniutry of Water Duvelopment 

hau several noral1tief,. Ha .here been a ayatem for removal 

of heavy mLetaldf 1 1ke rercury? 

A. 	 Generally, the Minlary doen not. believe there are any heavy 

metalo in coffek! processing. The industries use copper 

Compound-.J 

COMMENT: 

There 	hat been instance'i of mercury poisoniu:g in Kenya. In Kiambu 

ar,;a it it believed that the mcrcury in the water is largely from 

pesticide in coffee. Phenol mercury is used -or sued treatment, 

legally in Kenya.,
 

COIENT: 

The latest analytical data i6 that the mercury poicning reault from 

nercury in p,!oticides ese. ar home. Children reach it because of 

mishandling. 

CC* EN'T: 

Operation at night by the coffee industry is true and this presents 

problem for oupervision rron[toring ond TervI,- arQ not 

enough men to do rh, -.. & day and night. 
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Q. 	 If there are chemicals ouch as sugar in the pulp which can
 

be utilised, can they be extracted and utilized? Can the
 

dry rather than wet methods of processing be used?
 

A. 	 The -orta of sugars produced in the process are minimal and
 

extraction would be uneconomical. It would perhaps be more
 

economical if the pulps were processed and compressed into
 

charcoal.
 

The wet process has higher quality coffee. It also takes
 

care of propoteptiz which is a polluter. The dry process
 

require indiscriminate crashing of the beans, without
 

purificotion.
 

Finally, there are 1200 factoriec in the country but their
 

registration to ascertain effluents is rather recent. So
 

far it has not been possible to ascertain exactly to what
 

extent they comply with the discharge standards. Some of the
 

farmers had worked for over 50 years by the time the Ministry
 

of Water Development was established and for all that time,
 

the farmer had never heard of any standards. For that
 

reason the process of enforcement is slow. With the recent
 

cases the enforcement has been easier.
 

COMMENT:
 

Coffee wastes contain upto 10. sugar. It has not been extracted
 

because of the limited technology. The products could be used for
 

the production of alcohol.
 

COMMENT:
 

We should be careful in disposal of the coffee industry not to
 

pollute underground water. See-page pits used for disposal of the
 

coffee wastes will easily affect ground water.
 

There have been efforts to prohilit sinking of pit latrines or
 

coffee waste disposals. This may not have gone very far but it is
 

an effort, nevertheless.
 

----0 ---
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HGCFKANI 

1. INTRO:'UCTION 

Nunicipal ond Industrial wastewater treatment 
has madu tremendous progress since the latter 
part of the y. mprovementslast cnt y in applied 
technolog .:, ri.;i:< from a better understanding 
of the physical, chemical and biological treatment 
concepts empoynd i n wastewater creatment schemes 
ha va over the y~nsra volveci Cram the simplu 
nol n. the -,round' tachnologies to complex, 

sophisticated int.er'ated capablecvstoms of achi
evin7T any raqul r, degree of removal of suspended 
collodul, disso oryranic inorganicvxnd and conta
minants containd in these wastes. Today we have 
at the di .sa1.. plarrs dewipn tengineers and 
plant operatoo r-n itr":y W physic al unit opera
tions, cherical and biol o< ( unit processes 
which can ho ryc ,.atr, t ically put together to 
constitLut a "h:t available wastewater treatment 
train ecnfom d .l.y nchievable. 

Becaus. t..y are ortifici.al ,,tities located in 
restricted .npatis1 area and de.nse].y populated 
with p..opie, urban ireas have critical g.ates as 

rtorm rnpid andwell as wat.rs. h efficient 
disposal of isthose wastes required in order 
to saf,,ouad tn, pul ic he italth, avoid nuisance 
and protect, hP ,-r onrent. from a pollution 
overload. Whln the pr'ovi;ion of portable drink
ing wator tak.s proc ,Ionc- in the order to 
provision of nvironmanrtal eng~inering services, 
the irporta nce of sewerage and sewage treatment 
cannot b. lost siyht, of and cannot, be allowed 
to lag behind because all the water used by the 

http:ortifici.al
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community has tc flow back as sewage loaded with
 

the wastes from the community.
 

Unless properly collected, treated and disposed
 

of, this would create serious pollution problems.
 

More prosperous communities have attemptea to
 

look at water supply and sewerage as an integral 

whole but such an outlook, while acceptable, has 

not been possible to adequately implement in this 

country primazrily because of lack of resources. 

Nevertheless, there has been a steady effort in 

,acent years ta provide sewerage and sewage 

treatment fcilities to cover at least all the 

'major" urban centres. 

In this presentation, nC specific new technology
 

is goinF to be described in detail. Detailed
 

descriptions of the mainy methods and variations
 

that have been developed wouid be too cumbersome
 

and would serve nc useful purpose in the context
 

of the present saminar. The approach I am going
 

to fl-;llow in this presentation gives the following
 

persp-ctives:
 

(1) 	An ,v.!rvi,.w .f the present state of The art 

in municipal and industrial waste treatment. 

(2) 	Suj-gi-st a-ppropriate applicable technologies 

in African contyt. 

(3) 	Proprose directi ns of technical research 

worth pur:;uing in the development of an 

appr,-,pri'ite municipal and industrial waste 

m'an,agement system. 

2. TREATMENT OfbJEC7'IVnS 

Engineered Inte-.nsiv m,Athuds of municipal anc 
industrial astkw-,tcr tr-atment have be.n developed 
in respnnse t, the concern for public health, 

unvironntental nuisance in the residential areas, 

commercial and industrial establishments and the
 

adverse, cenditi,2ns caused by the uncontrolled 
discharge of watcr to the enviranment. 
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refractory or'anics, heavy metals and in some cases,
 
dissolved inorganic solids.
 

4. CLASSIFICATION OF WASTEWATER TREATMENT METHODS
 

The contaminants in the wastewater are removed by
 

the physical, chemical and bilogical means. The
 

individual methods usually are classified as physical
 

unit operations, chemical unit processes and bio

logical unit processes. These operations ald proce

sses may occur in a variety of combinations in
 

treatment systems.
 

4.1. PHYSICAL UNIT OPERATIONS
 

The applications of the physical forces predominate
 

in these operations for examples, gravitational
 

forces, screening, mixing flocculations sedimenta

tion, flotation and filtration are typical unit
 

operations, (see Table 4.1).
 

4.2. CHEMICAL UNIT PROCESSES
 

The removal or conversion of pollutants is brought
 

about by the addition of chemicals or by other
 

chemical reactions. Preapitation, Gas transfer,
 

Adsorption and disinfection are the most common
 

examples in wastewater treatment (see Table 4.2).
 

4.3. BIOLOGICAL UNIT PROCESSES
 

The removal of contaminants is brought about by
 

biological nctivity. Aerobic and anaerobic sus

pended growth or attached growth systems are
 

commonly used. They are used primarily to remove
 

and stabilize thu biodegradable organic (colloidal
 

or dissolved) in the wastewater. Basically these
 

substances are converted into gases that can escape
 

to the atmosphere and into biological cell tissue
 

that can be removed by sedimentation. (See Table 4.3).
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~~~5. 'APPLICATION OF TREATMENT M'ETHODlS '- -

together to provide what isknown, as pimry 

The,.term -primnaryl refers to the phys'ica1unit~ ~ ~ i" 

oratios, seodr refers to chemical and 
'biol1og .ical unit processos, and tertiary ref'ers~ 
to combinations of all three.. These trirms are 

Sarbitrar y and in some cases arc Of little, value.~ 
A more rational approach is first to establish 4"f~ 

the degree of pollutant removal (treatment) requie 
. c~oe the wastewater can be re-used or discharge 

to the environment. -The required operations and 

processes necessary to achievothat required degree ' -> 4

of treatment~ ar then 'grouped together on the basis ~ . 

-of funidamental -considorations. < 

The picplmtosorrnl used for the treat -

Sment' 'of'mnunicipal and industrial watwae and 

tho resultant sludge arce shown 'in Tables 5.1 'and, 

5.2 P rimary treatmen isa' direoIateIly 

reotng sonerd sois4, ar r ~mn 
ageeally the romoval -of biodogradable organicsy 

244~ -~ a~nd suspended solifdsK 

KIni general'the methods' usd to rmopivoth~e<-~-> -, -

4 
contaminants are well established To further4 

protect the environment in some,.critical areas;' 

W 4B4 4 treatmeint mybe directed twr<h -
4 

toward.Ithe removal of 

'~;nutrients and toward achieving lower levels~of4 '

oxygen demand than nre now possib4 24,444secondary, 

4 
tronton tchnqus. When wastewaters a r e to b~e 

4 rle-used- removal,,of,refractory organics,, heavyX~ 

4metals,'anld dissovdinrai soid may be. .4 
4 

y4.44 -4 

r*4ied, In'onrl prcsssusd remove ->- > 4 

2f-~~KA~K.----' lo istitets~arenot44as well docLumented -as ' 4-<.4

24 44-4. 
4 

4--<.-4tho'secondary tre'atment procosse s, and
4 4 

they are costly. ---44-<>4-444 

4 ~In most situations,tho ccmplexity4qf~ the~treatment 

prcslfowhe wl deedboth on whioh,,consti-''1 - 4.' J4,.:-
4 4 4 4 

4 
-- - -<tuents need: to -be removed and th)i' requ.red ]l.elv 4-'' "4
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of removal. Scime ef th; important factors that 

must be c-nsidere, when sollecting and evaluating 

unit -peraiti(;ns an., process are shown in Table 

5.3. Advanced wastwater ope,"ations and processes 

are sh-,wn in Tabl, 5.4. 

6. 	 TREATNF,'T SY 'i'FM 

As alraua2y :stAt - systematic combination of 

physical operations and chemical and biological 

process can be put together to cnnstitute a 

treatment system capable of produoing an effluent 

of the required quality. The only constraint is
 

generally the cost of the scheme (capital, mainte

nance and operational). Treatment levels generally
 

achleVabl' with the various unit onerations and 

processe- ari,, shown in Table 6.]. 

7. 	 SOME NEW TFCHNOLOGIE 

Buiow ,, ii:tud some of the new technological 

devulopnint:. that hav taken place in the field 

of municipal and industrial wastewater treatment. 

7.1. 	 ACTIVATED ',L.PDCf: FbOCVS3 - 1I1F. OXYGEN 

Aerobic st mlization processAi.e. instead of air,
 

pure oxyg.n is ,iupplie-d aou higher oxganic loadings
 

and trcatm(nt <fficiencies attained.
 

7.2. 	 EXPANDED iW1I ANLi FLUIDIEI) BED: 

P,EACTOi. ' 

Here w 	nt, i.; '..d upw"ird:3 through a bed of inert 

porous 	 :upper't r;it, rlal (sueh as sand or sythetic 

j-ranub,:r tri ind)ard uch -inalpproach velocity 

that the bed : ,,x;p-!ndtd or f']uidi-,z.d. Dense 

,rowth 	of rioro-or,,.,ni mrs occur' on the fluidised 

particle.'; ind der;de th< waste watcr (aerobically 

ororerical y). leO atum e Of th, increased surface 

ara, for colaoni:iation by the sic ro-organisms, 

h4ih,.r A'oadinwa mat ter-s be toleratedof orr-inic can 

and reacted ,;ize is rdureed. When operated anaero

bically it han been dfemonstrated capable of treating 
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- It must have the potential of development into 
commercially viablc treatment system, and 
capable 6f small scale implementation. 

Technologius that satisfy the above characteristics
 
are the following:
 

1. Waste stabiliziti rj Ponds 

- for alg-.l r.*covery for production of 
chicken feced 

- f,.,r fish prtduction 

caution: d~metic wastes should be separated
 

from industrial wust:s. 

2. Anaerobic Eermentation Schemes 

Production of methane gas using Flundised
 

Bed Reactors, Expanded Bed Reactors, and
 
Biological contractors, by the treatment
 

of domestic and municipal wastewaters. The
 
developunt of the above technologies may
 

open the way to 
using sewage, on a commercial
 
basis an useful ,aw ,,aterial. This would
 

enabl.e th,.
; Municipalities and other local
 
authorities to :-,(11 so-age to commercial 
ent erprises. These commercial enterprises 
would th-n rccov,_2r the useful products for 
salu to th, public and make a profit out of it. 
In turn th, local authorities would be able 
to r:i: fund.; for further extension of the 
scweragu systemiws; then expand and strengthen 
thieir monitoring capabilities. 

9. CONCLUSION! 

Existinj, t,(chnoiogis for treatment of Municipal 
and Industrial wn:ntewatern arc capable to producing 
effluents of any ruquirk-d quality. However, methods 
curr.,ntly used in Knnya are opcratinf, unsatisfacto
rily hecaus , of ]I ck of propur operation and 
maintonanci. '.2o>of th,, tratmeit systems, e.g. 
waste stabiliz ition ponl:i hvive, resourct., recovery 
potential but thi3 has not beeun explored to date. 
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Table 3.1
 

PHYSICAL, CHEMICAL, AND BIOLOGICAL CHARACTERISTICS 
OF WASTEWATER ;ND THEIR SOURCES 

CHARACTERISTICS SOURCES 

Physical properties:
 

Colour 	 Domestic and industrial wastes, 
natural decay or organic materials 

Odor Decomnpsinw w'itewater, industrial 

waetev 

Solids 	 Domestic .rater supply, domestic and 
industrial waste:3, soil erosion, 
inflow-infiltration 

Temperature 	 Domestic and inau-tria wastes 

Chemical constituents: 

Organic:
 
Carbohydrates DcN
..st. c, conrcJ.al and industrial 

was tc 

Fats, oils and grease 	 Dopmstic, corv;ercial and industrial 
wastes 

Pesticides Agrjicultural wa:t *s
 
Phenols Industrial wa;tt s
 
Protuins Doo'lstic and c,.rrcia] wastes
 
Surfactints ;)stic w;.jte:s
rnd industr1al 

Others Nturail :.cay of organic raterials
 

Inor.anic:
 
Alkalinity Dciostic wJsts, dom-stic water
 

supply, groun,7fwaiter infiltration 
Chlorid-;s Dotstic wat,=r 'iupply, domestic
 

w-astes, rroundw-itcr infiltration
 
,witer s fotn,-:i.


He-ivy rTk.t,is Tndstr al wnstst:;
 
1i trcg u n De' eticn ard :i-rieultatl wastes

pH Ird:ustrial ws t. r 
Phosphorus )cnn:sir i ,'d i dsstr: a tes, mrtural 

vr;noff 
Sulfufr Dorksutic wa1tt-r :;upply, djx-x.stic and
 

in(!u:trJ S.i wst2
 
Toxic cospourns IrdU'tril ;::at.,,
 

Oasesj: 
Hydrogen sulfide Dccornr/mit ion ot dckvstic wastes
 
Mcthan,2 DIcearositjtio: of' domestic wasts
 
Oxyge(:n Domestic wter supply, surfa.'ce-water
 

infi ltrntion
 
Biological Constituents: 

Anirri- Opnn watc r:;s nd trv::itr;.nt plants 
Plants Op:n w:!trrcourses md tratTcnt plants 
Protist,. lomrexstic wastes, treatrnt plants 
Viruses Dorn stic waste: 

http:conrcJ.al
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Table 3.2. 
IMPORTANT CONTAINAITS 

CONTAMINAN\TS 

Suspended
 
Solids 


Biodegradable 

organics 


Pathogens 


Nutrients 

Heavy metals 

Dissolved 

inorganic 
solids 
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OF CONCERN IN WASTEDVATE, TREAT'-ENT 

REASON1 FOR IMPORTANCE 

Suspended solids can lead to the develop
ment of sludge deposits and anaerobic 
conditions when untreated wastewater is 
discharped in the aquatic environment 

Comosed principally of proteins, 
cairohydrates, and fats, biodegradable 
orp-anics area m-, asured most commonly in 
terms of DOD (biochemical oxygen demand)
If disoharrged untreated to the environm
ent, their- biological stabilization can 
lead to the depletion of natural oxygen 
resources and to the development of septic 
conditions.
 

Communicable diseases can be transmitted
 
by the pathogenic organisms in wastewater 

Both nitrogen and phosphorus, along with 
carbon, are 2ssont.:al nutrients for growth. 
When discharged to the aquatic environment, 
these nutrients can load to the growth of 
undesirable, aquatic life. When discharged
in exccssive anounts on land, they can also 
lead to the pollution of groundwater. 

Heavy/rtals arc usually added to waste
water "Yom conercial and industrial 
activities and may have to be removed if 
the wast{;w.ater is to be reused. 

Inorganic constituents such as calcium,
 
sodium, and sulfate are added to the 
original domestic water supply as a result 
of water use and may have to bo removed 
if the wastewater is to be reused. 
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Table 3.3. 

NUISANCE AND PATHOGEN ORGANISMS IN WATER 

Ornism 	 Reason For Concern 

Nu nance organisms
 
Actinonycets Cause undesirable tastes and odors
 
Algae .ause undesirable taste and odors, clog
 

filters.
 
Coliform bacteria An 	 indicator organism grouping used as the 

index for the hygienic quality of water. 
A high coliform count is presumptive
evidence of fecal contamination. 

Fecal streptococci An 	 indicator of fecal contamination, sometimes 
used as an alternative to the coliform 
index.


Iron bacteria Produce slimy, often red colored, growth in 
wells and water mains. Levels of 0.1
0.2 mg/1 iron are sufficient for growth. 

Bacterial pathogens
 
Vibrio cholera Causes cholera. Initial wave of cholera
 

epidemic is waterborne; 	 secondary cases
 
by contact, food, and flies. 

Salmonella typhi Causes typhoid fever. Principle modes of
 
transmission are food and water.
 

Shigella dysenteriae Causes Bacillary dysentery (Shigellosis)
Shigella flexneri Caused by fecal-oral trarmission via water, 

milk, food, flies, or direct contactShigelia sonnei 

Salminella para
typhi Causes paratyphoid fever. A few outbreaks are 

waterborne. 

Protozoan pathogens 
Entamoeba histo
lytica Causes Amebic dysentry. Endemic cases are 

by personal contact, food and possibly flies.
 
Rare epidemics are mainly waterborne.
 

Viral pathogens
 
Virus not isolated Infectious hepatitus can be transmitted by
 

water, milk and food.
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Table 3.4.
 

TYPICAL, CHEMICAL CONSTITUENTS THAT MAY BE FOUND IN WASTEWATER AND 
THEIR EFFECTS 

Constituent 

Inorganic

Ammonia 

Calcium and
 
magnesium 

Chloride 

Mercury 
Nitrate 


Phosphate 


Sulfate 


Organic

DDT 
Hexachlov'ide 
Petrochericals 
Phenolic 

compounds 

Surfactants 

(a) Depends on 

Effect Critical 
concentration
 

Increases chlorine demand, toxic to fish Any amount 
can be converted to nitrates, in the Variable(a)
process, can deplete oxygen resources; Ary amount 
with phosphorus, can lead to the develo
pment of undesirable aquatic growths
 

Increase hardness and toral iLsolved 
solids
 

Imparts salty taste; interferes with
agricultural and industrial processes 250

Toxic to humans ana aquatic life 75-200

Stimulates 
algal and aquatic growth; 0.00005
 
can cause methe oglobinemia in infants 0.3(b)

(blue babies) 
 10 (c) 
Stimulates al-al and aquatic growth; 
 0.015 (b)

interfezm with coagulation; inter- 0.2-0.4
 
feres with lime-soda softening 
 0.3
 
Cathartic action 
 600-1,000
 

Toxic to fish and other aquatic life 0.001
May be related to the development of 0.02 
cancer; also causeniay taste and 0.005-0.1 
odor problems in wrater
 

0.0005-0.001 
Cause foaming and may interfere with 1.0-3.0
 
coagulation
 

pH and teraperature 

(b) For quiescent lakes (12)
 
(c) U.S. Environmental Protection Agency: Part 141 - National 

Interim Primary Drinking Water Regulations, Federal Register
vol. 40, no.248, December 24, 1975. 
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Table 4.1 

APPLICATIONS OF PHYSICAL UNIT OPERATIONS IN WASTEWATER TREATMENT
 

Operation 	 Application
 

Screening Removal of comrse and settleable solids by 
interception (surface straining) 

Comminution G, inding of coarse solids to a more or less 
uniform size 

Flow equalization Equalization of flow and mass loadings of 
BOD and suspended solids 

Mixing Mixing of chemicals and gases with wastewater 
and maintaining solids in suspensic4 

Flocculation Promotes the aggregation of small particles 
into larger particles to 	enhance their removal
 
by gravity sedimentation 

Sedimentation Removal of settleable solids and thickening 
0 of sludges

Flctation Removal of finely divided suspended solids 
and particles with densities close to that 
of water. Also thickens biological sludges. 

Micruscreening Same as filtration. Also removal of algae 
from stabilization-pond effluents. 

Table 4.2.
 

APPLICATIONS OF CHEMICAL 	 UNIT PPOCESSES IN WASTEWATER TREAIENT 

Process 	 Application 

Chemical precipita
tion 	 Removal of phosphorus and enchancment of
 

suspended solids removal in primary sedi
mentation facilities used for phsical
chemical treaument.
 

Gas transfer 	 Addition and removal oi gases
Adsorption 	 Removal of organics not retroved by conventio

nal chemical and biological treatment methods. 
Also used for dechlorination of wastewater 
before final discharge of treated effluent. 

Disinfection 	 Selective destruction of disease-causing 
organisms (can be accomplished in various 
ways)

Disinfection with Selective destruction of disease-causing
chlorine organisms. Chlorine is the most commonly 

used chemical . 
Dechlorination Thinval of total combined chlorine residual 

that exists after chlorination (can be 
accomplished in various ways) 

Disinfection with Selective destruction of disease-causing 
ozone organisms 

Others Various other chemicals can be used to achieve 
specific objectives in wastewater treatment. 
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SMAJOR BIOLCGICAL TREAT1ENT PROCESSES USED FOR. WASTEUATER TREAIMNT.r0 4-'4 
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Attached growth 

Ccmbined processes 

CoTyon name 
Nitrition fication-denitrifica_ 

Facultative lagoons (ponds) 
Maturation or tertiary ponds 

Anaerobic-facultative 

Use 

Nitrifieation-denitrification 

Carbonaceous BOD removal 
Carbonaceous BOD removal(nitrification) 

lagoonsAnaerobic-facultative- Carbonaceous BO removal 
aerobic lagoons 

* Major use is presented firs; other uses are identified in patentheses. 

Table 5.1. 
UNIT OPERATIONS AND PROCESSES AND TREATMENT SYSTEMS USED TO REM4OVECONTAMINANTS THE MAJORFOUND IN WASTEWATER 

Contaminant Unit Operation, unitproess, or treatment system
Suspended solids Sedimentation 

Screening and coninution 
Filtration variations
 
Flotation
 
Chemical-polymer addition 
Coagulation/sedimentation
 
Land treatmentBiodegradable organics systems
Activated-sludge variations 
Fixed-film: trickling filters
Fixed-film: rotating biological contactors 
Lagoon variations
 
Intenittent sand filtration
 
Land treatment system

Physical-chemical systems
Pathogens 

Chlorination
 

Hypochlorination
 
Ozonation
 
Land treatment systems
 

Nutrients:
Nitrogen 
 Suzpended-growth nitrification and denitrification
 
variations
Fixed-film nitrification and denitrification variations.

Ammonia stripping
Ion excnange
Break-point chlorination 
Land treatment systemsPhosphorus 
 Metal-salt addition
 
Lime coagulation/sedimentation
Biological-chemical phospporus removal
Land treatment systemsRefractory organics Carbon adsorption 
Tartlary ozonation 
Land treatment systems 

Cont'd...
 



INDUSTRIAL WASTEWATER TREATMENT PAGE 17 

Heavy metals Chemical precipitation 
Ion exchange 
Land treatment systems 

Dissolved inorganic 
solids Ion exchange 

Rcverse osz.sis 
Electroia2 y,2iS 
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Table 5.2
 

SLUDGE PROCESSING AND DISPOSAL METHODS
 

Processing disposal 	 Unit operation, unit process, 
function 	 or treatment method 

Preliminary operations 	 Sludge pumping aid grinding
 
Sludge blending and storage
 

Thickening 	 Gravity thickening 
Flotation thickening
 
Centrifugation
 
Classification
 

Stabilization 	 Chlorine oxidation
 
Lime stabilization
 
Anaerobic digestion
 
Aerobic digestion
 
Heat treatment
 
Pure-oxygen aerobic digestion 

Disinfection 	 Disinfection
 

Conditioning 	 Chemical conditioning 
Elutriation
 

Dewatering 	 Centrifuge
 
Vacuum filter
 
Pressure filter
 
Horizontal-Delt filter
 
Drying bed
 
Lagoon
 

Drying 	 Dryer 

Composting 	 Conposting
 
Co-composting
 

Thermal reduction 	 Multiple hearth incineration
 
Flui dized-bed incineration
 
Flash combustion
 
Co-incineration
 
Co-pyrolysis
 
Pyrolysis
 
Wet-air oxidation
 
Recalcination
 

Ultimate disposal 	 Landfill 
Land application 

Reuse
 



INDUSTRIAL WASTEWATER TREATMENT PAGE 19 

Table 5-3
 

IMPORTANT FACTORS THAT MUST BE CONSIDERED WHEN SELECTING AND 
EVALUATING UNIT OPERATIONS AND PROCESSES 

Factor Conent 

l.Process Applicability The applicability <" a process is evaluated on 	 the 
basis of past experience, data fram full-scale plants,
and pilot data from plant studies. If new or unu
sual conditions are encountered, pilot-plant studies 
are neces&sry.
 

2.Applicable flow range The process should be natched to 
the expected flow 
range for Exarpie, stabilization ponds are not 
suitable for extremely large flows.
 

3.Applicable flow variation 
Most unit operations and proaesses vork best with a
 
constant tlowrate, althougL~h some variation can be
tolerated. If the flo4 variation is too great,
flow equalization imay be necessary. 

4. 	Influent-wastewater
 
characteristics 
 The characteristics of th2 influent affect the types


of 	processes to be used (e.g. chemical or biologi-
cal) and the requtreruents for their proper opera
tion.
 

5.Inhibiting and 
 'Whatconstituents are present that may be inhibitor-,
unaffr:cted constituents and wder what conditions? What constituents are 

not affected during treatment? 
6.Climatic constraints Temperature affects the rate of reaction of most
 

chemical and biological processes. Freezing

conditions may affect the physical operation of
 
the facilLiies.
 

7.Reaction kinetics and Reactor 
 sizing%is nased on the governing reaction 
reactor selection kinetics. 
Data for kinetic expressions usually 

are derived from experience, the literature, and 
the results of pilot-plant studies. The effect 
of reaction kinetics on reactor selection is 
considered in Sec.5.5 

8 .Performance Performance is 	 most often measured in terms of eff
luent quality, which must be consistent with the
 
given effluent discharge requirements.
 

9.Treatment residuals 
 The types and amounts of solid, liquid, and gaseous 
residuals produced must be known or 	estimated. 
often pilot,-plant studies are used to identify
residuals properly. 

lO.Sludge-handling 
 Are there any constrants that would make sludge

constraints 
 handling expensive or infeasible? In many cases,
 

a treatment method -'ould se od be et nnlv- nf. 
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Table 5.3 Cont'd.
 

Factor 
 Coment
 

11. Enironmental constra
ints 	 Nutrient requirements must be considered for biological 

treatment processes. Environmental factors, such 
as the prevailing winds and wind. directions, may 
restrict the use of certain processes, especially

where odors may be produced. 

12. Chemical requirements What resources and what amounts must be committed for 
a long period of time for the successful operation
of the unit operation or process? 

13. Energy requirements The energy requirements, as well as probable future 
energy costs, must be known if cost-effective treat
ment systems are to be designed. 

14. 	 Other resource What, if any additional resources must be committed

requirements 
 to the successful implementation of the proposed

treatment system using the unit operation or process 
in question? 

15. Reliability 	 What the long-termis record 	of the reliability
of the unit operation or process under consideration?
 
Is the operation process easily upset? Can it

stand periodic shock loadings? If so, how do such 
occurrences affect the quality of the effluent?
 

16. Complexity 	 How complex is the process to operate under routine 
conditions and under emergency conditions such as 
shock loadings? What level of training must the 
operator have to operate the process? 

17. Ancillary processes

required What 	 support process are required? How do they affect 

the effluent quality, especially when they become
 
inoperative?
 

18. Compatibility 
 Can the unit operation or process be used successfully

with 	existing facilities? Can plant expansion be 
accomplished easily? 
Can the type of reactor 	be
 
modified? 
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Table 5.4. 

ADVANCED WASTmO..ATER-TRFAI 27T1 OPERATIONS AND PROCESSE S 

Lescrlption 'Typ",f Principalwaste- or Waste lor 
water' treated M.ajor use ultimate 

disposal 
Physical unit opera- EST ficioval of amnonia nitrogen ' None 
tions 
Air ztrippirnF or 
afmonia 
FI ltrat in: 
?klti meii d ar Reval of suspended solids Liquia and 

sludgeDiatcitx Le.i '.ST Removal c; au.a, c- solids Sludget-lcrotrairner:i EBT !it..Erval of .;ostndeo solids SludgeDis3tiiiatir., F 'T'Nitri

fied +
 
Filtration llcmovai of, dicso~ wd solids 
 Liquid

Elc.trodialysis +"C'rfilt
ration + 
carbcn 
adsorpti on ih :'i- of disoolve, solids Liquid

Flotation EP-,ES-w of uopt-c&. solids Sludge
Foam Fractiorwitior &T f', i of r.etf)ctory Liquid

onIcs, orfaeta:nts ann 

Frve ziii<' 
Filtration Rci.jwal of di"st'lv solidsxid LiquidGas-phase aepa{

ration laniO nitro.enei None 
Land applicatirn ETEPF Nitrificationr, denitrifica

tion, re oval of ,zmnia 
nitrogen and phosphorus

Rev re STo~cuw a i
filtration Riirvzval of dis3aolved solids Liquid

&orptica 1-7-3T DDIS Liquid and 

sludgeCh mical unit prcyc-

Brcalkpoin lchorina
tion F.5T (filt-

r'aticn 
HR,:no'.ai cf iircnia nitrogen Liquid 

Carbon adsorption EPT, EST Rrnsvail of dissolv.d Liquid 
organico, niavZ mtls, and 

Chemical 
tion 

ript-
P23T 

ohlorine 

Phos;phoru: prip i cat ion, Sludge 
runoval o avy actal, 

Chemical pr'teIpito- FST + 
remova] -,C colloidal solids 

ion in 
sludge 

-ictivated filtration IiBcovai] oZ ciosnli 
nitrate nitrgen 

and Liquid 

Electriaht:mical 
untruatid Untreated ReUMOval of di:ssolved solids Liquid and 

Oxidation EST Removal of refractory 
sludge
None 

organi cs 
Biological unit 
process es 
Bacterial assimi 
lation EPT Remaval of' :irinia nitrogen Sludge 

Ccnt'd.. paqq' 

http:nitro.en
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Table 5.4. cont'd
 

Denitrification Agricultural Nitrate reduction None 
return water 

Harvesting of 
algae EBT Removal of ammonia nitrogen Algae 

Nitrification EPTEBT Anmonia oxidation 
Nitrification
denitrification EPT,EBT Total nitrogen removal Sludge 
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Comparison of desig- features for 
alternative.land-treatment processes
 

Wetland 	 Subsurface
Feature 	 Irrigation 
R 
infiltr aiC-
 Overland flow Gpplication application
 

Application teA:,ques Sprinkler 	or Usual'. 
surface Sprinkler or 5urfece Sprinkler or surface 
 Subsurface piping
 
surface
 

Annual application rate, o.(--.0 6-120 3.20 
 1-30 2-25
 

Field area required, ha 22-226 
 1-22 10-44 
 4-113 5-56
 
Typical weekly 2.5-10 10-210 
 6-15c 2.5-60 5-50
 

application rate, cm 1540
d
 

Minimum preapplicaticn Primary 
 Primary Screening and Primary 
 Primary
e
treatment provided 
 sedimentation sedimentation 
 grit removal sedimentation sedimentation
 
Disposition of applied fvaportranspiration 
Mainly Surface runoff and :vapotranspiration Percolation with
wastewater 
 and precolation percolation 	 evapotranspiration percolation, and some
 

with some 
 runoff evapotranspiration
 

percolation
 
need for vegetation Required 
 Optional Required 	 , 
 lqnired Optional
 

aincludes ridge end furrow border 
strip.
 

bField area in hectares not including 	buffer area, roads, or ditches 
for 0.044 r3/s (I Mgalid) flow.
 
CRange for application of screened waotewater.
 
dRange fcr application of lasoon and secondary effluent.
 

eDepends on 
the use of the effluent and 
the type of crop.
 

Note: cm x 0.3937 = in
 

m x 3.2808 i
ft
 

ha x 2.4711 = acre 
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a
 

Ireatment levels achie able with various operations and processes 
used for advanced wastewater treatment


Typical effluent quality 

Sus- PO4 
pended as Turbid

b 
Secondary treatment Additional treatment 

solids, 
mg/L 

BOD, 
mg/L 

COD, 
mg/L 

Total N, 
mg/L 

P, 
mg/L 

ity 
mg/L 

Color 
units, 

Activated-sludge None (secondary 20-30 15-25 40-80 20-60 6-15 5-15 15-80 

process (suspended- effluent) 

growth process) 

Granular-medium r.5-10 Z5-10 30-70 15-35 4-12 0.3-5 15-60 

filtration 

Granular-medium ,3 41 5-15 15-30 4-12 0.3-3 5 

filtration, carbon 

column 

Coagulation plus K_5 45-10 40-70 15-30 1-2 410 10-30 

settling 

Coagulation plus <i 4.5 30-60 15-30 0 o1 -1 .0c 0o-1.0 10-30 

settliag and 

granular-medium 
filtration 

Coagulation, settling I 45 30-60 2-10 0.1-1.0 c 0.1-1.0 10-30 
granular-medium 
filtEation, ammonia 

stripping 
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Coagulation, settling, <1 1-15 O.1-1.O c 
0.1-1.0 Z52 - 1 0 d 

granular-medium
 

filtration, annonia
 

atripping, cezbon
 

COlt2T2s 

Land treatment Irrigation ; rapid 1.! 42 .... 3 
 0.3
 

infiltration f 2 2 .... 10 3 

oveiland floi 10 10 .... 3 12 

Trickling-filter
 
n
process None (secondary ?0-4 15-35 40-100 20-60 6-15 5-15 
 15-30
 

Rotatin. biological effluent); granular- 10-20 10-20 30-70 15-35 6-15 {i0 15-60
 
contractor
(attached-growth0 medium filtration
 

process) 
 Aeration, oott;ing, 510 45-10 30-60 15-35 4-12 0.5-5 15-60
 
granular-medium
 

filtration
 

aAdapted in part from Ref. 21.
 

b To meet U.S. Environmental frotection Agency effluent standards, the use o! 
filters has now become accepted as standard
 

practice and they are 
considered to be included in the definition of conventional secondary treatment.
 
c Reduction of PO 4 to this level will typically require 200 ppm of alum or 4G3 ppm of lime; if greater PO 4 concentratone can be 

tolerated, coagulant dosage is acreased.
 
d Requires elevating the pH to over 10.5 to convert nitrogen to z.Zaonia.
 

a Percolation of primary of secondary effluent through .m o7soil.
 
f Percolation of primary or secondary effluent through 4.5m of soil.
 

g Runoff of commilnuted municipal wastew-ter over about 45m of slope.
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DISCUSSIONS
 

In the present industrial effluents, which you have not
 
covered much of disposal of toxic materials present a
 
problem. The industries conside- the modal 
ties you
 
suggested costly. 
 Is there appropriate technology?
 

Answer: There are technologies of that kind. The
 

problem is Economic. 
 It might be appropriate
 
for commercial group to establish recovery
 
companies.
 

Comment: 
Sewage treatment organisms are highly versatile.
 
Wastes that are 
toxic to biological organism can
 
be dealt with but very often they are resistant
 
to their environments. 
 The critical question
 
is the construction of a system that works and
 
designed 
to work for the given set of waste
 

organisms.
 

The variations should also he subjected to controls because
 
the treatment systems 
are Sensitive to 
high variations.
 
The biological systems must also be in proper balance.
 

Comment: Recovery of algal growth for other industries for
 
chJL..,In growth may sound rather far fetched
 
for a system that is 
not controlled in 
the first
 
place. 
 The element of algal growth and recovery
 
are possible where the system is properly
 
cont 'clled and 
the biomass is properly controlled.
 

Comment; 
Reuse of algal products and variations of sludge
 
is gooe but 
some micro organisms are toxic and
 
persistent so 
that their use as chicken feed for
 
example might biccumulate in the animal tissues
 
and cause long range problems.
 

Comment: Equalization of sewage before it is 
introduced
 
into the biological treatment is good. 
 But it
 
is costly; besides, it 
requires sophisticated
 
prrsonnel and this is 
a critical bottleneck.
 
Thus, it is 
not tne toxity of the wastes alone
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that is critical, rather the personnel qualified,
 

committed and equipped to deal with the problem.
 

Comment: The coloured materials get out of the factories
 

and the colouration have been nearly impossible
 
t
to move from the liquid was es. Then once in
 

the water, the colour prevent aeration. Perhaps
 

this can be handled by proper aerators as
 

opposed to seeking mechanisms for removing
 

the dye.
 

Comment: 	 In some cases the aeration devices require change
 

in the system and this could be costly.
 

Comment: 	 Although the Ministry of Water Development has
 

not issued any general discharge standards, the
 

Sugar industry - Miwani, Muhoroni, and Chemelil
 

have drawn up their own standards, and so has
 

Nzoia.
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F K PFAENDER 

What is monitoring? 

Monitoring is the routine collection of information
 
on health 
or environmental conditions, as well as
 
the recording and transmission of this data in a
 
form useful to decision makers.
 

Monitoring Concepts
 

1. 	 Monitoring is part of a larger plan for the survei
llance of the environment or 
health for possible

changes or 
impacts. 
 Seeking information of a 

and in a form useful to decision makers. 

type
 

2. 	 This overall plan should:
 

a. Characterize the 
state of the environment.
 
b. 
Assess the effects of various practices and
 

activities 
on the environment and health.
 
c. 
Guide the development of programs for improving
 

environmental quality, including the development
 
of public policy, legislative and operational
 
programs.
 

d. 
Determine whether established limits or standards
 
have been met 
or exceeded.
 

Monitoring Goals
 

The first question 
to 
 consider is what the objective
 
of a specific monitoring effort will be.
 

Ambient Monitori ni
 

-................
: 
 Broad based sampling of the environ

ment to 
assess quality status and
 
trends.
 

Compliance Monitoring
 
--------.
To determine whether specific 
 water 

quality standards, guidelines or 
effluent Der---t.q q h - r 
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MONITORING CONCEPTS
 

1. 	MONITORING IS 
PART OF A LARGER PLAN FOR THE
 
SURVEILLANCE OF THE ENVIRONMENT OR HEALTH FOR
 
POSSYBLE CHANGES OR IMPACTS. 
 IT SEEKS INFORMATION
 
OF A TYPE AND IN A FORM USEFUL TO DECISION MAKERS.
 

2. 	 THIS OVERALL PLAN SHOULD:
 

A. 	CHARACTERIZE THE ST.PTE OF THE ENVIRONMENT.
 
B. 	ASSaSS THE EFFECTS OF VARIOUS PRACTICES AND
 

ACTIVITIES ON THE ENVIRONMENT Oh HEALTH.
 

C. 	GUIDE THE DEVELOPMENT OF PROGRAMS FOR IMPROVING
 
ENVIRONMENTAL QUALITY, INCLUDING THE DEVELOPMENT
 
OF PUBLIC POLICY, LEGISLATIVE PROGRAMS AND
 
OPERATIONAL PROGRAMS.
 

D. 	DETERMINE WHETHER ESTABLISHED LIMITS OR STANDARDS
 
HAVE BEEN MET OR EXCEEDED.
 

MONITORING GOALS
 

WHAT DO YOU WANT TO KNOW?
 

AMBIENT MONITORING - BROAD SAMPLING OF THE ENVIRONMENT
 

TO ASSESS THE QUALITY STATUS AND
 

TRENDS.
 

COMPLIANCEMONITORING 
- TO DETERMINE WHETHER SPECIFIC WATER 

STANDARDS, GUIDELINES OR EFFLUENT 
PERMITS ARE BEING ADHERED TO. 

SPECIAL STUDIES
 
- DETAILED INVESTIGATION OF SPECIFIC
 

PARAMETER OR AREA.
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Often Special Studie, are part of monitoring 
programs --detailed investigation of specific 

paramcters or topic. 

Points 	to Ccn-vder in Monitoring De;ign 

1. 	 ldentification of' the type of information necessary
 

for inforr,;-A deci.,;ion maring. 

2. 	 Evalua,.ion of ;.osibl, parameters whose measurement 

can yield tnc ty,-: inform;itior, you need. 

3. 	 Evaluation of sampling sites, methods, and 

frequency. 
it, Evaluation of Analytical Methodology - want most 

precise and accurate methods practical given
 

constraints of time, workload, resources and
 

funding. 

5. 	 Devlopmont of data 3yrithe.-is, and reporting format. 

6. 	 Rationale for constant reevaluation and revision
 

of monitorin., program. 

7. 	 Ouality A.surancc Program also needs to be part of 

monitoring rlesign. 

Ambient MonitorlE, 

You w:,nt, to ;ses overall trends in water quality. 
This can he random sampling of lake basin area, 
tributaries and lake itself. This allows evaluation 
cf the status of the lake, evaluation of inputs, 
identification of trt-ndn as development occurs, and 

evaluation of pollution control programs. 

You need basel in. or, background information. 
1. Can come Vrom previous information, prior 

monitoring
 

2. Can co,,!;.: frotif inten;ive ntudy 

Param.t. rs and frequency - Tabl: 

The netxt three tablos art- taken from the Global 
Environmental X.,nitoring book developed by the 
United 	 tNation2. These %re supg ested parameters 

for watv-r quality wonitoring. 
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POINTS TO CONSIDER IN MONITORING DESIGN
 

1. 	IDENTIFICATION OF THE TYPES OF INFORMATION
 

NECESSARY FOR INFORMED DECISION MAKING.
 

2. 	EVALUATION OF POSSIBLE PARAMETERS WHOSE MEASUREMENT
 

CAN YIELD THE TYPE INFORMATION YOU NEED.
 

3. 	EVALUATION OF SAMPLING SITES, METHODS AND FREQUENCY.
 

4. 	EVALUATION OF ANALYTICAL METHODOLOGY.
 

5. 	DEVELOPMENT OF DATA SYNTHESIS AND REPORTING FORMAT.
 

6. 	RATIONALE FOR CONSTANT REEVALUATION AND REVISION
 

OF MONITORING PROGRAMS.
 

7. 	QUALITY ASSURANCE PROGRAM.
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Table 2 
Basic Water Monitoring Program 


Parameter 
 Rivers & 

Streams 


Temperature Monthly
Dissolved Oxygen Monthly
pH Monthly
Alkalinity Monthly
Conductivity. Monthly
Secchi Disc 
 NA 

Salinity 
 NA 

Turbidity 
 Monthly

BODs 
 Monthly

COD Monthly

Fecal Coliform Monthly

Nitrogen - Total 
 Monthly
N02 + N03 and NH3 Monthly

Total Kjeldahl Nitrogen Monthly

PO4 
 Monthly

Total Phosphorus Monthly
Residue, Total 
 Monthly 


Volatile Monthly 

Fixed Monthly

Metals , Cadmium Quarterly 
Chromium -

Total Quarterly
Cobalt Quarterly
Copper Quarterly

Iron Quarterly 
Lead Quarterly

Magnesium Quarterly 

Zinc Quarterly

Arsenic Quarterly 


Flow 
 Monthly

Biological Annually 

PAGE 32 

10/1/79 through 9/30/80
 

Frequency 

Lakes & 
 Estuaries
 
Impoundments
 

Quarterly Monthly
Quarterly Monthly
Quarterly Monthly
Quarterly Monthly
Quarterly Monthly
Quarterly Monthly
 
NA Monthly

Quarterly Monthly 
Quarterly Monthly

Quarterly Monthly
Quarterly Monthly
Quarterly Monthly
Quarterly Monthly
Quarterly Monthly 
Quarterly Monthly

Quarterly Monthly
Quarterly Monthly
 
Quarterly Monthly
 
Quarterly Monthly
Quarterly Quarterly 

Quarterly Quarterly
Quarterly Quarterly
Quarterly Quarterly

Quarterly Quarterly 
Quarterly Quarterly

Quarterly Quarterly
 
Quarterly Quarterly

Quarterly Quarterly
 

NA 
 NA

Annually Annually 
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ANNEX III 

LISTS OF DETERMINANDS FOR GEMS/WATER 

The determinands in Lists I and III are to be measured (with
certain exceptions, at all sampling locations: the determinands

in List II should be measured as considered appropriat for particular
locations. The absolute targets for accuracy of measurement are also 
given.
 

LIST I: Basic Determinands
 

Determination for GFMS/WATER I Absolute 

Determinand round- Lakes Rivers Target for 

__ _ at e rs _ 	 Accuracy 
Temperature 
 - [ + + 0.5 0 C
 

pH 
 - + + 0.1
 

Electrical Conduct-
ivity 	 1++ + 	 1.0, 

at 20 C 
Dissolved Oxygen + + + 	 0.2 mg l 

and 2% sat. 

Chloride 	 - I
- + + mg C-I 

Alkalinity, total  - + iO.02mq 1-1 

Suspended solids - + 2 mg 1


Nitrogen, anmonia
 
(as N)* 
 + + O.mg. 1

or 0.01 mg 1-1 
Nitrogen, nitrate + + + 0.1 mg 1-1 
nitrate (as ')* or 0.01 mg
 

B.O.D. ~ - + 2 mg 1-1 

Fluoride (as F) + - - 0.1 mg 1 

Phosphorus, ortho-
 -1

phosphate (Soluble 	 0.O2mg 1 
reactive, as P)* . + + or 0.002 mg 1 
Faecal Coliform bacteria +  + Not applicable 

* The lower of the two targets applies when eutrophication is of 
interest.
 

N.B.
 

Special local circumstances and knowledge 
of the quality of a
 
particular iater may:
 

(a) allow certain of these determinands to be excluded; 
(b) require inclusion of determinands shown above as not being


required.
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ANNEX III
 
LIST II OPTIMAL DETERMINANDS 

Determination 
aDeterminad for GFI/WATERb Absolute target 

for accuracyGround- Lakes Rivers 
Waters , 

-TO( + + + lgl 
COD + + + 20 mg 1 
?4AS anionic tensiaes + 1-
+ + 0.i mg Lauryl


I sulfate or its 

equivalent
 
Nonionic -ensides + 0.1 mg 1 Lissapol X 

or its equivalent 
Chromium, total - r0.005rg 1-1 
ChrooLium, hexavalent - + I.005 ril
 

Nickel -1
- + 0.005 g 1
 
Zinc  - + 0.005 mg 1
 
Copper 0.005 mg 


Arsenic + - + 0.005 mg i 

-1
Boron + - + 0.1 M 1
 
Cyanide - + - 0.005mgl-1
 

Silica, reactive + - 0./0,01 w I
 
Iron, total I
+ + + 0.01O 1-


Manganese + + + 0.01 ng 1- 1
 

Potassium 
 + + + 0.1 m I-i
 

Sodium + + + i Wg i - 1
 

Sulfate + + + 2 mg 1-

Nitrogen, Kjeldahl
 
(as N) - + 1 0.i1 mg I
 

Phosphorus, total I
+ + 0.2/0.002 mg * 
F&acal streptococci + + + Not applicable 

Phytoplankton genus and
 
species counts 
 + - Not applicable 

Primazy productivity + _ ** 

Carbon dioxide, 
 + + - mg 1-

Perz ar4anate value
 
(as 0;) + - + 2 lr1
 

Solenium + + + 0.001 rfg i
 
-
Hydrogen sulfide + + + O.Or g 1 1 

Barium + - 0.11 g - 1 
Phenols 
 + - + 0.002 mg 1-1

i1
 
Lithium I- I
 + + + 0. 1mg 

Cont'd
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ANNEX III (CONT'D)
 

LIST II OPTIMAL DETERMINANDS
 

DetepLination

Determinand for GEMS/WATER 
 .... _ Absolute target 

Lakes Rivers for accuracy
Ground-

Waters
 

Polycyclic aromatic + + + Decided not to set 
hydrocarbons 
 target
 

Transparency - + + 0.5 m
 

Calcium + + +
 
-
Magnesium + + + 1 mg 1 1
 

Volatile suspended
 
-
solids 	 - - + 2 mg 1 1 

-
Chlorophyll a 	 - + - 0.0005 mg 1 1 

Phytoplankton
 
(Volume)  + 	 No target set. 

* 	 The lower of the two targets when eutrophication is being monitored. 

* 	Detailed methodology (dark bottle and light bottle incubation) yet
 
to be agreed - involves determination of dissolved oxygen; target
 

accuracy for each dissolved oxygen determination in the test be as
 
for the determinand dissolved oxygen in List I of this Annex.
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LIST III : DETERMINANDS OF GLOBAL SIGNIFICANCE 

To be measured at all sampling locations wherever the laboratory
facilities allow for it.
 

Determinand 
 Absolute target
 
for accuracy
 

1. Heavy metals:
 

Cadmium 0.001 mg i - 1 

-
Mercury 0.0001 mg i 1
 
-
Lead 0.005 mg 1 1
 

2. Organochlorine compounds 
 Targets to be decided
 
DDT
 

DDE
 

DDD 

Dieldrin
 

Aldrin
 

Hexachlorocyclohexane
 

isomers (BHC)
 

PCBs
 

N.B. Monitoring of I and 2 above 
includes:
 
(i) total content in water 
 during present phase
 

(ii) dissolved content in water of the project
 

(iii) 
 content in bottom sediment e
 
(iv) concentration in relevant 
 p
piases of the project
 

biota
 

The accuracy targets apply only to (i) and (ii) above.
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Ccmpliance Monitorirg 

This 	type monitoring is usually much more specific. Usually 
only one or a few parameters are measured.
 

The industry or municipality reports to government
 
the 
nature of their effluents. The government
 
evaluates and based on 
legislation, suspected
 
effects, assimilative capacity or receiving water,
 
etc., decides on permissible levels of effluent
 
constituent. 
 The industry receives a permit 
to
 
release a certain amount of waste into the water.
 
The industry must take whatever action necessary
 
to meet the permitted amount of waste.
 

It is necessary to monitor whether the industry

is in compliance with their permit. 
 There are 
two
 
ways this monitoring is usually done.
 

1. 	Self monitoring-sxystern
 

- This is the approach the U.S. has taken for
 
compliance monitoring of industrial effluents.
 
There are guidelines for specific pollutants
 
and 
for 	industrial categories, as well as for
 
different types of receiving waters.
 

- Flow diagram
 

A less common
2. 	 system has the government doing the
 
monitoring. 
 The permit process is the same, as
 
are 
 the 	reactions to exceeding the permit. 
 The
 
only difference is that 
 a central laboratory
 
collects and analyzes the samples.
 

3. 
There can be hybrid system with joint effort by
 
government and industry 
to meet special circumst
ances or needs.
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SELF MONITORING SYSTEM
 

PERMIT ISSUED TO
 
INDUSTRY BY GOVERNMENT
 
AGENCY
 

IN HOUSE -- SAPLES INDUSTRIAL SELF- F PPROVED 

LABORATORY - " -----.- DATA MONITORING TO BE DATA ---- 0MEXIAL 
IN COMPLIANCE LAB 

WITH PERMIT 

REPORTED 
 TOGOVERNMM 

CLE U ENFORCEMIENT 
EFFORT7 
 ACTION
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GOVER.T COMPLIANCE MONITORING 

FERMIT BY GOVERNMENT AGENCY 
TO CITY OR INDUSTRY 

INDUSTRIAL
 

COMPLIANCE 

ENFOCENT 
LEAN UP CI7
OR 


R.EPA'R ACTION 
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PHILIP C SINGER 
1. CHARACTERISTrICS OF WASTEWATER 

A. Typical Composition of Raw Domestic Wastewater 

Table I
 
TY'PICAL COMPOSITION OF DC*ISC SEWAGE(All values except settleable solids are expressed in mg/liter) 

Constituent Cone ntration 

Strong IMedium Weak 
Solids, total 

1,200 700 350

Dissolved, total 850 500 250

Fixed 


525 
 300 
 145
Volatile 
325 
 200 105
Suspended, total 350 200 100
Fixed 

75 
 50 30
Volatile 


275 
 150 
 70
Settleable solids, (ml/liter) 
 20 
 10 
 5
Biochemical oxygen demand, 5-day
200 (BODs 200) 


300 
 20 100
Total organic carbon (TOC) 300 
 200 100
Chemical oxygen demand (COD) 1,000 500 250
Nitrogen, (total as N) 
 85 
 40 20
 
Organic 
 35 15 8
Free ammonia 


0 0 0 1
Nitrites 

0
 

Nitrates 
0 0Phosphorus (total as P) 

0
 
20 
 10 
 6
Organic 

5 
 3
Inorganic 

15 
 7 
 4
Chlorides 


Alkalinity (as CaCO)* 
100 50 30
 
200 
 100 
 50
 

Grease 
 150 100 
 50
 

• Values should be increased by amount in carriage water. 
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II. GENERAL TREATMENT CONSIDERATIONS
 

A. Primary Treatment
 

1) Sedimentation
 

a) OBJECTIVE: to separate settleable solids and
 
floatable material (grease) from the wastewater
 

b) Approximately 60% removal of suspended solids and
 
40% removal of BOD can typically be achieved.
 

70 
60 . 

, "f,- Suspended solids 
50 __ /" 

30 	 A___B 

0 1 2 3 4 5 6 7 

Time, hr
 

Fig. I Removal of suspended solids and biochemical
 
oxygen demand from sevage by plain sedi
mentation in primary tanks.
 

B. 	Secondary freatment
 

1) Bilogical treatment processes
 

a) 	OBJECTIVE: to biologically convert soluble and
 
colloidal organic material (BOD) to CO and
 
settleable mircoorganisms (biomass). Se
'rT
r±guz-e Ii. 

b) 	Aerobic processes are typically utilized, e.g.
 
stablization ponds, trickling filters, activated
 
sludge. Anaerobic processes could also be used,
 
however, frequently used for sludge digestion.
 

c) Pretreatment, e.g. pH neutralization, heavy 
metal coagulation, equalization, may be required 
in order to prevent upset of the biological 
,,q ._r~neiav. wheY? the influent wastewater 
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III. 	 PRINCIPLES OF SEDIMENTATION
 

1) 	 To remove settleable portion of suspended solids
 
from wastewater by gravitational forces.
 

2) 	 Efficiency of removal is 
a function of particles size
 
and density, and solution density and viscosity.

The latter two are affected by temperature. 

3) Stoke's Law v f8= 

H 

4) 	Overflow rate
 
a) 	The overflow r'ate of a sedimentation basin governs
the 	effectiveness of the basin in removing


suspended solids. The overflow rate, or 
surface
 
loading 	rate, is
 

v0 	 Q/A
 
2 

and 	has units of gpd/ft2.
 

b) 	Primary settling tanks 
- 800 	to 1000 gpd/ft2 based
 
on 24-hour average flow to obtain 50-60% SS
 
removal.
 

c) 	Secondary settling tanks 
-

i) 	 500 to 700 gpd/ft 2 for trickling filter
 

effluent.
 

ii) 	 30 to 35 lbs/day/ft2 for activated sludge

effluent. Design is based on 
thickening

requirements rather than settling requirements.
 

d) Rectangular and circular 
horizontal flow basins
 
are typically used. Circular tankc are 
usually

used 	for thickening. See Figure III.
 

e) Sludge concentrations 
i) 
 In primary tanks, solids concentration in
 

sludge averages 2.5 to 5.0%; 3000 gal. of
sludge is generated per million gal. of
 
wastewater.
 

ii) 	 In seccndary tanks following trickling filters,
 
solids concentration averages 5 to 10%.

Activated sludge typically thickens to only

1 to 2% solids.
 

iii) 	 Sludge needs to be destablized, dowatered,
 
and ultimately disposed of. Anaerobic

sludge digestion and sand drying beds are
 
usually used for these purDoses.
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IV. 	 PRINCIPLES OF MICROBIAL GROWTH AND SUBSTRATE
 

UTILIZATION
 

1) Organisms require energy for synthesis of biomass,
 
i.e. 	new cells. See Figure IV.
 

2) 	 Energy required for synthesis of biomass can come
 
from a variety of sources.
 

a) 	 Sunlight, as in photosynthesis, by photoau
totrophs such as algae.
 

b) 	 Oxidation of inorganic compounds, e.g.

NH4 +, by chemoautotnphos.
 

c) 	 Oxidation of organic compounds using 020 by
 
aerobic heterotrophs.
 

d) 	 Oxidation of organic compounds in the absence
 
of 02, by anaerobic heterotrophs.
 

3) 	 Microorganisms couple energy-yielding reactions
 
(oxidations) with energy-demanding reactions
 
(synthesis) to 
carry out their metabolic activities.
 

a) 	 Aerobic oxidations of organic compounds

yield moro energy for syenthesis than anaerobic
 
reactions. Hence, more biomass (wast sludge)

is produced per unit amount of substrate degraded
 
under aerobic conditionL.
 

b) 	 Oxygen rcquird for the aerobic 
 oxidation of
 
organic substnnces can be provided by algae

(as in 
oxidation ponds and facultative waste 
stablization pcnds) or by aeration devices (as 
in oxidition ditches and aerated lugoons).
 

4) 	 Aerobic reactions are generally faster than anaeobic 
renctionr.
 

5) 	 Wastuwptcr must be nutritionally balanced for
 
biological treatment.
 

a) 	 Recommended nutrient requirements are 15 mg

nitrogen and I mg phosphorus per 100 mg of

BOD 5
 

b) 	 Domestic wAstewater typically has more than 
enough N and P to satisfy the needs of the 
microorganisms.
 

c) 	 Industrial wastewater 
cr municipal wastewater
 
with a significont industrial component may
 
need 	N and/or P supplementation.
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V. 	TYPES OF BIOLOGICAL TREATMENT PROCESSES
 

A. 	Waste Stabilizaticn Ponds (see Table II)
 

1) 
 Large, shallow basins, enclosed by earthen
 
embankments, lined or unlined. 
 Raw wastewater

treated by natural processes involving algae

and bactaria.
 

2) 	 Rate of oxidation is 
slow; long hydraulic residence
 
times (large a-eas of land) are 
required,
 

3) 	 Particularly attractive wastewater treatment
 
alternative where jufficient 
land 	is available and
where 	temperature is favourable. 
Waste stabilization
 
ponds have the least energy requirements and capital

expenditures of other wastewater treatment alternatives.
 

4) 	 Types of ponds (see Table III)
 

a) 	Oxidation ponds (unaorated aerobic ponds)
 

i) 	Shallow (3-4 ft), aerobic pond. Shallow

depth essential for complete sunlight
 
penetration.
 

ii) 	 Dependent solely on photosynthetic production

of oxygen by algae and other aquatic plants.
 

b) Facultative ponds (sec Figures V and VI)
 

i) 	 Among the most common types of waste
 
stabil1zation ponds.
 

ii) 	 Deeper ponds (3-8 ft.). 
 Aerobic conditions
 
exist in the upper layers due to algal

photosythesis 
 and 	natural surface re
aeration. The oxygen provided 
 allows aerobic
 
bacteria to oxidize 
organic material in
 
the 	wastewater. 
 The 	CO released is used

by the algac, along wit 
 sunlight and nutrients,
 
to carry out photosynthesis and produce
 
oxygen. Anacrobic conditions exisi 
in the

bottom layers where organic solids undergo

anaerobic decomposition.
 

c) Aerated Ponr!s
 

i) Oxygen provided by mechanical aeration devices,
 
e.g. 	surface aerators.
 

ii) 	 May be aerobic (if completely mixed) or
 
facultative (if only partially mixed). 
 If
 
only 	partially mixed, 
anaerobic decomposition

of organic solids occurs in bottom layer.
 

d) Anaerobic ponds
 

i) Used only for partial 'reatment, usually for
pretroatment of strong organic wastes 
such as

those from industry; particularly useful
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for 	:astus with 
t high solids content. 
ii) Bilance n.cds to bc maintained between acid-producinz, ana, robic microorganisms and


mcthane-producinp, microorganisms. 

iii) Effluent usually treated by 
a facultative
pond foliouino the pretreatment anaerobic 
pond. 

e) Maturation icnc:; 

i) 	Used follswing flacultativC ponds for, destruction 
of pathoecnic micrc-rranisas. 

5) Design crit.',ia f:r waste stabilization ponds. 

a) See Tables :VV,VI,VII. 

6) References 

a) Reed, SC aud 	 A5 fiais, 'Cost-Effective Use of'Municipal lastewater Treatment Pnnds", pp 177-200
in t, ropriaty Technology in Water Supply and
WaJte Disposal, CG Gunnerson and JM Ka bermatten,
d. 
 Arwrican Society of Civil Engineers, New
 
York (197q.
 

b) Mara, D, SewageTreatmcnt in Hot Climates,

Wiley and h-ns, London (1976). 

John 

c) Wastoeatr Trjatment Plant Dsin' American 
oci:tyoTT:--. Engineera, ewYork (1977).
 

B. Trickling FiltL-rs 

1) Relatively ";hllow (3-8 ft) circ lar or rectangularbed 	 of rock. (.1-3 in. in size) over which primary 
clrifi., w
Fiiuro VTI). is sprayod intermittently. (see 

a) Biolo. i-al s lime grows on rocks, removing andoxidiz nf orrp nie sub:itane,s in wastewater
th. w-r tieklea over 

as 
the rockr.
 

b) Air is dr .wn .ip throu h 
 th,-	 bed of rocks andoxyAn di ffu into the biological slime alongwith the ,r,''e "ubstrt. (See Figure VIII).
 

c) Pilcogir',-, or, u:
; , er in th ckncs -issubstrtI i't intr i ;'rtion of slimeeventua1ly hee s . oi nd decomposition ofthe 	mic roorFg ni ns within tho slime occurs. Whenthe 	 slim(. hxcomcs thik etnd too weak, it issheared 'ff the r,'ok (scugh:nri) and passes intothe ffunt ilcn with thu troatud wastez.w.er.
 

d) SLccndory clarifi,-rs "2recqntir;d to collect the
bi.nss 1ughf thv filters (humus).
 

e) Primry ciarificnti.-n 
 is required to prevent
clogirinF f the di stributc r or of the media. 



PRINCIPLES OF WASTEWATER TREATMENT 
 PAGE 45
 

f) 	Waste sludge frum secondary clarifiers needs
 
to be disposed of.
 

2) 
 Design of trickling filters is based 
on both
hydraulic loading (MGAD)and organic loading (lbs
BOD 5 per acre-ft.per day). 
 See Table VIII.
 
a) Filters can 
be classified as 
low-rate or highrate, depending upon the loading.
 

b) Nitrification occurs 
in low-rate trickling

filters.
 

c) REcirculation 
.-f clarified effluent is employed
in the desin and operation of high-rate
trickling filters. 
 This serves 
to smooth out
variable loads and dampen fluctuations in
influent wastewater quality and quantity.

(see Figure IX).
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BASIC CONSIDERATIONS
 

A. important to take 
 available or potential 
resources
 
into consideration when designing and implementing
 
system.
 

B. 
 Avoid fragmenting monitoring responsibility among
 
several agencies.
 

C. Avoid following someone elses model 
too closely
 
D. As much as possible, use 
simple analytical procedures
 

in the laboratory.
 

GOALS
 

- The people involved in the monitoring program need
 
to 
be aware of both the overall goals 
 of the
 
monitoring effort, 
as well as 
the goals and objectives
 
of their specific duties.
 

- There are several types of uses that water quality
 
monitoring data can have 
(Figure 1). 
 The program

needs to address the needs of these users. 
These
 
are important in setting the appropriate goals.
 

- These goals can be short term, intermediate and long

term (Figure 2). 
 A list of each type goal is
 
provided. 
 You can decide which 
are pertinent to
 
your situation.
 

ORGANIZATION OF 
MONITORING PROGRAMS
 

1. The objective-of this paper is not 
to suggest how
 
you should desipn 7ind 
implement your monitoring
 
program, but to 
give scine 
idea of how we have approa
ched this problerm. Thatt 
is why we advance the
 
examples referred to in 
the figures below.
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2. 	North Carolina Water Quality Program.
 
Flow Sheet - Firure 3
 

3. 	U.S. Environment-il Protection Agency.
 

Flow Sheet - Figure 4
 
4. 	Both programs 
are large organizations with many
 

hundreds of people.
 

LABORATORY DESIGN
 

Several factors should be kept in mind when evaluating
 
laboratory designs.
 

a. 	 Remember that 
the baseline for your whole effort
 
depends on 
your 	laboratory. 
 It is important to have
 
this part of program working well.
 

b. 	 Centralized laboratory is most 
efficient for most
 
small pro -rams.
 

C. 	 Better to 
expand existing laboratory than develop
 
new facility, if possible.
 

d. 
 Begin with minimal prop.ram and build up 
over
 
several years. 
Figure 5 is 
example of Water Quality Monitoring
 
Support Laboratories for U.S. 
Environmental Protection
 

Agency.
 

MANPOUER DFVFLOPMENT
 

The 	kinds of programs suggested above need people with
 
rangze of specialities - hydrc,loiists, blologists, chemists,

geologists, planners. 
 Two 	major areas of emphasis emerge.
 

1. 	 Identification and recruitment of people with the
 
training you need.
 

2. 	 Training prok~rars so you are not as 
dependent on
 
others to 
provide your trained personnel.
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BASIC CONSIDERATIONS
 

A. 	TAKE RESOURCES INTO CONSIDERATION DURING PLANNING
 

OF MONITORING PROGRAMS.
 

B. 	AVOID FRAGENTATION OF MONITORING RESPONSIBILITY
 

WHERE POSSIBLE.
 

C. 	AVOID VLLOWINO SOME MODEL OF HOW OTHERS HAVE 
DONE MONITORING 
- DESIGN AND IMPLEMENT YOUR
 

OWN SYSTEM.
 

D. 	USE SIMPLE ANALYTICAL TECHNIQUES AS MUCH AS
 
POSSIBLE.
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Training assistance can come 
in several forms:
 

Send people for generalized or specialized training
 
to established institutions.
 

a. Universities, Technical Schools, Governmental
 

Agencies.
 

b. 
Short courses offered by International
 
organizations, WHO, ETMA, 
others.
 

2. 
 Request specialized training programs for your
 
particular needs:
 

a. 
Seminars, workshops, short courses 
run by
 
your institutions, or 
those of other African
 

nations.
 

b. Short courses -
ETMA, UN, other donor countries.
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Figure 1. WATER QUALITY DATA USES
 

Public interest: Public Health 

Aesthetics 
Nuisance 
Ecological balance 
Conservation 
Natural state 

preservation 
Recreation 

Receptor - Planning Water and related 
User land use planning 

Requirements Economic planning 
Urban planning 

Regulation and Control: Identification of 
sources 

Fate of Pollutants 
Description of 

present state of 
quality

Prdiction of water 
quality 

Evaluation of trends 
Available control 

strategies and 
tactics 

Measurement of 
progress in pollu
tion abatement 

Episodic effects 
Non-degredation 

policy 
Research 
Legislation 
Public hearings 
User-oriented reports 

Data Interchange: 
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Figure 2. TIME-PHASED GOALS OF WATER QUALITY MONITORING
 
IN REGULATION AND CONTROL
 

A. 	Short-term Goals
 

1. 
Monitor and investigate complaints
 
2. 	Identification of gross pollution and nuisance
 

conditions
 
3. 
Prevention of water pollution emergencies or
episodes; 
 e.g. fish kills
 
4. 	Set, amend, 
or repeal water quality standards
 
5. 	Development of 
 fflu.nt Jtzindards
 

6. 
Issuance of discharge permits for significant
 
waste sources
 

7. 	Enforcement of existing standards; 
 investigation
of the degree of compliance and frequency of
 
vJlation
 

8. Establishment of priorities for the control

of sources of pollution
 

9. 
Authorise and approve water pollution control
and 	abatement plans for drainage basins.
 

B. 	 Intt.L'mediate Goals
 

1. 	Determine the nature and extent of pollution

in areas 
of interest.
 

2. 	Preparation of control strategies and 
time-staging
 
of program
 

3. 
Develop integrated data system to meet receptor
user requirements
 

4. 	Development of water quality criteria and standards
 
5. 
Evaluation of the effectiveness of activities
aimed at controlling water pollution 
as evidenced
by general changes in water quality
 

C. 	Long-term Goals
 
1. Long-range progrn planning, policy, and land-use
 

planning
 
2. 	Determination of origin and distribution of
 

pollutants
 
3. 
Tracing of pathways and fate of pollutants
 
4. 	Understanding 
of the physical, chemical, and
biolo-ical response of streams
 
5. 	Evaluation of various control strategies
 
6. 
Peoponse of water quality to standards, permits,
regulaticn, and 
enforcement.
 
7. 	Prediction of water quality
 
8. 
Evaluation of trends, determination of the background


levels of pollution
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The first requirement is to assess the type of monitoring
 

you need to do. Assess the baseline date before the
 

industry is established because it Js part of planning,
 

and will allow impact to be determined.
 

Monitoring itself is only a tool for decision makers
 

and you must establish what you want to know. For
 

instance,
 

a. 	 Ambient. monitoring is to assess overall quality
 

and trends
 

b. 	 Compliance monitoring is to ascertain whether
 

given standards are met or exceeded
 

c. 	 Special studies are detailed investigation of
 

specific parameter or area.
 

In most situations these are handled by different
 

agencies.
 

But whatever is the case, the purpose is related
 

to the goals of the monitoring agencies. Water for
 

fisheries require a set of standards and the agency
 

concerned will do the relevant survey, for its decision

making.
 

POINTS TO CONSIDER IN MONITORING DESIGN ARE:
 

1. 	 Identification of the types of information required.
 

2. 	 Evaluation of sampling sites, methods and frequency.
 

3. 	 Evaluation of' possible parameters whose measurement
 

can produce the types of information necessary.
 
4. 	 Evaluation of analytical methodology.
 

5. 	 Development of data synthesis and reporting format
 

for the data.
 

6. 	 Rationale for constant re-evaluation and revision
 

of monitoring programmes.
 

7. 	 Quality assurance programs.
 

Ambient and Compliance Monitoring
 

There are a variety of parameters that can be measured
 

to produce information on the quality of the water. These
 

are specified in the figures 2 and 3.
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In the U.S., State Autnorities are often required to make
 
basic assessment of the waters in their areas. 
 But in
 
most cases, they do not 
perform this ambient monitoring
 
as well as might be desirable. This of 
course is a
 
massive task.
 

Compliance monitoring is 
conducted to ascertain whether
 
permits for discharge are being met 
or exceeded. For
 
example, the U.S. Government and the country at large
 
have enough laboratories and personnel 
to do all the
 
monitoring work 
even 
though the cost is large. The same
 
applied to the industries, however for limited sizes,
 
the monitoring of wastes can 
be a significant burden.
 
The U.S. has taken the approach of having the industry
 
be responsible for doing monitoring of their own 
effluents
 
and reporting the date to EPA.
 

BASIC CONSIDERATIONS FOR MONITORING
 

(A) Take resources into consideration during planning of
 
monitoring programs
 

(B) Avoid fragmentation of monitoring responsibility
 

where possible.
 

(C) Avoid following 
some model of how others have done
 
monitoring - Design and Implement your own system.
 

(D) Use simple analytical techniques as much as 
possible.
 

In 
(B) for instance, have few laboratories in which you
 
can have confidence rather than many 
that are neither
 
competent nor credible. 
 Strive for cost-effectiveness
 
and 
a modality that allows for efficient and simple
 
comparison of the data.
 

In (C) there is no substitute for persimony 
 so long as
 
it is rational because it 
enhances cost-effectiveness.
 

In terms of people, 
 you need from the top of the agency
 
to the one washing dishes in the 
laboratory to understand
 
exactly why they do what they do.
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There are other specific goals of monitoring.
 

Short-term Goals
 

1. Monitor and investigate complaints.
 

2. Identification of gross pollution
 

3. Prevention
 

Intermediate
 

Determine nature and extent of pollution
 

Prevention strategies
 

Development of intermediate standards
 

Develop integrated data system to meet receptor use
 

Develop quality
 

L2nterm Goals
 

Long-range planning
 

Determination of origin and distribution
 

Determining rathways
 

In every case, the task is to determine both the man

power needs and the appropriate organization. This
 

must be unique and geared to the techniques adopted for
 

your purposes.
 

Along with the above is the laboratory design because
 

it determines the efficiency of your organization. It
 

can be one of the following:

1. 	 Centralised Laboratory - where resources are scarce.
 

2. 	 Better to expand existing laboratory than to start
 

new ones.
 

3. 	 Begin with a small programme and expand over several
 

years.
 

Trainin : Will automatically follow from the above.
 

A number of approaches are necessary.
 

1. 	 Bend people to established training programs.
 

A. Universities technical schools.
 

B. Government agencies
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2. Specialised training provided for specific needs.
 

A. Intra-African Programs
 

B. Short courses - Donor countries
 

Those from outside East Africa can provide help. They
 
can give trainers for the monitoring programs and associa
ted policy questions. But one way of handling it is to
 
expand training capabilities in African instutions.
 

DISCUSSIONS
 

Comment: 	 The notion of a centralized laboratory in the
 
Kenyan context has had problems. Samples were
 

ferried to Nairobi. For example, it is importa
nt to note that for some of the problems samples
 
must be examined immediately. Long delays change
 
the characteristics of the sample. Distances
 

and transportation problems increase the
 

problem in Kenya.
 

Answer; 	 The centralization must be relative and mean 
that
 

the laboratories woild be task 
- specific.
 

Comment; 	 Kenya had one mobile laboratory but it had an
 

accident and stopped. Besides, they are costly
 

to purchase and worse to maintain.
 

ETMA is concerned with training and involves three
 
institutions. Clark University, University of North
 
Carolina, and the South Eastern Consortium involving
 

16 Universities in the US's South-East.
 

They will cater for any African institution that is
 
interested and is prepared to sponsor the 
training. The
 
kind of course given depend on the request. In the process
 
of negotiation the finances are arranged and some of it
 

can come from the U.S. sources.
 

It is a major goal of the ETMA to strengthen the capa
bilities of African institutions.
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TRAINING NEEDS AND RESOURCES
 

A major need identified during the 
 workshop was
 
training at several levels and disciplines. 
 At both
 
the beginning nnd intCrmedinte levels there needs to
 
be 
technical, social policy, and educational training
 
activities mounted within the Greater Lake Basin Area
 
to provide the manpower necessary for reacting to area
 
development. 
 Among those subject areas identified as
 
important were:
 

-
 Economic aspects of Basin Development
 
-
 Planning and Management of Development
 
-
 Water quality Monitoring - sampling and analysis
 
-
 Water quality monitoring 
- Data synthesis and
 

use. 

Waste Treatment Plant Operator Training
 
-
 Public Education on Environmental Matters
 
- Waste and Water treatment engineering
 

This training should be readily available through
 
several donor agencies including Fnvironmental Training
 
and Management in Africa (ETMA). 
 The Lake Basin Develop
ment Authority could 
serve as 
a focus for these training
 
activities in Western Kenya and other darts of the
 
greater Lake Basin Area. 
 Other donor agencies could
 
include UNEP and 
the USAID, among others. Requests
 
for ETMA training efforts should be directed to the
 
ETMA representative for East Africa in the Office of the
 
Environmental Secretariat, in Nairobi 
- currently Dr
 
Richard Ford is the representative, but he will be
 
returning to 
U.S. in August - his replacement will
 
probably not be 
in place until October or November.
 
In the interim requests can be addressed to:
 

Dr Earle N Buckley
 

South-East Consortium for International
 
Development
 

400 Eastowne Drive
 

Chapel Hill NC 27 5 14
 USA
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RECOMMENDATIONS AND ACTION PLAN
 

BY 

THE PARTICIPANTS 



RECOMMENDATIONS AND PLAN OF ACTION PROPOSED
 

by 

THE PARTICIPANTS
 



Working Groups, commencing during the afternoon session on
 

27th July 1982o There &re four catego ies of tasks dealt
 

with by the groups. I. Sewerage; II. Pollution Monitoring;
 

III. Legislation and Enforcement; and Regional Co-operation.
 

The present participants worked in the groups as follows:-


I. SEWERAGE 


Io VoM. Kariuki 


2. P.CoSinger 


3. C.K, Murigo 

4. W.O. Orwenyo 


5. J.G.C. Amolo 


6. RI.Katambani 


7. C.CoN Suhudu 


III. LEGISLATION 


Io J.O. Rourke 


2. D.No Kinyanjui 


3. J.K. Ingonga 


4. MoJ. Telewa 

5. P.J. Madati 

6. C. Ashibila 


7. K. A, Ajode 


8. J.B. Rasono 


9. P.O. Sewe 


GROUP REPORTS
 

Group I - SeweraSe 

II. 


1. 


2. 


3. 


4. 


5. 


6. 


7. 


8. 


9, 

10. 


11. 


12. 


13. 


IV. 


I. 


2. 


3. 


4. 


5. 


6. 


7. 


8. 


9. 


10. 


POLLUTION MONITORING
 

F. Pfaender
 

0. Masongo
 

P.M. Olindo
 

I.Mo Kilonzo
 

J.M. Nyamu
 

M.M.Kariuki
 

B.N. Shikony
 

D.M.So Moeha
 

R. Nyaoro
 

T. de Souza
 

A. Getabu
 

Paul Andwana
 

Y.WoK Malinga
 

REGIONAL COOPERATION
 

AoO. Moshi
 

DoPoSo Wasawo
 

C. Bunane
 

J. Gaudet
 

F.W.Bo Bugenyi
 

E. Berege
 

J.No Bonuke
 

A. Aoila
 

R. Nyakundi
 

R. Mwenesi
 

The present state of service offered by the sewerage systems in
 

most urban centres in Lake Basin Area of Kenya and in other
 

urban centres in East Africa was considered with specific reference
 

to: 



a) Adequacy 

b) Maintenance 

c) Sanitary Engineering and Design 

d) Planning of Towns and Urban Centres. 

Further discussions addressed the:
 

- Role of local, national and regional Authorities in Environmental
 

Sanitation.
 

- Training and Research needs.
 

- Need for local code for monitoring effluent into the
 

Rivers and Lakes.
 

ADEQUACY OF SEWERAGE SYSTEMS IN LAKE BASIN AREA OF KENYA
 

The adequacy of the systems should be looked at from the points
 

of view of satisfactory service for the total number of residents
 

of an urban centre as well as the satisfactory service which can
 

be provided, taking into account the load handled by the system
 

as a whole.
 

In almost all of the urban centres there is inadequate data to
 

determine either quantitative or qualitative performance of the
 

treatment systems. But generally it was found that the current
 

sewerage systems are woefully inadequate.
 

The reasons for inadequacy are:

(a) 	Inmost urban centres the sewerage systems were designed
 

long ago and have not kept pace in terms of improvement
 

or enlargement to measure up with the requirements for
 

water supply and the populating growth. As a result, the
 

existing treatment system is found to be inefficient and
 

inadequate to cope with the current needs of the urban centres.
 

(b) 	In many towns a significant percentage of the residents
 

live in areas not connected to the central sewerage systems
 

because the slums in which they reside were not planned
 

for the purpose and have no water-borne sanitation. The
 

result is an urban sewerage system that does not cover
 

some of the highest concentration of the population.
 



There is urgent need for alternative methods and appropriate
 

technology 
for excreta disposal in these areas. As a matter
 
of fact it is recognized that providing appropriate and
 
satisfactory alternative to water borne central 
sewer system is
 
particularly difficult in high density slum areas. 
 Attention
 
should be urgently directed 
at the slum areas because they pose
 
public health problem to 
the resident population, a matter which
 
is contrary to the development goals of the country. 
A healthy
 
population is an indicator as well as 
a prerequisite of national
 

development,.
 

(c) 	Some of tfe personnel manning some of the sewerage works
 

are inexperienced and not adequaLely trained.
 

Therefore they do not understand the strategic importance
 
of their work nor 
yet are they competent to enhance or
 
modify their performance to improve the 
sanitary conditions
 

of their clients.
 

(d) 	Many of the town sewerage systems do not have adequate
 
laboratory facilities 
to conduct full tests 
for industrial
 
and domestic pollutants discharged in the receiving systems
 
notably, the rivers and lakes. 
 Thus, there is qualitative
 

inadequacy in most sewerage systems.
 

MAINTENANCE
 

Proper installation and maintenance of the sewerage systems to
 
ensure efficient and continuous service is the condition for
 
achieving the goal of sanitation.
 

At present the level of maintenance is ineffective and inadequate
 

for several reasons:
 

i) Lack of spare parts - some of the seworage systems are 
old
 

and machinery obsolete.
 

ii) 
 Lack of initiative from the administration of the authorities
 
responsible for maintaining the sewerages. 
Many administrators
 
do not consider the urgency of repairing faults in time
 

in the sewerage systems.
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Data collection, analysis, and utilization is almost absent
 

with the consequence that meaningful planning, which must be
 

based on such data, become unfeasible.
 

NEED FOR LOCAL CODE FOR MONITORING SEWE'AGE EFFLUENT
 

At present the analytical laboratories in the Lake Basin area
 

use standards that may not be suited for the environment.
 

WHO and WHO Standards are general and should really be modified
 

or clearly articulated to allow proper monitoring under the
 

local conditions.
 

THE ROLE OF THE AUTHORITIES
 

The primary responsibilities of sewerage, solid and industrial
 

waste disposal lies with the Local Authorities.
 

Under the Public Health Act, the public health Authorities
 

are responsible for problems of agricultural, domestic and
 

municipal wastes which are likely to affect human health.
 

These authorities need sympathetic hearing and assistance on
 

their sewerage, gabbage and industrial waste disposal financial
 

needs. The Local Authorities referred to here include urban,
 

town and Municipal Councils and the County Councils.
 

The Central Government need to assist the local authorities
 

secure aid and qualified personnel for necessary service.
 

The Lake Basin Development Authority, with the role of co-ordinating
 

planning and use of water resources, should develop a strong link
 

with the local authorities in the Basin Area to ensure proper
 

planning of the environmental sanitation and pollution control
 

in relation to human settlements, industrial development,
 

agricultural development and water use programmes. The Authority
 

should act as an important liaison between the Local Authorities,
 

other central Government Authorities and Foreign Aid Agencies to
 

attract due attention and funding for such programaes.
 

The Central Government Ministries responsible for Environment,
 

Water Development, Health, Industry have roles of varying degrees
 

in the issue of sewerage and industrial waste disposal. This
 

sot up leaves room for inaction even where there is serious and
 

urgent need 'ecause each expects others to take the necessary action.
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Accordingly, the Lake Basin Development Authority should act as
 

a co-ordinator when execution of legislation iG needed for
 

sewerage Ptnd industrial waste control to prevent water pollution.
 

SEWERAGE
 

Recom endation
 

(1) 	 It is recommended that planning and design of the town
 

sewarages should be locally carried out.
 

(2) 	 The Lake Basin Development Authority should participate
 

in:

a) Co-ordination of town and urban planning with a view
 

to providing development master-plans to include
 

sewerage treatment systems.
 

b) 	Initiating a move to establish training facilities
 

for sanitary engineers, sewerage supervisors and
 

maintenance personnel.
 

c) 	Establish Research Data Processing Units from the
 

Monitoring Laboratories.
 

(3) 	 Every sewerage system should have an in-built monitoring
 

laboratory facility properly equipped and manned by trained
 

personnel.
 

AID 	CHANNELS
 

Tho co-ordinating role of the Lake Basin Development Authority
 

was considered to be very significant in the monitoring of
 

pollutants in the Lake Victoria Catchment of Kenya and that the
 

LBDA should work in collaboration with the relevant government
 

Ministries and departments, eog. Ministry of Water Development,
 

Ministry of Health and Department of Fisheries. This type of
 

institutional arrangement constitutes a functional muchanism
 

through which donor agencies could assist the LBDA directly and
 

participate in th-. monitoring, manpower development and train'ng
 

to enable the LBDA to strengthen the national monitoring machinery.
 

Other 	institutions corresponding to LBDA, in the countries
 

riparian to the Lake Victoria should be considered for aid by the
 

agencies tc facilitate comprehensive quality management for the
 

waters entering the Lake.
 
...
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EQUIPMENT 

The group recommends that in order to determine the most siftable
 

equipment required to undertake effective pollution monitoring
 
in the Lake Basin Area, a detailed survey bv done as 
soon au
 
possible under the co-ordination of the LBDA to ascertain
 

what facilities exist, where they are located, and if these
 
facilities are functional. 
 It would be a central requirement
 

for the survey team to determine how to resolve the short-comings
 
of the existing systems. 
Apart from Kenya such a survey ohould
 

be done in Tanzania, Uganda, Rwanda and Burundi.
 

MANPOWER
 

The survey under (d) would also cover 
the crucial issue of
 
manpower developmont and training by establishing what manpower
 
is available, at what lavels of specialization and in what
 
numbers as a basis of 
setting targets to be achieved. That
 
UNEP and other competent organizations should be requested to
 
assist the countries concerned to achieve these targets.
 

INSTITUTIONAL ARRANGE4ENTS
 

With respect to Uganda and Tanzania who do not have institutional
 

arrangements similar to 
the LBDA, it is recommended that the
 
relevant Authorities give serious consideration to the possibility
 

of creating similar institutions.
 

DISSERMINATION OF INFORMATION
 

The Group Recommends that as a matter of urgency, Hydromet
 

diaserminates as 
widely as possible all information available
 
to it on 
the waters of the Lake Victoria Catchment, e.g.
 

Libraries, Universities and Research Institutes located in the
 
Lake Victoria basin. 
Within its coordinating role, the LBDA
 
should make available all available information to relevant
 
Institutions, information, reports and data available 
to it on
 
the Lake Victoria Basin states to avoid the high cost of
 

duplication of effort. The information so gathered should be
 
used to establish regional water quality and discharge standards.
 
The LBDA should take uppropriate action to coordinate that action.
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FUNDING 

The Group reconmmends that subsequent 
to the survey of available
 
facilities, equipment and trained manpower the relevant Authorities
 

in 
the greater Lake Victoria Catchment Area approach appropriate
 
Institutions to establiah formal training arrangements for 
technical
 

and professional training and bilateral and multilateral donor
 
agencies should be requested for fellowships as well as other
 

financial resources to 
facilitate the training and acquisition of
 

equipments to ensure effective monitoring of the water quality
 
with immediate effect and for all future times.
 

COMPLIANCE WITH NATIONAL STANDARDS 

The Group uninimoualy agreed that LBDA and the Specialized 

depprtmentu concerned with Monitoring (Health, Fisheries, Water etc.), 

should as a matter of urgency coordinate their efforts in
 
formulating National Effluent Control guidelines and standards.
 

The Local Authorities acting as water undertakers should adopt
 
and enforce discharge standards against discharges in the areas
 

of their Jurisdiction.,
 

GROUP III - LEGISLATION AND ENYORCEMENT 

DISCUSSIONS
 

- It was noted that there were many legialatiori in Kenya,
 

as well as Tanzania, Ugattdn, Ruanda .nd Buruidi, pertnining 
to the environmental pollution control: These include:

- The Public Health Act 

- The Water Act 

- The Poisonous substances (and pharmacy) Act
 

- The Pesticides Control Act 

- The Factory Act
 

- The Forestry Act
 

- The Fisheries Act 

- The Local Government Act 

- The Agriculturo Act 

- The Bureau of Standards Act
 

- The Industrial Research Organization Act 
- The Marine (Port or Harbour) Act 

- The Lake Basin Development Authority Act
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- ThLe Tana and Athi River Development Authority Act
 
-
The Kerio Valley Development Authority Act
 
-
The Kagera River Basin Development Authority Act
 
- The Rufiji River Basin Development Authority Act
 

These are among the Acts which either in whole or portions
 
deal with 
some aspects of water resources management,, In
 
most cases 
the precise question of protection of the water
 
resources 
from contamination is not d&alt with at 
all or oniy

obliquely implied. 
 Most importantly the crucial question
 
of monitoring and procedure for enforcement are scantily
 
dealt with and this 
results in unccrtuinty which discourages
 
positive action. 
 The discharge standards, where they exist
 
are often vague and inadequate and there is 
no system of
 
applying, issuing or withdrawing industrial permit, in urban
 
and rural areas. There is no 
system for environmental
 
impact assessment 
for planned rauJor project before their
 

implementation.
 

For these and other reasons, 
this Group recommends the following:.
 

There 
 is a need for streamlining umbrella law to charge the
 
environmental departments in the Government with stronger
 
and more coordination and enforcement powers to 
ensure adequate
 
monitoring and low enforcement mchaisms.
 

The Lake Basin Development Authority should implement its
 
enabling Act to 
that effect. 
 It should work in conjunction
 
with relevant local 
authorities and industries 
to establish
 
reticulation of monitoring systema so as 
to identify the
 
quantities and qualities of the effluents from the 3 major
 
polluters: industrial, agricultural and municipal systems.
 

Once the streamlining Act to 
eutablish the environmental
 
departments is prormlgated, the department should issue
 
general standards of effluents in 
form of subsidiary regulations
 
to protect receiving waters as 
well as the atmosphere.
 

The proposed 
streamlined and overall legislation should
 
provide for uniform industrial permit system applicable all
 
over the countries.
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5 	 The University and the Directorate of Personnel Management
 

should initiate and expand teaching programmes in environ

mental and natural resources management law, so as to
 

supply the personnel to enforce the law and its subbidiary
 

re ,ilatione.
 

6 The LBDA should initiate and coordinate a comprehensive and
 

up-to-date review of the status of natural resources and
 

-environmental law in each of the countries of the great
 

Lake Victoria Catchment.
 

7 	 All ministries with laws relating to the management of natural 

resources should assess and review the efficiency of their 

enforcement mechanisms in view of the new problems wrought by 

changing technology and increasing demand on natural resources. 

8 	 The Lake Basin Development Authority should liaise with
 

relevant authorities in neighbouring countries riparian to
 

the Lake Victoria to ensure that all the discharges into the
 

lake comply with appropriate standards and initiate appropriate
 

enforcement mechanisms.
 

9 	 The Lake Basin Developmunt Authority and similar institutions
 

in the Catchment area should establish their own capabilities
 

to assess the impacts which any major industrial, agricultural
 

or urban venture has on the environmont, and recommend means
 

of environmental pollution control and abatement.
 

10 	 The Central Governments in each of the states in the Lake
 

Victoria Catchment area is urged to establish standards for
 

discharge of gaseous emissions into the air and to promulgate
 

legislations on air quality.
 

11 	 Every municipal/urban centre in the Lake Victoria Catchment
 

area should promulgate its own comprehensive waste disposal
 

and discharge ordinance to prescribe specifications in
 

discharge agreements with emission on effluent standards an
 

well as procedures for enforcement for all industries locating
 

in its ar-a of jurisdiction.
 



GROUP 
IV - REGIONAL COOPERATION
 

By Regional Cooperation in this Section we mean the action or
 

initiatives taken by all 
the countries within the Lake Victoria
 

Catchment area 
either singly, or in conjunction with others 
to
 

monitor or 
enforce water quality standards in the catchment area.
 

It is recomnonded, as 
a general premise, that the Lake Basin
 
Development Authority which took the initiative in 
this water
 

quality workshop, should initiate contacts, 
as suggested below
 

and work togethor with corresponding institutionse
 

1 	 There should be established regular monitoring institutions
 

and outstations at key points, such 
as major estuaries
 

around the Lake, am well 
as at Kisumu, Jinja, Port Boll,
 

Entebbe, Bukoba, Mwanza and Musoma.
 

To educate local people 
on the actions being taken on the
 

regional monitoring programmes.
 

3 	 To commence and maintain the exchange of data and
 

monitoring activities, on a regional basis.
 

4 	 To commence and maintain a 
system of regional consultation
 

on the situation as well as 
control of pollution of the
 

waters of the Lake Victoria catchment generally and Lake
 

Victoria in particular,
 

To facilitate training and 
the exchange of staff on
 

regional basis and to 
unify the approach of such training
 

among all the basin states.
 

6 
 To establish and apply water quality standards for monitoring
 

in the catchmont area.
 

7 	 To identify the priorities of the basin states in water
 

resource utilization, as 
might be ascertained from the
 

respective water master-plans and other sources.
 

8 	 There should be an assessment, 
through Remote Sensing, if
 

possible, of major points of sediment 
 influx into the Lake.
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On the basis of that assessment information should be fed
 
into GEMS and then strategies worked out on how to prevent
 

sediment loading within the whole basin.
 

---- 0------



DRAFT PLAN OF ACTION
 

We, the PARTICIPANTS in the Workshop on the Quality of Water of the
 
catchment area of Lake Victoria and who are 
involved in public
 
policy work tn our respective countries are avare of the present
 
needs and priorities that should be immediately implemented for
 
the tiocio-economic development of the people of our countries.
 

We recognize the significance of water and its 
resources for
 
socio-economic development of the people of the region.
 

We believe that the availability of suitable water for human
 
consumption, power generation, agriculture and industrial uses,
 
is a prerequisite as well as 
an index of development.
 

We believe that the aquatic resources such 
as 
fish in these waters,
 
must be preserved and maintained in 
a quality perfect for human
 
consumption because they are 
a vital 
resource for nutritional
 
needs of the people. This must be accepted as the highest
 
priority for the development of the people.
 

We recognize that any plans for the use of water resources must
 
take into account that once in 
the Lake, the water, its resources
 
and any other suspended or dissolved loads, do not obey territorial
 
boundaries and therefore require comprehensive and co-ordinated
 
catchment-wide planning by all the countries in the area.
 

We recognize also that the 
long-range and comprehensive planning
 
required under these circumstances necessitate significant
 
investment in human and capital resources by the states 
in the
 
catchment. 
These, we believe, must be done at an appropriate
 
pace because we are aware 
that socio-economic development of our
 
peoples, especially those in 
the rural areas, is declared high
 
priority by all 
our governments in the region.
 

It is 
in that spirit that we have submitted the above general policy
 
recommendations as well 
as the following specific plans for action
 
with the request that respective authorities of the countries in
 
the catchment area give them immediate attention.
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Therefore, we RESOLVE and URGE that 
in the interest of present and
 
future development of the people, the 
utates of the catchment area,
 
namely: Burundi, Kenya, Rwanda, Tanzania and Uganda, take initial
 
and sustained action as outlined in the specific plans below as
 
well as in 
the attached general recommendations.
 

And we request and urge that in accordance with the stipulations in
 
its constituent instrument the Lake Basin Development Authority
 
should take the initial step to communicate these recommendations
 
to 
the relevant institutions of the countries 
in the catchment area.
 

We request and urge further, 
that where action is required, the
 
Lake Basin Development Authority should, in accordance with the
 
stipulations in its constituent instrument, initiate consultations
 
necessary to 
that end.
 

I. PLANNING
 

1 Each State should, as 
a matter of urgency, evolve a Watur
 
Master Plan stipulating its short-term and long-range policy
 
on water resources management. 
Such a Maoter-Plan should
 
deal with strategies for conservation and utilization of
 
water resources 
in 
the Lake Victoria Catchment area, as 
a
 

specific section.
 

2 
 The States should as a matter of urgency use the findings of
 
flydromet Survey and other available sources 
to assemble data
 
relating to 
the water resources 
in the Lake Victoria Catchment
 
Area and, where appropriate, exchange the 
information with
 
one another.
 

3 
 The States should urgently establish, staff and equip documentation
 
centres on water resources management in the Lake Victoria
 
Catchment area to facilitate effective policy planning and
 
implementation. 
To this effect, 
the Lake Basin Development

Authority and 
the Organization for 
the Development of the
 
Kagera Basin should urgently establish their centres and
 
initiate exchange of information and documents.
 

4 
 The National Govurnmentn should evolve efficient and reliable
 
conmunication syitems between the researchers, 
the policy makers
 
and the implementing agencies 
to facilitate effective use of
 
research findings in 
water resources management.
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The relevant bilateral and multilateral agencies should assist
 

the countries of the Lake Victoria Catchment area to establish
 

baseline data on the quality of water in the area and thereafter
 

to monitor and assessany changes on a continuing basis.
 

6 	 The Stateg within the Lake Victoria Catchment area should,
 

as 
a matter of urgency, conduct studies on the strategies for
 

comprehensive and integrated management of the waters of
 

the basin for the development of the area.
 

II - EDUCATION AND TRAINING 

The Governments of the States in the Lake Victoria catchment
 

area should, with the assistance of relevant bilateral and
 

multilateral agencies, urgently establish short-term and
 

long-term training programmes for technical and scientific
 

staff at all. levels to enhance the local capabilities in water
 

resources management0
 

2 	 Lake Basin Development Authority and other similar organizations
 

in the Lake Victoria Catchment Area should, in cooperation
 

with the Local Authorities in the area, establish training
 

programmes to develop cadre of staff competent in water
 

quality control and enforcement of appropriate discharge
 

standards0
 

3 	 Agencies responsible for water resources management in the
 

catchment area, such as the Lake Basin Development Authority,
 

should organize co-ordinated training seminars on techniques
 

of water quality control to ensure a high standard of
 

monitoring of water quality is maintained0
 

4 	 Each of the States in the catchment area should launch intensive
 

educational programmes to enlighten the industrialists and
 

Local Authorities as well as the general public on the
 

rationale and techniques for prevention of pollution of
 

water 	resources.
 



III - EFFLUENT MONITORING AND POLLUTION CONTROL 

The Governments of the States in the Lake Victoria Catchment
 

area should, with the assistance from relevant bilateral and
 

multilateral agencies, establish and properly equip
 

laboratories and field stations 
for water resources research
 

to 
facilitate control and maintenance of good water quality
 

as well as 
assessment of other management questions. These
 

laboratories established at national level should preferably
 

be located within the Lake Basin Area.
 

2 
 Each of the States should initiate establishment of monitoring
 

system for each indigenous activities whose effects reach
 

the rivers or ground water in the catchment area to determine
 

the content of their pollution load and thereafter a follow-up
 

programme to 
trace specific polluting substances in the
 

environment.
 

3 	 National institutions dealing with water resources 
in the
 

Lake Victoria catchment area should immediately establish
 

a system for exchange of staff and sharing of facilities
 

in the field of water quality monitoring and assessment
 

to enhance efficient and economical maintenance of water
 

quality in the area.
 

4 	 Each of the States in the catchment area should prepare an
 

analytical review of legislations relating to water and
 

environmental quality standards with a view to enhance the
 

link between scientific information on quality standards and
 

legislation.
 

5 	 Each of the States in the Lake Victoria Catchment area should, 

as a matter of urgency, conduct complete review of the 

equipments and manpower presently available to the Local
 
Authtorities located in the catchment area for monitoring of
 

sewerage and industrial effluents discharged into the drainage
 

system. 
The purpose of the survey is to determine the precise
 

level of the present capabilities and thus ascertain the
 

level 	of needs for equipments and manpower.
 



6 
 The States are urged 
to ensure 
 that the existing logislations
relating to water quality, especially under the Water, Public
Health and Factories Acts, are rigorously and conscientiously
enforced while the review and promulgation of new related
environmental legislations 
are under way.
 

IV CATCHMENT CONSERVATION ANDMANAGEMENT 

I Each of the States in 
tho Basi6 
 should immediately conduct
studies of the drainage and river profiles in their
jurisdiction with a view to planning appropriate conservation
strategies including afforestation and soil conservation.
 

2 
 Each of the States should develop comprehensive catchment
consorvation 
programmea to 
ensure adequate water 
source and

low silt load as a priority measure.
 

3 
 Each of the States should study the pattern and frequency
of drought and floods as 
well as 
their effects on the
environment, then to 
design and implement effective control
 
strategies.
 

V -
 REGIONAL CO-OPERATION
 

1 
 The Governments of Burundi, Kenya, Rwanda, Tanzania and Uganda
as well as 
the Organization for Management and Development
of the Kagera River Basin s 
iould establish a framework for
technical consultation and exchange of information 
on
rational management of the water resources of Lake Victoria
 
Catchment 
area.
 

2 The States in 
the Lake Victoria Catchment 
area should

collaborate in standardization 
of analytical methods and
presentation of data. 
Thereafter, they should conduct
frequent joint seminars and consultations for exchange of
information 
on how to 
promote efficient enforcement of the
 
standards,
 

3 The States in 
the Lake Victoria catchment area should evolve,
as 
a matter of urgency a uniform and/or harmonized policy and
code for industrial siting to 
include requirements for

adequate waste water treatment plants.
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4 The States should co-operate in an urgent effort to 
evolve
 
a uniform policy 
to arrest the irrational use of pesticides
 

and fertilizers in 
the Lake Victoria Catchment area,
 

5 The States 
 within the Lake Victoria Catchment area should,
 
as 
a matter of urgency commence negotiations toward a
 
framework treaty governing consumptive utilization of the
 
waters of the catchment area. 
Such a framework agreement
 
should specify general 
conditions for development organizations
 

for various parts of the catchment area.
 

--- 0-
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