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Introduction

resh water is a finite resource, essential for agri-

culture, industry and for human existence itself.

Without fresh water of adequate quantity and
quality, sustainable development is not possible. Water
pollution and wasteful use of fresh water threaten socio-
economic development and make costly water
treatment essential to satisfy increasing needs for
drinking water. Human impacts on the environment
have increased dramatically during past decades and
they continue to grow in natural ecosystems, freshwater
and marine environments and the atmosphere. Socio-
economic development - including urbanization,
industrial production, agricultural activities and their
associated pollution - has reached a level where water
quality becomes a limiting factor for further develop-
ment in many river basins.

1.1 Global Problems

Water quality is a term which expresses the suitability
of water to sustain various uses or processes. These uses
may be human or ecological - any particular use will
have certain requirements for the physical or chemical
characteristics of water; for example, limits on the con-
centrations of toxic substances for drinking-water use
or restrictions on temperature and pH ranges for water
supporting invertebrate communities. Water quality is
therefore defined by a range of variables which limit
water use; many uses have some common requirements
for certain quality variables but each use will have its
own demands and its own influences on water quality.
Quantity and quality demands of different users will
not always be compatible and the activities of one user
may restrict the activities of another, either by demand-
ing water of a quality outside the range required by the
other user or by lowering quality in the course of using
the water. Efforts to improve or maintain a certain water
quality often aim at a compromise between the quality
and quantity demands of different users. There is an
increasing recognition that natural ecosystems have a
legitimate place in the consideration of options for
water quality management. This is both for their intrin-
sic value and because ecosystems are sensitive
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indicators of changes or deterioration in overall water
quality, providing a useful addition to physical and
chemical information.

Water quality is influenced by a wide range of natu-
ral and human processes. It is important to recognize
the mutual influence of quantity and quality in assess-
ing the availability of water of suitable quality. Natural
problems are of most significance when the quantity of
water is limited and the greatest use must be made of a
scarce resource. High salinity is a widespread problem
in arid areas - where money is available, desalination
can take place butin many countries saline water cannot
be used. In this case, suitable quantities of water may be
available but are of unsuitable quality, imposing restric-
tions on human activity. Naturally occurring water
quality problems are not of concern for ecosystems but
human attempts to treat natural conditions may be
disruptive.

Human influence on water quality is widespread,
attributable to various activities and uneven in the de-
gree to which it causes ecosystem disruption or restricts
use. A problem such as faecal pollution is attributable
to one source - human populations - but the reasons for
occurrence, combative measures and water quality
problems are varied. Faecal pollution may occur be-
cause of a complete lack of waste disposal facilities or
because of inadequate or underfunded collection and
treatment facilities. The effects of faecal pollution vary
- in developing countries, disease is the primary prob-
lem, while in developed countries, organic load and
eutrophication are of greater concern, both in the rivers
into which sewage or effluent is discharged and in the
sea into which the rivers flow or sewage sludge is
dumped. A single source may therefore contribute to a
number of water quality problems, just as each problem
may have a variety of contributing factors. Eutrophica-
tion arises not only from faecal pollution and high
organic loads but from agricultural fertilizers and live-
stock. The control of pollution from diffuse sources is
especially difficult - among others, this is true of faecal
pollution, heavy metals and pesticides.

There is now a fundamental need for scientific
assessments of water quality on a world-wide basis.
Such assessments must raise awareness of the magni-
tude of the problems and emphasize the urgent need for
action, in addition to establishing a rational basis for
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Mar del Plata Action Plan on Water Quality

The United Nations Water Conference was held in Mar del
Plata, Argentina, in March 1977. The meeting was convened
upon the principle that the accelerated development and
orderly management of water resources are prerequisites in
improving the economic and social conditions of humanity,
especially in developing countries. The recommendations of
the conference, known as the Mar del Plata Action Plan,
addressed the following: assessment of water resources;
water use and efficiency; environment, health and pollution
control; policy, planning and management; natural hazards;
public information, education, training and research; re-
gional and international co-operation. Assessment of water
resources included quality aspects as follows:

“To improve the management of water resources,
greater knowledge about their quantity and quality is
needed. Regular and systematic collection of hydro-
meteorological, hydrological and hydrogeological
data needs to be promoted and be accompanied by
a system for processing quantitative and qualitative
information for various types of water bodies ... Mech-
anismes for data collection, processing and publication
and arrangement for monitoring water quality should
be reinforced.”

The conference was also concerned that large-scale
water development projects have important environmental
repercussions of a physical, chemical, biological, social and
economic nature. It was concluded, therefore, that environ-
mental health should be integrated into water resources
development as follows:

“It is necessary to evaluate the consequences
which the various uses of water have on the environ-

ment, to support measures aimed at controlling
waler-related diseases, and to protect ecosystems.”

Water pollution from sewage and industrial effluents and
the use of chemical fertilizers and pesticides in agriculture
were recognized as major water quality issues. The con-
ference concluded therefore that:

“Concerted and planned action is necessary to
avoid and combat the effects of poliution in order to
protect and improve where necessary the quality of
water resources.”

To this end, a series of measures were recommended:

O conduct surveys of levels of pollution in surface and
ground waters;

O harmonize methods for assessing and monitoring
water quality;

O establish quality standards for the various uses of
water;

O regulate the discharge of industrial, urban and min-
ing wastes;

O adopt in general the Polluter Pays Principle;

O use of substances which minimize environmental
health hazards; and

O gradually eliminate the discharge of hazardous
waste substances.

water pollution control. As early as the United Nations
(UN) Conference on the Human Environment in Stock-
holm in 1972, and later at the UN Water Conference in
Mar del Plata in 1977, the member states of the UN
system recommended a variety of measures. Proposals
for action ranged from control of disease vectors asso-
ciated with irrigation and restrictions in the use of
agrochemicals, to the monitoring and control of sewage

and industrial effluents. The years of the United Nations
International Drinking Water Supply and Sanitation
Decade (IDWSSD or “The Water Decade”, running
from 1981 until 1990) were marked by a general dete-
rioration in quality of vital water resources, particularly
those of developing countries. Action programmes on
water quality began to emerge during the latter part of
the decade and these are described below.

Water Quality 5
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1.2 Water Quality and the United Nations

The UN Water Conference in 1977 was the first meeting
on water to involve policy making at the highest levels.
The Action Plan agreed at the Conference was approved
and its implementation recommended by all member
-states of the United Nations. :

The Administrative Committee on Co-ordination -
Intersecretariat Group on Water Resources (ACC-
ISGWR) was set up to monitor implementation of the
Mar del Plata Action Plan. At its 8th Session in 1987, it
was agreed that further efforts should be made to de-
velop a comprehensive strategy for action at national,
regional and global levels for the implementation of the
Action Plan in the 1990s.

Following the 10th Session of the Committee on
Natural Resources (CNR), the Economic and Social
Council (ECOSOC), through Resolution 1987/7, agreed
with this view and requested the Secretary-General to
undertake the following: ,

“In consultation with the Regional Commissions
and Organizations of the United Nations Systems, to
report to the committee on Natural Resources at its
11th Session on progress in formulating proposals for
a comprehensive strategy to implement the Mar del
Plata Action Plan during the decade 1991-2000, and
to include an assessment of these proposals as they
relate to the action of the United Nations System.”
International organizations and other support agen-

cies were requested to give active assistance to
developing countries in coping with problems caused
by water pollution.

It was therefore decided at the 9th Session of the
ACC Intersecretariat Group on Water Resources in Oc-
tober 1988 that a meeting of a Panel of Experts be
convened to advise on the design of a strategy for the
implementation of the Mar del Plata Action Plan in the
1990s. This meeting was held at Challes-les-Eaux,
France, in March 1989 and the group endorsed the
proposal to carry out detailed assessments (on a re-
gional scale) of progress and problems in the
implementation of the Mar del Plata plan. The recom-
mendations of the expert group were reported to the
11th Session of CNR and to ECOSOC, which in Resolu-
tion 1989/7 reiterated the need for a strategy for the
1990s, and requested that the strategy be submitted to
CNR at its 12th Session in 1991.

Following these developments, regional assess-
ments of the progress made in implementing the Mar
del Plata Action Plan since 1977 were carried out. These
assessments looked specifically at five aspects:

) water resources assessment;

) water for sustainable agricultural development;

3 water quality issues;

) water resources management; and

O human resources development.

The regional assessments in the third category pro-
vided the basis for identifying the main elements of the
Global Strategy for Water Quality Management
presented in this document.

In May 1989, the Committee on Development Plan-
ning (CDP) stressed the importance of water in
sustainable development and requested concerted ac-
tion by the United Nations organizations. Problems of
water scarcity resulting from poor co-ordination and
planning inland and water development were emphas-
ized, together with water quality degradation due to
agricultural, industrial and municipal water pollution.
CDP recommended that the UN Conference on Envi-
ronment and Development scheduled for June 1992
should include in its agenda a separate item on sustain-
able development of the use of water resources, and
take into account the strategy for the implementation of
the Mar del Plata Action Plan in the 1990s to be formu-
lated by CNR.

1.3 Global Strategy Development

Inresponse to a resolution of the Stockholm Conference,
four UN agencies (United Nations Environment Pro-
gramme (UNEP), World Health Organization (WHO),
United Nations Educational, Scientific and Cultural Or-
ganization (UNESCO) and the World Meteorological
Organization (WMO)) jointly launched the first global
programme to monitor surface- and ground-water
quality, which was named GEMS/WATER. Since 1979
water pollution has been monitored and long-term
trends examined, with developing countries having
taken part actively in practical implementation. The
data accumulated were used in the production of a first
assessment of water pollution issues on a global scale
(Global Freshwater Quality: A First Assessment, published
by Basil Blackwell, Oxford, on behalf of WHO and
UNEP, 1989).

During the latter years of the Water Decade several
regional expert groups studied water quality issues for
various parts of the world. Their findings were also
used in the regional assessment studies and their rec-
ommendations considered for the global strategy. The
most important ones are:

> ECLAC (1989). The Water Resources of Latin

America and the Caribbean: Water Pollution. Re-
port prepared by the Economic Commission for
Latin America and the Caribbean;

O UN/ECA & DTCD (1989). Interregional Meeting

on River and Lake Basin Development, with Em-

6 Water Quality



phasis on the African Region, Addis Ababa, Oc-
tober 1988;

» IBRD/EDI & WHO/CEHA (1988). Regional
Seminar on Water Resources and Water Quality
Management, Amman, May/June 1988;

» UN/ECE (1989). Water Use and Water Pollution
Control: Trends, Policies, Prospects. Report pre-
pared by the Economic Commission for Europe;

and

Introduction

ESCAP (1989). Seminar on Water Quality Moni-
toring in the Asia and Pacific Region, Beijing,
September 1989. »

At the global level, a group of technical specialists
was gathered in Poland by the United Nations Depart-
ment of Technical Co-operation and Development
(UN/DTCD) in September 1989 to draw up recommen-
dations on water quality issues. They prepared the
Warsaw ('89) Guidelines for Water Quality Management in

Events leading from the Mar del Plata Action Plan to the Global Water Quality Strategy

March 1977

Adoption of the Mar del Plata Action Plan by the UN Water
Conference.

January 1981

Beginning of the UN International Drinking Water Supply
and Sanitation Decade (The Water Decade).

January 1987

Interregional seminar convened on 10th anniversary of the
UN Water Conference, which included a detailed review of
the progress made in implementing the Mar del Plata Action
Plan.

May 1987

ECOSOC, agreeing with the ACC-ISGWR recommendation
for a comprehensive strategy for implementing the Mar del
Plata Action Plan in the 1990s, requested the Secretary
General to report to the 11th Session of the CNR on the
measures necessary for such a strategy.

March 1989

ACC-ISGWR convened a Panel of Experts which formulated
a strategy covering water resources assessment, sustain-
able agricultural development, mobilization of financial
resources, human resources development, institutional

strengthening and promotion of appropriate technology. The
panel recommended that regional assessments of progress
achieved in the implementation of the Mar del Plata Action
Plan be undertaken to determine the main issues for action
in the 1990s.

February-May 1990

Regional consultant missions to evaluate current water
quality problems and to identify necessary actions were
carried out through a UNDP-funded project, executed jointly
by UN/DTCD and WHO.

June 1990

Regional consultant meeting convened by WHO at GEMS
MARC in London to finalize the regional assessments and
to prepare a global strategy on water quality issues for the
1990s.

August 1990

UNEP/WHO expert consultation in Leningrad on global
freshwater quality monitoring and assessment reviewed the
global strategy document.

October 1990

Final draft of the global strategy on water quality issues for
the 1990s submitted to the ACC-ISGWR at its 11th session
in Geneva.

Water Quality 7
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Developing Countries, covering technical actions re-
quired, economic considerations and institutional and
legal aspects.

As part of the assessment of progress of the Mar del
Plata Action Plan, a joint project funded by the United
Nations Development Programme (UNDP) and ex-
ecuted by the UN/DTCD and WHO was launched in
late 1989 to assess regional water quality issues. The
objectives of this study were:

- to assess freshwater quality on a region-by-
region basis, identifying gaps in knowledge and
needs for future monitoring and assessment;

: to prepare regional summaries of key water
quality issues, their present status and theirlikely
future development; and

' to make recommendations for coping with water
quality degradation and pollution in support of
sustainable development.

As part of the project, regional experts were each
assigned one of the UN Regions. The experts each pre-
pared a comprehensive report covering the regional
situation and giving region-specific proposals for ac-
tion. The short time available for these assignments
meant that the studies were largely based upon the
exploitation of existing data bases and information
sources at regional and international centres. The UN
Economic Commissions, WHO Regional Offices and
other regional organizations were consulted in this re-
spect. Additional support was provided through
GEMS/WATER project offices.

The regional reports were then harmonized and

summarized at a meeting of the regional consultants
(London, June 1990). At this meeting, a global synthesis
of important water quality issues and a global strategy
for water quality management were also prepared.

The consultants’ findings and recommended actions
were then circulated for comment to experts convened
to discuss the monitoring and assessment of water pol-
lution within a global framework (Leningrad, August
1990). This GEMS/WATER review meeting on global
water quality issues not only dealt with the assessment
of water pollution problems but was also invited to
consider resulting policy options for water quality man-
agement.

This report is structured in accordance with the
above objectives of the UN/WHO assessment study.
The introduction and an overview of the issues are
followed by a series of self-contained regional chapters
each summarizing the current situation and making
concrete proposals for specific action required. Regions
for this purpose were defined as the groups of member
states of the respective UN economic commissions.
North America was treated as a part of the American
continent (although Canada and the USA are members
of the Economic Commission for Europe).

A global synopsis of water quality issues follows,
joining the regional reports together to give a compre-
hensive world-wide view. The last chapter presents a
global strategy for the 1990s which aims to control water
pollution problems and to protect aquatic ecosystems,
particularly those in developing countries.

8 Water Quality
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Africa

frica is a continent where water availability is
highly variable - rainfall ranges from less than
. %.100mma’ in some areas to more than
2,000 mm a’lin others. Economic development, popu-
lation density and water use are very heterogeneous. In
combination with human factors, the natural conditions
of climate and geology greatly influence water quality.
For these reasons, water quality problems vary marked-
ly from one part of the continent to another. In this
report we have divided Africa into six sub-regions for
which common major issues could be identified. How-
ever, this assessment is limited by the lack of available
data because Africa as a whole has the lowest level of
water quality monitoring. The six sub-regions are: the
Maghreb, the Sahel, the Nile Basin, the Zaire Basin, the
Gulf of Guinea, and East Africa. In addition, a special
section on the African Great Lakes is presented.

&

2.1 Present Situation and Major Issues

Surface waters are relatively abundant in the Gulf of
Guinea and the Zaire Basin. In most other African re-
gions perennial rivers are found primarily in the
highlands (e.g., the Maghreb, Ethiopia, and the Rift
Valley). Close to the equator (e.g., Oubangui and Kasai
rivers) the seasonal water discharge is evenly dis-
tributed, whereas in the tropics, the rivers are subject to
large seasonal discharge variations and may be com-
pletely dry in the Sahel and in Southern Africa at certain
times. Certain regions are also subject to large annual
variations in rainfall. Africa has only one of the 10
largest rivers in the world in terms of discharge - the
Zaire river (second only to the Amazon). On a global
scale the Zambezi, Niger and Nile are of medium size
and other rivers are mostly of regional importance -
Senegal, Bandama, Volta, Ogooue Ruzizi (see Table 2.1).
Africa has some of the world’s biggest freshwater lakes,
for example Tanganyika, Malawiand Victoria - the area
of Lake Victoria is the second largest in the world, after
Lake Superior (see Table 2.2).

In about two-thirds of the populated part of the
continent the major source of water is ground water.
Seven main types of aquifers can be identified:

1. Local sedimentary aquifers in folded areas such as
in the Mitidja plain (Algeria); restricted to the Magh-
reb;

2. Coastal sedimentary aquifers in Senegambia, the
Gulf of Guinea, Congo, Somalia and Mozambique;

3. Largesedimentary aquifersin Niger, Mali, Chad, the
Zaire Basin, the Kalahari and Southern Africa (Kar-
100);

4. Precambrian crystalline aquifers, usually patchy and

surficial in most parts of the old African shield;

Ethiopian and Rift Valley volcanic aquifers;

East African limestone aquifers in Somalia;

7. IntheSahara the Nubiansandstone and “continental
intercalaire” aquifers are important water sources
(although not renewable - they are not recharged by
rainfall or surface water and the age of water is
therefore 20,000 years) where water is found at
depths ranging from 50 to 500 m.

The type of aquifer may have significant implica-
tions for water quality - exposed and fractured
aquifers will be more easily and more rapidly con-
taminated by various pollutants such as human
faecal waste or agricultural fertilizers.

o o

2.1.1 The Maghreb

In the mountain ranges (Atlas, Kabylie) the major water
resources are surface waters, while along the coastline,
where most big cities are located (Algiers, Casablanca),
most of the water is withdrawn from aquifers. Numer-
ous reservoirs have been built in the last 20 years,
particularly in Morocco.

Water quality monitoring started recently in the
Maghreb on rivers, reservoirs and ground waters. At
the present time Tunisia, Morocco and Algeria have
regular surveys of ground waters, Morocco has inten-
sive reservoir eutrophication studies and Algeria a
network for surface-water quality monitoring. How-
ever, the information on water quality problems is
scanty, consisting mainly of data for total suspended
solids, major ions and nitrates. Information on heavy
metals, micro-organic pollutants and, in some cases,
bacterial pollution is lacking. Usually the analytical fa-
cilities for these pollutants are available but underused.

Natural water quality problems in the Maghreb sub-

Water Quality 9



Africa

Table 2.1 Estimated per caput river flow in selected African river basins

Drainage area  Mean annual flow
Rlver Q 0 km2) (m3 S 1)
AFRICA 30,300 136,000
Congo 4,015 40,000
Niger 1,114 6,100
Nile 2,980 2,800
Orange 640 350
Senegal 338 700
Zambezi 1,295 7,000

Source: Szestay, K. 1982 Wat Qual. Bull. 7, 155-162.

region are; high salt content of non-perennial rivers (up
toSg I'!in some Tunisian oueds); high Total Suspended
Sohds in rivers during the winter ramy season (up to
50g I — erosion rates exceed 1,000 t km 2 a” leadmg to
very fast reservoir siltation); and high fluoride content
in some Moroccan ground waters.

The main water quality issues associated with
human activities are a lack of proper municipal and
faecal waste treatment (as a result rivers have high
organic pollution) and ground-water nitrate pollution
from fertilizers used in major agricultural develop-
ments (e.g., in Morocco or in the Mitidja Plain south of
Algiers). In the Mitidja surficial aquifer, 35 per cent of
examined wells exceeded the 50 mg 1 standard for
nitrates. Although pesticides are not monitored, they
are likely to occur in various places. Two examples of
pollution from Algeria are probably representative of
the Maghreb situation — out of 38 surface-water quality
stations for the whole country in 1987, only 16 could be
considered as acceptable or fairly good and seven were
poor.

In the Sahara Desert, the major water resources are
found in the combined Nubian sandstone and Con-
tinental Intercalaire aquifers which extend from Egypt
" to Mauritania. Their water quality is generally fairly
good, although local pollution from intensive agricul-
ture in oases is likely. Since these aquifers are not
renewable, great care must be taken in their use. When
ground waters in karstic limestone aquifers are the
major water resources, contamination is more direct
and rapid (in the Saida region, Algeria, 22 wells out of
27 had faecal contamination).

Ore and mining activities also present major

10 Water Quality

Population (10%) Per caput river flow (m® a™)

i 970 2000 1970 2000
350.0 770.0 12,000 5,500
18.0 412 69,000 30,000
16.7 40.9 11,200 4,600
50.0 106.0 1,720 810
47 10.9 2,300 990
2.4 5.0 9,100 4,500
5.6 12.0 38,700 18,000

permanent or potential sources of water pollution; for
example, cadmium-rich waters released from phos-
phate mines (as happened in the Mitidja Plain) or
pipe-line breaks.

Eutrophication of reservoirs, particularly in Moroc-
co where seven major dams have been built, causes
severe problems for drinking-water quality which re-
quire treatment (tainting and discolouration of water,
oxygen depletion and consequent formation or release
of toxic substances from sediment).

2.1.2 The African Great Lakes

There are three lakes of global significance (in terms of
volume, area, and fishery resources) found in Africa:
Tanganyika, Malawi and Victoria, all of which lie across
international boundaries (see Table 2.2 where the North
American Lake Superior and Siberian Lake Baikal are
included for comparison).
. Lakes Tanganyika and Malawi (ex-Nyassa) are quite
similar in size and depth to Lake Baikal. They have a
comparable geological origin (rift valleys) and age
(more than 2 million years for Tanganyika and Malawi).
The biological evolution of these three lakes is parallel
and has culminated in an exceptionally high proportion
of endemic species; unique crabs, jelly-fish, sponges,
and aquatic snails and snakes are found in Lake Tanga-
nyika, as well as more than 100 species of fish, mostly
from the cichlid family.

Although numerous studies have been carried out
on the African Great Lakes, none of these lakes is regu-
larly monitored for water quality owing to a lack of



sampling equipment (there is a need for large research
vessels such as those which exist for the monitoring of
Lake Baikal), a lack of laboratory facilities (small labor-
atories exist in Kampala, Uganda within the World
Meteorological Office Hydromet project and in Uvima,
Zaire), and to general lack of political agreement about
the use of the Great Lakes amongst the riparian coun-
tries.

High water residence time (more than 100 years) and
the present economic development of their basins mean
that Lake Tanganyika and Lake Malawi are unlikely to
be polluted at the present time or in the near future
unless a catastrophic event should occur. Such an event
cannot be ruled out because there is now intense oil
exploration being carried out around the two lakes and
significant resources are being found. It is not known if
appropriate environmental impact assessments and
contingency measures in case of accident have been
considered.

Lake Victoria lies within Tanzania, Uganda and
Kenya and is much more sensitive to pollution due to
its relatively short water residence time (23 years). Evi-
dence of pesticide contamination has been found in
some fish and there have been reported decreases in the
dissolved oxygen in bottom waters of some sheltered
bays. These decreases may be a result of increasing algal
production associated with increased nutrient inputs,
but complete biological studies are still lacking. Lake
Victoria’s catchment has some of the highest population
densities in Africa and sewage treatment is largely in-
sufficient.

All three lakes provide essential fish protein for the
surrounding populations and, if properly fished with

Table 2.2 African lakes of global significance

World rank

Volume in terms Area
Lake km® of volume km?
Tanganyika 17,827 2 32,000
Malawi 8,400 4 6,400
Victoria 2,750 - 7 68,800
Baikal® 22,995 1 31,500
Superior® 12,221 3 82,367

® 4++ unique proportion of endemic species.
++ exceptional proportion of endemic species.
+ important proportion of endemic species.

® potential fish catch in 1,000 t per year.

©  Included for comparison.
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modern techniques, could be the main source for the
whole region from Uganda to Zambia. The total poten-
tial fish catch of these three lakes exceeds 300,000 t a™
Together with Baikal and the Laurentian Great Lakes,
the African Great Lakes represent 30 per cent of the total
freshwater volume of the planet (glaciers excepted) and
are still of very good quality. It is important that they
are immediately recognized as highly valuable water
bodies of global significance and are monitored and
managed in a similar way to the other major lakes.

2.1.3 East African Countries
Water resources and use

The estimated total surface run-off from rainfall in Ma-
lawi is 18.5 x 10° m®a™'. The volume of water nominally
available from the lake represents about 70 per cent of
the country’s total surface-water resources. The remain-
ing resources are the drainage basin around Lake
Chilwa and the Shire River and its tributaries. River
flow rates, especially in smaller tributaries, are seaso-
nally variable. The Kamazu barrage on the Shire is used
to compensate for variable flow.

The best aquifers in Malawi are geological forma-
tions of sand and gravel deposited over time by rivers
and lakes (yields range from 0.5to 51s” ) The basement
complex of rocks contains an extensive aquifer withina
thick mantle of weathered and fractured rock (yields
range from 0.5t0 1.51s )

The current consumptlon of water in Malaw1 by
irrigation (1 x 10°m ) and water supply (86 x 10%m ) is

Water
Maximum renewal

depth time Biological Fisheries

m years value®® resources®
1,471 500 +++ 50

706 150 + 50

84 23 + 200

1,741 350 +++

406 191

The total volume of the African Great Lakes constitutes 29.4 per cent of the total
world volume of freshwater lakes.

The Caspian Sea is not taken into account here.

Water Quality 11



Africa

small compared with the total resources. Ground water
is used largely for domestic water supply purposes. Of
the estlmated total ground-water abstraction in 1985 of
17.3 x 10° m>, some 1.3 x 10° m® (or 7.5 per cent) were
used in urban areas. Surface water is used primarily for
irrigation. Water is supplied to 70 per cent of the urban
and 36 per cent of the rural population. Only 10 per cent
of Malawi’s urban population is served by piped sewer-
age systems; 70 per cent of the urban population and 20
per cent of therural population are served by pitlatrines
or septic tanks of variable efficiency.

Kenya’s water resources are divided into five catch-
ment areas: the Lake Victoria basin, the Rift Valley
basin, the Athi River basin, the Tana River and the
Ewaso Ngino basm The total annual mean surface
run-off is 14.8 x 10° m°. River flows tend to be highly
variable, with low or no flow at certain times of yeatr,
alternating with high flow periods with high erosion.
Large areas of Kenya are arid or semi-arid.

Ground—water abstraction is estimated to be 17 to
36x10°m>a™t Total water use in Kenya (1985-1987) is
about 600 X 10 ®m>a which is projected to rise to
25x10° m®a” by the year 2000. The estimated sectoral
use for 1985-1987 was 18 per cent domestic, 69 per cent
agricultural and 13 per cent industrial. Water is sup-
plied to 15 per cent of the rural and 85 per cent of the
urban population and sanitation is available to 19 per
cent of the rural and 89 per cent of the urban population.

Tanzania has five hydrographic networks: the In-
dian Ocean network, the endorheic (ie., no water
outflow from the drainage basin) basins of Lake Eyasi
and Bahi depression, the Lake Rukwa basin, the upper
basin of the Nile in Tanzania and the interior basin
(Lake Tanganyika and Malagaras1 River). The total an-
nual surface run-off is 74 x 10° m>. Most of the smaller
watercourses in the centre and north of the country are
dry for part of the year.

Close to river valleys or other zones of unconsoli-
dated geological deposits, ground water is exploited by
shallow wells. In the sedimentary and pre-cambrian
formations, ground water is exploited by boreholes. A
quarter of Tanzania’s population depends upon
ground water, a proportion which is likely to increase
in future years.

EtthJna has 14 river basins w1th an annual flow of
105 x 10" m”, of whlch 101.5 x 10° m? flows out of the
country, 78.7 x 10° m® to Sudan (775 per cent) 16.1 x
10° m > to Kenya (15.9 per cent), 6.5 x 10° m® to Somalia
(6.4 per cent) and the remainder (0.2 per cent) to the Red
Sea. Many of the rivers have a very irregular seasonal
flow. Ethiopia has a large number of lakes, some of
which are saline.

Ground water is the main supply for domestic and
industrial purposes in 67 urban centres. Elsewhere it is
used as a supplementary source.

Water quality monitoring

Malawi has no routine water quality monitoring at the
present time, although localized monitoring took place
during the late 1970s. In Kenya, all water quality moni-
toring has been decentralized to six regions under the
authority of the Ministry of Water Development. The
Central Water Laboratory in Tanzania is responsible for
running zonal and regional water laboratories and the
supervision of various water quality programmes in the
country. A general lack of resources and manpower
makes the implementation of the water monitoring pro-
grammes difficult.

Sub-regional water quality issues

Ground water with high fluoride content has long been
known in East Africa. High fluoride can lead to skeletal
and dental problems. In Kenya, 61 per cent of boreholes
had a fluoride concentration above 1mgl 1 and atmost
20 per cent were above 5 mg 1"\, The northern part of
Tanzania has high fluoride concentrations in surface as
well as ground waters and in Malawi, fluoride content
(2-10mg 1’ ) in the ground water of alluvial zones is
high enough to constitute a health hazard.

Faecal contamination of surface waters and of shal-
low wells and boreholes is a serious problem over much
of the region, the cause being the lack of sewage dispo-
sal facilities and inadequate protection of water sources
from contamination.

Some water bodies receive high loads of organic
matter from domestic and industrial wastes. For
example, in Tanzania, the sisal factory in Tanga region
is polluting major water resources, such as the Pangani
River. In Kenya, the waste water from wet processing
of coffee is characterized by high blochemu:al oxygen
demand (BOD) (5,000-9,000 mg I ) The discharge of
waste water from coffee factories caused an increase in
BOD of water courses to more than 100 mg 1"t which has
resulted in fish mortality.

Salinity is a major problem for some ground-water
sources. For example, in Kenya, one borehole in seven
yields undrinkable water in the eastern part of the
country. This is due to low rainfall, low recharge of
aquifers and high evaporation rates which together
result in increased salinity of ground waters. In Tanza-
nia, there is a saline coastal belt of aquifers extending
from Tanga to Dar es Salaam, Lindi and Mtwara. In
Ethiopia, saline deposits formed by evaporation of sur-
face water in regularly flooded plains have made the
water of the alluvial aquifers brackish in some parts of
the low plains and the Rift Valley. In some cases, water
from saline aquifers has contaminated the fresh water
of other aquifers.

High nitrate concentrations are found in ground
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water in some areas. In Tanzania, for example, the most
severely affected areas are in Singida region where as
many as 15 per cent of the samples have NOs-N concen-
trations above 22.7 mg k.

In non-perennial water courses over much of East
Africa, the turbidity from suspended sediment in-
creases dramatically following a period of heavy
rainfall, leading to poor drinking-water quality.

There is high heavy metal content in some surface
and ground waters. In Malawi, iron content in ﬁround
water is above the guideline value of 0.3 mg 1™ set by
the World Health Organization (WHO). Unfortunately,
the resulting bitter taste and coloration can prompt
people to use water which is more agreeable to the taste
and eye but more harmful for health because of faecal
contamination or other factors. In Tanzania, high con-
centrations of iron and manganese are major problems
in Rukwa and Mtwara regions. On average, 23 per cent
of all samples analysed from 1970 to 1978 i in’ Tanzania
had iron concentrations hlgher than 2.1 mg 1! while 13
per cent had above 4.1 mg It

Pesticides are widely used in East Africa. The annual
amount of pesticides used in Kenya (between 1979 and
1983) was 5,728 t. It should be noted that DDT is widely
used. No data for pesticide contamination is available
owing to the lack of monitoring capabilities.

2.1.4 The Nile Basin
Water resources and use

The Nile system is the major source of water in Egypt
and Sudan. The Nile Basin is also important in recharg-
ing underground water sources. The average annual
natural flow of the Nile, estimated at Aswan, is about
84km?®a™ of which 55.5 km® and 20.35 km® are available
to Egypt and Sudan respectively. In Sudan, outside the
Nile system, surface-water sources are highly seasonal.
Such resources provide water during the wet season
(three to four months in summer). The Aswan ngh
Dam (AHD) reservoir’s operating volume is 157 km®, of
which 30 km?® is dead volume (i.e., notavailable for use)

90 km?® is live storage capacity volume and 37 km® is
reserved for flood waters.

The main aquifers in Egypt are the Nubian sand-
stone and the alluvial aquifers (river-deposited) in the
Nile Valley and Delta, and in Sudan the Nubian sand-
stone, the Um Ruwaba and Geziera formations, alluvial
deposits and basement complex.

Data for the balance of water supply and demand for
the Nile show that Egypt and Sudan have surplus capa-
cities of 2.6 and 418 x 10" m® a™ respectively. However,
a deficit for both countries will develop by the year 2000
if the aims of the existing water management plan are
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not attained.

In Egypt, the annual demands for water by mun1c1—
pal and industrial sectors are 4 x 10 ° m®and 3.4x10° m®
respectively. In Sudan, the water consumgtlon for do-
mestic supply is about 240 x 10° m® a™. Total
ground-water abstractlon in Egypt for the year 1984 was
about 2.46 x 10° m°> and 1t is projected that a total
withdrawal of up to 4.9 x 10 ° m®a™ would be available
by 1992 from the N11e Valley and Delta aquifers and up
to 1 x 10° m> a! from the Nubian Sandstone in the
Western Desert. Twenty-five per cent of the total water
supply in Egyptis derived from ground water (in Cairo
and Helwan, 30 per cent of the total). In Sudan, ground
water is used for water supply, industry, irrigation and
desertification control. Almost 75 per cent of the popu-
lation and 80 per cent of the livestock rely on ground
water.

Water quality monitoring

In Egypt, the AHD Side-Effect Research Institute and
the Environmental and Occupational Health Centre are
responsible for Nile water quality monitoring. The Re-
search Institute for Ground Water is responsible for
ground-water monitoring.

No records of water quality for Sudan were found at
any state organization and it is understood that no
monitoring of water quality is routinely conducted.

Water quality issues in the Nile Basin

The construction of the old Aswan Dam, AHD and
major Nile barrages has led to greater control of flow
and water levels in the river. As a consequence, the
ability of the river to flush its bed of sediment and
associated pollutants at periods of high flow has fallen
significantly. The control of flow by the dams has had a
particular influence on the delta. The water quality of
the Nile above the reservoir in Sudan is fairly good, as
is that of the river from Aswan to Cairo. The Delta is
characterized by stagnant water, low flow, low dilution
and assimilation of wastes, production of macrophytes
and high growth of algae, high levels of nutrients and
high organic matter loads.

The present water quality of the river in the irrig-
ation network continues to be within acceptable limits,
except for a few locations. However, deterioration of
water quality between 1975 and 1985 is evident from the
results of Nile monitoring in Egypt.

In Egypt, only a small fraction of municipal sewage
is treated and high faecal contamination affects both the
Nile and, to a greater extent, the waters of the Delta.

The BOD values as a result of organic matter in the
waters of the Nile Delta and Nile Valley in Egypt are
high, due to the return of irrigation drainage water from
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Table 2.3 Ground-water availability in different geological formations in the Sudan

Surface area of total
Formation country area as %
. Basement 49
Complex
Il.  Nubian 28
Sandstone
lIl. - Umm Ruwaba Formation, 19
Gezira Formation
IV. Other form 4

Source: Whiteman 1971 Geology of Sudan.

upper Egypt to the Nile, discharge of industrial and
municipal effluents and the re-use of drainage water in
the Delta. The drainage water contains hazardous
chemicals, fertilizers and industrial and domestic waste
waters with hazardous implications for downstream
drinking-water abstraction points. In Sudan few data
are available on organic matter and BOD values in the
Nile.

A distinct rise in phytoplankton density associated
with eutrophication is a characteristic of the Nile after
the construction of the AHD. This is attributed to the
low turbidity, the sharp reduction in the flow rate of the
Nile downstream of the AHD, and diffuse and point
source nutrient pollution which encourages plant
growth. There is a serious problem with aquatic magro-
phytes, especially water hyacinth (Eichhornia crassipes),
which leads to clogging of irrigation and navigation
canals. This eutrophication-related phenomenon is one
of the side effects of the AHD and causes difficulties for
water treatment and use.

In Sudan, the sudden seasonal changes in the sedi-
ment load (in the Blue Nile, the Blue Canal and
non-perennial water courses) cause significant prob-
lems for water treatment.

There is high natural salt content in ground water in
Sinai and the Eastern Desert in Egypt and a local high
salt content in some aquifers in Sudan.

Owing to the development of irrigation in the Nile
Valley and Delta following the construction of AHD,
the water-table has risen by an average of 2 m in upper
Egypt and 1.5 m in the Delta. As a consequence of this,
the quality of the ground water has been deteriorating

Ground-water Water quality ahd suitability

) availability for human and animal use
Low Low -
High High
High High
Low Low

because the high water-table leads to soil waterlogging.
Evaporation from the waterlogged soils results in an
accumulation of salt in soil and ground water. In the
Delta, the salinity of ground water varies considerably,
ranging from 500-4,000 mg It and even higher. West of
the Delta, salinity can reach 7,500-16,000 mg 1. salt
intrusion near the coast could also be another reason for
the high salt content of ground water - salt intrusion
into the delta has been associated with lower river flow
following dam coristruction and high irrigation. In
Sudan, locally high salt content caused by the return of
irrigation water is recorded (for example, in the Valley
of Khor El Gash).

In Egypt the total amount of nitrate and phosphate
fertilizers introduced mcreased from 0.88 x 10° t for
1951-1952 to 6.19 x 10° t in 1987-1988. This quantity
greatly exceeds the amount of sediment-bound
nitrogen and phosphorus lost after the AHD construc—
tion which is estimated to be 12,000 t a™ and 6,000 t a!
respectively. In Sudan the ground water in the area of
Semeiat has moderate to very high nitrate concentra-
tion. In the Ruwaba aquifer nitrates in some samples
exceed the permissible concentration (45 mg I )

Few data are available on the concentrations of pes-
ticides in the Nile Basin. The only data available for 1985
demonstrate that the concentrations of BHC, Lindane,
Endrin and DDT in the Nile Valley and Delta in Egypt
are well below the acceptable limits for drinking water,
although pesticides are widely used.

A few data are available on the concentration of
industrial micro-organic pollutants in the Nile Basm
The concentration of PCBs ranged from 5-59 ng 1t
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1982 at various stations on the Egyptian Nile.
Localized pollution problems from a range of indus-
trial processes (metal processing, fertilizers, pesticides,
food processing) occur as a result of low pH, high BOD,
high suspended solids and high heavy metal content.

2.1.5 Zaire River Basin

The Zaire river (Congo) is 4,700 km in length with a
basin area of 3.8 x 10° km? and lies within nine countries
(three of them, Congo, Zaire and the Central African
Republic, contain 80 per cent of the basin area). The
basin lies across the equator and occupies the central
part of the African continent. Average annual precipi-
tation for the whole basin is greater than 1,200 mm.
The centre of the Zaire basin consists of a depression
(340 to 700 m above sea level). The Basin is bordered to
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the north by the watershed of the Oubangui river, to the
east by the mountain range of the African Rift (2,300~
3,800 m above sea level), to the south and south-east by
the Kasai and Shaba plateaus (1,000-2,000 m above sea
level) and to the west by the Mayumbi hills (800 m
above sea level) and the coast. Eighty per cent of the
water used by the population comes from surface wa-
ters but ground water is becoming more and more
important as an alternative because of pollution prob-
lems.

Natural water quality is good both for surface and
ground waters. The surface waters frequently have low
pH and low salt content, originating from ground
water. Natural problems arise from organic matter and
low pH in the north of Zaire, from highly mineralized
water in Kuru Lake (magnesium, manganese) and from
suspended soils in the south.

For ground water, saline intrusion (Congo, Atlantic

Figure 2.1 Water supply and sanitation development in Africa

Source: World Health Organization 1988 Towards the Targets, WHO/CWS/88.2.
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Figure 2.2 Ground-water contamination

Source: WHO/CEPIS 1987 Ground water: an undervalued resource in need of protection.
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coast) and karstic water flow induced by pumping
(Lower Zaire) may bring some problems. Also, high
iron content is noted in the Bateke plateau aquifer (Zaire
and Congo).

The main water quality problem is faecal pollution,
arising from the discharge of untreated rural and urban
domestic wastes to rivers, either directly or through
open sewers. Almost all domestic waste is disposed of
in this way. Sanitation facilities are almost completely
absent from both rural and urban areas. It is reported
that in 1986, 74 per cent of disease was related to poor
sanitation. All shallow wells in Congo and Zaire appear
to be faecally contaminated. The absence of proper
sanitation is a particularly dangerous problem in Kar-
stic areas in the lower Zaire region. Programmes to
combat water-related endemic diseases and epizootics
(onchocerciasis, bilharzia, trypanosomiasis) require an
increased use of pesticides. Pesticides in turn have
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potentially adverse health effects, should transfer to
humans via water or biota occur.

Approximately 15 per cent of industrial wastes (pri-
marily organic) from textiles and brewing industries are
discharged untreated to rivers. Water quality problems
are also associated with mining for various ores, espe-
cially in Shaba region in Southern Zaire.

The high natural discharge of the Zaire basin means
that the large rivers (Oubangui and Zaire) have a high
assimilative capacity for wastes which softens the pol-
lution impact of the large cities of Bangui, Brazzaville
and Kinshasa. No national monitoring schemes exist
and chemical and bacteriological water quality controls
are performed only for treated wastes. Research and
monitoring of Zaire river water quality has been carried
out in Congo by the French overseas research organiz-
ation (ORSTOM) but national laboratory facilities and
programmes are not yet available, nor is the legislation



which is necessary for establishing water quality con-
trol.

2.1.6 Gulf of Guinea

This region contains the countries bordering the Gulf of
Guinea (between about 4°N to 10°N). These are Guinea,
Sierra Leone, Liberia, Cote d’Ivoire, Ghana, Togo,
Benin, Nigeriaand Cameroon. Average temperaturesin
this region range between 24°C in the north to 30°C in
the south and annual precipitation ranges between
1,000 mm in the north to 2,000 mm in the south (with
peaks of up to 10,000 mm).

The total p Zpulatlon is about 150 million in an area
of 2.5 x 10° km (Nigeria has a population of 90 million
in 924,000 kmn’ ). A steadily increasing proportion of the
population live in urban areas (at present 30 per cent).

In 1985, 80-100 per cent of the urban population and
30-40 per cent of the rural population were supplied
with drinking water. Sanitation services were available
to 30-60 per cent of the urban population and to 10-20
per cent of the rural population. Until now, water re-
sources have been sufficient to meet demands, but in
future demand may exceed resources in some countries,
such as Benin and Togo.

In geological terms, most of the countries have two
rock types; crystalline or metamorphic rocks in the
north and sedimentary rocks in the south down to the
coast. A saline wedge is present in aquifers along the
coast, in fragile equilibrium with fresh ground water.

In this region, surface water is the main source of
water but ground water is an important source during
the dry season, even in a country such as Liberia (2,000~
5,000 mm annual precipitation). Ground water will be
of increasing importance in the future as sectoral de-
mands from domestic or agricultural sectors increase.

The countries in the region may be divided into two
groups on the basis of monitoring, assessment and pol-
lution control, a division which reflects the greater
economic and industrial development of certain areas.
Cote d'Ivoire, Nigeria, Cameroon and, to alesser extent,
Ghana are relatively more developed than Togo, Benin,
Guinea and Liberia. Routine monitoring only takes
place for chemical and bacteriological quality control of
treated drinking water.

The major water quality issue is the quality of surface
waters, which are especially vulnerable during the dry
season. Few data are available but an outline assess-
ment of existing pollution problems and future trends
can be made. The main problems are:

) faecal pollution;

) eutrophication related to domestic wastes and

industrial organic wastes;

) industrial inorganic waste discharges; and
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) salinization of ground waters caused by ex-

cessive abstraction.

These problems are most pronounced in the more
developed countries listed above, especially with re-
spect to industrial pollution, from which the less
developed countries are partially spared.

The absence of sanitation and sewerage means that
domestic wastes are scattered in the fields, leading to
faecal pollution of surface waters and of aquifers (espe-
cially on crystalline and metamorphic rocks where
fractures in the rocks allow infiltration of contaminated
water to aquifers). Twenty to thirty per cent of wells in
Cote d’Ivoire have been contaminated in this way. The
effluents from Abidjan are discharged directly into the
Ebrié lagoon where up to 50,000 faecal coli-
forms /100 mi have been measured. The same situation
is found in the lagoon at Lagos in Nigeria. High inciden-
ces of diarrhoea and gastroenteritis are associated with
contaminated wells such as those along the Kaduma
River in Nigeria. Disease will also be spread through the
use of irrigation water from ponds which receive wastes
- consumption of market garden produce can be a
means of contracting dysentery. The problem of faecal
contamination of water supplies is worst during the wet
season, especially at the beginning when the open se-
wers are flushed.

Eutrophication arises sometimes from the discharge
of domestic wastes from areas of high population den-
sity, but more usually from industrial organic waste
discharges such as those from breweries and fruit juice
processing (Maraone in the Céte d’Ivoire and Nokove
Lake in Benin), canneries, palm oil and sugar processing
(Cote d’Ivoire), wood processing (Nigeria) and cocoa
and coffee (Céte d’lvoire, Ghana and Togo). Rivers act
as sewers in many areas.

Industrial effluents containing non-biodegradable
substances arise from a variety of sources: petrochemi-
cal (Lagos), ore mining and metal refining (Ghana)
which can contain a wide range of metals (copper,
cadmium, arsenic, mercury, manganese, lead, iron,
zinc) and, in almost all areas, textile industries. Agricul-
tural pollution is associated with fertilizers in restricted
areas (high price prevents w1despread use), leading to
nitrate levels of up to 200 mg I NOs. Deforestation and
domestic pollution are major contributors to high ni-
trate levels. Pesticides are used primarily in plantation
agriculture (pineapple, cocoa and coffee) and in disease
control programmes.

Saline intrusion into aquifers is a potential problem
all along the Gulf of Guinea coast and can only be
controlled by careful regulation of ground-water ab-
straction.

Existing surface-water and ground-water supplies
are threatened by faecal contamination and unco-
ordinated industrial development which are not
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matched by progress in sanitation and treatment. In
conclusion, there is a general need in the area to balance
demand with quality and supply through rational use
of existing resources. This may mean reliance upon
different sources in different seasons (Togo, Benin) or
the investigation and use of deeper aquifers. Protection
zones for ground and surface waters, including la-
goons, are needed in concert with treatment expansion.
The last decade has seen a race between development
and population growth with no significant increase in
the percentage of the population with access to piped
drinking water or sanitation services.

2.1.7 The Sahel

This region consists of the countries south of the Sahara,
from Senegal on the Atlantic coast to Chad between
10°E and 15°E.

There are two factors limiting the quality of renew-
able resources - the annual rate of precipitation
(ranging from 400 mm in the north to 1,000 mm in the
south) and the character of the aquifers. These are either
sedimentary (sandstone, sands, limestones with high
porosity or, if of low porosity, with fracturing) or crys-
talline or metamorphic rocks (which are of low porosity
but fractured or overlain by weathered rocks). The re-
gion is subject to a continental effect - oceanic influence
in the west and an increasing temperature gradient
towards the interior of the continent.

The Sahel is flat (0-300 mg and crossed by two main
rivers: The Senegal (773 m s'l) which flows to the
Atlantic Ocean and the Niger (1,550 m’ s7 at Fouta
Djalon in Guinea) which flows into Bight of Biafra in the
Gulf of Guinea flowing through areas with diverse rates
of precipitation. The precipitation corresponds to the
interaction between two types of air mass: the marine
equatorial and the continental subtropical. This varying
interaction results in two seasons: a dry season from
October to May and a wet season from May to Septem-
ber. Ninety per cent of the vegetation is a mixed savanna
woodland, gradually becoming grass and scrub to-
wards the northern semi-desert. High temperature and
torrential rainfall favour the formation of laterites
(hard, relatively impermeable soils).

Particular relationships exist between rivers and
aquifers in areas with crystalline rocks. At a basic level,
ground water supplies the main rivers but smaller
tributaries may feed ground water by percolating
through fractures - a possible route for pollution of
ground water. Water budget calculations demonstrate
that annual recharge of aquifers ranges between 1 per
cent (Senegal) and 6 per cent (Burkina Faso).

Water used in the Sahel comes primarily from
ground water (80 per cent) but the Rivers Niger and
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Senegal and their tributaries also provide some water.
Some dams on the rivers create reservoirs and help to
prevent saline intrusion. Many smaller valleys are
dammed, sometimes in a very rudimentary way, to
create storage reservoirs for water from the rainy sea-
son. Few large lakes exist (Lac de Guier in Senegal and
Lake Bam in Burkina Faso). The few large cities lie on
rivers (Niamey, Bamako) or on the coast (Dakar).

Until recent years, water quantity was the primary
concern in the Sahel but there is increasing recognition,
with severe droughts and water scarcity, that water of
good bacteriological and chemical quality is of great
importance.

Water quality is basically good except in certain
places where lower quality is associated with habitat
type or human activity. Domestic waste water and lack
of purification are particular water quality problems
(up to 400 mg I NO3 in Burkina Faso and up to
800 mg 1" NOs in Senegal). Less than 15 per cent of
urban or rural populations have sanitation services in
the Sahel region. The main water quality problem is
faecal pollution. Other problems arise from the release
of effluents from various industries such as textiles
(Burkina Faso), tanneries and slaughter houses (Niger)
and breweries (Maradi, Niger) which discharge un-
treated effluents directly to the rivers.

In coastal areas, saline intrusion presents the most
serious problem for quality of surface and ground wa-
ters in Senegal. Due to low river flow in the dry season
and because of the low gradient of rivers, salt water
invades the rivers (River Casamance in Senegal and the
River Gambia up to 250 km inland) and prevents use of
water for irrigation. This saline water can seep into
aquifers and contribute to soil salinization and acidifi-
cation (River Casamance in Senegal). As stated above,
dams to prevent saline intrusion into rivers have been
built and more are planned. Over-pumping of the litto-
ral sandy aquifer in Dakar has allowed saline intrusion
which prevents use for drinking water or agriculture.

In the Sahel region, statistics for 1984 indicate that at
least 15 per cent of disease is related to poor water
quality with a maximum in the dry season. Water-
associated disease in Burkina Faso ranks as the second
highest cause of morbidity and the sixth highest cause
of mortality. Diarrhoea is endemic.

There are particular problems associated with the
Sahel, the recommendations for which will be incorpor-
ated into the general recommendations for Africa.
Difficulties associated with the lack of control or treat-
ment of domestic and industrial wastes have been
mentioned above. The difficulties in obtaining
equipment leads to breakdown in supply of high
quality water which forces people to resort to polluted
supplies. Water quality problems are often made more
serious by the lack of co-ordination between supply and
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Table 2.4 Concentrations of faecal bacteria in drinking water from various sources in Africa

Type of source
Rainwater

Boreholes

Springs

Ponds and dams

Waterholes

Hand dug wells

Streams and rivers

Country
Tanzania

Tanzania
Nigeria (piped)
Uganda

Kenya

Tanzania (protected)
Lesotho (protected)
Tanzania (unprotected)
Lesotho (unprotected)

Kenya (dams)
Lesotho (smalt dams)
Nigeria (ponds)

Tanzania
Kenya
Lesotho

Tanzania (protected)
Nigeria

Tanzania {open)
Gambia

Tanzania (streams)
Uganda (rivers)
Lesotho (streams)
Kenya (large river)

Faecal organisms per 100 mi®

Coliforms Streptococci
3 13

1 1

Upto 35 Upto6
0-60 NR

0 0

15 40

200 250

20 58

900 1,700

0-2 0-14

260 360
1,300-1,900 1,300-3,900
61 974

11-350 50-90
860 1,600

7 33
200-580 180-360
343 1,761

Up to 100,000 NR
128 293
500-8,000 NR
5,000 - 4,100
0-100,000 10-10,000

@ Where only a single value is given it is a geometric mean.

NR Not reported.

sanitation. Monitoring is irregular, not existing at all in
Burkina Faso or Niger. There are water quality prob-
lems associated with programmes to combat
vector-carried endemic and episodic disease. Excessive
use of insecticides may cause the death of large numbers
of non-target organisms, leading to long-term changes
in aquatic communities. In addition, DDT is still used
to combat sleeping sickness. Little progress has been
made to combat water-associated diseases through bi-
ological means.

Source: World Health Organization.

2.1.8 Regional Summary

Numerous natural water quality problems limit the use
of some African water resources, for drinking-water
and other uses:
> high salt content in both surface and ground
waters (parts of the Maghreb, Ethiopia and the
Rift Valley);
v salt-water intrusion into coastal aquifers -
usually enhanced by over-pumping
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(e.g., Senegal, Gulf of Guinea and Egypt);

O high fluoride content in both surface (the Rift
Valley) and ground waters (Morocco, Senegal
and the Rift Valley) leading to widespread dental
and skeletal fluorosis; and

3 very high suspended solids in some rivers at the
beginning of the rainy season (Maghreb and East
Africa).

The primary water quality issue is that of faecal
contaminhation, both in rural areas, where less than 25
per cent of the population have appropriate sanitation,
and in urban areas where most of the installed sewerage
systems (which are few in number, serving less than 12
per cent of the African urban population) are not served
by any sewage treatment facilities. It can be said that the
status of water quality in Africa is very similar to that
of Western Europe 150 years ago, with the additional
concern of organic micropollutants. Associated with
faecal pollution is widespread nitrate pollution of
ground waters in rural areas, originating from domestic
wastes.

Local pollution problems can be found downstream
of significant point sources. For most large cities, indus-

Table 2.5 Summary of water quality issues in Africa

trial development areas (including breweries, sugar
cane factories, pulp and paper mills, textile mills), and
mines (gold, copper, aluminium, phosphates) there are
generally no appropriate waste-water treatment sys-
tems. These pollution problems are directly related to
the economic development of the country and may
become of greater significance when there is a combi-
nation of three factors: pollution sources, water
shortage and water demand. Such problems have al-
ready been identified in the Nile Delta and are likely to
occur in the Maghreb, south Nigeria and mining dis-
tricts in Zaire and Zambia. Reservoir eutrophication is
also widespread from Morocco to South Africa.

In addition, the widespread occurrence of water-
related parasitic diseases such as onchocerciasis has led
to massive pest control programmes which make use of
various pesticides in rivers, particularly in West Africa.

Africa is not yet able to combat these problems on a
significant scale. There is a general lack of information
onwater quality (no or insufficient monitoring in 90 per
cent of African countries) and a shortage of equipped
laboratories, trained technicians and engineers. In addi-
tion, water quality issues are not identified as priorities

Eastern
and

Gulf of Congo Nile® southern Great
Quality issue Maghreb Sahel Guinea Basin Basin lakes Lakes
Pathogenic agents 1-2 1-3 1-3 1-2 1-2 1-3 1
Organic matter 1-2 1-2 1-2 0-1 1-2 1-2 0
Salinization 0-2 0-2 0-1 0 0-1 1-2 0
Nitrate 0-2 1-2 1-2 0-1 0-1 1 0
Fluoride 0-3 0-2 0 0 0 1-3 0
Eutrophication 0-2 0-1 1 0 0-2 0 10)
Heavy metals 0-1 0-1 0-1 0-2© 0-1 0-1 0
Pesticides 01 1 1-2 1 0-1 0-1 10
Industrial organics 0-1 0 0-1 0-1 0-1 0 0
Sediment load : 1-3 0-2 0 0 0-2 0-2 0
Acidification 0 0-1@ 0 0 0 0 0
Thermal discharges 0 0 0 0 0 0 0
Radioactivity 0 0-1@ 0 0 0 0 0
No pollution or irrelevant. @ The worst quality is generally found in the Nile Delta.
Some pollution, water can be used if appropriate measures are taken. ® | ocal problems.

Major pollution. © Upper Zaire rivers.
Severe pollution affecting basic water uses. @ ol acidification.
©  Niger uranium mines.

W= O
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in many countries. In the whole continent (Republic of
South Africa excepted) the research institutions
devoted to water quality and biology are few and most-
ly located in North Africa - the research in much of
Africa is still mainly carried out by European, North
American and Japanese teams. Public awareness of
water quality, even at the most basic level of faecal
contamination, is very low. Government concern over
water quality tends to be restricted to water quality laws
which, if they do exist, are usually not enforced. African
waters are still considered as renewable, unpolluted
resources which can be used free of charge both in rural
and urban areas. International co-operation in the field
of water management already exists in Africa but water
quality aspects are very seldom taken into account, even
in UN programmes.

Finally it must be remembered that on a global scale
Africa has 30 per cent of all fresh lake waters (Lakes
Tanganyika, Malawi, Victoria) and the second largest
river (Zaire). None of these water bodies, crucial to the
development of Africa and essential on a global scale, is
yet monitored, protected or adequately managed. The
following recommendations are made to bridge these
numerous gaps.

2.2 Regional Recommendations

2.2.1 Principles of Water Quality Management

a. Programmes for the supply of safe drinking water to
increased proportions of rural and urban popula-
tions should be closely tied to parallel programmes
to control domestic wastes and to protect water sour-
ces. Excreta disposal and domestic waste-water
treatment should be adapted to local conditions,
taking account of cultural factors. Regular inspec-
tion of water quality at rural abstraction points and
of efficiency of waste-water treatment and disposal
must be made.

b. There is an increasing need for recognition that
water is a valuable and limited resource and that
maintenance of quality under increasing user de-
mand has a cost. Fees for water supply would
provide a financial basis for quality control for ab-
straction and for treatment of waste water.

c. Priortosubstantial agricultural, industrial ornatural
resource developments, environmental impact as-
sessments should be performed, including specific
reference to water quality. Long-term plans which
involve land-use changes should take account of

Africa

possible influences on water quality.

d. In addition to the environmental assessment, large
hydro-projects should include a water quality com-
ponent with monitoring and assessment before,
during and after the completion of the project.

e. Special attention should be given to the protection of
water quality in lakes and in the surficial fractured
crystalline aquifers with thin weathered layers
which occur widely in Africa.

2.2.2 Institutional Arrangements and Monitoring

a. Enactment, particularly in West and Central Africa,
as well as enforcement of water pollution control
legislation is a prerequisite for effective water
quality management.

b. Recognizing the multiple interests of various secto-
ral agencies with a part to play in the control of water
quality, it is necessary to establish strong inter-
agency co-ordination mechanisms. In addition,
water quality monitoring should be undertaken by
a single agency to enable a comparable and compre-
hensive data base for water quality management
decisions.

c. Effective water quality control would be greatly en-
hanced by the establishment of centralized Water
Authorities in each country. The Water Authority
would concentrate valuable resources and person-
nel and provide a focus for a systematic approach to
planning for regulation of water resources.

d. Water quality monitoring must be recognized in
African countries as an integral part of the evalu-
ation of water resources and as a valuable tool for
water management and planning.

e. Hydrological monitoring and water quality moni-
toring should be conducted simultaneously in each
drainage basin.

f. Where intensive agricultural development and/or
intensive pest control (e.g., anti-Simulium and anti-
Glossina) are taking place, specific pesticide
monitoring programmes should be established as a
part of the operations.

g. Monitoring of major effluents should be initiated to
obtain an information basis for pollution control
planning and management. Industrial and munici-
pal effluents should receive particular attention,
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depending on the economic development problem
of each country. Programmes for the monitoring of
effluents must be established in African countries as
an essential part of water quality control.

Agro-industrial effluents are the most important in-
dividual waste-water sources. Many agro-industrial
plants work on a seasonal basis, requiring the appli-
cation of specially designed waste-water treatment
and disposal schemes.

Mining areas and ore smelters constitute “hot spots”
of heavy ‘metal contamination. This includes gold,
copper and phosphate mines as well as aluminium
smelters. Special measures for treatment and dispo-
sal have to be taken to avoid or reduce widespread
and lasting damage.

2.2.3 Research and Development

a.

Pesticides for aquatic pest control should be field
tested with specific reference to tropical conditions
prior to commercial use to ensure that no adverse
effects occur to humans, cattle or the environment.

. African surface waters have special importance as

sources of fish protein. Research, monitoring and
impact assessment of the possible effects of biomag-
nified micropollutants in food chains should be
conducted.

Development and field testing of reliable low-cost
methods for biological monitoring of water quality
are required, with specific relevance to African con-
ditions and needs.

There is an urgent need for the creation of a network
of International Limnological Research Institutes
devoted to water quality and aquatic biology. The
institutes should have a major training role. Possible
locations would be on The Volta reservoir, Lake
Victoria, Lake Tanganyika and the Zaire river.

The influence of African wetlands on water quality
is still very poorly understood. Urgent research is
required on the costs and benefits of wetland
clearance before the complete disappearance of
potentially valuable resources occurs.

Information on ground-water quality and the vul-
nerability of aquifers to pollution should be made

available through ground-water maps.

Low-cost domestic waste-water treatment for both
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rural and urban areas should be adapted to African
conditions and field tested on a community basis to
develop proper protection of water resources.

2.2.4 Human Resources Development

a. Training of low- and medium-level technical staff

should be undertaken at the country or provincial
level. Training handbooks on water quality monitor-
ing procedures and treatment plant operation
should be provided.

. Special training of technicians and engineers in en-

vironmental issues should be carried out at
interstate schools and institutes such as those for
Hydrology and Rural Engineering (Ouagadougou),
Agrometeorology and Hydrology (Nyamey), Me-
teorology (Kenya), Water Resources (CEFIGRE,
France) and Sanitary Engineering (Tampere, Fin-
land).

. Among other problems, many African laboratories

face serious shortages of reagents and spare parts for
equipment. An appropriate way of improving the
efficiency of Africanlaboratories would be twinning
(on a one-to-one basis) with specialized water
quality laboratories in industrialized countries. Pro-
vision of equipment, training and documents could
bearranged in this way. Funds from bilateral donors
and NGOs (Non-governmental Organizations)
could be used in these co-operative links.

. There is a general lack of literature on specific meth-

odologies for water quality monitoring, assessment
and management in university and water authority
libraries. A critical analysis of recent manuals, espe-
cially those taking account of the relevance of
methods to African conditions and resources,
should be carried out and published.

2.2.5 Public Awareness

a. Programmes to promote public awareness of water

use, conservation and associated water quality prob-
lems should be established, with special reference to
faecal pollution. Provision of posters, brochures and
manuals in local languages, teaching aids and tele-
vision programmes should be part of the schemes.

. Special programmes are required in the Great Lakes

regions to publicize to local populations the value
and need for protection of the lakes. International
concern for protection should be raised through



television and other media.

2.2.6 Transboundary, River Basin and International
Co-operation

a. There is a pressing need for the inclusion of water
quality considerations in all transboundary co-
operative programmes dealing with water
resources. A tentative list of existing International
Commissions is: Senegal River, River Niger, River
Volta, River Zambezi and River Nile.

Africa

b. International financial and technical co-operation in
regular monitoring and in management of trans-
boundary rivers, lakes and ground waters of global
significance is needed. Such globally significant re-
sources would include:

the Saharan aquifers;
the Zaire, Niger and Zambezi rivers; and
Lakes Tanganyika, Malawi and Victoria.

International action and co-operation, especially on
the Great Lakes and large rivers, could be conducted
through transboundary commissions under the aegis of
the United Nations.
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The Americas

P I orth and South America are continents of great
contrasts. Climate ranges from the dry arctic of
northern Canada and Alaska, through tem-

perate, subtropical and tropical savanna to deserts with

mean annual rainfall of less than 50 mm and tropical

rainforest with annual rainfall of more than 2,500 mm.

The Laurentian Great Lakes and the Amazon areamong

the most significant water resources in the world, em-

phasizing the great variation in the distribution of
resources in the continents.

3.1 Present Situation and Major Issues

In human terms, the distribution of resources means
great differences in the amount of water available per
person in different countries, ranging from the huge
quantities available in Canada to very restricted resour-
ces in some South American and Caribbean states. Both
North and South have increasing urban populations
and expanding industry, although different countries
have very different capacities to match these changes
with suitable water resources development. Water de-
mands in some countries remain primarily rural. For
the purpose of this synopsis the countries of the Ameri-
can continents were divided in three groups according
to common water quality issues: North America; Cen-
tral and South America (including Mexico); and the
Caribbean countries.

3.1.1 North America
Water resources and use

The two countries occupying most of North America,
Canada and the United States, have advanced econ-
omies, high per capita income and sufficient water
resources. Within each country there are, however,
large variations in the availability of water between
regions.

In Canada, most of the water flow (60 per cent)
drains north while 90 per cent of the population lives in
the south, within 300 km of the Canada-US border.
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Certain parts of Canada - the southern prairies, the
interior of British Colombia and the high Arctic - have
arid or semi-arid climates. The distribution of popula-
tion in relation to available water resources is also an
issue in the United States. The south-western states,
such as Arizona and California, have large and fast
increasing populations and a chronic shortage of water.

Industrial and agricultural activities, combined with
urban development, have resulted in a number of
stresses on water resources and on the aquatic environ-
ment in both countries.

Water quality issues

Approximately 100,000 chemicals are used commer-
cially today, and many new chemicals are created each
week. Many of these are toxic and they may enter the
lakes, rivers and aquifers through waste disposal and
everyday use athome, inagricultureand industry. Over
360 compounds have been identified, for example, in
the Great Lakes, many of them persistent and toxic to
humans, aquatic organisms and wildlife. They threaten
the drinking-water supplies of millions of people living
around the Great Lakes. In spite of strict controls on the

Figure 3.1 Nitrates in USA well waters
Source: WHO/UNEP 1989.
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Figure 3.2 Water supply and sanitation development in Latin America

Source: World Health Organization 1988 Towards the Targets, WHO/CWS/88.2.
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quality of drinking water, public concern is high be-
cause studies continue to find toxic chemicals in
drinking-water sources, although most of the concen-
trations determined are below the recommended
guidelines.

Of equal concern is the threat from toxic substances
to aquatic ecosystems, illustrated by the disappearance
of seven of the 10 most highly valued species of fish in
Lake Ontario and by the decline in population of the
beluga whale in the St Lawrence River.

The widespread use of chemicals in agriculture as
tertilizers and for pest control has resulted in a series of
environmental problems (including poor water
quality). Examples are the presence of many pesticides
in the environment (even in the high Arctic where they
have never been used), eutrophication of water bodies
due to phosphorus entering through run-off, and the
presence of nitrate in ground water as a result of seep-
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age from agricultural land.

In the United States in 1985, it was reported that
agriculture was the most important non-point source of
pollution. It affected water quality in 64 per cent of
river-miles and 57 per cent of lake-acres in the country.
In Canada, the full extent of the impact of agricultural
chemicals on water quality and the environment is not
yet known. A good assessment of this problem is diffi-
cult to carry out because of the diffuse nature of the
sources, whether surface run-off, ground-water infiltra-
tion or atmospheric transport.

Sewage treatment is still a topic of concern for North
America as a whole. Although the percentage of the
population served by waste-water treatment increased
in the 1980s, problems such as connecting widely-
dispersed communities still remain and treatment
services only served 70 per cent of the population by the
end of the decade.
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Table 3.1 Estimated per caput river flow in selected American river basins

Mean
Drainage area  annual flow
River (10° km?) (ms™)
NORTH AMERICA 20,700 191,000
Colorado 629 580
Mississippi 3,222 17,300
Rio Grande 352 120
Yukon 932 9,100
SOUTH AMERICA 17,800 336,000
Amazon 5,578 212,000
Magdalena 241 7,500
Orinoco 881 17,000
Parana 2,305 14,900
San Francisco 673 2,800
Tocantins 907 10,000

Source: Szestay, K. 1982 Wat. Qual. Bull. 7, 155-162.

Secondary treatment (using biological action to
break down organic matter) is not yet used in all sewage
treatment plants and tertiary phosphorus removal
treatment is found with even lower frequency. This
means that many substances are not removed from
waste water leading to increased concentrations of
those substances in receiving waters, and a consequent
degradation of water quality. In many urban areas
storm-water run-off is discharged directly into lakes
and rivers, carrying contaminants which lead to general
environmental degradation, closure of beaches in the
summer and deterioration in the quality of drinking-
water supplies. Many older urban areas have to deal
with a deteriorating sewage collection infrastructure. In
some instances such as pipe ruptures, this has led to the

direct discharge of untreated sewage to receiving wa- -

ters.

Human activities — industrial, agricultural and
residential - release large quantities of different sub-
stances to the atmosphere. Once in the air, these
substances may be carried hundreds of kilometres away
from their place of origin, across state, provincial, re-
gional and international boundaries.

The best known LRTAP (Long-range transport of
airborne pollutants) phenomenon is acid rain which
affects the eastern part of Canada and the north-east
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Population (1 0% Per caput river flow (m3 a")
1970 2000 1970 2000
315.0 406.0 19,000 15,000

20 35 6,600 5,100
56.0 72.2 9,600 7,500
5.0 6.5 750 590
0.1 0.2 1,580,000 1,050,000
190.0 400.0 54,500 26,000
4.0 8.9 1,620,000 740,000
18.0 419 12,800 5,500
45 10.0 116,000 53,000
61.0 110.1 6,800 4,200
125 27.9 7,000 3,100
2.2 49 145,000 65,000

part of the United States. Acid rain is associated with
atmospheric emissions of nitrogen and sulphur oxides
and has killed aquatic life in thousands of lakes, de-
stroyed trees and damaged structures throughout the
region.

Toxic wastes have been stored at many sites over the
last 50 years in both the United States and Canada.
Accidents and leakage from the containers used posean
increasing threat to surface and ground waters. Al-
though the extent of the problem is still unknown, it is
considered to be serious because of the difficulty, or
even impossibility in the case of aquifers, of cleaning up
any such contamination. The contamination of the Nia-
gara River from storage sites on the Niagara Peninsula,
for example, has still not been solved despite many
years of studies.

3.1.2 Central and South America
Water resources and use

Although the geography, geology and the climate of the
21 countries located in this part of the Americas are
different, they share several characteristics that affect
the state of the water resources.



