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2.4 Environmental sustainability
Chapter 18 of Agenda 21 gives a high priority to the ‘protection of
water resources from depletion, pollution, and degradation’. The
emphasis given to the protection and conservation of water resources
reflects a growing recognition that freshwater is becoming more and
more scarce and that neglect of pollution control threatens the
sustainability of future resources. Environmental resources may also
need protection for their own intrinsic value (e.g. protection of
biodiversity), and also because they represent an important economic
commodity (e.g. lagoon/coral reef areas are opportunities for tourism
which represent significant employment opportunities in many
developing countries).

There are therefore issues of water quantity and water quality. The
case for the integrated management of water resources is
unchallengable. This means that WS&S programmes have to be
considered alongside plans for water use in agriculture (irrigation is
the major user of water resources in developing countries) and
industry, and for the protection of water ecosystems.

The environment, and particularly the water environment, has been
used as a disposal site for waste products for generations. Water can
dilute and disperse a high volume of potential pollutants, and the
aquatic environment can treat some wastes (water courses, for
example, have a reaeration capacity). However, it is important that
this capacity for self-treatment is not exceeded, and as communities
grow and develop, the natural capacity for self-treatment will be
limited. It is important that the environmental impact of
developments, the management of water resources, and pollution
control measures are addressed at early stages of developmental
projects.

DFID programmes and projects are normally subjected to
environmental appraisal in order to confirm that they meet the
requirements for environmentally sustainable development. General
procedures for undertaking appraisal are set out in the Manual of
Environmental Appraisal (ODA, 1996b), and this appraisal is often
carried out at the same time as social impact analysis (see Section
2.2).

The objective of this section of the Guidance Manual is to highlight
environmental perspectives which are specifically relevant for WS&S
projects. To provide a framework for discussion, environmental
sustainability is initially discussed in terms of water quantity and
water quality, although in practice of course these issues need to be
considered at the same time for resources to be used sustainably.

2.4

Threats to water
sustainability revolve
around quality and quantity
issues. Increasing
demands from industry,
agriculture and from the
domestic sector place an
increasing strain on natural
water bodies. Also the
proportion abstracted but
not consumed contributes
a similar threat. Untreated
or poorly treated return
flows to water bodies lower
quality and reduce the net
availability.

The inherent self-cleansing
capabilities of surface
waters and unsaturated
ground layers above
aquifers have, in the past,
allowed them to cope with
and degrade the wastes
they have traditionally
received. Increasing
population, urbanization
(concentrating polluting
inputs), and industrialization
( more wastes and less bio-
degradable wastes) have
stretched these powers to
their limit.
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Principles

2.4.1 Water quantity and resource management

Water in the earth’s hydrosphere is part of a very active natural
recirculation system with a relatively small available reservoir. Solar
energy is the driving force behind the various reactions which occur in
the cycle. If the water balance is to be sustainable in a river basin or
sub-basin and its underlying aquifer, then the competing demands on
the use of the available resources need to be managed.
In planning for the management of water resources, the demand for
water must be balanced with the water resources available. Water
resources need to be considered holistically — and these
considerations are often brought together in an Integrated Water
Resource Management (IWRM) plan or strategy (also known as a
catchment management or river basin plan). See Section 2.4.4.

Water uses and allocation
There are many demands on water resources. These may be consumptive
(WS&S, agriculture, industry, and ecosystem maintenance), as well as
non-consumptive (hydropower generation, fisheries, and navigation).

Governments have to allocate water resources among competing users
and, in many cases, this task is made much harder by a lack of
knowledge of the true yields of rivers and aquifers. That is why water
resources assessment is a key element in IWRM strategies.

The quality of individual water resources will influence their potential
uses. Both allocation strategies and river water quality objectives are
influenced by the need to match quality with purpose.

When allocating water resources a water use classification scheme is
helpful. Such a classification may vary from one country or region to
another depending upon location-specific factors, but a typical general
use classification, in decreasing order of water quality requirements,
would be:

1. public water supply
2. fishing
3. industrial water supply
4. irrigation
5. recreation and amenity
6. navigation and power generation
7. wastewater disposal

The ranking of importance of individual uses will change with
circumstances, but public water supply is usually seen as the most
demanding in quality. This is not because highly polluted waters
cannot be treated to provide a potable supply, but rather to emphasize
the value of providing multiple barriers between potential
contaminants of a water source and its use for potable supply.
Abstraction of highly polluted water for potable supply will
necessitate complex and costly treatment processes which could fail
and allow contaminated water into the distribution system.

2.4

These threats allied to the
increases in demand from
all sectors intensify the
competition for water.
Governments must
therefore take decisions on
allocation and can only do
so rationally by associating
demand with availability in
an overall strategy, usually
termed an Integrated Water
Resource Management
plan.

Within these plans
allocation of water for
drinking and personal
hygiene is usually afforded
top priority, but may still be
threatened by high levels of
overall demand.

The commended
integrated water resources
management approach
extends to community level
too. Communities live with
the multi-purpose nature of
water and can be
motivated to protect
catchments from pollution
and look after water
intakes. They must be
encouraged too to
conserve and not waste the
water they are allotted.
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In developing countries, agriculture is by far the biggest water
consumer, accounting for as much as 90 per cent of total consumptive
use. The rest is about equally divided between industrial and domestic
consumers. The total consumption of all three elements is increasing.
While it may be appealing to WS&S proponents to say that the greatest
potential for savings is in the irrigation sector, the fact remains that
inefficient water use, wastage, and pollution have to be tackled by each
sector. No-one disputes that water for human consumption has to be the
top priority in allocating resources, but that does not remove the need to
manage it efficiently and avoid waste.

The allocation priority of a water supply is crucial for WS&S
programmes in situations where water shortages occur at some time of
the year. Increasingly, the growing demand for domestic water supply
will necessitate reducing existing allocations of high quality water to
irrigation systems where it has a relatively low economic value per
cubic metre. The relative amounts involved are illustrated by the fact
that a flow of 1 litre/second is needed to irrigate just one hectare of
land, but sufficient to provide domestic water supply for 1000 people.
There are strong vested interests in existing irrigation systems,
however, and these will need careful political handling (government
departments, commercial farmers and businesses, and large numbers of
small farmers who rely on irrigation). Food security is a high political
priority in many countries, but there is a growing belief that where
water is scarce, security is best achieved through food imports and
storage facilities (the term ‘virtual water imports’ is being used for this
alternative to heavily subsidized irrigation).

In relation to specific community WS&S systems, the critical point is
that the community or the water utility has the right to abstract the
required amount of water, which should be recognized in the overall
planning and management of water resources. The amount may be
small, but it is a priority and must be protected.

Water pricing issues arise in water allocation and also in demand
management. Demand management plays an important role in reducing
inefficient consumption of water (for example leakage from pipes and
excessive use by some consumers) and encouraging water conservation.
There are also very good reasons why water utilities need to
demonstrate efficient use of potable water, including the need to
recover costs from consumers. Note however that WS&S programmes
should generally be trying to increase water consumption by the poor,
for the important health reasons described in Section 2.3.

Water availability
The water resources which provide supplies for all the uses given in the
previous section may be summarized as:

• surface waters in streams and rivers, village ponds, lakes, and reservoirs
• groundwater in aquifers and rocks, and emerging to the surface in

springs
• rainwater, recharging both surface water and groundwater, but also a

resource itself in roof catchment and water harvesting systems

2.4

Irrigation, the prime area for
water savings, is also a
matter for national
governments to address.
Food imports and bulk
storage provision are seen
as a favourable alternative
to reliance on local
production in high water-
loss irrigation systems.

Governments and utilities
can promote community
efficiencies with
appropriate charging
systems.

Governments in turn may
promote utility attention to
leakage prevention and
other aspects of water
saving by appropriate
charging for bulk
abstractions.
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These resources are not uniform or static. They vary in quantity and
quality over the annual cycle and from place to place. Quantity also
varies from year to year and over longer time periods, and climatic
change is predicted to increase variability and uncertainty.
A rough measure of water scarcity in a country is the total amount of
renewable freshwater per person per year. Hydrologists say that water
stress starts to occur when the average is below 2,000m3 per person
per year (about the UK figure). Scarcity becomes evident at 1,000m3

per person per year, which is the figure in a growing number of
countries in sub-Saharan Africa.

As the stress gets more intense, so does the competition for water and
the need to use it efficiently and protect it from contamination. The
stress is growing all the time. In the 1997 Comprehensive Assessment
of the Freshwater Resources of the World, the UN Secretary-General
summarized the position as follows:

‘There is clear and convincing evidence that the world faces a
worsening series of local and regional water quantity and
quality problems, largely as a result of poor water allocation,
wasteful use of the resource, and lack of adequate
management action. Water resources constraints and water
degradation are weakening one of the resource bases on
which human society is built.

Water use has been growing at more than twice the rate of the
population increase during this century, and already a number
of regions are chronically water short. About one-third of the
world’s population lives in countries that are experiencing
moderate to high water stress partly resulting from increasing
demands from a growing population and human activities. By
2025, as much as two-thirds of the world population will be
under stress conditions.

Water shortages and pollution are causing widespread public
health problems, limiting economic and agricultural
development, and harming a wide range of ecosystems.’

The long-term growth in water consumption has arisen from irrigation
development, industrialization, urbanization, tourist development,
population growth, and increased per capita demand. Associated
wastes also pollute water resources, reducing the quality and hence
the quantity of freshwater available for WS&S.

Groundwater abstractions which are greater than the natural recharge
inevitably cause a continuing fall in groundwater levels. Surface water
abstractions which are greater than the natural flow cause dry river
beds downstream, but disturbance to natural ecosystems, including
fisheries and wetlands, will occur long before the withdrawals become
so large. These are examples of non-sustainable use of water, and are
like the mining of any non-renewable resource. At a time of climate
change it is difficult to estimate long-term replenishments with
confidence, and a factor of safety needs to be applied in critical

2.4

There is clear evidence that
the dwindling availability of
renewable water per head
of population is bringing an
increasing number of
countries into conditions of
such scarcity as to limit
their potential for economic
development. Better
allocation and increased
attention to efficiency in all
sectors is vital; it is also
essential that, whatever the
pressures, the priority given
to public water supply is
maintained so that the
extension of water supplies
to the poor is not hindered.

In the end economic
development depends on
increasing industrialization.
Developed countries have
learned that this puts a
double strain on water
resources: rising demands
for process water and more
discharge of polluting
wastewater. The adverse
impacts of these trends,
falling aquifer levels and
dried river beds amongst
them, have become
evident and are belatedly
being addressed. For these
reasons water re-use and
recycling practices have
progressed rapidly in the
industrialized world. There
is a need for similar
approaches as part of
demand management and
water conservation in the
developing countries.
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Saline intrusion

Saline intrusion can occur in aquifers which outcrop into a body of saline water
(usually the sea, but possibly a saline lake). An interface is formed in the aquifer
between freshwater and salt water. The position of the interface depends on the
water table depth, and pumping at a higher rate than the aquifer is recharged at
will lower the water table, forming a hydraulic gradient which moves the salt
water interface inland. This can lead to wells becoming saline and unusable.

Therefore it is particularly important in coastal areas to monitor abstractions,
groundwater tables, and water quality (electrical conductivity).

circumstances such as where over-abstraction would cause saline
intrusion to an aquifer.

WS&S water management
Any WS&S system needs to have a sustainable supply of clean water,
and a safe means of disposing of wastes. For WS&S projects in rural
communities, local groundwater is the most widely used source of
clean water supply, often replacing traditional surface water sources.
Wastes are disposed of on the household plot (e.g. in latrines),
replacing traditional use of nearby fields or streams.

As Section 2.7 makes clear, these are likely to remain the most cost-
effective solutions for poor people, so it is important to ensure that
they are also environmentally sustainable, by taking care to prevent
pollution of the groundwater resource. A major factor favouring
groundwater as a source for drinking water is that in its natural state it
is more protected than surface water and it can generally be used
without treatment.

WS&S services for the urban poor may follow the same pattern as for
rural communities, especially in peri-urban areas and small towns. In
many cases however (e.g. inner-city slums) water may need to be
supplied from a city-wide utility which abstracts large quantities of
water from major surface water or groundwater sources. Similarly,
wastes may be removed by drains and sewers connecting to major
systems and discharged to surface water bodies with or without
treatment.

Most of the water abstracted for WS&S will be returned, although with
some deterioration in quality and not necessarily to the same basin.

Using water to carry human and industrial waste discharges through
sewerage systems places heavy demands on water resources. Its
almost universal use in developed countries does not mean that it
should be an automatic choice in all situations, and it will rarely be a
cost-effective solution for the poor.

Water and wastewater treatment processes are themselves heavy water
users, and this needs to be taken into account. So does the potential
for leakage in water distribution networks. A water treatment plant
may use up to 10 percent of its throughflow in process operations,
and leakage from large distribution networks in developing countries

2.4

Groundwater sources are
to be preferred for water
supply; compared to
surface sources they are
cleaner, and in some cases
may be useable without
treatment. If the community
is encouraged to protect
the borehole or well
catchment zone from
pollution the source will
remain clean.

The safe disposal of waste
on the household plot
prevents the pollution of
adjacent areas and
streams.

One other key experience
is that conventional water-
borne sewerage is
expensive, in both money
and water. It may be an
enforced option for WS&S
projects in inner-city areas,
but in rural locations and
wherever possible
elsewhere, on-plot
sanitation is the favoured
cost-effective choice.
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may be as high as 50 per cent of input (though this should be seen as a
signal for action, not a basis for design!).

Planning: Integrated Water Resource Management (IWRM)
The complex interactions between the uses of land and water in a
river basin are often difficult to specify with precision, but without a
proper understanding of these interactions it is almost impossible to
manage the basin’s water resources effectively. In areas where water
resources are ample the need for their positive management may not
be obvious, but with growing demands some form of management
will become inevitable in most river basins.

The effective management of water resources requires a powerful and
properly funded impartial organization which is able to assess the
available resources and balance the various demands on them using a
rational and open policy. All abstractors need to be licensed and
regularly inspected to ensure that over abstractions are not taking
place. In the absence of such arrangements water shortages and
conflicts between users are likely. It is important that all abstractors
are subject to some degree of demand management so that excessive
and/or wasteful uses can be curbed. The practice of IWRM is
discussed later in this section.

2.4.2 Water quality and pollution

Pollution is a major environmental concern, and needs to be
approached from a wider perspective than just WS&S. Industrial
wastewater discharges, for example, have a major impact on the
quality of rivers passing through cities. In some instances, pollution

Conventional sewerage and sewage disposal

The conventional industrialized-country approach to sanitation is to provide
conventional sewerage and off-site treatment. This has several disadvantages:

� It uses potable, treated water in large quantities for a use where it is not
required.

� By using water as a carriage medium away from the source of defecation it
changes the fundamental nature of sanitation from what can be a localized,
dry-disposal problem to a remote and very much larger one.

� Conventional remote treatment does not use the resource potential of the
sewage � rather than seeing the nutrients and water as a resource, it treats
them as a problem.

� It is expensive.

There are a lot of advantages of on-site sanitation. From a health perspective
the important aspect is to have any form of usable and reliable sanitation facility
to separate humans from excreta. From an environmental perspective, the
implications of a malfunctioning or inoperative centralized system are worse
than the implications of on-site sanitation.

However, there will be situations where on-site sanitation is not possible or
desirable. Alternative sewerage systems which optimize water conservation
(such as small bore or shallow sewers), systems which use non-potable water
(such as seawater) as the carriage medium, and which optimize recycling and
re-use, are available and should be considered. See Section 2.7.22.

2.4

Catchment zone protection
is an integral part of river
basin management
generally and, in turn, of
Integrated Water Resource
Management (IWRM).
WS&S user groups must
be engaged in the local
implementation of plans,
but effective IWRM
demands a powerful
organization capable of
ensuring equity in
abstraction allocations,
enforcing anti-pollution
measures, and devising
and implementing
strategies that prevent
waste and guarantee the
primary objective of water
sustainability.
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from one city’s factories may contaminate the water to such an extent
that it cannot be used as a resource downstream.

 In this manual we confine our attention to the two water quality areas
which are important for WS&S programmes:

• the protection of water supply sources from pollution; and

• controlling pollution from sanitation systems.

Before addressing these issues, it is instructive to look at common
types of pollution, and the sources.

Types of pollution and their effects
The effects of pollution can be detrimental both to human health and
to the natural living environment. Often, in developing countries, the
major concern will be with protection of human health. Section 2.3
highlights two aspects:

• Poor sanitation combined with a lack of safe water and poor
personal hygiene leads to the transmission of pathogenic
organisms. These are the cause of immense disease and suffering
throughout developing countries.

• Water which is contaminated with chemical pollution may be
unsuitable for domestic water supply due to a direct threat to health
(e.g. from heavy metals and organic substances from industrial
processes and agro-chemicals) or to its unacceptability to users
(because of taste, staining, hardness).

Although the main worry in many situations will be human health,
increasingly environmental pollution is of concern as the holistic
nature of environmental issues means that the implications of a poor
quality of any aspect of the environment can have serious widespread
and/or long-term effects.

Many low- and middle-income communities depend on fragile
ecosystems and marginal lands. Any pollution or degradation of these
environmental resources can have serious consequences on the
livelihoods of local inhabitants. It is also important to consider the
environmental effects of development on long-term issues such as the
maintenance of global biodiversity.

Table 2.4.1. offers a classification of the more common types of
pollution. This is a big subject in itself and the table is only a
summary guide to the main issues, which are covered in depth in
textbooks on pollution control, such as Rhoades (1997) or Tebbutt
(1998).

A natural watercourse in an unpolluted state has a balanced chemical
composition and usually supports a wide variety of living organisms.
This balance is largely dependent on the presence of sufficient
dissolved oxygen, which is essential for most of the aquatic life.

Pollutants in water behave differently in different circumstances and
this must be taken into account when formulating control measures.

2.4

As part of WS&S
programmes users can be
educated and encouraged
to protect the aquatic
environment. They have a
direct interest in doing so
and they also have direct
control over pollution from
their own activities. It is
beyond their control to
stem pollution from
outside the immediate
locality, for example, in a
river polluted by wastes
from upstream.
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Dissolved salts

Indicator organisms such as
faecal coliforms

Dissolved oxygen level.
Indicator of organic load (such as
Biochemical Oxygen Demand
(BOD), Chemical Oxygen
Demand (COD) or Permanganate
Value (PV)

Suspended solids concentration

Nitrogen and phosphorous are the
main nutrients of concern

Heavy metals and complex
organics are often thought of as
typical examples, but ammonia is
also very toxic to fish life

Salts of particular chemicals
produce particular problems, e.g.
fluoride affects teeth and bone
structure; iron affects colour and
taste of water supplies, etc.

Table 2.4.1 Common types of pollution

Reason for importanceType of pollution Typical identifier

Pathogenic material Health problems for those in
contact with the polluted
water (often severe)

Oxygen depletion in water
course � resulting in die-off
of aquatic life and loss of
natural recuperation capacity
of a water body

Several problems: harmful to
aquatic life; often pathogenic
material will attach to solid
material; turbidity problems;
aesthetic problems

Algal growth (eutrophication)
� leading to taste and odour
problems and problems with
operation of water abstraction
and treatment facilities

Inhibit or totally destroy
aquatic biological life. Can
have serious accumulative
effects in the food chain

Colour, taste, health
problems (see WHO Drinking
Water Guidelines for
recommended acceptable
levels in potable supplies)

Readily
biodegradable
organic matter

Solid material

Nutrients

Toxic material

2.4

Environmental protection in coastal areas

Many coastal areas are associated with fragile ecosystems, such as coral reefs
or mangroves.  Protection of these resources is important for several reasons.
Such ecosystems contribute to development and poverty alleviation through
their role as a tourist attraction (and hence employment creation) and also as
an important fishing area. They also play a vital environmental role by naturally
protecting coastal communities from the ravages of the sea.

The need to protect such important habitats means that pollution-control
indicators other than those associated directly with human health are important.
For example control of phosphorous is vital, as an excess will lead to
eutrophication which could mask the penetration of sunlight on to corals, and
hence lead to die-off.

This may present a problem in low-income communities, as the protection of
resources from pollutants which are more difficult to control and which cause
damage in small quantities is a costly process. Standards and controls which
are stricter than the basis required for human health protection may be
required. Local economies may have difficulty affording such a level of
protection, although from an environmental point of view it may well be needed.
Without it, the fishing and tourism industries may be affected, and people�s
livelihoods threatened.

The dilemma is who should pay for the control and protection?
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Provided the pollution is not excessive, most organic substances,
including micro-organisms, and some inorganic substances are
degraded by the natural self-purification processes which occur in a
healthy watercourse. The implication of this for water supply
abstractions from rivers is that water quality may vary considerably
along the length of a river depending on pollution inflows and self-
purification, so water supply intakes should be located accordingly.
Biochemical Oxygen Demand (BOD) and dissolved oxygen (DO)
measurements should be taken at possible sites as a simple indicator
of the pollution load, bearing in mind that the situation may change
seasonally, especially if agricultural runoff adds fertilizers and
pesticides in the irrigation seasons.

Heavy metals and many other inorganic substances are relatively
stable in solution and are not affected by self-purification processes,
so the amount of material in the receiving water does not change with
time. Most are also unaffected by conventional water and wastewater
treatment processes. The concentration in a watercourse or aquifer
will only be reduced if uncontaminated dilution water is added, from
an unpolluted source for example.

In developed countries much of the concern about pollution is related
to its effects on dissolved oxygen levels or to the possible toxic effects
of pollutants on aquatic life. There is, however, growing concern
about the presence of low concentrations of complex organic
substances in water sources which may not be readily removed by
conventional water treatment processes.

Where abstracted water receives only limited treatment, the primary
concern in relation to pollution must be with the potential hazards
arising from the presence of pathogenic micro-organisms in the water
and the consequent risks of outbreaks of water-borne disease. In such
circumstances concerns about possible long-term health hazards
which may arise from the presence of minute concentrations of
potential carcinogens in drinking water are not justifiable.

Sources of pollution
Pollution may be from human activities or from natural processes.
Sanitation systems may pollute the environment if not properly
designed and maintained. Lack of sanitation is a primary cause of
river water pollution. In many situations in developing countries,
sanitation systems may be based on off-site collection systems
(sewerage, typically), but without subsequent proper treatment or
disposal of the collected wastes. The generally accepted estimate is
that less than 2 per cent of the domestic and industrial wastewater
generated in developing countries receives any kind of treatment
before being discharged to the surrounding land or water. This has
resulted in serious degradation which environmental programmes
need to address.

On-site sanitation systems which are used and maintained can make a
major contribution to pollution alleviation.

2.4

In both rural and urban
areas of developing
countries it should be
borne in mind that
pathogens are likely to
remain as by far the most
dangerous threat from
water pollution.
Properly used on-site
sanitation prevents this
form of pollution.

Communities are also
vulnerable to industrial
pollution and to pollution
from diffuse off-site
sources such as
agriculture, or storm runoff
from highways or
contaminated land.
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Industrial processes are a significant source of pollution, particularly
for chemical pollution (dissolved salts, heavy metals, and complex
organics).

Pollution may be also classed as point or non-point, as described in
the box above.

Protecting sources from pollution
Water supply systems for small communities generally use
groundwater from wells, boreholes, or springs, or surface water from
small streams or reservoirs. The most important safeguard for the
future quality of this water is to protect the source itself from
contamination by keeping users, animals, and dirty buckets out of the
water source, and to prevent spilled water draining from the surrounds
into the source. This requires good design and construction of the
abstraction facilities, combined with hygiene promotion and
community action to maintain good practice.

Then pollution inflows to the source water need to be controlled. With
surface water, the main risk is faecal-oral contamination (and in some
areas guinea-worm). It must generally be assumed that surface water
is faecally polluted. Though people who drink the water may develop
resistance, babies and children are still vulnerable. Surface water
treatment requirements can be reduced by minimizing the pollution.
Again the community can establish good practice and maintain a
clean area upstream in which people do not bathe, defecate, or water

Point and non-point sources of pollution

Point or local sources of pollution such as pipes, channels, and overflows are
usually seen as the primary causes of contamination, and most control
measures have in the past been directed towards such sources. This is
normally justifiable in relation to potentially heavy pollution but increasing
concerns about trace contaminants in the aquatic environment mean that non-
point or diffuse sources are growing in importance. Non-point sources of water
pollution include runoff from agricultural land and urban areas, and can include
aerial contamination, such as from acid rain.

Typical point sources of pollution include discharges from:
� sewage treatment plants;
� rural sewerage;
� industrial wastewater treatment plants;
� farms and agricultural activities;
� solid-waste disposal sites;
� storm water overflows on combined sewers;
� surface water drains in urban areas from roads and paved areas, industrial

premises, and transportation facilities; and
� power generation stations and cooling water equipment.

Non-point sources of pollution are more difficult to identify but include:
� surface water runoff from agricultural land;
� land drainage from agricultural land;
� surface water runoff from contaminated land; and
� surface water runoff from roads and paved areas. 2.4

Community-level measures
that can be taken to protect
surface sources include:

� preventing access by
users or animals;

� guarding against inflows
from polluted spillages
(good intake design and
construction helps);

� avoiding upstream
bathing, clothes washing,
animal watering, and
defecation; and

� abstracting from an
adjacent well or borehole
rather than direct from
the river or lake.
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animals. In some situations abstraction facilities from surface water
can be designed to provide some safeguards against pollution — for
example by abstracting from a well or borehole beside a reservoir or
river rather than directly from the open water source, in order to
benefit from the cleansing due to filtration and travel time.

The soil above an aquifer provides a natural physical and biological
filter to keep groundwater protected. That is why groundwater
supplies rarely require treatment. Normal surface activities are not a
threat to groundwater; the danger comes either from concentrated
pollution loads, or from short-circuiting the natural filtration by
contaminating the area around a borehole or dug well.

Although it has natural protection, most groundwater has little
capacity for self-purification if it does become polluted. This is
because of its inability to replenish oxygen by re-aeration. As a result
even relatively small amounts of organic matter reaching the
groundwater can produce anaerobic conditions, leading to unstable
end products like methane and hydrogen sulphide, which may render
the water unacceptable for potable supply purposes.

Hence, it is important to take appropriate steps to protect existing
groundwater sources (and those which may be used in the future)
from pollution. A simple example at a local level is to cover (or fill)
disused open wells to prevent them from becoming filled with rubbish
and a direct pollution route into the aquifer.

The implication for WS&S programmes is that water resources used
for potable supplies (now or potentially in the future) need to be
protected against future degradation by an effective control system for
hazardous pollutants.

Pollution from sanitation systems
Sanitation systems may themselves pollute the local environment, the
underlying aquifers, or the surface water bodies, estuaries, or coastal
waters into which they discharge.

Maintaining a clean living environment is important from the health
point of view, and environmental sustainability is a development goal.
Hence the need to adopt design and maintenance measures which
prevent pollution risks.

Aquifers can be contaminated by downward percolation, drainage
soakaways, solid waste landfill, and miscellaneous wastes such as
engine oil. In most soil conditions the filtration effect and long travel
time before the percolating water enters the aquifer will be sufficient
to remove the pollutant. The best safeguard is the appropriate siting of
landfills and other waste disposal facilities, with registered facilities
for disposing of hazardous wastes. Particular attention is needed to
protect both vulnerable and key aquifers for potable water supply. The
risk of groundwater pollution by on-site sanitation is generally low
and should not prevent sensible low-cost sanitation projects. See for
example, the literature review by Lewis, Foster, and Drasor, (1980).
Minimum distance rules (for example 10m) can protect

2.4

Groundwater sources are
much less vulnerable and
can have their quality
protected by:

� filling in or covering
disused wells that could
give a direct pollution
route through the
protective unsaturated
zone above the water
table;

� siting landfills and
soakaways well away
from the borehole and in
a location that takes
downward percolation
away from the well; and

� prohibiting any polluting
activities in a 10m zone
around the well.
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groundwater sources from latrines. In case of conflicting demands,
off-site water supply is a much more cost-effective solution than off-
site sanitation.

Control of pollution
Again, text books such as Rhoades (1997) or Tebbutt (1998) are the
source of detailed information about specific pollution control
measures. Only the main features are highlighted here.

Setting standards
It is important that new WS&S programmes support improvements
rather than worsen the situation. New sewerage and treatment systems
need to comply with national water quality standards and to consider
the impacts on downstream users and ecosystems. If there are no
national standards, assistance might be provided in developing these
in a wider environmental or water resources framework.

Appropriate effluent discharge standards

Often one of the first measures in controlling pollution is to set effluent
discharge standards. In many developing countries, there will be no history of
such standards, and so they are often based on practice in industrialized
countries.

The problems in the developing world, however, are very different from the
industrialized situation, as:
� differences in climate mean that the impact of pollutants is different (e.g.

rivers can re-aerate themselves more quickly);
� there will be different priorities in terms of control of pollution parameters

(e.g. pathogenic material is the major concern in developing countries, but
in industrialized countries the main concern has been with biodegradable
organic pollution); and

� monitoring and enforcement capabilities are often poor in developing
countries

There is a need to be realistic, and to:
� base standards on real local problems;
� implement standards incrementally (start small); and
� ensure standards are realistic and attainable, and enforceable � otherwise

they are virtually worthless.

Parr and Horan, 1994; Johnstone, 1994.

Aquifer vulnerability

The vulnerability of an aquifer to contamination can be assessed from the
� composition of overlying deposits;
� nature and thickness of the unsaturated zone; and
� speed with which water flows through the zone.

A thick layer of clay and a deep water table indicates a well protected aquifer.
An example of a very vulnerable aquifer would be a fractured limestone with a
thin soil cover and a shallow water table.

Downing, 1998

2.4

Just as WS&S
improvements must be
protected against �external�
environmental impacts so
must they make no adverse
impacts on their
surroundings. In particular
discharges resulting from
sanitation improvements
must comply with relevant
standards.

It may be necessary to go
further if a discharge
complies with set
standards but leaves the
receiving water in a state
that impacts on potential
downstream uses. This is
more likely if standards are
of the �fixed emission� or
�end of pipe� type. The
preferable alternative,
based on water quality
objectives, generally
obviates this risk.
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There are two types of water quality standard in relation to pollution:

• Ambient water quality objectives for the river or lake, set in
relation to the intended uses and the protection of the freshwater
ecosystem. Such standards take into account the dilution and
dispersion capabilities of a water body.

• Requirements for effluent discharges may take the form of fixed
emission standards (in which the quality standards for discharges
are not related to the location of the discharge or to the dilution
available) or more flexible effluent discharge permits, based on
what is necessary to maintain the ambient water quality objectives.

Fixed emission standards are easy to apply but they make no
allowance for the environmental conditions at the discharge and the
usage of the receiving water. As a result they tend to be economically
and technically inefficient.

Effluent discharge permits based on ambient water quality objectives
are more flexible in approach but require more work to determine on
a case-by-case basis. Such an approach can result in a more cost-
effective use of resources, but problems can arise later if additional
discharges are made to the water. Water quality objectives may exist
in the form of advisory information used for management purposes, or
they may have legislative backing in the form of statutory standards.

Sullage drains should have no problem meeting discharge
requirements, and any resulting pollution should be removed by the
self-purification process. For sewage, however, treatment may be
necessary to meet the standards, and various options are available
(preliminary, primary, secondary, or tertiary levels of treatment, using
a range of technologies). These provide different degrees of removal
of pollutants. Normally the cheapest option which will provide
effective and sustainable compliance with national water standards
(considering both capital and recurrent costs) should be adopted.
Appraisal of any proposed further treatment will need to include
economic analysis of costs and benefits.

2.4.3 Environmental impact

The Manual of Environmental Appraisal (ODA, 1996b) provides
guidance on procedures to be followed when analysing impacts. A
project may need to include additional components to mitigate against
these, possibly including, for example, improvements to a water supply
system downstream to protect it against pollution from the project.
Environmental Impact Assessment (EIA) and Environmental Auditing
are standard practices which are explained in specialist literature.

Monitoring requirements
If WS&S projects are to be sustainable, then their environmental
impact needs to be monitored. There is a need to measure and monitor
— only then can problems be identified, and preventive or remedial
action taken. Analyses need to be made and records need to be kept of
water and environmental quality. While some analytical procedures

2.4

To prove sustainability the
impact of all WS&S
interventions must be
measureable and
monitored. Monitoring is
expensive; it must therefore
be selective, with a focus
on important parameters
such as faecal coliform
counts in drinking water
supplies or dissolved
oxygen levels in receiving
waters.
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are easier and cheaper than others (and visual sanitary surveys can
convey much information) monitoring requires resources. It is
important that resources are optimized to achieve the best results. It
will not be possible to analyse for all parameters, for example, so
efforts should concentrate on highlighting the parameters of main
concern (such as faecal coliform counts in potable water supplies, or
dissolved oxygen levels in surface water courses, or indicators of
chemical pollution where there is known to be a problem). It is
beyond the scope of this section to go into detail of how a monitoring
programme should be undertaken, but see Canter (1996) or Gilpin
(1995) for guidance.

Practice

2.4.4 Implementing integrated river basin management

The river basin provides an obvious management unit for water
resources for small rivers but with larger systems it may be more
appropriate to establish a hierarchical management structure with
overall policies for the whole basin supplemented by more detailed
policies at sub-basin level.

Roles and responsibilities � China

Co-ordination between sectors and government departments at all levels
remains central to the planning process in China. The Water Law (1988),
defines responsibilities and mandates of ministerial and government
departments, including specifying lead and co-operative agencies. This aims to
prevent over-lapping responsibilities and duplication of effort.

The primary function of the Ministry of Water Resources is to organize and
enforce implementation of the Water Law, Soil Conservation Law, and other
water-related laws and regulations on behalf of the State Council. The ministry
has a wide range of responsibilities ranging from policy formulation, strategic
planning, economic regulation measures, and implementation of the water
permit system, as well as arbitration in water-related disputes and conflicts.

River Basin Conservancy Commissions are responsible for planning and
management along the main river courses, but Provincial Water Resource
Bureaux take responsibility for development along the tributaries. Co-ordination
between the Conservancy Commissions and Provincial Water Resource
Bureaux is therefore critical.

Planning for water pollution prevention and wastewater discharge sites is
undertaken in close collaboration between the Environmental Protection
Bureaux and the Provincial Water Resource Bureaux and, if necessary, the River
Basin Conservancy Commission.

Although there are clearly defined roles and responsibilities, a critical factor
remains one of co-ordination of the large number of authorities involved at the
national, river basin, provincial, and local levels. In addition, lack of financial
support can also hamper the effective implementation of key responsibilities
within the various authorities.

DFID (1998b) Water Resources Occasional Paper No.5

2.4

Sustainable management
of the natural water
environment is conveniently
based on the river basin as
a unit. Integrated river basin
management has as its
primary objective the
balancing of ground and
surface water resources in
the catchment with the
competing demands made
upon them.

To meet this aim the river
basin management
authority must have
influence in pollution
control matters and be
aware of agricultural,
commercial, and industrial
activities in the basin.

An effective authority will be
independent of but consult
fully with all parties in the
formulation of a basin
strategy that has medium-
and longer term
perspectives and
embraces environmental,
social, and economic
concerns.

Interested parties are not
limited to abstractors. Valid
interests include other
sectors such as leisure and
wildlife groups.
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Integrated river basin management requires a full appreciation of the
natural characteristics of the system and of the interactions between
the system and the various users. This should enable the establishment
of both a water budget and an allocation and regulation policy to
ensure that uses and demands are prioritized and that appropriate
measures can be taken to augment resources if necessary. Because of
the vital importance of water to many users it is essential to involve
all interested parties in the formulation of river basin management
strategies and to ensure that an agreed conflict resolution mechanism
is in existence.

A basin management strategy focuses on a river and its associated
corridor to analyse the issues which affect the river basin and to
suggest solutions to resolve problems and conflicts. Many of the
issues can only be addressed with the co-operation and assistance of
other bodies, organizations, or industries, but it is essential that the
organization responsible for river basin management has the necessary
resources and powers to operate in an independent manner.

The purpose of a river basin management plan is to produce a vision
for a healthy and diverse water environment managed in an
environmentally sustainable way, balancing the needs of all users of
water. Sustainable development of water systems must embrace
environmental, social, and economic concerns for it to be a workable
concept. Integrated river basin management planning should:

2.4

Development of water policies and strategies

In Pernambuco, North-eastern Brazil, DFID is helping the State Environmental
Agency and municipal institutions to collaborate in the production and
implementation of a Sustainable Development Plan for the Pirapama catchment
area. This Plan will define those measures and decision-making criteria needed
in order to ensure the sustainable supply of freshwater from the Pirapama
catchment area. This involves a multi-disciplinary approach to balance the
different, and potentially conflicting, objectives related to economic growth,
environmental management, and social development.

Use of groundwater for irrigation and water supply in
South Asia

Both the public and private installation of boreholes for irrigation has facilitated
a major expansion of wheat and rice production in the alluvial plains of South
Asia since the 1970s. As a result, water table levels drop much lower than
previously in the dry season, recovering in the wet season. Shallow handpumps
for water supply may then need to be replaced in some areas with deeper
boreholes and handpump models suitable for the deeper water tables. If this is
done, a new, sustainable, and effective development of the water resource has
been achieved, but note the severe inequity if pumps are not replaced.

A more local problem occurs when a powerful farmer installs a private
motorized pump close to a village borehole, drawing the water table down in its
vicinity so that the handpump can no longer deliver water.
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• focus attention on the water environment of a specific river basin;

• involve all interested parties in planning for the future well-being
of the basin;

• balance the competing requirements and interests of all users;

• agree a vision for the basin which helps to guide activities over the
next 10 to 20 years; and

• establish an integrated strategy and plan of action for managing
and improving the river basin in the future.

Effective enforcement arrangements are needed, taking account of any
possibility that these may be subverted by corruption.

National IWRM strategies
The Expert Group Meeting on Strategic Approaches to Freshwater
Management in Harare in 1998 recommended that each country
prepare a comprehensive national water policy to ensure efficient and
equitable allocation of water resources, and to protect freshwater
ecosystems, water quality, and human health. That recommendation
has been transmitted to all governments by the UN Commission on
Sustainable Development (CSD). A Harare Working Group made
detailed recommendations on the elements of any such policy:

1. Research, monitoring, and information management programmes
for understanding the quantity and quality of the resource base
and its variability in time and space, and the social and economic
forces affecting them.

2. The principles for allocation of the resource, taking into account
the principle that access to safe drinking water and sanitation is
essential for satisfying basic human requirements, and that other
allocations should be based upon consideration of economic
efficiency and equity, and that allocations should be based on both
the sustainability of the resource base and on ecosystem and
environmental protection.

3. Incorporation of health concerns into the freshwater management
process through the adoption of explicit health objectives in
planning, the use of health indicators in routine monitoring, and
the assessment of health outcomes in evaluation.

4. Protection of the aquatic environment, including wetlands, from
local and diffuse pollution sources and from threats posed by
exotic influences to maintain physical and chemical balances and
biological integrity.

5. Management of demand should be a key part of the policy,
focusing on water conservation through recycling and re-use and,
where appropriate, driven by pricing policies and by adopting best
practices and appropriate technologies.

6. Management of water supply to deal with annual and inter-annual
variations, to support food security and other purposes.

2.4

Basin management plans
are the building blocks
underpinning national
IWRM strategies, a concept
which the UN Commission
for Sustainable
Development
recommended to all
national governments
following the advice of the
1998 Harare meeting of the
Expert Group on Strategic
Approaches to Freshwater
Management.
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7. Providing appropriate mechanisms for the management of land

and water resources on an integrated basis within natural
hydrological and hydrogeological units (river basins and
aquifers), and providing for necessary interaction with
administrative organizations where provincial, municipal and
district boundaries do not coincide with basin or aquifer
boundaries.

8. Provision for coping with hydrological extreme events and
disturbances, particularly droughts, floods, and erosion, through
the implementation of programmes of drought preparedness,
flood protection, and mitigation including adequate monitoring
and early warning systems.

9. Substantive co-operation with neighbouring countries in the
integrated management of shared surface and groundwater
resources within river basin or aquifer system frameworks

10. Development and sustenance of appropriate institutions, including
cross-sectoral water councils, and recognizing needs for capacity
building, public information, and education.

2.4.5 Pollution and water quality

Sound engineering practice based on holistic approach

As discussed earlier, good design and construction of water-points and
sanitation systems is important to safeguard against the direct
pollution of water sources. A sustainable system means that it will
have addressed all the elements of infrastructure intervention as
described in this manual.

A common approach may be suggested for preventing pollution from
WS&S interventions (Parr and Horan, 1994):

• Define the problem: identify sources of pollution (point and non-
point), and their characteristics (volume, quality, and frequency).

• Identify areas at risk (environmental and health risks).

• Establish what type and how much pollution one is trying to
remove, and why.

• Identify the constraints on the development of a pollution-control

2.4

Integrated management of catchments and water
resources

As part of a regional environmental management project in Region II in Chile, an
assessment of the water supply and demand showed that the existing use was
unsustainable and was seriously contaminating ground- and surface water
resources. The project enabled the regional institutions to integrate water
resources management into their planning processes, identify environmental
improvements and investment priorities, and raise the awareness of the other
institutions, communities, and industries.
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strategy (e.g. what are the resources available, and what is the
ability to pay for services, or to operate and maintain them).

• Set monitoring and control procedures (which are attainable,
realistic, and enforceable).

• Select the control options which meet the requirements.

The polluter pays principle places the cost of remedial action on the
producer of the pollution. This is an important principle to establish
and uphold, for sewage as well as for industrial effluent. The costs of
sewerage and treatment should be passed back to the households
producing the wastes. In general the poor will not be connected to
such systems, and any subsidy will in effect reduce the resources of
the utility to provide services to other consumers, including the poor.

The high financial and environmental cost of sewerage systems
reinforces the point that sewerage cannot make much contribution in
the near future to providing for the three billion people who lack
adequate sanitation.

Increasingly, there is a realization that much can be done to prevent
water pollution in the first place. There is a move away from the
concept that the polluter pays for the pollution caused, to one which
states that pollution prevention pays. This means that control of
pollution in the first place (by industry for example) will reap benefits
— for the industry in terms of lower penalties for the cost of pollution
and increased process efficiencies, and for society as a whole in terms
of reduced polluting loads in the natural environment.

Associated with this is what is sometimes termed the ‘4Rs’ principle:

• Reduce • Recycle • Recover • Re-use

2.4

Industrial pollution control in China

An electroplating enterprise in a village near Beijing in China discharged
dangerous industrial wastewaters without treatment, polluting groundwater over
an area of approximately 50km2. Most of the working areas were unpaved, and
liquids drained both into the ground and into a nearby river bed. Water use was
wasteful, with no attempt made to limit the volumes of water used.  A village
downstream from the electroplating enterprise, where the groundwater was very
acid and contained dangerous concentrations of chromium, was forced to find
an alternative source of water.

The local Environmental Protection Bureau began fining the enterprise for
causing pollution. The regular fines were substantial, and the polluter was
made, reluctantly, to pay for the pollution caused, although not for any remedial
work. Economic pressure caused the owners to consider provision of
wastewater treatment.

The enterprise received advice on wastewater management, and financial
assistance to buy treatment equipment, under a DFID project. Water
consumption was reduced, working areas were paved, and treatment facilities
were installed. As a result, the wastewater discharges were contained and
treated prior to discharge.

Making the polluter pay is
an important  principle of
pollution control. It is a
concept of the developed
world, typically applied to
piped sewage or industrial
effluent discharges.
Sewerage systems are high
users of water and money;
they are rarely the best
sanitation option for the
world�s poor. Requiring the
better-off to pay the full cost
of pipe-borne pollution
therefore serves the poor
well.

In current thinking the
principle is carried further
into �pollution prevention
pays� � it is better for an
entity to save costs by
cutting its polluting output;
by the same token society
in general benefits from
less pollution in the
environment.
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Effective management of sanitation facilities should encompass the ‘4
R’s’ to ensure that effective use is made of increasingly precious finite
resources.

On a wider scale, UNICEF (1998) points out the importance of
monitoring groundwater conditions, developing capacity for long-
term management, and focusing efforts in areas where serious
problems are emerging. The following instruments are recommended:

• Comprehensive information systems about the resource base.
• Setting of water quality standards Standards should reflect

national priorities and technical capabilities. The strict adoption of
standards set in the industrialized world may not be attainable,
enforceable, or in some cases even desirable in developing
countries.

• Establishment of protected areas Rather than attempting an
immense task — to protect at once all groundwater resources — it
is better to focus on the creation of protected areas for key aquifers.
In cases of critical water supplies, water systems above and below
the surface need to be efficiently protected and monitored.

• Integrated management of groundwater resources In Colombia,
DFID is working with research institutions and regional authorities
to establish pilot systems for the control, mitigation, and protection
of groundwater resources. Working in two pilot catchment areas,
the objectives are to develop and implement groundwater
protection measures that can be replicated at a regional level
throughout Colombia.

• Pollution control Pollution sources, especially in groundwater
protected areas, should be carefully identified and removed.

• Extraction control Based on the average recharge of a given
aquifer, it may be necessary to set legal limits on pumping or to
motivate more efficient use of groundwater by charging extraction
fees.

• Control of subsurface waste disposal Limitations or a complete
restriction also need to be placed on the location of underground
waste disposal and on the quantity and content of waste material,
both liquid and solid.

• Land-use regulation The use of certain toxic materials may be
prohibited or restricted. Controls may be placed on the pollution of
the ground from landfills, sewage treatment plants, and
underground storage tanks. Other helpful regulations might include
controls on housing density, use of chemical fertilizers and

2.4

Integrated management of groundwater resources

In Colombia, DFID is working with research institutions and regional authorities
to establish pilot systems for the control, mitigation, and protection of
groundwater resources. Working in two pilot catchment areas, the objectives
are to develop and implement groundwater protection measures that can be
replicated at a regional level throughout Colombia.
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pesticides, and limitations on clearing vegetation in groundwater
protection areas.

Environmental sustainability is a multi-faceted problem and involves
the integration of many aspects of ‘development’, including
potentially conflicting stakeholders and users. Institutional
responsibility is often not clear and is usually shared between many
agencies. The need for a rational co-ordinated response is vital. The
tools and principles of Integrated Water Resources Management and
integrated environmental pollution control are important contributions
to a more sustainable environmental future.

2.4.6 A Sustainable Rural Livelihoods Approach for arid
and semi-arid areas

A high proportion of people living in arid and semi-arid lands (ASAL)
have pastoral livelihoods. They frequently give a higher priority to the
water demands and health of their livestock in comparison to
themselves. The fragile nature of their environment also needs to be
borne in mind; for example, the provision of a new, plentiful water
source could result in extensive overgrazing and erosion around that
new source. Hence the provision of water and sanitation services, in
such areas has to be placed in a wider integrated framework.

The interrelated nature of these problems would suggest that a
‘Sustainable Rural Livelihoods Approach’ would be appropriate. The
approach is inherently responsive to people’s own priorities for their
livelihoods, without compromising the fragile environment. The
purpose of such a project could be to:

• Contribute to sustainable improvements in the livelihoods of
pastoralists and communities in the selected district.

A framework for project development could include:

a) A participatory analysis of livelihoods, stakeholders, the
environment and the effectiveness of potential project options.

b) Help for those concerned with supporting Sustainable Rural
Livelihoods to understand and manage the complexities of
livelihoods in arid and semi-arid areas, enabling the
complementarity of interventions and the trade-offs between
outcomes to be assessed.

c) Support for community organizations and other implementing
organizations (including NGOs, the private sector, and local
government) in developing and implementing integrated project
proposals, using piloting as appropriate.

d) Water supply could be used as an entry point, but interrelated
interventions to be considered based on community priorities could
include:

2.4

In some specific regions of
the developing world where
there is great need for
WS&S interventions there
are compelling reasons for
caution in the uncontrolled
extension of water
availability. These are the
arid and semi-arid areas
populated by wandering
herdsmen.

Culture inclines these
groups to give livestock the
priority over household use
of scarce water supplies.
More water could mean
more stock, overgrazing,
local erosion, and possible
terminal degradation of a
fragile environment already
under severe water stress.

WS&S must in such cases
be integrated with and give
precedence to other forms
of intervention. Sustainable
livelihood improvement
must be the objective. It
might be achieved by
educating to give an
understanding of the
dangers of immediate
water supply
improvements. Earlier
steps might include
improvements in animal
welfare or hygiene and
sanitation promotion.
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• improved access to water supplies;
• animal health services;
• marketing of livestock products and livestock management;
• hygiene and sanitation promotion;
• environmental assessment and management;
• supporting income-generating opportunities;
• capacity building; and
• support to the development policies and legislation for ASAL

areas.

An area-based approach in a limited area may be appropriate to
enable a good understanding to develop between stakeholders.

2.4

Arid and semi-arid lands (ASALs) comprise over 80 per cent of Kenya�s land
area, sustain 20 per cent of the population and 60 per cent of the livestock.
These are water-stressed areas with large disparities between seasons as well
as within the region. Over 70 per cent of the population in ASALs do not have
access to safe water and in many of these districts more than 70 per cent of
households do not have access to safe sanitation. In most ASAL districts
people take an average time of more than 15 minutes to collect water in the dry
season. In some districts, more than 50 per cent of households take, on
average, more than one-and-a-half hours to walk to the nearest source.

The districts with the highest percentage of people suffering �hard-core poverty�
are mainly ASAL districts, ranging from 30 to 60 per cent. There is also reported
to be a higher level of willingness-to-pay in these areas compared to other
parts of Kenya, although this would need to be confirmed.

Advantages of the Sustainable Rural Livelihoods Approach (Strengths and
Opportunities):
� It conforms to DFID�s poverty focus.
� ASAL communities are reported to have a high need and demand for water

and other services.
� An integrated approach reduces the risk of making the situation worse in a

fragile ASAL environment.

Disadvantages (Weaknesses and Threats):
� The areas are generally sparsely populated resulting in interventions being

generally more expensive.
�  There are security problems in many of the ASAL districts, so if the situation

deteriorates, project achievements could be lost and plans abandoned.
� It can be difficult to get well-qualified outside people to work in these areas.
� The complexity of having a number of different interrelated project

components can result in slow progress.

Water and sanitation in semi-arid areas in Kenya
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