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ABSTRACT
The problems facing communities without adequate sanitation are highlighted to
illustrate the need for integrated waste management to achieve significant public health
and environmental improvements. This involves addressing caused not only by
wastewater, but also by solid wastes and stormwater. Only when these three are
addressed simultaneously will we overcome the public health problems and improve the
amenity value of our environment. The waste management hierarchy is introduced to
stress the importance of separating wastes and particularly of industrial wastes that can
irreversibly contaminate wastes that can be reused or recycled. The concept of natural
purification is presented as a basis for developing sustainable and unsustainable
wastewater management practices, one where the material cycles are closed, and the
other where the material cycles are not closed.
KEYWORDS
Integrated waste management, waste management hierarchy, sustainable wastewater
management.
INTRODUCTION
Protection of public health and the environment, affordability and social appropriateness
have been suggested as criteria for selection of technology for sustainable wastewater
and stormwater management in my previous paper. A framework for wastewater and
stormwater management has also been suggested that emphasises the need for
coordination between all stakeholders (policy makers, investors, managers and users).
In this paper technology choice is related to sustainable development. The problems
facing communities without adequate sanitation is first of all described so that the need
for integrated waste management becomes obvious if we want to achieve significant
public health and environmental improvements. The waste management hierarchy is
then introduced to stress the role of prevention rather than cure, and the need to separate
wastes to achieve integrated waste management. The concept of sustainable
development in wastewater and stormwater management is finally elaborated by
considering natural purification processes and the need to maintain the material cycles
of potential environmental pollution (organic carbon, nitrogen, phosphorus). This paper
is also based on 'International Source on Environmentally Sound Technologies for
Wastewater and Stormwater Management', which is being published by UNEP IETC.
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PROBLEMS FACING COMMUNITIES WITHOUT ADEQUATE SANITATION
Inadequate sanitation facing a substantial proportion of the world's population is well
documented. This is well illustrated in the papers presented by participants of the
workshop.
In general these communities are located in an environment which has a relatively high
population density. Water supply may or may not be adequate. In cases where water is
supplied through pipes, there are not the corresponding pipes for removing the
wastewater generated. The wastewater is simply allowed to flow by gravity through the
natural drainage of the landscape ending in low lying areas, water courses, lakes or the
sea. The natural drainage carries stormwater run-off during rainfall events, and during
flood events stormwater mixes with wastewater, and polluted water is spread over a
much wider area than the drains. In addition solid waste is also generally dumped into
the drains or natural water courses resulting in flooding at lower rainfall events. Waterborne diseases are therefore endemic in these communities. The environmental
conditions of the area are degraded, because water containing decaying organic
substances from sewage and garbage give foul odour, the water is depleted of oxygen
and is putrid. Groundwater in the area is also generally polluted, because of the
infiltration of polluted water to the groundwater aquifer. The general physical
environment is as illustrated in Figure 1.

Figure 1 . Urban settlement with high population density, sewage disposed to
drains, pollution of drains, streams, river/sea and groundwater

Problems facing communities without
adequate sanitation

If the population density is very low, the environment has the capacity to absorb the
wastes generated and environmental degradation is negligible. Water quality of streams
and rivers in this environment is generally excellent.

26

If the population density is very low, the environment has the capacity to absorb the
wastes generated and environmental degradation is negligible. Water quality of streams
and rivers in this environment is generally excellent.
When the amount of wastes disposed to the environment increases with the increase in
settlement population, the capacity of the receiving environment to assimilate the wastes
is exceeded and degradation of the environment takes place. Communities have
responded in different ways to the public health problem and environmental degradation
that are created. Even though there have been numerous ways in which the problem has
been addressed, we may generalise these in terms of the following stages.
Because of the importance of dealing with health problems caused by wastewater within
the community, wastewater is transported away from the community. This is done by
improving drainage, while still conveying both wastewater and stormwater through the
same drains. Measures to reduce the incidence of flooding are usually applied, by for
example, deepening drainage channels, preventing solid wastes from being dumped into
drains, and covering of the drains represents the first attempt to provide a sewerage
system. In this way wastewater and the inherent human pathogens in it are removed
from the community as a source of public health threat.
Environmental degradation of the receiving water still continues. If the wastewater is
disposed to a river the water will affect people using it for bathing and washing, and
downstream communities may withdraw the water for drinking purposes. The amenity
value of the river for recreational purposes, for fishing, agriculture and industry is
devalued. The classification of rivers is a good illustration of how the quality of a river
is determined by its pollution load (Table 1).
Table 1. River pollution classification (based on National Water Council (UK)
classification, 1970)
Class

Description

DO. & BOD*

Characteristics

Class I

Unpolluted or
recovered from
pollution

BOD <3 mgfL

No toxic or suspended
discharges which affect
the river

Class II

BUD> 3 mgIL, toxic Toxic and suspended
Doubtful quality and
needing improvement and reduced DO in dry discharges occur but
have no major effect
flow times
on biota

Class ifi

Poor quality,
improvement is a
matter of some
urgency

DO < 50% for
considerable periods

27

River changed in
character, suspected of
being actively toxic.
Subject to serious
complaint

The river pollution classification (Table 1) provides an illustration of the ability of the
environment (here the river) to cope with small waste discharges of organic wastes.
Small discharges of BOD are diluted by the river water to low levels. If the
concentration of BOD in the river water is less than 3 mg/L the river remains
'unpolluted'. The oxygen uptake by bacteria, as they consume the organic wastes, is
replenished by the continuous transfer of oxygen from the atmosphere to the water. The
dissolved oxygen (DO) concentration in the water remains high. This simple process
explains the reason why a stream in an undisturbed forest remains clean despite the
natural organic wastes produced by animals in the forest. Other physical, chemical and
biological processes take place which help in the ability of nature to purify wastes.
On the hand the river pollution classification shows that it does not take much for an
unpolluted river (class I) to become a grossly polluted river (class IV). When the BOD
concentration in the river water is greater than 12 mgIL, the transfer of oxygen from the
atmosphere cannot replenish the oxygen demand and the water becomes completely
deoxygenated. It is incapable of supporting fish life. The water is dominated by bacteria
that thrive on the organic wastes but able to extract oxygen chemically from substances
like sulphates in the wastes. Gases such as hydrogen sulphide (rotten egg gas) and
methane are generated by these bacteria. Foul odours are the result, and the appearance
of the water is grey black with bubbles frothing up.
To prevent degradation of the receiving environment wastewater needs to be treated.
This treatment is usually carried out at the point of discharge, also called 'end of pipe'
treatment. Treatment consists of removing solids from the wastewater and reducing its
BOD. The degree of treatment that is required is dependent on the capacity of the
receiving environment to assimilate the remaining organic wastes.
Because the wastewater treatment facility is generally designed for dry-weather flow, its
capacity is exceeded in wet weather. Treatment efficiency drops during wet weather, and
in high rainfall events a significant volume of combined wastewater and stormwater is
not effectively treated. To overcome the problem of wet-weather flow, and recognising
that stromwater may not be as contaminated as wastewater, separate collection of
wastewater and stormwater have been implemented, with stormwater treated only to
remove gross solids.
It is worth noting that the severe sanitation problems currently facing many cities in
developing countries were experienced in Europe as recently as at the end of the
nineteenth century, with epidemics of water borne diseases occurring in London then.
The section of river Thames passing through London was grossly polluted until the
1970s. Sewage discharges to the river were treated to reduce BOD concentration and
raise DO to enable fish to return.
While the stages of development of sewerage and drainage portrayed above are
generalisation of observation in many cities, they are by no means the only way to
overcome the problems of sanitation. Various options are described in my next paper,
together with their advantages and disadvantages, and a general strategy for selecting the
most appropriate option for a particular case suggested.
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INTEGRATED WASTE MANAGEMENT
The description of problems facing communities without adequate sanitation above
shows the importance of addressing the problems in an integrated manner. Simply
solving the problem of wastewater without taking into account of solid wastes and
stormwater will not achieve sufficient sanitation improvement to protect public health
and the environment. IJNEP IETC has published an International Source Book on
Environmentally Sound Technologies for Municipal Solid Waste Management, which
provides guidance on the selection of technology for the management of solid waste.
The present UNEP IETC Source Book complements this publication, and is intended to
provide the means to achieve the integrated approach.
In discussing integrated waste management we need also to consider solid wastes and
wastewater produced by industry. In many instances these may not differ in
characteristics from domestic wastes, consisting primarily of biodegradable organic
substances. Industry, however, produces numerous types of wastes which may be toxic
to bacteria that are utilised to treat domestic wastewater. The practice in many
communities is for industrial wastes to be disposed with domestic wastes.
One principle that logically emerges from adopting an integrated approach to waste
management is that different types of waste should not be mixed (Figure 2). Solid
wastes should not be dumped into stormwater drains, but should be collected, recycled,
reused, or treated and disposed separately. Dumping of solid wastes in stormwater
drains will not only restrict the flow of stormwater, they contaminate stormwater.
Treatment of the stormwater will involve separating the solids and other contaminants
from the water. Similarly industrial wastes should be treated separately, and industrial
wastewater should be pre-treated if they are to be discharged to the sewer.

Figure 2. Integrated waste management
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All wastes should be considered together to achieve environmental and public health
improvement. Wastes should be separately collected and managed.
A useful tool that can help towards achieving integrated waste management is the waste
management hierarchy. It has been used to direct waste management towards achieving
environmentally sound practice. The waste management hierarchy in its most general
form is shown in Table 2.

Table 2. The waste management hierarchy
1
2
3
4
5
6

Prevent or reduce waste generation
Reduce the toxicity or negative impact of the waste
Recycle waste in its current form
Reuse waste after further processing
Treat waste before disposal
Dispose in an environmentally sound manner

We cannot prevent the production of human excreta or stormwater, but we can prevent
other materials from being disposed with human excreta, or solid waste with
stormwater. We can use less water to achieve the same purpose (e.g. flushing toilet) and
hence produce less wastewater. We can avoid toxicity of wastewater by preventing toxic
household or industrial wastes to be disposed with biodegradable organic wastes. A
reuse example is the use of urine as a liquid fertiliser, while composting can convert
human excreta into a soil conditioner. Other examples will be discussed in my next
paper, but it should be recognised that all waste management practices have costs as
well as benefits. The application of the waste management hierarchy therefore needs to
consider economics as well as other factors (e.g. some culture may not allow reuse of
human wastes).

NATURAL PURIFICATION PROCESSES
Before considering technologies for wastewater and stormwater management it is
instructive for us to examine natural processes that cycle waste materials. In nature
waste materials are produced by living organisms (plants, animals and people). These
wastes include faecal materials, leaf litter, food wastes and dead biomass. Yet streams
and rivers flowing through a forest, or freshwater lakes in a forest, have generally an
excellent water quality. Thus there are natural processes which purify the naturally
produced wastes. These wastes are characterised by their organic nature (that is derived
from living or once living organisms). They consist of carbon, nitrogen, phosphorus and
other elements which constitute the building blocks of living organisms. These elements
are continuously cycled in nature. Three of them (carbon, nitrogen and phosphorus
cycles) and the water cycle are relevant to wastewater and stormwater management.
Figure 3 shows the natural carbon cycle.
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Figure 3. Carbon cycle
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The following transformation processes occur in the carbon cycle. Plants
photosynthesise glucose from carbon dioxide gas and water, and in turn more complex
organic matter is synthesised. Plants are consumed by plant-eating animals, which in
turn are consumed by meat-eating animals. Organic carbon compounds are digested by
these animals and re-synthesised into other forms, which are useful for energy, cell
growth and cell multiplication. Carbon dioxide is released into the atmosphere during
the process of respiration. The respiration process releases energy for the organism
through oxidising the organic carbon. Plants and animals produce waste materials and
will eventually die. Leaf litter, animal wastes and dead organic matter are decomposed
by bacteria and other decomposers releasing the carbon as carbon dioxide thus
completing the carbon cycle. Oxygen is required in the process of respiration and
oxidation of organic carbon, and this is the reason for the oxygen demand of organic
wastes. Some organic matter from dead animals and plants is, however, stored in nature,
particularly in sediments, and slowly turns into peat or more stable carbon-rich
materials.
In the process of decomposition not only is carbon released as carbon dioxide, but other
minerals are released. These minerals are involved in other cycles, such as the nitrogen
cycle (Figure 4) and phosphorus cycle (Figure 5).
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Figure 4 Nitrogen cycle
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Ammonia is generally the form of nitrogen released from the decomposition of organic
wastes. Provided that oxygen is available the ammonia is oxidised by a group of bacteria
(termed nitrifiers) to nitrate. This process is another that exerts oxygen demand on the
environment. Nitrate is the form of nitrogen that is normally taken up by plants for
protein synthesis. Nitrate may on the other hand, under conditions devoid of oxygen
(anaerobic conditions), be converted by a group of bacteria (termed denitrifiers) to
nitrogen gas. Denitrification generally takes place in sediments, where anaerobic
conditions and availability of organic carbon promote the process.
Nitrogen gas in the atmosphere is very large in quantity, but is inert. Relatively small
quantities are converted into forms that can be utilised by plants. These are converted
through the activity of nitrogen-fixing bacteria in the root-nodules of some plants,
nitrogen-fixing blue-green algae or through lightning. Some is contributed by volcanic
eruption. The amount of nitrogen cycled in a natural environment is therefore relatively
small and is rapidly absorbed by plants.
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Figure 5 . Phosphorus cycle
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Phosphates are the products of decomposition of organic matter by decomposers and
these are also the forms that are taken by plants. Phosphate rock, from which phosphate
for fertiliser is mined, is an accumulation of phosphorus from the excretion of the guano
birds and that is not utilised by plants at the deposition site.
From examination of the above natural cycles it is clear that very little organic wastes
and nutrients are leached from natural ecosystems. In addition in a forest ecosystem the
surface run-off has a low peak and extends over a longer period, thus solids are filtered
from the water, and nutrients have a higher likelihood of being absorbed by plants. The
soil in a forest ecosystem can provide additional purification processes. Soil bacteria
will consume organic carbon and reduce BOD. Soil minerals (particularly clay minerals)
can adsorb metals and phosphates. Plant roots take up nutrients released by bacterial
decomposition from water percolating through the soil.
Pathogens, if any, generally die-off, because of unfavourable conditions outside their
hosts for an extended period and competition with naturally occurring mirco-organisms.
The water cycle therefore produces surface water and groundwater of very high quality
(Figure 6).
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Figure 6 Water cycle
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The natural cycles (also termed biogeochemical cycles) can provide an insight into the
natural basis of wastewater and stormwater management. For disposal of wastewater
and stormwater into a natural ecosystem, as long as the natural purification capacity of
the ecosystem is not exceeded, we can rely on the existing natural processes to
assimilate the wastes without degrading the quality of the environment. On the other
hand once the natural capacity is exceeded, engineered systems are required. There is no
reason, however, why the same physical, chemical and biological processes taking place
in nature cannot be used as a basis for technology development and for waste
management.
We note that in nature the cycling of the elements provide a pathway for reuse of the
materials in the wastes. We should consider how we can use the same processes to
recycle wastewater and stormwater. A limitation of natural purification processes is that
they can only handle naturally occurring wastes. The latter can include human wastes,
but not toxic chemicals that stop the natural processes. In addition a large human
settlement removes a large area of natural ecosystem and generates a large amount of
wastes, and the combination of the two rapidly and significantly impact on our natural
environment. Clearing of vegetation reduces evapotranspiration, while roads and houses
introduce impervious surfaces. Consequently rainfall run-off has a higher peak and is
generated rapidly, promoting local flooding.

SUSTAINABLE VERSUS UNSUSTAINABLE WASTEWATER AND
STORMWATER MANAGEMENT
The natural purification processes and biogeochemical cycles described above provide a
basis for determining what is environmentally sustainable management practices for
wastewater and stormwater. Discharge of wastewater and stormwater into an
environment exceeding the natural purification capacity of that environment will result
in the accumulation of organic materials (carbon), nitrogen, phosphorus or other
34

SUSTAINABLE VERSUS UNSUSTAINABLE WASTEWATER AND
STORM WATER MANAGEMENT
The natural purification processes and biogeochemical cycles described above provide a
basis for determining what is environmentally sustainable management practices for
wastewater and stormwater. Discharge of wastewater and stormwater into an
environment exceeding the natural purification capacity of that environment will result
in the accumulation of organic materials (carbon), nitrogen, phosphorus or other
pollutants that cannot be absorbed by the ecosystem constituting the receiving
environment. Accumulation of organic materials will result in a high oxygen demand
that cannot be met by oxygen transfer from the atmosphere. Undesirable anaerobic
conditions are a consequence. Figure 7 illustrates an unsustainable practice where the
natural purification capacity of a river into which wastewater is discharged is exceeded,
and where in addition the local biogeochemical cycles are not closed.
Figure 7 Unsustainable wastewater management practice from not closing the
local biogeochemical cycles resulting in the natural purification capacity of the
receiving environment to be exceeded
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Nitrogen and phosphorus in wastewater are discharged to a river resulting in their
accumulation in the river. Eutrophication of the river is an outcome. The nitrogen and
phosporus in the wastewater come from food consumed by people. To grow this food
fertilisers containing nitrogen and phosphorus are required. These are manufactured
chemically from atmospheric nitrogen and from phosphate rock. The flow of materials
(N & P) is one way from the atmosphere for N and from the phosphate rock mine for P
into the river. There is depletion of a resource (mined phosphate rock) and accumulation
and pollution in the river. This practice is unlikely to be sustainable in the long term,
because phosphate rock deposits will be exhausted and pollution of the river by N and P
needs further treatment of the wastewater.
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One way of managing the wastewater sustainably is by closing the material cycles
locally (Figure 8).

Figure 8. Sustainable wastewater management practice by closing the local
biogeochemical cycles

Sustainable Wastewater & Stormwater
M anagement

;S

ood

Lend Reduced

I

warimno

,

I
C.RN.K
..

c1t- Qycle Er raise
of induirlal
westeweti

Stormwater

Gray water
treatment and
reuse

P. 1%
Crnali Carbon

Bioçjiis
Energy recovery

Nutrients in the wastewater are reused to grow food. In this way there is not the need to
manufacture chemical fertilisers and at the same time there no discharge of nutrients to
the river. The problem of resource depletion and pollution of the river is overcome by
closing the material cycles. Figure 2.9 also emphasises the need to treat industrial
wastewaters containing toxic substances separately, and not to mix industrial
wastewaters with domestic wastewater. In addition stormwater should be separately
collected and treated and infiltrated locally.
CONCLUSIONS
The right choice of technology is dependent on local environmental, economic and
social conditions. It is clear, however, that we need to address solid waste, wastewater
and stormwater in an integrated manner if we want to achieve significant public health
improvements and environmental protection. Ironically to achieve integrated waste
management we should not mix wastes, but each should be addressed separately. The
waste management hierarchy is suggested as a means to prevent or reduce the amount of
wastes generated.
Sustainable wastewater and stormwater management can be defined in terms of the
cycling of elements important for sustaining life (Carbon, Nitrogen, Phosphorus and
other essential elements). Closing the cycles will prevent pollution and achieve longterm sustainability.
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DISCUSSIONS
Richard Middleton- "Of course we can deal with the nutrients cycle. What I am very
often concerned with is the pathogen cycle. In the countries where I work, a large
number of children have a very high worm load. They typically excrete in the property
or close to it, generally on the floor or yard. Those pathogens survive very happily in a
humid climate and do not get into the water but they reinfect other people through a
fecal oral contact, not getting into wastewater. And the only way of cleaning those up or
dealing with those pathogens is time and temperature by separating them from
everybody else in the general environment. Yes, nature has its own cycles, but we have
mention the pathogen problems which are within a household and infect people on a
local level, before going to a water body."

David Duncan Mara- "Talking about environment protection is very important. But I
think what is equally or more important is the protection of human health and we don't
seem to be doing this here, at least not with the same vigor that we are protecting the
environment. I would just like to read the title of a paper published in the middle of
1999 in one leading Medicine journal: "The association of early childhood diarrhea with
entail physical fitness and cognitive function 47 years later in a poor urban community
Northeast of Brazil". For the first time we have good evidences that diarrhea is
associated with entailed physical and mental development many years later. So I think
we have to take the human health side very seriously and if we do that, than it tells us
certain things about how we manage our wastes, how we recycle or not, or what the
costs are.
I think we should have these two guiding principles: human health protection and
environmental protection. To me human health protection is the most important. You
have mentioned that the river Thames in London was grossly polluted until 1960's. We
in England have lived in polluted rivers not only in London but in all parts of the
country for over a hundred years simply because we did not know how to treat
wastewater properly early in our industrial revolution. And when we did, it was too
expensive.
We used the rivers as a sewer and that is fine as long as you know what you are doing.
OK, we are sacrificing our rivers for our industrial development. As long as we do that
with our eyes opened and it does not compromise human health. So I think that is OK
because eventually a society will have enough money and the wish to improve the

quality of its river waters."
Goen Ho - "In fact, we have emphasized both aspects equally in the source book. But
with this particular example I just want to illustrate the sustainability of waste
management from the environmental point of view. As you can note that we have
staples here. I want to convey the idea that the concept of environmental sustainability is
being debated very much in the developed world where the activate sludge process is
also being questioned. I would like to learn from the mistakes in the given examples, so
that we can actually achieve development and also protection of the public health and
the environment."
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Julio Torres (Panama) - "We have to think that when we are using rivers for a
sewerage system, we also have to keep in mind that, like in Panama, the rivers are used
also to run into basins and lakes and then that water is made into potable drinking
waters. Therefore, the more polluted the rivers become, the harder it is to get healthy
drinking water for people. That is the biggest problem in Panama."
Louise Zuilen (Suriname) - "I do not agree totally with Duncan Mara because
prevention is cheaper than cleaning. In our country, at the capital, we have a
conventional combined sewage system, where 115 goes to the river without treatment.
And we can not develop first and then clean because the little pollution we have costs a
lot for the government to clean it. I think we have to prevent now and that must be the
policy for developing countries: prevent instead of cleaning."

Lilia Casanova - "About Duncan's comment, I think there is no choice: we must
protect both. I think the virtue of looking at environmental health is because this is the
very reason why we talk about sustainability. It is because human health has not been
protected in developing countries , because there was less concern about it. When you
pollute a river, you are avoiding or preventing people from having long-term quality of
water. I think it is good to protect human health but we must not forget that it is because
of our lack of consideration for the environmental health that in the end we are
sacrificing human health."

Luiz Gamez (Costa Rica) - "About natural ecosystems, I believe it is important to
consider environmental services because many of them are providing functions and
services that are not obvious to us and inadequate management land use can destroy
those services. I do not believe that public health protection excludes environmental
protection. On the contrary, they are complementary and should be integrated
Especially because of costs, the replacement cost of catchment area can be immense. It
would be very expensive if we think on the alternative of bringing water from
elsewhere, because it would implicate canals and high investments. Wet lands will help
to recycle and keep an equilibrium and replacing that would imply in higher investments
for treatments plants. So there is also an economic reason for protecting ecosystems as
well, for the sake of public health."

Arthur Archer - "I have heard about a disposal of effluents and exporting into rivers.
That is something which has to be corrected. Especially because in rural areas, you find
people washing clothes and taking water from rivers for potable purposes, so the sewage
must be properly treated, chlorinated, filtered before it is discharged into rivers."

Richard Middleton - "One of the phrases economists use is that 'wastes are a resource
in the wrong place.'
About planning, most of us are working in countries where very high speed urbanization
is taking place and I have seen one estimate that says that 60% of new housing is
"illegal" and that tends to be left out of the planning process. You cannot use these
sophisticated recycling models unless you involve these illegal people, and that has huge
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political and policy implications which we probably can not cope with. If you ignore
60% of the people living in the town, it will remain insanitary. We have to solve it."

Viviana Rocco (Uruguay) -"I agree. In my country we have been working for the last
20 years in drawing a master plan where U$300.000.000,00 will be invested in
sanitation that will benefit 1.500.000 people. On the other hand we have to invest
U$ 100.000.000,00 to integrate irregular settlements , where 150.000 people are settled
in wrong places. So I think that we actually have a very big expense in incorporating
those settlements to our urban environment.
About Arthur's river usage comment, I think we have to consider sustainability issues
after we decide what we want to do and for what we are using our rivers. For the sake of
human health we must definitely protect our water sources, whether they are ground
water or rivers, but we have urban rivers that are not going to be used for direct human
contact or potable water sources. So we can actually accept to have them polluted to a
degree that the community accepts and not allow them to be used for anything else but
to that."

Eugenio Barrios (Mexico) - "The planning aspect can be completely different in our
countries. In fact, most of the times, we can rarely do any planning.
Other point is the discussion between health and environment. It is very important to
consider that as long as it help us to solve our problems."

Luiz Gamez (Costa Rica) - "Many of the high speed legal urbanization are sacrificing
ecosystems which are providing water supply. They are degrading the quality of
resources that can be used. Therefore, we have to invest more and more in treatment
plants to make that water of good quality and that is very expensive. So, protection of
the key areas such as catchment areas, water supplies and wetlands, which are providing
services to society, is very important, also considering costs. Replacing those
ecosystems services is going to be very expensive."
Lila Casanova - I would like to add another comment. Naivasha Kenya, is a place near
Nairobi, that depends very much on tourism revenues, because there is a lake inhabited
by a large group of flamingos . A certain country assisted Naivasha with a very
sophisticated and very efficient wastewater treatment facility. It cleaned the lake waters
very well, but in such a way that the flamingos could not find enough nutrients, so they
started looking for another habitat, and now Naivasha is loosing the flamingos and
consequently the tourists. This is just another example that when one makes technology
choice, there must be various considerations.
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