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JOINT STATEMENT

The statistics are stark: Globally, two million tons of sewage, industrial and agricultural
waste is discharged into the world’s waterways and at least 1.8 million children under five
years-old die every year from water related disease, or one every 20 seconds.

Over half of the world’s hospitals beds are occupied with people
suffering from illnesses linked with contaminated water and
more people die as a result of polluted water than are killed by
all forms of violence including wars.

The impact on the wider environment is no less striking. An
estimated 9o per cent of all wastewater in developing countries
is discharged untreated directly into rivers, lakes or the oceans.
Such discharges are part of the reason why de-oxygenated dead
zones are growing rapidly in the seas and oceans. Currently an
estimated 245 ooo km? of marine ecosystems are affected with
impacts on fisheries, livelihoods and the food chain.

The climate is also being impacted: Wastewater-related emis-
sions of methane, a powerful global warming gas, and another
called nitrous oxide could rise by 50 per cent and 25 per cent
respectively between 1990 and 2020.

Already, half of the world’s population lives in cities, most of
which have inadequate infrastructure and resources to address
wastewater management in an efficient and sustainable way.
Twenty-one of the world’s 33 megacities are on the coast where
fragile ecosystems are at risk. Without urgent action to better
manage wastewater the situation is likely to get worse: By 2015,
the coastal population is expected to reach approximately 1.6
billion people or over one fifth of the global total with close to
five billion people becoming urban dwellers by 2030. By 2050
the global population will exceed nine billion.

Some of these trends are inevitable. However the world does
have choices in terms of the quantity and the quality of dis-

charges to rivers and seas if a sustainable link is made from
farms, rural areas and cities to the ecosystems surrounding
them.

In some cases, investments in improved sanitation and water
treatment technologies can pay dividends. In other cases in-
vestments in the rehabilitation and restoration of nature’s wa-
ter purification systems—such as wetlands and mangroves—
offer a cost effective path.

UNEP and UN-Habitat are increasing our cooperation across
several fronts including meeting the wastewater challenge.
This report is one fruit of that collaboration.

Investing in clean water will pay multiple dividends from over-
coming poverty to assisting in meeting the Millennium Devel-
opment Goals. It also makes economic sense. According to a
recent report from the Green Economy Initiative, every dollar
invested in safe water and sanitation has a pay back of US$3 to
US$34 depending on the region and the technology deployed.

Meeting the wastewater challenge is thus not a luxury but a
prudent, practical and transformative act, able to boost public
health, secure the sustainability of natural resources and trigger
employment in better, more intelligent water management.

Achim Steiner
Executive Director, UNEP

Anna Tibaijuka
Executive Director, UN-HABITAT
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PREFACE

The United Nations Secretary-General’s Advisory Board on Water and Sanitation (UN-
SGAB) is committed to accelerating progress on the Millennium Development Goal

targets for water and sanitation.

UNSGAB collaborates with others to galvanize action and fos-
ter new initiatives. One of our initiatives for improving basic
sanitation coverage was the UN-backed International Year on
Sanitation (IYS) in 2008. By all accounts, the IYS was a suc-
cess. It triggered an honest, concrete and productive public
discussion about expanding access to sanitary toilets and im-
proving hygiene while fostering political commitments to act.

UNSGAB now is working to ensuring that these IYS com-
mitments are fulfilled. We also are building on this positive
momentum to widen the discussion to include the collection,
treatment and reuse of human, household, agricultural, storm
and industrial wastewater and run-off. More than 8o percent of
wastewater is discharged untreated into water bodies. This un-
treated wastewater is the missing link to meeting the sanitation
challenge. It has a material impact on human health, social and
economic development and ecosystem sustainability.

The 2009 Istanbul Ministerial Statement embodies a global
commitment to “further develop and implement wastewater col-
lection, treatment and reuse.” This report aims to place waste-
water on the international and national agenda by pointing out
that wastewater management provides opportunities not only
challenges. Now, more than ever, we must promote strategic fi-
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nancial planning at the country level to maximize efficiency to
improve coverage in the water and sanitation sectors.

UNSGAB has gained valuable experience and understanding
that we will now bring to bear on improving wastewater man-
agement. Meeting this challenge will require new alliances and
we are happy to have collaborated with UNEP, UN-HABITAT
and UN Water in the development of this report. We are ready
to work with the global community to promote a new wastewa-
ter paradigm encompassing modular design, appropriate tech-
nology, and sustainable financing. For as the report “Sick wa-
ter? The central role of wastewater management in sustainable
development” points out, the wastewater challenge is not only
a threat, but is a challenge where we can find opportunities for
green employment, social well-being and ecological health.

HRH, Prince Willem-Alexander of the Netherlands
Chair, UN Secretary-General’'s Advisory Board on Water and
Sanitation









EXECUTIVE SUMMARY

The world is facing a global water quality crisis. Continuing population growth and ur-
banisation, rapid industralisation, and expanding and intensifying food production are all
putting pressure on water resources and increasing the unregulated or illegal discharge of
contaminated water within and beyond national borders. This presents a global threat to hu-
man health and wellbeing, with both immediate and long term consequences for efforts to
reduce poverty whilst sustaining the integrity of some of our most productive ecosystems.

There are many causes driving this crisis, but it is clear that freshwater and coastal eco-
systems across the globe, upon which humanity has depended for millennia, are increas-
ingly threatened. It is equally clear that future demands for water cannot be met unless
wastewater management is revolutionized.

Global populations are expected to exceed nine billion by 2050.
Urban populations may rise nearly twice as fast, projected to
nearly double from current 3.4 billion to 6.4 billion by 2050,
with numbers of people living in slums rising even faster, from
one to I.4 billion in just a decade. Over a fifth of the global to-
tal, 1.6 billion people are expected to live by the coast by 2015.
Inadequate infrastructure and management systems for the in-
creasing volume of wastewater that we produce are at the heart
of the wastewater crisis.

The way we produce our food uses 70—9o per cent of the avail-
able fresh water, returning much of this water to the system
with additional nutrients and contaminants. It is a domino ef-
fect as downstream agricultural pollution is joined by human
and industrial waste. This wastewater contaminates freshwa-
ter and coastal ecosystems, threatening food security, access to
safe drinking and bathing water and providing a major health
and environmental management challenge. Up to 9o per cent ~ Contaminated water from inadequate wastewater management

of wastewater flows untreated into the densely populated coast-  provides one the greatest health challenges restricting develop-
al zone contributing to growing marine dead zones, which al-  ment and increasing poverty through costs to health care and
ready cover an area of 245 ooo km?, approximately the same  lost labour productivity. Worldwide, almost goo million people
area as all the world’s coral reefs. still do not have access to safe water and some 2.6 billion, al-

9



most half the population of the developing world do not have
access to adequate sanitation. At least 1.8 million children un-
der five years old die every year due to water related disease,
accounting for around 17 per cent of deaths in this age group.
Worldwide some 2.2 million people die each year from diar-
rhoeal disease. Poor hygiene and unsafe water is responsible
for around 88 per cent of all diarrhoeal incidents.

Under-dimensioned and aged wastewater infrastructure is al-
ready overwhelmed, and with predicted population increases
and changes in the climate the situation is only going to get
worse. Without better infrastructure and management, many
millions of people will continue to die each year and there will
be further losses in biodiversity and ecosystem resilience, un-
dermining prosperity and efforts towards a more sustainable
future. A healthier future needs urgent global action for smart,
sustained investment to improve wastewater management.

Change is both essential and possible. As a part of the shift to
a green economy, the public sector including national, provin-
cial and local governments must be more proactive in fund-
ing wastewater management, central to which will be issues
of equity and social justice. To find solutions we will need to
draw on a cocktail of existing and new policy approaches and
funding mechanisms, from better water quality legislation
and voluntary agreements, to market-based instruments and
partnership-based financing and management models bring-
ing together the public and private sectors, not forgetting the
vital role of education.

Wise investments in wastewater management will generate
significant returns, as addressing wastewater is a key step in
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reducing poverty and sustaining ecosystem services. Instead of
being a source of problems, well-managed wastewater will be
a positive addition to the environment which in turn will lead
to improved food security, health and therefore economy. One
fifth of the world’s population, or 1.2 billion people, live in areas
of water scarcity, and this is projected to increase to 3 billion
by 2025 as water stress and populations increase. There is no
option but to consider wastewater as part of the solution. To
be successful and sustainable, wastewater management must
be an integral part of rural and urban development planning,
across all sectors, and where feasible transcending political, ad-
ministrative and jurisdictional borders. There are few, if any, ar-
eas where investments in integrated planning can sustainably
provide greater returns across multiple sectors than the devel-
opment of water infrastructure and the promotion of improved
wastewater management.

The first part of this report addresses the critical challenges we
face in managing wastewater and considers the implications
for people and the environment across different sectors, and
how these may be influenced by issues such as population
growth, urbanization and climate change.

The second part looks at solutions and how these challenges can
be turned around. Finding appropriate solutions will require in-
novation at both ends of the pipe. Innovation to reduce the vol-
ume and contamination of wastewater produced, how to treat or
even reuse the waste, and how to do it in an affordable sustain-
able way. The report reviews how the production and treatment
cycle can be better understood and managed so that through
better investment and management major environmental, soci-
etal, and economic dividends can be achieved.



KEY MESSAGES:

n Wastewater production is rising

The global population is expected to exceed nine billion people
by 2050. Major growth will take place in developing countries,
particularly in urban areas that already have inadequate waste-
water infrastructure. The financial, environmental and social
costs are projected to increase dramatically unless wastewater
management receives urgent attention.

Wise and immediate investment will generate
multiple future benefits

Immediate, targeted and sustained investments should take
multiple forms. They should be designed to (i) reduce the vol-
ume and extent of water pollution through preventative prac-
tices; (ii) capture water once it has been polluted; (iii) treat
polluted water using appropriate technologies and techniques
for return to the environment; (iv) where feasible safely reuse
and recycle wastewater thereby conserving water and nutri-
ents; and (v) provide a platform for the development of new
and innovative technologies and management practices. If in-
vestments such as these are scaled up appropriately they will
generate social, economic and environmental dividends far
exceeding original investments for years to come.

Improved sanitation and wastewater manage-
B ment are central to poverty reduction and im-
proved human health

The poor are affected first and foremost by this global crisis.
Over half of the world’s hospital beds are occupied by people
suffering from water related diseases. Diarrhoeal diseases make
up over four per cent of the global disease burden, 9o percent
of which is linked to environmental pollution, a lack of access
to safe drinking water and sanitation. Comprehensive and sus-
tained wastewater management in combination with sanitation
and hygiene is central to good health, food security, economic
development and jobs. In terms of public spending on health
issues, investing in improved wastewater management and the
supply of safe water provides particularly high returns.

Successful and sustained wastewater manage-
. ment will need an entirely new dimension of in-
vestments, to start now

Currently, most of the wastewater infrastructure in many of the
fastest growing cities is lacking. It is outdated, not designed to
meet local conditions, poorly maintained and entirely unable
to keep pace with rising urban populations. Experiences have
shown that appropriate investments done in the right manner
can provide the required returns. However, it will require not
only investments, but careful and comprehensive integrated wa-
ter and wastewater planning and management at national and
municipal levels. This must transcend the entire water supply
and disposal chain involving ecosystem management (including
coastal waters), agricultural efficiency and production and treat-
ment of wastewater and a stronger focus on urban planning.
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The policy recommendations presented in part III of this re-
port propose a two-pronged, incremental approach to tackle
immediate consequences whilst thinking to the long term:

Tackle immediate consequences
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. Countries must adopt a multi-sectoral approach to wastewa-

ter management as a matter of urgency, incorporating prin-
ciples of ecosystem-based management from the watersheds
into the sea, connecting sectors that will reap immediate
benefits from better wastewater management.

. Successful and sustainable management of wastewater re-

quires a cocktail of innovative approaches that engage the
public and private sector at local, national and transboundary
scales. Planning processes should provide an enabling envi-
ronment for innovation, including at the community level
but require government oversight and public management.

. Innovative financing of appropriate wastewater infrastruc-

ture should incorporate design, construction, operation,
maintenance, upgrading and/or decommissioning. Fi-
nancing should take account of the fact that there are im-
portant livelihood opportunities in improving wastewater
treatment processes, whilst the private sector can have an
important role in operational efficiency under appropriate
public guidance.

Wise investments in wastewater
management will generate significant
returns, as addressing wastewater

is a key step in reducing poverty and

sustaining ecosystem services

E Thinking to the long term

4. In light of rapid global change, communities should plan

wastewater management against future scenarios, not cur-
rent situations.

5. Solutions for smart wastewater management must be so-

cially and culturally appropriate, as well as economically and
environmentally viable into the future.

6. Education must play a central role in wastewater manage-

ment and in reducing overall volumes and harmful content
of wastewater produced, so that solutions are sustainable.
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INTRODUCTION

Water is crucial for all aspects of life, the defining feature of our planet. Ninety seven
and a half per cent of all water is found in the oceans, of the remaining freshwater only
one per cent is accessible for extraction and use. Functioning and healthy aquatic ecosys-
tems provide us with a dazzling array of benefits — food, medicines, recreational amenity,
shoreline protection, processing our waste, and sequestering carbon. At the beginning
of the 21st century, the world faces a water crisis, both of quantity and quality, caused by
continuous population growth, industrialization, food production practices, increased
living standards and poor water use strategies. Wastewater management or the lack of,
has a direct impact on the biological diversity of aquatic ecosystems, disrupting the fun-
damental integrity of our life support systems, on which a wide range of sectors from
urban development to food production and industry depend. It is essential that wastewa-
ter management is considered as part of integrated, ecosystem-based management that
operates across sectors and borders, freshwater and marine.

Fresh, accessible water is a scarce (figure 1) and unevenly dis-
tributed resource, not matching patterns of human develop-
ment. Over half the world’s population faces water scarcity. Be-
cause it plays a vital role in the sustenance of all life, water is
a source of economic and political power (Narasimhan, 2008)
with water scarcity a limiting factor in economic and social
development.

International attention has to date, focused on water quan-
tity, the supply of drinking water and increasing access to
sanitation with commitment expressed through the World
Summit of Sustainable Development and the Millennium
Development Goal 7 for Environmental Sustainability, tar-
get 10 for safe drinking water and sanitation. 2005 — 2015 is
the international decade for Action “Water for Life” (http://
www.un.org/waterforlifedecade/), with a focus on the Inter-
national year of Sanitation in 2008 (http://esa.un.org/iys/).
Despite this high profile attention, these issues are proving
difficult to resolve, requiring significant sums for invest-
ment, over long periods of time and with jurisdiction often
spread across several government departments. Worldwide,

nearly goo million people still do not have access to safe wa-
ter (UNDESA 2009), and some 2.6 billion, almost half the
population of the developing world do not have access to ad-
equate sanitation (WHO/UNICEF, 2010). Over 8o per cent
of people with unimproved drinking water and 70 per cent of
people without improved sanitation live in rural areas (DFID,
2008). This is also only part of the story.

What do we mean by wastewater?

Wastewater can mean different things to different people with a
large number of definitions in use. However this report has tak-
en a broad perspective, and defined wastewater as “a combina-
tion of one or more of: domestic effluent consisting of black-
water (excreta, urine and faecal sludge) and greywater (kitchen
and bathing wastewater); water from commercial establish-
ments and institutions, including hospitals; industrial effluent,
stormwater and other urban run-off; agricultural, horticultural
and aquaculture effluent, either dissolved or as suspended
matter (adapted from Raschid-Sally and Jayakody, 2008).

15



World fresh water supply

About 97.5% of all water on

Earth is salt water

Only 2.5% of all the water on
Earth is fresh water

Around 70% of fresh water is m
frozen in Antarctica and
Greenland icecaps

Most of the remaining freshwater
lies too deep underground to be
accessible or exists as soil
moisture

Only 1% of the earth's fresh water is
available for withdrawal and human use

Sources: FAO, 2009.

Figure 1: Water is the life force of our planet, but only 1 per cent
of all the freshwater on Earth is available for human use.
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Water is crucial for all aspects of life, the defining feature of our
planet. Ninety seven and a half per cent of all water is found
in the oceans, of the remaining freshwater only one per cent
is accessible for extraction and use. Functioning and healthy
aquatic ecosystems provide us with a dazzling array of services
— food, medicines, recreational amenity, shoreline protection,
processing our waste, and sequestering carbon. At the begin-
ning of the 21st century, the world faces a water quality crisis,
caused by continuous population growth, industrialization,
food production practices, increased living standards and poor
water use strategies. Wastewater management or the lack of,
has a direct impact on the biological diversity of aquatic ecosys-
tems, disrupting the fundamental integrity of our life support
systems, on which a wide range of sectors from urban develop-
ment to food production and industry depend. It is essential
that wastewater management is considered as part of integrat-
ed, ecosystem-based management that operates across sectors
and borders, freshwater and marine.

Access to safe water is a human right (UNDP, 2006). However,
the right to pollute and discharge contaminated water back into



Water withdrawal and use
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Figure 2: Regional variation in water withdrawal per capita and its use by sector.
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Wastewater, a global problem with differing regional issues
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the environment, polluting the water of downstream users, is not.
As water travels through the hydrological system from the moun-
tain summit to the sea, the activities of human society capture,
divert and extract, treat and reuse water to sustain communities
and economies throughout the watershed (agricultural, industrial
and municipal) (figure 4). These activities, do not, however return
the water they extract in the same condition. A staggering 8o—9o
per cent of all wastewater generated in developing countries is dis-
charged directly into surface water bodies (UN Water, 2008).

Unmanaged wastewater can be a source of pollution, a hazard
for the health of human populations and the environment alike.
The Millennium Ecosystem Assessment (MA, 2005) reported
that 60 per cent of global ecosystem services are being degraded
or used unsustainably, and highlighted the inextricable links be-
tween ecosystem integrity and human health and wellbeing.

Wastewater can be contaminated with a myriad of different
components (figure 5): pathogens, organic compounds, syn-
thetic chemicals, nutrients, organic matter and heavy metals.
They are either in solution or as particulate matter and are car-
ried along in the water from different sources and affect water
quality. These components can have (bio-) cumulative, persis-
tent and synergistic characteristics affecting ecosystem health
and function, food production, human health and wellbeing,
and undermining human security. Over 7o percent of the wa-
ter has been used in other productive activities before entering
urban areas (Appelgren, 2004; Pimentel and Pimentel, 2008).
Wastewater management must address not only the urban but
also the rural context through sound and integrated ecosystem-
based management including, for example fisheries, forestry
and agriculture.

The quality of water is important for the well-being of the envi-
ronment, society and the economy. There are however ways to
become more efficient and reduce our water footprint. Improv-
ing water and sanitation services and managing water require

investment. It is not a question of the quantity of investment.
There are numerous anecdotes pointing to a history of one-off,
short-term, single-sector investments — capital treatment-plant
developments which were unable to secure operation and man-
agement funding, built at the wrong scale or in the wrong loca-
tion. Even without empirical data, it is clear that this approach
is not generating results in either improved water quality or fi-
nancial incentive.

A paradigm shift is required towards new approaches that in-
clude wise investments and technological innovation, not one
size fits all, but now ensuring that investments are appropri-
ate to the industries and communities they serve. Such invest-
ments can boost economies, increase labour productivity and
reduce poverty. This report uses a number of case studies to il-
lustrate the challenges of wastewater management, but also the
opportunities for how wastewater management and reuse can
safely meet the growing demands for water resources, without
degrading the environment, and the ecosystem services on
which we depend.

€ Figure 3: The significance of wastewater and contents of wastewater vary greatly between and even within regions. In Africa for
example, it is the impact on people’s health that is the major factor, in Europe, the input of nutrients into the coastal waters reducing

productivity and creating anoxic dead zones.

19



Freshwater and wastewater cycle
Water withdrawal and pollutant discharge
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Sources: WHO; FAO; UNESCO; IWMI.

Figure 4: As water is extracted and
used along the supply chain, both
the quality and quantity of water is
reduced.

20



J Global water withdrawal
percentage by sector

Waste water
discharge

(e

Contaminated
food provision

——  Reusing processed
sewage

\\N Drinking water treatment
ONNBN Sewage sludge

Ecosystem
degradation

%fige«kzélo Qi

Wastewater
Contaminants and their effects

ORIGIN

Storm water

Sewerage

Spills
Industrial

Manufacturing waste

Nuclear
Agricultural run-off
Medical

Acquaculture

TOXICITY

o
2 2

>

MANAGEMENT

Centralized and
<— decentralized sewage
treatment

Combined sewage
and storm water

. Individual household
treatment

<—  Reed bed filtration

Enhancing nutrient
filtration of wetlands

Municipality waste
management

Industrial small scale
waste management

Smelly ﬁ ﬁ &:

Solid waste
Suffocate/block

«" Pharmaceutical
*

- - Corrosive
_ Inorganic _
particulate
= _ material =
- = e
l‘/b'/.\T
3
Chemicals *~,~*
etals

Poisonous

Organic matter

- éio@gifal_-

»
Microbes

Infectous ol .

Decreased ecosystem
health (e.g. dead zones)

Increased IMPACT

production costs

Contaminated

drinking and
Decreased bathing water
human health —

= Figure 5: The contaminants in waste- .

. 4, Contaminated
water come from many different sources 43 o
and can have cumulative and synergistic S
effects requiring a multi-pronged response.

21



CEE
L L




PART |

THE CHALLENGES OF WASTE-
WATER AND WASTEWATER

MANAGEMENT

Wastewater — spent or used water from farms, communities, villages, homes, urban ar-
eas or industry may contain harmful dissolved or suspended matter. Unregulated dis-
charge of wastewater undermines biological diversity, natural resilience and the capacity
of the planet to provide fundamental ecosystem services, impacting both rural and urban
populations and affecting sectors from health to industry, agriculture, fisheries and tour-
ism. In all cases, it is the poorest that are the most severely affected.

These impacts continue to grow. Global populations are increas-
ing rapidly and will reach between nine and 11 billion in 2050,
and as population increases so does the production of waste-
water and the number of people vulnerable to the impacts of se-
vere wastewater pollution. Almost goo million people currently
lack access to safe drinking water, and an estimated 2.6 billion
people lack access to basic sanitation (WHO/UNICEF, 2010).

Lack of capacity to manage wastewater not only compromises
the natural capacity of marine and aquatic ecosystems to as-
similate pollutants, but also causes the loss of a whole array of
benefits provided by our waterways and coasts that we too often
take for granted; safe water for drinking, washing and hygiene,
water for irrigating our crops and producing our food and for
sustaining ecosystems and the services they provide. The fi-
nancial, environmental and societal costs in terms of human
health, mortality and morbidity and decreased environmental
health are projected to increase dramatically unless wastewater
management is given very high priority and dealt with urgently.

In this part of the report we will present some of the key chal-
lenges that the unregulated discharge of wastewater presents.
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WASTEWATER AND URBAN LIFE

Global populations are growing rapidly, particularly so in urban areas where the rate of
urbanization far outstrips planning and wastewater infrastructure development. Existing
wastewater infrastructure of most cities is decaying or no longer appropriate and in slum
areas there is no planning and few facilities. Management of wastewater in the urban
context must be adapted according, not only to the size, but also to the economic develop-
ment and governance capacity of the urban area. By working together, and cooperating
across municipalities the challenges of addressing wastewater management can be met

and potential benefits realized.

Urban areas are both consumers and producers of large amounts
of wastewater. Providing good quality water and sanitation ser-
vices to densely populated areas involves significant planning
and infrastructure. Over the next 25 years the annual growth rate
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Figure 6: Access to improved sanitation remains a pressing issue in many regions.
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Most of the rapid expansion in urbanization is taking place
not in megacities, but in small and medium sized cities with
populations of less than 500 ocoo (UNFPA, 2007). Growth
is often unplanned and attracting government and private
investment to infrastructure development in areas that lack
the economic clout of the megacities is difficult. In addition,
an estimated one billion people currently live in urban slums
without even the most basic services (UN-HABITAT, 2009).
Because these informal settlements lack land tenure, provid-

Centralized or decentralized?
Uganda. A study case

Centralized sewage and wastewater connection
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Note: the Present Net Value (PNV) measures the
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or services when all costs and benefits are taken
into consideration. A positive NPV indicates a net
benefit and a negative NPV a net loss.
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ing water and sanitation services through investment in large
infrastructure is extremely difficult.

Water and wastewater services are often controlled by multiple
authorities operating at a local, regional or national level. The
infrastructure may be state-owned or include private sector
involvement. The reliance of traditional wastewater-treatment
systems on large-scale infrastructure generally results in a
natural monopoly and hence a lack of market competition.

Decentralized latrines with excreta reuse
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Using high price latrines
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Source: WSP, Study for Financial and Economic Analysis of Ecological Sanitation in Sub-Saharan Africa, 2008.

Figure 7: Looking at the costs and benefits, centralized systems may not be the answer in terms of best result for the investment. The
chart on the left shows that the financial NPV does not change with increasing population size for centralized sewage and wastewater
connection, however the economic NPV (which includes benefits to health and the environment) shows a positive trend with increas-
ing populations. Centralized systems therefore generate a greater benefit as population increases, but show a significant loss with
small community size. The chart on the right shows the situation where decentralized latrines have been installed, and where the
excreta is reused for food production, and hence the overall benefits returned will depend on the current market price for food. With
a good market, the reuse benefits of low-cost latrines can be realized by the households into a positive NPV, however those requiring
greater investment, do not offer a return on the investment (WSP, 2006).
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Sanitation in big cities

Big cities with little sanitation infrastructure can easily be
swamped by human waste. In Jakarta, with a population of
nine million people, less than three per cent of the 1.3 million
cubic meters (enough to fill more than 500 Olympic swim-
ming pools) of sewage generated each day reaches a treat-
ment plant — there is only the capacity to process 15 swimming
pools’ worth. Compare this to a city like Sydney, with a popula-
tion of four million, where 100 per cent of urban wastewater is
treated to some degree. Sewage treatment plants process 1.2
million cubic metres per day (each person in Sydney produces
nearly three times as much wastewater as a person in Jakarta).

In Jakarta there are more than one million septic tanks in the
city, but these are poorly maintained and have contaminated
the groundwater with faecal coliform bacteria. When tanks are
emptied their contents are often illegally dumped untreated
into waterways (Marshall, 2005). Jakarta has a network of ca-
nals, originally built to control flooding but these have been
partially filled with silt and garbage. This coupled with severe
subsidence due to groundwater water extraction (60 per cent
of residents are not connected to the water grid so rely on
wells), results in increasingly severe flooding. Flooding and
stagnant stormwater create conditions for mosquitoes and
the incidence of dengue fever and other water related diseases
such as diarrhoea and leptospirosis is increasing.

Sanitation sewage and treatment in big cities
Two study cases:

Jakarta

Tk

Sydney

C

1.2 million
cubic metres

1.3 million
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Daily generated sewage (]
§§ Portion of sewage that ' 1 e (el
reaches a treatment plant

Sources: this report.

Figure 8: Case study to compare two urban centres.



Attracting funds to develop and maintain water and wastewater
infrastructure requires a coherent governance structure and fi-
nancial and technical feasibility.

The cost of investing in centralized wastewater-treatment
systems can be high. Urban landscapes have large areas of
impervious surfaces that increase surface run-off and reduce
groundwater water recharge — utilities are often left to deal
with extremely large volumes of water, especially during wet
weather (Nyenje et al, 2010). In centralized systems, waste-
water transport and treatment facilities must be engineered
to cope with these irregular extreme flows. Investments for
“modern” water and sewer systems have been estimated to be
$30 billion per year, and by 2025 it may cost $75 billion per
year, excluding costs for operation and maintenance (Esrey
et al, 2001). Both the cost of building and maintaining these
systems and the reliance on a regular supply of water means
this may not be an appropriate economical or environmental
solution particularly for smaller or secondary urban centres

in developing countries. Instead urban planners are investi-
gating decentralized systems where the wastewater is treated
close to where it is generated. This may also be an appropriate
option for urban areas prone to natural hazards. These sys-
tems can be designed to use no water or very little water and
can be managed by households or communities. An example
is the closed loop “ecological” toilet that separates urine and
faeces so that they can be easily treated and then used safely
in agriculture.

The increase in population and urbanization increases the de-
mand for food. As discussed in the following section, urban
wastewater is vital for agriculture in many areas. However
while many urban centres in developing countries have house-
hold sewer connections, these often discharge, in combination
with storm water, into open drains that flow untreated into lo-
cal waterways. Local governments do not have the resources to
build collection and treatment facilities so that untreated water
is used in peri-urban agriculture.

Sanitation in urban slums

Slum dwellers frequently have to rely on unsewered commu-
nal public toilets or use open space. The lack of water, poor
maintenance, plus the user-pays system in place for many
communal toilets means that they are not widely used. A study
in the slums of Delhi found that the average low-income fam-
ily of five could spend 37 per cent of its income on communal
toilet facilities (Sheikh, 08). Finding a suitable place to go to
the toilet is especially problematic for women raising issues of
personal security, embarrassment and hygiene.

There are approximately 600 0oo residents living in the Kibera
slums on the outskirts of Nairobi. The term “flying toilet” orig-
inated in Kibera. The flying toilet is a polythene bag that people
used to dispose of faeces. These bags of waste are thrown
onto roofs and into drains and pose a serious health hazard,
especially during the wet season, when contaminated run-off
pollutes water sources.

Integrated solid waste and wastewater
management

It is not just wastewater that poses a major management chal-
lenge for the urban environment. Solid waste has been increas-
ing with population growth and urbanization (Kan, 2009).
Waste management planners must consider both solid waste
and wastewater in order to appropriately allocate resources
and successfully achieve MDGs. Solid Waste Management in
the World Cities, is the third edition in UN-HABITAT’s State of
Water and Sanitation in the World Cities series published in
March 2010. The report presents the state and trends for solid
waste management, acknowledging the escalating challenges
in solid waste management across the globe. The publication
endeavours to help decision-makers, practitioners and ordinary
citizens to understand how a solid waste management system
works and to incite people everywhere to make their own deci-
sions on the next steps in developing a solution appropriate to
their own city’s particular circumstances and needs.
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Unregulated discharge of septic tanks to the coast, Lavender Hill, Accra, Ghana approximately two
kilometres upstream from major tourist hotels

The city of Accra has sewer connections for only about seven per cent of its households, and the vast majority of those not living in slums
have septic tanks. At peak hours there is a tanker car emptying every three minutes at this site, which is adjacent to homes and fishing
grounds (Source and Photographs Robert Bos, World Health Organization, Geneva, 2006)
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Wastewater, Health and Human well being
Investing in water supply and sanitation

©
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Figure 9: Investment to improve basic access to a safe water source and sanitation (WHO scenario A) can have a significant return with the
largest impact on health in particular averting diarrhoea cases and time saved (increasing productivity). Urbanized areas provide a large
proportion of GDP, therefore the future development of developing countries is dependent on the productivity of growing urban areas.
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WASTEWATER, FOOD SECURITY AND

PRODUCTION

Agriculture is the single largest user of water. This sector uses an estimated 70 per cent of
total global fresh water (Appelgren, 2004; Pimentel and Pimentel, 2008), returning the ma-
jority of this water back to the system. Where agriculture takes place in upper catchments, it
may be the first cause of contamination in the water basin. However, agriculture also takes
place downstream, where the water may already be polluted by other human activities that
result in domestic and industrial waste. Hence there is a complex relationship between water
quality, agriculture and food quality, which is in turn linked to human and ecological health.

Impact of food production practices on water quality
Deterioration of water quality caused by agricultural practices
can be addressed by optimizing water use, irrigation practices,
crop selection and reducing evaporation, as well as cutting the
application of nitrogen and phosphorus fertilizer, and pesticides.
It is also necessary to consider the opportunities and threats
posed by the reuse of wastewater in achieving these goals.

Irrigation has enabled crop yield to increase by up to 400 per-
cent (FAO, 1990) and is one of the practices that has enabled
production to keep up with the increased food demands of a
growing population, increasing yield by 2.5 times (Kindall and
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Pimentel, 1994). The daily drinking water requirement per
person is 2—4 litres, but it takes 2 ocoo to 5 ooo litres of wa-
ter to produce one person’s daily food (FAO, 2007). Water re-
quirements to produce different food stuffs vary hugely (Fig-
ure 10). Increased livestock production and associated meat
processing consumes large quantities of water and produces
significant amounts of contaminated wastewater. Hence, re-
ducing meat production will also affect water availability in
many regions.

Water originating from the snow and ice in the Kush Hima-
layas and Tibetan Plateau currently sustains over 55 percent
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Figure 10: The volume of water required to produce different
food products varies enourmously, as do the waste products.

of Asia’s cereal production or approximately 25 percent of the
world food production (Klatzel et al, 2009; UNEP, 2009). In-
vestment in increased irrigation efficiency will not only have
very substantial effects on overall water consumption and first-
phase wastewater production, it will also significantly reduce
food prices, increasing food production potential, and hence
agricultural development and rural poverty reduction.

The wastewater produced from rural agriculture and livestock
production, as well as inland urban areas, represents the first
phase in wastewater production and pollution and constitutes
a considerable challenge for downstream users. It is character-
ized by organic and inorganic contaminants; originating from
dissolved contents of fertilizers, chemical runoff (such as pesti-
cides), human waste, livestock manure and nutrients.

Agricultural practices, primarily the cultivation of nitrogen fix-
ing crops and the manufacture of fertilizer convert about 120
million tonnes of nitrogen from the atmosphere per year into
reactive nitrogen containing compounds (Rockstrém et al,
2009a). Up to two-thirds of this nitrogen makes its way into in-
land waterways and the coastal zone. This anthropogenic addi-
tion of nitrogen exceeds all natural inputs to the nitrogen cycle.
The phosphorus story is similar — we mine approximately 20
million tonnes of phosphorus a year to be used mainly as fertil-
izer, but almost half of this finds its way back into the ocean
(Rockstrom et al, 2009a). This is estimated to be approximately
eight times the natural input. Together, the excess nitrogen and
phosphorus drive algal booms, including toxic red tides and
devastating hypoxic events that impact fish stocks or human
health. (Tilman, 1998; Rockstrém et al, 2009b).

Impacts of water quality on food quality and health

Wastewater has long been used as a resource in agriculture.
The use of contaminated water in agriculture, which may be
intentional or accidental, can be managed through the imple-
mentation of various barriers which reduce the risk to both
crop viability and human health. Today an estimated 20 million
hectares (seven per cent) of land is irrigated using wastewater
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Converting water into red meat
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Figure 11: Production of red meat has a significant demand on water with impacts on quality.

worldwide (WHO-FAO, 2000), particularly in arid and semi-
arid regions and urban areas where unpolluted water is a scarce
resource and the water and nutrient values of wastewater repre-
sent important, drought-resistant resources for farmers. How-
ever, untreated wastewater may contain a range of pathogens
including bacteria, parasites, viruses, toxic chemicals such as
heavy metals and organic chemicals from agriculture, industry
and domestic sources (Drechsel et al, 2010).

There are clear health advantages related to wastewater use
in agriculture, stemming directly from the provision of food
(mainly vegetables) to urban populations. It is estimated that
10 per cent of the worlds population relies on food grown with
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contaminated wastewater (WHO-FAO, 2006). In Pakistan,
about 26 per cent of national vegetable production originates
from urban and peri-urban agriculture irrigated with wastewa-
ter (Ensink et al, 2004). In Hanoi peri-urban agriculture, using
diluted wastewater, provides 60—80 per cent of the perishable
food for local markets (Lai, 2002, Van den Berg et al, 2003).

Whilst providing affordable food, the use of wastewater for
food production without proper management can pose a seri-
ous risk. This risk can be to farmers and farm workers who
come into direct contact with wastewater affected through
faecal-oral transmission pathways or contact with disease vec-
tors in the water, such as schistosomiasis. Consumers and
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A look inside
Concentrations of micro-organisms excreted
in one litre of wastewater
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Figure 12a: Is reuse of wastewater a benefit or a threat for agri-
culture? Figure 12b looks at what one litre of wastewater might

contain in terms of pathogens.



marginalized communities living around agricultural and
aquaculture regions where untreated wastewater is used are
also exposed to risks. The impact on health varies depending
of location and type of contaminant, however bacteria and in-
testinal worm infestations have been shown to pose the great-
est risk (Drechsel et al, 2010).

In addition farmers often lack knowledge of water quality, in-
cluding nutrient content, so they combine nutrient-rich irriga-
tion water with chemical fertilizers. This makes agriculture a
source of pollution rather than a step in environmental sanita-
tion (Evers et al, 2008).

Whilst some countries have national guidelines for the accept-
able use of wastewater for irrigation, many do not. The Guide-
lines on the Safe Use of Wastewater, Excreta and Greywater in
Agriculture and Aquaculture (WHO/FAO, 2006a) provide a
comprehensive framework for risk assessment and manage-
ment that can be applied at different levels and in a range of
socio-economic circumstances. The main characteristics of the
approach proposed by the guidelines are:

- the establishment of health-based targets, which allow local
authorities to set risk levels that can be handled under the
local socio-economic conditions and with the capacities avail-
able in a country;

« the application of quantitative microbial risk assessment (for
pathogenic viruses and bacteria) as a cost-effective way of as-
sessing health risks;

« the identification of all risk points along the chain of events
from the origin of the wastewater to the consumption of the
produce (e.g. the farm-to-fork approach of the HAPPC meth-
o