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Are targeted modifications of our environment sound
actions for sustainable disease prevention? Do healthy
environments alleviate the burden weighing on our
health-care system in a cost-effective way? What
investments and recurrent expenditures are needed?
And what financing arrangements are effective?

Answers to these questions help to build the case
for integrating targeted environmental management
action into a country’s disease reduction and health-
promoting strategies.

This document summarizes the evidence and
information related to water and health in a broad sense
- encompassing drinking-water supply, sanitation,
hygiene, and the development and management of
water resources. It collects the ingredients that support
policy decisions, namely the disease burden at stake,
the effectiveness of interventions, their costs and
impacts, and implications for financing.

This summary is part of a larger effort to highlight
the role that healthy environments can play in
interrupting transmission pathways, preventing
disease and reducing the disease burden, at the global,
regional and country level. A more comprehensive
estimate addressing the total environment suggests
that about one quarter of the global disease burden
could be prevented by healthier environments (7). In
this context, WHO has also developed 192 country
profiles of environmental burden of disease to map out

opportunities for preventive action (2).

One tenth of the global disease burden is preventable by
achievable improvements in the way we manage water.
Cost-effective, resilient and sustainable solutions have
proven to alleviate that burden. Action is required to
ensure these are implemented and sustained world-

PREFACE

wide and especially to the benefit of the most-affected
population — children in developing countries.

Water-related improvements are crucial to meet
the Millennium Development Goals, reduce child
mortality, and improve health and nutritional status
in a sustainable way. In addition, they induce multiple
social and economic benefits, adding importantly to
enhanced well-being.

Dr Maria Neira

Director

Public Health and Environment
World Health Organization




Washing clothes,
Colombia




Health education, Bangladesh.

Ensuring poor people’s access to safe drinking-water
and adequate sanitation and encouraging personal,
domestic and community hygiene will improve
the quality of life of millions of individuals. Better
managing water resources to reduce the transmission
of vector-borne diseases (such as viral diseases
carried by mosquitoes) and to make water bodies
safe for recreational and other users can save many
lives and has extensive direct and indirect economic
benefits, from the micro-level of households to the
macro-perspective of national economies. The global
importance of water, sanitation and hygiene for
development, poverty reduction and health is reflected
in the United Nations Millennium Declaration, in
particular its eight Millennium Development Goals,
in the reports of the United Nations Commission on
Sustainable Development and at many international
fora.

Millennium Development Goal 7:

Ensure environmental sustainability
Target 10: Reduce by half the proportion of
people without sustainable access to safe
drinking water and basic sanitation

Indicator 30: Proportion of the Population
with Sustainable Access to an Improved Water
Source

Indicator 31: Proportion of the Population with
Access to Improved Sanitation

In 2002, the World Health Organization (WHO)
published the firstscientifically substantiated estimate of
the global burden of disease related to water, sanitation
and hygiene (3,4). This complemented WHO’s work, in
cooperation with the United Nations Children’s Fund
(UNICEF), in monitoring the status of and trends in
access to both improved drinking-water sources and
basic sanitation (5). Subsequently, WHO continued to

INTRODUCTION

develop this evidence base for policy and good practice.
This has included systematic work on developing an
understanding of the impact of interventions on disease
incidence and on estimating the costs and benefits of
those interventions. The tools being developed by
WHO as part of this work are suitable for application at

different levels, from local to national to global.

A clear understanding of the burden of disease and
the effectiveness of alternative approaches to reduce
this burden provides the basis for the development
of effective intervention strategies. Estimating the
costs and impacts of policy and technical options
provides an objective basis from which to inform
decision-making—especially important in an area
where many different sectors and actors are involved.
Understanding how interventions are financed enables
us to advocate for their benefits.

This document summarizes the most recent water-
related findings on global health impacts (2); presents
recent information on effective interventions (6);
summarizes information from economic evaluations
(7); and describes recent insights on financing (8).
The global health impacts presented are based on
both rigorous assessments (for diarrhoea, trachoma,
schistosomiasis and intestinal nematode infections)
and reviews of expert opinion (all other addressed
diseases). The scientific rigor of the estimates based on
expert opinion is not at the same level as that of the
estimates based on rigorous assessments; nevertheless,
the opinion-based estimates are the best ones currently
available.

WHO'’s mission in environmental health
WHO's mission in environmental health is to

improve health by identifying, preventing
and reducing environmental hazards and by
assessing and managing associated risks.

W



Weighing of young patient at the Infant
Clinic Simeon Contreras in Marcala,
Honduras. Intestinal infections due to
poor water, sanitation and hygiene may
result in poor absorption of nutrients.
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ESTIMATING THE DISEASE
BURDEN RELATED TO WATER,
SANITATION AND HYGIENE

An important share of the total burden of disease
worldwide—around 10%-—could be prevented by
improvements related to drinking-water, sanitation,
hygiene and water resource management. The
following are examples of global disease burdens that

are known to be preventable in this manner.

Diarrhoea
1.4 million preventable child deaths
per year

Diarrhoea is caused mainly by the ingestion of
pathogens, especially in unsafe drinking-water, in
contaminated food or from unclean hands. Inadequate
sanitation and insufficient hygiene promote the
transmission of these pathogens. Eighty-eight per
cent of cases of diarrhoea worldwide are attributable
to unsafe water, inadequate sanitation or insufficient
hygiene. These cases result in 1.5 million deaths each
year, most being the deaths of children. The category
“diarrhoea” includes some more severe diseases, such
as cholera, typhoid and dysentery—all of which have
related “faecal—oral” transmission pathways.

Malnutrition
860 000 preventable child deaths
per year

Childhood underweight causes about 35% of all deaths
of children under the age of five years worldwide. An
estimated 50%' of this underweight or malnutrition
is associated with repeated diarrhoea or intestinal
nematode infections as a result of unsafe water,
inadequate sanitation or insufficient hygiene. Such
underweight in children is directly responsible for
some 70 000 deaths per year. Underweight children are
also more vulnerable to almost all infectious diseases
and have a lower prognosis for full recovery. The
disease burden related to this indirect effect on deaths
from infectious diseases is an order of magnitude
higher than the disease burden related to the direct
effects of malnutrition. The total number of deaths
caused directly and indirectly by malnutrition induced
by unsafe water, inadequate sanitation and insufficient
hygiene is therefore 860 000 deaths per year in children
under five years of age.

! Based on literature survey/expert opinion (1)
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Intestinal nematode infections
2 billion infections—affecting one
third of the world’s population—that
could be prevented

Transmission of intestinal nematode infections, such as
ascariasis, trichuriasis and hookworm, occurs through
soil contaminated with faeces. It is entirely preventable
by adequate sanitation, and intervention outcomes
are reinforced by good hygiene. In our estimates, the
burden caused by intestinal nematode infections is,
therefore, entirely attributable to inadequate sanitation
facilities and related lack of hygiene.

Lymphatic filariasis
25 million seriously incapacitated
people

In Asia and the Americas, lymphatic filariasis is
transmitted by mosquito vectors breeding in water
polluted by organic material, and its distribution is
therefore linked to urban and periurban areas. In Africa,
where Anopheles mosquitoes are the main vector, its
distribution coincides in part with that of malaria and
may be linked to irrigation development. Lymphatic
filariasis also occurs in some of the Pacific island
states. Globally, 66%? of the disease is attributable to
unsafe water, inadequate
sanitation or insufficient

hygiene.

Patient with lymphatic
filariasis. Pondicherry,
India.

Vil

Trachoma
Visual impairments in 5 million people
that could have been prevented

Trachoma is a contagious eye disease that can result
in blindness. It is transmitted primarily as a result of
inadequate hygiene, and transmission can be reduced

2Based on literature survey/expert opinion (1)

I  Estimating the disease burden related to water, sanitation and hygiene I

by facial cleanliness, access to safe water, adequate
sanitation facilities and fly control. In practice, the
burden caused by blinding trachoma can be almost
fully attributed to unsafe water, inadequate sanitation
or insufficient hygiene.

Face hygiene prevents trachoma, a widespread cause of
blindness.

Schistosomiasis
200 million people with preventable
infections

Schistosomiasis is caused by contact with water bodies
contaminated with the excreta of infected people and is
therefore fully attributable to unsafe water, inadequate
sanitation or insufficient hygiene. Its distribution is
linked to the distribution of the aquatic snails that
are the intermediate hosts of the parasitic trematode
flatworms. Along with snail control, the provision of
safe water and sanitary facilities would limit infective
water contact and contamination of the environment

and greatly reduce the incidence of this disease.




Malaria
Half a million preventable deaths
annually

Water pond in Ethiopia where malaria-transmitting
mosquitoes grow.

The transmission of malaria varies widely over space
and time. In some places, where mosquito vectors
have specific ecological breeding requirements,
transmission of malaria can be interrupted by reducing
vector habitats—mainly by eliminating stagnant
water bodies, modifying the contours of reservoirs,
introducing drainage or improving the management
of irrigation schemes. Owing to the variations in
vector habitats, the fraction of malaria that could be
eliminated through managing the environment varies

across regions, with a global average of 42%.?

Drowning
280 000 preventable deaths annually

Drowning can be avoided by improving the safety of
water bodies or containers and their access, including
through information, education and regulations.

Improvements can be related to recreational
environments, transportation on waterways, drinking-
water storage, flood control, etc. It is estimated
that 72%?* of drownings could be avoided through
environmental and behavioural modifications and
regulations, equivalent to 280 000 deaths annually.
“Near drowning” is a significant public health concern

not reflected in these statistics.

3Based on literature survey/expert opinion (1)

Bathing, Saudi Arabia.

Other quantifiable diseases

Dengue, Japanese encephalitis and onchocerciasis,
also linked to water resource development and
management, together cause 31 000 deaths per year
worldwide. Dengue, whichisanacuteinfectious disease
caused by the dengue virus and transmitted by the bite
of infected mosquitoes, can be reduced by eliminating
small water collectors (including water containers,
tanks and drums) and solid waste (such as old tyres)
around the home and in the community. Japanese
encephalitis, a viral disease that is transmitted by
mosquitoes and in humans causes inflammation of the
membranes around the brain, can be reduced by better
irrigation, water management and eliminating access of
mosquito vectors to pigs. The impact of water resource
development and management on onchocerciasis—a
disease caused by a parasitic worm and transmitted
through the bites of infected blackflies—is more
complex, as one would need to interfere with the
natural environment, such as streams. The considered
water resource development and management options
are therefore limited to human-made hydraulic
infrastructures such as barrages (similar to dams),
upstream from the rapids where blackflies breed.
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DISEASES WITH THE LARGEST WATER, SANITATION AND HYGIENE CONTRIBUTION, YEAR 2002

0% 1%

Fraction of total global burden of disease in DALYs
2% 3% 4% 5%

Diarrhoeal diseases

Consequences of
malnutrition

Malaria

Drownings

Malnutrition (only
PEM)

Lymphatic filariasis

Intestinal nematode
infections

Trachoma

Schistosomiasis r

i

I Environmental fraction

Non-environmental fraction

DALY: disability-adjusted life year (which measures the years of life lost to premature mortality and the years lost
to disability); PEM: protein—energy malnutrition (which is malnutrition that develops in adults and children whose

consumption of protein and energy is insufficient to satisfy the body’s nutritional needs).

Water, sanitation, hygiene,
health and disease -
what do they add up to?

Globally, improving water, sanitation and hygiene has
the potential to prevent at least 9.1% of the disease
burden (in disability-adjusted life years or DALYs, a

weighted measure of deaths and disability), or 6.3%
of all deaths (Table 1). Children, particularly those in
developing countries, suffer a disproportionate share
of this burden, as the fraction of total deaths or DALYs
attributable to unsafe water, inadequate sanitation or
insufficient hygiene is more than 20% in children up

to 14 years of age.




DISEASES CONTRIBUTING TO THE WATER-, SANITATION- AND HYGIENE-RELATED DISEASE BURDEN®

Drownings 6%

N

Consequence of malnutrition 21%

Malnutrition (only PEM) 5%

/

Schistosomiasis 1%

Lymphatic filariasis 3%

PEM: protein—energy malnutrition
* In disability-adjusted life years, or DALYs.

Others 7%

Trachoma 2%

\

Diarrhoeal diseases 39%

Intestinal nematode : 0
infections 2% Malaria 14%

Nine per cent - areliable
overall estimate?

Several diseases related to water, sanitation and hygiene
could not be specifically addressed here because of a
lack of adequate evidence. This suggests that the 9.1%
ofthe disease burden that is attributable to unsafe water,
inadequate sanitation or insufficient hygiene may be
an underestimate. Diseases that are unquantifiable
include some that are likely to be significant at a
global scale. These include infectious diseases, such
as legionellosis, leptospirosis, conjunctivitis and
otitis, which are mostly respiratory infections related
to hygiene; injuries related to recreational water
use, such as from falls; and adverse effects due to
exposure to high concentrations of certain chemicals,
such as fluoride, arsenic, lead and nitrate. Similarly,
while unsafe injections are a significant contributor
to the transmission of hepatitis B and C viruses and
human immunodeficiency virus (HIV), the fraction of
hepatitis B, hepatitis C and acquired immunodeficiency
syndrome (AIDS) that could be prevented by safe
injection waste disposal (i.e. sanitation) is not clear. We

also have not included diseases for which the evidence
for causality is still under discussion: for example, the
beneficial role of water in adequate nutritional intake of
calcium (bone health) and magnesium (cardiovascular
health). In addition, the impacts of global climate
change are likely to create upwards pressure on water-
related disease through various mechanisms, including
extreme events, such as floods and droughts.

Bathing, Bangladesh. Recreational activities in polluted
water are a cause of gastrointestinal illness.
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DALY: disability-adjusted life year; PEM: protein—energy

malnutrition; WSH: water, sanitation and hygiene. Note

that numbers may not add up as a result of rounding.

* DALYs are a weighted measure of deaths and disability.

> Percentage of all deaths/DALYs attributable to WSH-
related risks.

¢ Data further validated by Comparative Risk Assessment
methods (4).

4 Comparative Quantification of Health Risks (4).

¢ Not a formal WHO estimate; data based on literature
review and expert survey (1, 9).

' Not attributable to one group alone.

Crowded beach and caravanning site, France.




Farmers in South Asia planting rice
seedlings in.their paddy fields, which are
often breeding places for the mosquito
vectors of Japanese encephalitis.




Water, sanitation and hygiene include:

* a medium that can serve to transmit pathogens and
toxic chemicals (drinking-water);

e services (drinking-water, sanitation, solid waste
management and irrigation water management) that
contribute to disease prevention and, conversely, the
lack of which increases the risk of several diseases;

e behaviours such as, for example, personal
and domestic hygiene and unsafe use of built
environments; and

* natural resources and ecosystems, the development
and management of which may increase or decrease
disease risks.

Water, sanitation and hygiene are also often referred to
as a sector or sectors. As such, they overlap with other
sectors, such as occupation, energy and nutrition. To
prevent that part of the global disease burden associated
with water, sanitation and hygiene, these other sectors
must be engaged to act, including both at policy level
and on their specific activities. These sectors manage
both determinants of health (e.g. operating dams)
as well as their direct actions (e.g. safe water and
sanitation in workplaces).

WHO'’s next steps in estimating the
disease burden

As a basis for informed decision-making,
several factors related to water, sanitation
and hygiene need to be further investigated.
Examples include:

¢ water hardness, lack of which has been

associated with cardiovascular disease;

e fluoride in drinking-water, high
concentrations of which are associated with
dental and skeletal impairments;

e arsenic content of drinking-water, which is
associated with various cancers;

WATER, SANITATION
AND HYGIENE - A COMPOSITE
RISK FACTOR

ATTRIBUTION OF DISEASE BURDEN

FROM WATER, SANITATION AND HYGIENE
TO AREAS/SECTORS*®

Drinking-water
and sanitation
62%

Related behaviour
and other
22%

Ecosystem

management

16% Occupation,
nutrition,

energy

2 The circle refers to water, sanitation and hygiene,
and the oval to other sectors. Fractions add up to
100%

e spinal injury, which is a risk related to
recreational water environments;

¢ legionellosis, which is associated with
poorly maintained artificial water
systems.

Some health impacts are small at a global
level but may reach high local or national
importance; assisting national-level analysis is
therefore an important next step.
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Water supply, Bangladesh.




To act effectively in preventing disease and promoting
health, it is important to know not only how much
disease is caused by factors related to water, sanitation
and hygiene, but also how effectively changes in their
management can improve health.

Drinking-water, sanitation
and hygiene

“Pooling” results of good quality studies from
different regions (meta-analysis) can provide useful
insights into the overall impact of interventions. In a
recent systematic review of the literature on diarrhoeal
disease (6), 2000 abstracts were screened, and then 50
studies were analysed; of these 50 studies, 38 were
used in the meta-analysis. The overall results of the
meta-analysis are summarized in Table 2.

TABLE 2: IMPACTS ON DIARRHOEAL DISEASE

REDUCTION BY INTERVENTION AREA

. Reduction in diarrhoea
Intervention area f
requency

Hygiene 37%
Sanitation 32%
Water supply 25%
Water quality 31%
Multiple 33%

Adapted from (6)

These results are generally in line with those of earlier
studies. However, the investigators detected a greater
impact of intervention in drinking-water quality than
had been detected in previous reviews. This likely
arises from assessment of the actual quality of water
consumed as opposed to the quality of the water at the
source, as was commonly done in earlier studies.

EFFECTIVE
INTERVENTIONS

Water, sanitation and hygiene interventions interact
with one another, and available evidence indicates that
the impact of each may vary widely according to local
circumstances. Prioritizing should therefore be based
on local conditions and evidence from implementation
rather than from pooled data, such as the average
impacts summarized in Table 2.

Sanitation reduces or prevents human faecal pollution
of the environment, thereby reducing or eliminating
transmission of diseases from that source (although
other sources, such as animal excreta, may remain
important). Effective sanitation isolates excreta and/
or inactivates the pathogens within faeces. High-tech
solutions are not necessarily the best: some simple
latrines can be very effective, while untreated sewage
distributes pathogens in the environment and can be
the source of disease. Interventions that work in rural
areas may be very different from those in urban areas.
There has been increasing recent interest in “total
sanitation”—i.e. achieving a level of overall sanitation
in a community that will significantly reduce disease.
The importance of sanitation extends to aspects of
privacy, dignity and school attendance.

Improved drinking-water concerns access and use of
water and its quality (safety).

Increasing access to water has incremental and multiple
beneficial impacts on health (70), (see Table 3).




I Effective interven tions

TABLE 3: SUMMARY OF REQUIREMENT FOR WATER SERVICE LEVEL TO PROMOTE HEALTH

Service level Access measure

Needs met

Level of health concern

More than 1000 m
or 30 minutes total
collection time

No access (quantity
collected often

below 5 1/c/d) source)

Consumption — cannot be ensured
Hygiene — not possible (unless practised at

Very high

Between 100 and
1000 m or 5 to 30
minutes total

Basic access
(average quantity
unlikely to exceed

Consumption — should be ensured
Hygiene — handwashing and basic food High
hygiene possible; laundry/ bathing difficult

through multiple

100 l/c/d and .
taps continuously

above)

20 1/c/d) collection time to ensure unless carried out at source
Intermediate Water delivered Consumption — ensured
access through one tap Hygiene — all basic personal and food Low
(average quantity on-plot (or within hygiene ensured; laundry and bathing
about 50 I/c/d) 100 m) or 5 minutes should also be ensured
total collection time
Optimal access .
(average quantity W] Consumption — all needs met Very low

Hygiene — all needs should be met

1/c/d: litres per person per day
Source: (10)

Improvements in drinking-water quality appear to
be of significant benefit to health when improvement
is secured close to the point of use—that is, in the
household. In recent years, increasing evidence has
become available that household water treatment and
safe storage are associated with significant health
gains where available water is contaminated (7/). The
benefits of protected sources on water quality and
health are limited unless safe transport and storage
can be ensured. In community managed and piped
water supplies, the value of focusing interventions on
safe management in addition to end product testing, as
described in the WHO Guidelines for Drinking-Water
Quality (12), is widely and increasingly recognized
and applied.

The impact and sustainability of hygiene improvement
interventions are less well studied than those of
interventions in the areas of sanitation and drinking-
water supply and quality, although improved hygiene
behaviours have been shown to have a significant
beneficial impact on the incidence of diarrhoeal and
other diseases. Changed behaviours may be elicited
more by factors such as perception of cleanliness and
peer approval than by health messages. Targeting

high-impact changes (such as hand washing with soap)
is considered good practice. Changes may be most
readily achieved when they are associated with other
factors, such as increased availability of water for
hygiene purposes or access to improved sanitation.

H

Wastewater treatment plant, Peru. Adequate treatment
of wastewater prevents recirculation of pathogens in the
environment.




Vector-borne diseases

Interventions to reduce vector-borne diseases will
depend heavily on local conditions. The main
management opportunities can be summarized as

follows (for additional information, see reference 9):

* Modification of the environment: Permanent
changes to land, water or vegetation to reduce
vector habitats, often through infrastructure.
Examples include drainage, levelling land,
contouring reservoirs, modifying river boundaries
and redesigning hydraulic structures.

* Manipulation of the environment: Creation of
temporary, unfavourable conditions for vector
propagation, which often needs to be repeated.
Examples include removal of aquatic plants from
water bodies where mosquito larvae may find
shelter, alternate wetting and drying of irrigated
paddy fields, synchronization of paddy fields,
periodic flushing of natural and human-made
waterways and the introduction of predators, such
as larvivorous fish.

*  Modification or manipulation of human habitation
or behaviour: Reduction of contact between humans
and vectors. Examples include the screening of
doors and windows, the use of non-treated mosquito
nets (the use of insecticide-treated mosquito nets is
not considered an environmental intervention, but it
is certainly a very beneficial intervention) and peri-
domestic management to remove standing water.

A recent systematic review of the literature on reducing
the burden of malaria with environmental management
concluded that the risk ratio of malaria reduced by
environmental modification and modification of human
habitation (based on 16 and 8 studies, respectively) was
reduced by 88.0%, (95% confidence interval [CI] 81.7—
92.1) and 79.5%, (95% CI 67.4-87.2) respectively (13).
These results show that malaria control programmes
that emphasize environmental management are highly
effective in reducing morbidity and mortality and can
lead to sustainable malaria control approaches.

WHO is currently developing a database on effective
interventions and has been publishing extensive
guidelines on “good practice” in effective interventions
(see http:/www.who.int/water_sanitation_health/en/
index.html).

Next steps in building the evidence on
effective interventions

Guide for estimating national disease
burden

Understanding the preventable burden of
disease associated with risk factors such as
inadequate water sanitation and hygiene
provides a basis for evidence-based decision-
making. Global estimates such as those
summarized herewill needtobe complemented
with national- and even local/project-level
data to inform local decision-making. WHO
has developed a guide to assist in estimating
the national burden of water-, sanitation- and
hygiene-related disease (http://www.who.int/
quantifying_ehimpacts/national/en/).

Online database of evidence

As a tool to support both researchers
and practitioners, WHO is developing an
online database of studies that have set
out to investigate the association between
environmental factors and human health. The
database will be an important resource for
those undertaking studies on assessing burden
of disease.
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Decision-making in environment and health in
general, and in water, sanitation and hygiene in
particular, involves the participation of many actors
and different sectors. Competing demands from in situ
(non-extractive) and extractive uses of water must be
reconciled; industry, agriculture, domestic use and the
environment itself all make legitimate demands. Even
in a single area such as access to safe drinking-water,
many players will interact—national and international
financing institutions, the service providers, consumer
representatives, water resource and land management
entities and the health sector. Cost—benefit analysis
provides objective information that can support
improved policy-making and decision-taking, and
assist dialogue and discussion. Such analysis may
include simple but important facts such as the cost
savings to poor households and to the health sector
arising from improving services.

Since 2000, WHO has been putting its efforts behind
developing and applying approaches to cost—benefit
analysis on issues of water, sanitation, hygiene and
health. Findings from an initial study reported at the
twelfth session of the United Nations Commission on
Sustainable Development are summarized in Table
4 and the box. Since that time, the work has been
repeated at the regional level in Europe and Asia, and
from different perspectives at the global level, with
similar general findings (additional information can be
found at http://www.who.int/water_sanitation_health/
economic/en/).

COSTS AND BENEFITS
OF INTERVENTIONS

Investing in drinking-water and
sanitation

The estimated economic benefits of investing
in drinking-water and sanitation come in
several forms*:

e health-care savings of US$ 7 billion a year
for health agencies and US$ 340 million for
individuals;

e 320 million productive days gained each
year in the 15- to 59-year age group, an
extra 272 million school attendance days
a year, and an added 1.5 billion healthy
days for children under five years of age,
together representing productivity gains of
US$ 9.9 billion a year;

e time savings resulting from more convenient
drinking-water and sanitation services,
totalling 20 billion working days a year,
giving a productivity payback of some
US$ 63 billion a year; and

e values of deaths averted, based on
discounted future earnings, amounting to
US$ 3.6 billion a year.

The WHO study from which these figures are
taken shows a total payback of US$ 84 billion
a year from the US$ 11.3 billion per year
investment needed to meet the drinking-
water and sanitation target of the Millennium
Development Goals.

*Source: Estimates at the global level (7).
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I Costs and benefits of interventions |

TABLE 4: BENEFIT-COST RATIO® BY INTERVENTION IN DEVELOPING REGIONS AND EURASIA

Intervention Annual benefits Benefit—cost ratio
in US$ millions by intervention
Halving the proportion of people without access to improved water
18 143 9

sources by 2015
Halving the proportion of people without access to improved water

: B 84 400 8
sources and improved sanitation by 2015
Universal access to improved water and sanitation services by 2015 262 879 10
Universal access to improved water and improved sanitation and water 344 106 12
disinfected at the point of use by 2015
Universal access to a regulated piped water supply and sewage connection 555 901 4
by 2015

:»

To calculate a benefit—cost ratio, the total benefits are divided by the total costs. Projects with a benefit—cost
ratio greater than 1 have greater benefits than costs. The higher the ratio, the greater the benefits relative to the
costs.

Source: (7)

Water and how it is managed also contribute to the
Next steps in economic evaluation of

production of ecosystem goods and services. Examples : .
interventions

include fish, fuel, timber, food crops and pasture. Table
5 provides estimates of the value of aquatic ecosystems,

Work is now focusing on the development
of methods appropriate for application at
the country level to assist in analysis of the

including flood control, groundwater recharge,
shoreline stabilization and shore protection, nutrition
cost effectiveness and benefit-cost ratios of
water, sanitation and hygiene interventions.
Outcomes of the work will be released as they
become available (on http:/www.who.int/
water_sanitation_health/economic).

cycling and retention, water purification, preservation
of biodiversity, and recreation and tourism.

TABLE 5: VALUE OF AQUATIC ECOSYSTEM
SERVICES

Ecosystem Total value Total global

¢ esy per hectare flow value (US$
yp (USS per year) billion per year)

Tidal marsh/ 6075 375

mangroves

Swamps/

floodplains DRl s

Lakes/rivers 19 580 3231

Source: (14)
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Poster of the Urban Water Supply Project, Bhutan.
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SAFER WATER,
BETTER HEALTH

TABLE 6: DISTRIBUTION OF TOTAL SPENDING IN
DEVELOPING COUNTRIES TO MEET TARGET 10
OF THE MILLENNIUM DEVELOPMENT GOALS*

Distribution of total spending

supply

covered coverage

covered coverage

Next steps in understanding financing of
effective water, sanitation and hygiene
interventions

Improving the analyses of cost components and
their likely sources of funding and applying them
usefully at regional and country levels require
improvements in certain data sources and will
be the focus of attention in coming years.
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S
£
)
+
g
©
3
o
£
=
]
5
v
£
]
§
=




Priiss-Ustiin A, Corvalin C (2006) Preventing
disease through healthy environments: Towards an
estimate of the environmental burden of disease.
Geneva, World Health Organization. http://www.
who.int/quantifying_ehimpacts/publications/
preventingdisease/en/index.html

World Health Organization (2007) Environmental
burden of disease: Country profiles. Geneva.
http://www.who.int/quantifying_ehimpacts/
countryprofiles/en/index.html

Priss A, Kay D, Fewtrell L, Bartram J (2002)
Estimating the burden of disease from water,
sanitation,andhygieneatagloballevel. Environmental
Health Perspectives, 110(5): 537-542. http://www.
chponline.org/members/ 2002/110p537-542pruss/
pruss-full.html

Priiss-Ustiin A, Kay D, Fewtrell L, Bartram J (2004)
Unsafe water, sanitation and hygiene. In: Ezzati M,
Lopez AD, Rodgers A, Murray CJL, eds. Global and
regional burdenofdisease attributableto selectedmajor
risk factors. Volume 1. Comparative quantification
of health risks. Geneva, World Health Organization.
http://www.who.int/publications/cra/en/

WHO, UNICEF (2006) Meeting the MDG drinking-
water and sanitation target. The urban and rural
challenge of the decade. Geneva, World Health
Organization. http:/www.who.int/water_sanitation_
health/monitoring/jmp2006/en/index.html

Fewtrell L, Kaufmann RB, Kay D, Enanoria W,
Haller L, Colford JM Jr (2005) Water, sanitation,
and hygiene interventions to reduce diarrhoea in less
developed countries: a systematic review and meta-
analysis. The Lancet Infectious Diseases, 5(1):42-52.

Hutton G, Haller L (2004) Evaluation of the costs
and benefits of water and sanitation improvements at
the global level. Geneva, World Health Organization.
http://www.who.int/water_sanitation_health/
wsh0404/en/

REFERENCES

10.

11.

12.

13.

14.

Hutton G, Bartram (2008) J. Global cost of attaining
the Millennium Development Goal for water
supply and sanitation. Bulletin of the World Health
Organization, 86(1):13-19.

Fewtrell L, Priiss-Ustin A, Bos R, Gore F,
Bartram J (2007) Water, sanitation and hygiene—
quantifying the health impacts at national and local
level in countries with incomplete water supply
and sanitation coverage. Geneva, World Health
Organization. Environmental Burden of Disease
Series No. 15. http:/www.who.int/quantifying
ehimpacts/publications/en/

Howard G, Bartram J (2003) Domestic water quantity,
servicelevel and health. Executive summary. Geneva,
World Health Organization. http:/www.who.int/
water_sanitation_health/diseases/wsh0302/en/

Clasen T, Roberts I, Rabien T, Schmidt W, Cairncross
S (2006) Interventions to improve water quality
for preventing diarrhoea. Cochrane Database
of Systematic Reviews, 3. http:/www.mrw.
interscience.wiley.com/cochrane/clsysrev/articles/

CDO004794/frame.html

WHO (2006) Guidelines for drinking-water quality.
Vol. 1, Recommendations. 3" ed. Geneva, World
Health Organization. http:/www.who.int/water
sanitation_health/dwq/guidelines/en/index.html

Keiser J, Singer BH, Utzinger J (2005) Reducing the
burden of malaria in different eco-epidemiological
with
systematic review. The Lancet Infectious Diseases,
5(11):695-708.

settings environmental management: a

SIWI, WHO (2005) Making water part of economic
development. The economic benefits of improved
water management and services. Stockholm,
Stockholm International Water Institute and World
Health Organization.




Waste water use in horticultural plots.
Pikine, Dakar, Senegal




ANNEX:

This annex contains a first estimate of country-by-
country data of disease burden attributable to unsafe
water, inadequate sanitation, insufficient hygiene and
inadequate management of water resources. Data are
based on a combination of results from the Comparative
Risk Assessment study, a review of the literature
and an expert survey (1,4) and country guidance for
estimating water, sanitation- and hygiene-related
burden of disease (9). Such preliminary estimates
can be used as an input to more refined estimates of a
country’s health impacts.

These estimates address the attributable burden of
disease—i.e. the reduction of disease burden that
could be achieved if the three main groups of risks
within the area of water, sanitation and hygiene were
reduced. It should be noted that, in principle, the
preventable disease burdens from various intervention
areas cannot necessarily be summed up, as there may
be interactions between exposures and outcomes or
joint effects. For the purpose of this estimate, to avoid
an overestimate, the outcomes with a direct water,
sanitation and hygiene component are excluded from
the estimation of the burden from malnutrition and
its consequences. Additional information on methods
used can be found in (9). It is possible that the estimates
of health impacts from this rather comprehensive
risk factor are likely to underestimate the burden, as
not all the diseases or risks could be quantified (see
last paragraph in the section “Estimating the disease
burden related to water, sanitation and hygiene”).

COUNTRY DATA ON WATER-, SANITATION-
AND HYGIENE-RELATED DISEASE BURDEN

Notes to annex table:

DALY: disability-adjusted life year; na: not available;

PEM: protein—energy malnutrition;

WSH: water, sanitation and hygiene.

Note that numbers may not add up as a result of

rounding.

a Data further wvalidated by Comparative Risk
Assessment methods (4).

b Comparative Quantification of Health Risks (4).

¢ Not a formal WHO estimate; data based on (1)
(literature review and expert survey) and (9).

d Not attributable to one disease group alone
approximate estimate based on limited evidence.

e DALYs are a weighted measure of deaths and
disability.
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I Annex: Country data on water-, sanitation- and hygiene-related disease burden I
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I Annex: Country data on water-, sanitation- and hygiene-related disease burden I
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I Annex: Country data on water-, sanitation- and hygiene-related disease burden I
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I Annex: Country data on water-, sanitation- and hygiene-related disease burden I
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I Annex: Country data on water-, sanitation- and hygiene-related disease burden I
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I Annex: Country data on water-, sanitation- and hygiene-related disease burden I
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I Annex: Country data on water-, sanitation- and hygiene-related disease burden I
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I Annex: Country data on water-, sanitation- and hygiene-related disease burden I
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I Annex: Country data on water-, sanitation- and hygiene-related disease burden I
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How much disease could be prevented through
increased access to safe water and adequate sanitation,
through improved water management and through
better hygiene? What do we know about effective
interventions, their costs and benefits in specific
settings, or about financing policies and mechanisms?
This report presents an overview of our current
knowledge on the health impacts by country and by
disease, of what has worked to reduce that burden, and
of the financial requirements.

Almost one tenth of the global disease burden, mainly

in the developing countries, could be prevented by
water, sanitation and hygiene interventions. Moreover,

978 92 4 159643 5

97789241 " 596435

effective and affordable interventions have been shown
to furtherreduce this burden significantly. The economic
return of investing in improved access to safe drinking-
water is almost 10-fold. Investing in water management
will have dual benefits for health and agriculture.

This overview provides arguments for fully integrating
water, sanitation and hygiene in countries’ disease
reduction strategies - a prerequisite to achieving the
Millennium Development Goals. It provides the basis for
action by the health sector and those sectors managing
critical water resources and services. Resulting benefits
will include poverty alleviation, improved quality of
life and reduction of costs to the health-care system.
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