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Introduction to the Importance of Sanitation

Summary
Globally, 946 million people still open defecate (9 out of
10 live in rural areas), 2.4 billion people lack access to
basic sanitation (7 out of 10 in rural areas), 663 million lack
access to basic water sources, and diarrhea is the second
leading cause of death in children under five much of which
is preventable by clean water and sanitation (WHO/UNICEF
JMP, 2015; WHO, 2017). Sanitation is one of the most
important aspects of community well-being because it
protects human health, extends life spans, and is
documented to provide benefits to the economy. Sanitation
(e.g. toilets, latrines, mechanized wastewater treatment) is
currently deployed as a way to contain and/or treat human
excreta (and in some cases grey water) to protect human
health and the environment including water bodies that are
sources for drinking water. Therefore the 2015 United
Nation’s (UN) Sustainable Development Goal (SDG) 6 for
2030 aims to achieve equitable access to safely managed
water and adequate sanitation for all and end open
defecation. Achieving universal and equitable sanitation for
all will require access to information and data on pathogens
and sanitation technologies and a network of community
members, professionals, and experts who reside all over the
world like the Global Water Pathogens Project. Accordingly,
this chapter provides important context and an introduction
to the importance of sanitation and includes sections on:
Global Sanitation – Statistics and International
Goals
The Relationship between Sanitation and Disease
Quantifying Health Impacts of Disease: HALYs
(Heath Adjusted Life Years), Quality Adjusted Life
Years (QALYS) and Disability Adjusted Life Years
(DALYS)
The Economic Value of Sanitation
Appropriate and Low-Cost Sanitation
Potential of Resource Recovery and Reuse that is
Linked to Safe Sanitation

1.0 Overview
Sanitation is one of the most important aspects of
community well-being because it protects human health,
extends life spans, and is documented to provide benefits to
the economy. Sanitation (e.g. toilets, latrines, mechanized
wastewater treatment) is currently deployed as a way to
contain and/or treat human excreta (and in some cases grey
water) to protect human health and the environment.
“Improved” (now referred to as “basic” since 2015) access
to sanitation is defined by the Joint Monitoring Programme
(JMP) as one that separates “human excreta from human
contact” in a hygienic manner (e.g. flush toilet, ventilated
improved pit latrine (VIP), piped sewer systems,
composting toilets, and septic systems) (WHO/UNICEF
JMP, 2017). Examples of unimproved sanitation are: pit
latrines without a slab and bucket or hanging latrines.
Basic sanitation facilities are defined as being used by only
one household and may empty on-site or are connected to a
sewer system that may or may not be followed by
treatment. Many sanitation facilities are however shared in

both urban and rural settings. The JMP reports the level of
sharing can vary considerably and has considered setting a
upper threshold of five households that could share an
improved facility and still be considered covered by basic
sanitation. However, there is no consensus if sharing a
basic sanitation facility results in improved or lessened
health.
One key goal of sanitation is to safely reduce human
exposure to pathogens. Pathogens are excreted by infected
individuals and if not properly contained or treated, may
present a risk to humans who come in contact with them.
These individuals can also be exposed to pathogens through
drinking water or eating food contaminated with pathogens
found in human excreta. Similarly, the JMP has specified
that safely managed drinking water must be free from fecal
contamination (WHO, 2017).
The Global Water Pathogen Project (GWPP) was
launched because of the need to update the highly
referenced and valuable reference book “Sanitation and
Disease: Health Aspects of Excreta and Wastewater
Management“(Feachem et al., 1983). A similar valuable
companion book is “Appropriate Technology for Water
Supply and Sanitation: Health Aspects of Excreta and
Sullage Management – A State-of-the-Art Review”
(Feachem et al., 1981). Two key features of Feachem et al.
(1981, 1983) are that they provide detailed information on
disease causing pathogens associated with human excreta
and also the performance of specific sanitation technologies
and management strategies in inactivating pathogens.
These books have been widely used by educators,
researchers, and practitioners for over 35 years. The
preface of Feachem et al. (1983) cited a 1975 statistic from
the World Health Organization (WHO) that: “…75% of
urban dwellers did not have sewerage….and 25% had no
disposal system of any kind. In rural areas, 85% lacked any
adequate excreta disposal facility.” Feachem et al. (1983)
called for “major national and international initiatives” if
any “substantial improvement in sanitation systems in the
developing world is to be made in the next few decades”
(Feachem et al., 1983). Several decades later there have
been many national and global initiatives to reduce the
number of people in the world without access to basic
sanitation. Unfortunately, 2.4 billion people still lack access
to adequate sanitation including 50% of people in rural
areas (WHO/UNICEF JMP, 2015). Because of these
disparities, diarrheal disease is still a major cause of death
in children under five and also for Disability Adjusted Life
Years (DALYs) in the developing world (WHO, 2016). In
fact, the overall disease burden associated with lack of
sanitation in low and middle income countries in 2012 was
estimated to be 280,000 diarrhea deaths per year
(compared to estimates of 502,000 diarrhea deaths due to
inadequate drinking water and 297,000 diarrhea deaths
from lack of hand hygiene) (Prüss-Üstün et al., 2014).
Population growth, aging infrastructure, and water
scarcity that are all exacerbated by climate change in some
locations, present challenges to achieve the United Nation’s
Sustainable Development Goal (SDG) 6 (Targets 6.1 and
6.2) to provide access to safe water and sanitation for all by
2030. Even if access to “basic” water and sanitation is
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achieved for all by 2030 (see Figure 1), SDG 6 will not be
achieved as this must include safely managed drinking
water and wastewater treatment (e.g., Target 6.3) (WHO,
2017). For example, currently only a small percentage of
wastewater that is collected is then sent to a well-designed
and managed treatment plant. The rest may be only
partially treated or directly discharged into the
environment without any treatment. In fact, some 85-95%
of collected wastewater is now discharged to the
environment without treatment in developing countries,
contaminating many waterways that impacts human health
and the environment (WWDR, 2017). This is a reason why
Target 6.3 for SDG 6 includes language to halve the
proportion of untreated wastewater. Reducing discharge of
untreated wastewater to the environment is also
economically important because of the large number of
people in the world who depend on water quality for their
livelihood and well-being (e.g. fishers and farmers).
Importantly, as discussed in a later section, provision of
basic sanitation by 2030 should be integrated with
innovative sanitation solutions that incorporate safe and fitfor-purpose recovery of valuable resources (e.g. water,
energy, nutrients, and chemicals) but still prevents

exposure to pathogens over the complete sanitation chain.
Provision of basic sanitation may also protect people from
adverse health effects associated with outcomes of climate
change such as increases in temperature and rainfall
intensity (Levy et al., 2016; Mellor et al., 2016).
Achieving universal and equitable sanitation for all will
require access to information and data on pathogens and
sanitation technologies and a network of community
members, professionals, and experts who reside all over the
world. Accordingly, this chapter provides an introduction to
the importance of sanitation and includes sections on:
Global Sanitation – Statistics and International
Goals
The Relationship between Sanitation and Disease
Quantifying Health Impacts of Disease: HALYs
(Heath Adjusted Life Years), Quality Adjusted Life
Years (QALYS) and Disability Adjusted Life Years
(DALYS)
The Economic Value of Sanitation
Appropriate and Low-Cost Sanitation
Potential of Resource Recovery and Reuse that is
Linked to Safe Sanitation

Figure 1. Percentage of rural and urban populations with access to improved/basic water1 or sanitation2 between
1990-2015 compared to the United Nation’s (UN) Sustainable Development Goals (SDGs) sanitation ladder (on right side)
(WHO/UNICEF JMP, 2017) in relation to other international initiatives such as the UN’s Millennium Development Goals
(MDGs) and ‘Water for Life’ Decade and the Global Water Pathogen’s Project (GWPP) (figure generated with data from
the WHO/UNICEF JMP (2015)).

1

“Improved”, now “basic”, access to water is defined by
the Joint Monitoring Programme (JMP) as a source that is

protected from external contamination, notably human
excreta (e.g. piped water at household or to public tap, a
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borehole, a protected spring, and rainwater collection
systems). Examples of unimproved sources are: tank truck,
or bottled water and unprotected wells and springs.
2

“Improved”, now “basic”, access to sanitation is
defined by the JMP as one that separates “human excreta
from human contact” in a hygienic manner that are not
shared with other households (e.g. flush toilet, ventilated
improved pit latrine (VIP), piped sewer systems,
composting toilets, and septic systems). Examples of
unimproved sanitation are: pit latrines without a slab,
bucket or hanging latrines.
3

“Safely managed” access to sanitation are basic
facilities that dispose and/or treat human excreta on or off
site safely. The “safely managed” sanitation category was
added to the previous MDG ladder to ensure that collected
wastewater was treated prior to discharge or reuse.

2.0 Global Sanitation – Statistics and
International Goals
In the past few decades, great progress has been made
in achieving the United Nation’s Millennium Development
Goal (MDG) to provide access to sanitation where 2.1
billion have gained access to improved/basic sanitation
from 1990 levels (WHO/UNICEF JMP, 2015). Yet, globally,
946 million people still open defecate (9 out of 10 live in
rural areas), 2.4 billion people lack access to basic
sanitation (7 out of 10 in rural areas), 663 million lack
access to basic water sources, and diarrhea is the second
leading cause of death in children under five much of which
is preventable by clean water and sanitation (WHO/UNICEF
JMP, 2015; WHO, 2017). Therefore the 2015 United

Nation’s (UN) Sustainable Development Goal (SDG) 6 for
2030 aims to achieve equitable access to safely managed
water and adequate sanitation for all and end open
defecation. Nevertheless, SDG 6 has not been the first time
that the world has aimed to achieve access to water and
sanitation for everyone. For example, the International
Decade for Clean Drinking Water (1981-1990) made and
fell short of this target (GRDC, 2017). Later, the
international community aimed through the MDG 7 for
Environmental Sustainability in 2000 to halve those that did
not have access to improved (now basic) water sources and
sanitation in 1990 by 2015 (MDG Target 7c) (United
Nations, 2015).
During the MDG period, there were a number of other
important international initiatives and declarations. The UN
declared 2005-2015 the International Decade for ‘Water for
Life’ to promote international commitments to water and
sanitation (Water for Life, 2015). Also, the international
year of sanitation was declared in 2008 to raise awareness
and accelerate progress towards MDG Target 7c (IYS,
2007). Notably in 2010, access to water and sanitation was
officially recognized as a human right by the UN General
Assembly in Resolution 64/292 (United Nations, 2010). In
2013, the Deputy Secretary General of the UN launched a
call to action to end open defecation by 2025
(WHO/UNICEF JMP, 2015). Overall, in 2015, MDG Target
7c was achieved for access to improved/basic water
sources. Unfortunately, even with the successes mentioned
previously, the world fell short of halving those without
access to improved/basic sanitation by 700 million people
particularly in Asia and sub-Saharan Africa (WHO/UNICEF
JMP, 2015).

Figure 2. United Nation’s Sustainable Development Goal (SDG) sanitation ladder (2015-2030) that adds “safely
2
1
managed” and “shared” categories, and changes “improved” to “basic” from the previous Millennium Development Goal
(MDG) sanitation ladder (2000-2015) (WHO/UNICEF JMP, 2015, 2017).

1

“Improved”, now “basic”, access to sanitation is
defined by the JMP as one that separates “human excreta

from human contact” in a hygienic manner that are not
shared with other households (e.g. flush toilet, ventilated
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improved pit latrine (VIP), piped sewer systems,
composting toilets, and septic systems). Examples of
unimproved sanitation are: pit latrines without a slab,
bucket or hanging latrines.
2

“Safely managed” access to sanitation are basic
facilities that dispose and/or treat human excreta on or off
site safely.
With the adoption of the SDGs in 2015, SDG 6 aims to
achieve universal and equitable access (e.g. rural and
urban, and men and women) to sanitation by 2030 and also
halve the amount of collected wastewater that goes
untreated which is an estimated 80% worldwide (WWDR,
2017). Thus, a “safely managed” sanitation category has
been added to the previous MDG ladder (see Figure 2).

Furthermore, universal access not only applies to the
household level but also to health centers, schools, and
workplaces (WHO/UNICEF JMP, 2017).
There are 17 SDGs and SDG 6 is integral to achieve the
others (Zhang et al., 2016) particularly human health (SDG
3) and economic growth and employment (SDG 8) that will
be discussed later in the “Sanitation and Disease” and the
“Economic Value of Sanitation” sections of this chapter.
Figure 3 provides a systems diagram that shows this
interconnectedness of SDG 6 related to sanitation with the
other sixteen SDGs (Zhang et al., 2016). The relation
between SDG 6 and women’s equality and empowerment
(SDG 5) is also further discussed in the GWPP introductory
chapter on Gender and Sanitation Issues.

Figure 3. Conceptual systems model of the Sustainable Development Goals and their interconnections (reprinted with
permission from “More than Target 6.3: A Systems Approach to Rethinking Sustainable Development Goals in a
Resource-Scare World” (Zhang et al., 2016) under the terms of the Creative Commons Attribution License).

A large challenge to achieving the SDGs is whether
universal and equitable water and sanitation for all is
achievable by 2030. This is because the international
community has fallen short of these targets before and
noted challenges from climate change and rising
population, particularly in urban areas. According to UN
DESA (2011), the world population is expected to increase
from 7 billion in 2011 to 9.4 billion in 2050. This population
increase includes a doubling of urban populations from 3.6
billion to 6.3 billion for the same period and a quadrupling
of the African population. Natural disasters are projected to

increase in frequency and intensity as a result of climate
change of which 90% are water-related (UNESCAP, 2015).
Based on Figure 1, the rates to achieve access to basic
water sources are on track but rates to achieve basic
sanitation in rural and urban areas will require a significant
acceleration and investment by local and global
communities (as shown by the steep increase required after
year 2015). Breaking down the percentages from Figure 1
according to region and income category (shown in Figure
4) show some of the challenging areas to meet global
sanitation targets, particularly for the Least Developed
Countries (LDCs) and sub-Saharan Africa and Asia.
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Figure 4. Percentage of different income and regional populations with access to improved/basic water1 (right) and
2
sanitation (left) between 1990-2015 and the 2030 target of 100% access for the United Nation’s (UN) Sustainable
Development Goals (SDGs) (figure generated with data from the WHO/UNICEF JMP (2015)).

1

“Improved”, now “basic”, access to water is defined by
the Joint Monitoring Programme (JMP) as a source that is
protected from external contamination, notably human
excreta (e.g. piped water at household or to public tap, a
borehole, a protected spring, and rainwater collection
systems). Examples of unimproved sources are: tank truck,
or bottled water and unprotected wells and springs.
2

“Improved”, now “basic”, access to sanitation is
defined by the JMP as one that separates “human excreta
from human contact” in a hygienic manner that are not
shared with other households (e.g. flush toilet, ventilated
improved pit latrine (VIP), piped sewer systems,
composting toilets, and septic systems). Examples of
unimproved sanitation are: pit latrines without a slab,
bucket or hanging latrines.
Furthermore, pathogen pollution is documented to
contaminate one third of the rivers in Africa, Asia and Latin
America (UNEP, 2016). That is why SDG 6.3 aims to halve
the proportion of collected wastewater that goes untreated.
However, this will require a large amount of capital for
design, construction, and operation of treatment and/or

resource recovery technologies and systems particularly in
urban areas and informal settlements. Additionally, there is
a serious lack of data on what the current baseline is even
to achieve SDG 6.3. For example, Sato et al. (2013)
reported that only 55 of 181 countries had sufficient data
even on the volume of wastewater generated and type of
treatment used. Moreover, much of the investment in water
and sanitation has only been made in physical
infrastructure but not as much in maintenance and human
resources (UN-Water, 2015). In fact, out of 67 countries,
less than 20% reported to the Global Assessment of
Sanitation and Drinking-Water (GLAAS) that they had
sufficient skilled labor and technicians to support provision
of rural sanitation (WHO, 2014). Therefore, while access to
basic sanitation may be achieved by 2030, there will be
much work left after the SDGs to ensure Target 6.3 is met
in regards to increasing the percentage of wastewater that
is treated or safely reused.

3.0 The Relationship between Sanitation and
Disease
The importance of sanitation to community well-being
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has been known for thousands of years. For example, there
is archaeological evidence of latrines, cesspits, and/or
drainage channels discovered from the Mesopotamian
Empire (currently Iraq), Scotland (3200 B.C.), ancient
Greece (3000 B.C.), China (2500 B.C.), and Egypt (2100
B.C.) (Bond et al., 2013). However, the relationship
between sanitation and disease did not receive worldwide
adoption and promotion until the 1800s with the Sanitary
“Awakening”/ “Revolution”. Although many cities had used
toilets and sewer systems, they were much like those in
many parts of the world today where the wastewater goes
untreated. This in turn can spread disease and lead to
environmental degradation. Evidence of harmful parasites
and pathogens like whipworm (Trichuris trichiura),
roundworm (Ascaris lumbricoies) and dysentery
(Entamoeba histolytic) have also been discovered in ancient
toilets and other waste disposal sites (Mitchell, 2017).
A notable turning point for understanding the
connection between sanitation and disease was the 1854
cholera epidemic in London. At that time, Dr. John Snow
and Henry Whitehead discovered through mapping how
cholera was spread in contaminated water because those
falling ill used a specific pump for their drinking water
(Johnson, 2006). Much of the water supply in London at the
time was contaminated by human feces. In the later 1800s,
Edwin Chadwick promoted sewage disposal and running
water in homes in the United Kingdom (U.K.) (Ferriman,

2007) which was the time that the “Great Sanitary
Awakening” began in the U.S. and U.K (Mihelcic et al.,
2017). The sanitary revolution/awakening was in fact
selected as the top medical advance since 1840 by over
11,300 readers of the British Medical Journal (Ferriman,
2007). This period was also the origin of the discipline of
sanitary engineering (also referred to as environmental
engineering and environmental health engineering)
(Mihelcic et al., 2017). Nevertheless, many of the sewer
systems constructed during the Great Sanitary Awakening
did not provide treatment of the wastewater or address
rural sanitation issues. This resulted in the continued
spread of disease and environmental pollution.
Another major milestone related to the connection
between sanitation and disease occurred in 1958, when
engineers Edmund Wagner and J.N. Lanoix published a
monograph for the World Health Organization entitled
“Excreta Disposal for Rural Areas and Small Communities”
that included the widely-known F-diagram (see an
adaptation in Figure 5). The F-diagram clearly depicts how
a new host (the mouth) may be infected by fecal matter
(and thus associated pathogens) through different routes of
exposure that engage fingers, flies, food, fields, and fluids.
The F-diagram depicted in Figure 5 also shows the
relationship between sanitation and disease where
sanitation technologies such as latrines can act as barriers
against several different routes of pathogen exposure.

Figure 5. The "F-Diagram" of Fecal-oral transmission from contaminated fluids (water), fields, flies, food, and fingers
(Reproduced from Mihelcic et al. (2009) with permission from ASCE; artwork by Linda Phillips.). Transmission routes can
be blocked from basic sanitation infrastructures (e.g., VIP and traditional latrines), safe water management, and hygiene
interventions such as washing hands.
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Recent systematic reviews found that most studies
determined a 30-40% reduction in diarrheal disease from
sanitation (Wolf et al., 2014) and lower likelihood of
infection with soil-transmitted helminths (Strunz et al.,
2014). Providing sanitation may also reduce malnutrition,
stunting and cognitive development (Guerrant et al., 2013)
but most studies have focused on impacts on diarrheal
disease for children under five. However, recent scientific
literature has drawn attention to the methodological
inadequacies of these studies and the challenges in
connecting sanitation interventions to health
improvements. Unlike, handwashing interventions, it is
more difficult and expensive to conduct large, randomized
control trials of sanitation interventions (Schmidt, 2014).
This is because of both the larger cost of sanitation
infrastructure compared to handwashing and longer project
timelines. One of the only and largest randomized
controlled trials for sanitation was conducted in rural India
where 50 villages received a latrine intervention and
construction project and 50 villages received no
intervention (Clasen et al., 2014). While latrine coverage
increased considerably in the intervention villages (9% to
63%) compared to the control villages (8% to 12%), there
was no statistically significant difference in diarrheal
disease prevalence, soil-transmitted helminth infection, or
child malnutrition. Clasen et al. (2014) proposed that there
were not clear health differences because over a third of
households in the intervention communities did not have a
latrine. Households without latrines may still contaminate
the surrounding environment and water sources that have
adverse health impacts on households in the same
community with latrines (Harris et al., 2017). Moreover,
presence of a latrine does not necessarily indicate use as
other household members may still open defecate
particularly children. Furthermore, improper design and
placement of sanitation without proper fecal sludge
management or wastewater treatment may contaminate the
local environment and decrease water quality (WWDR,
2017). For example, pit latrines, particularly those built
where there are shallow groundwater tables or near water
sources, may cause fecal and nitrate pollution in water
bodies and aquifers (Graham and Polizzotto, 2013). Overall,
decreased disease incidence will depend on a combination
of sanitation, hygiene, water, and waste management
improvements and effective behavior change.

4.0 Quantifying Health Impacts of Disease:
HALYs (Health-adjusted life years), QALYS
(Quality-adjusted life years), and DALYs
(Disability-adjusted life years)
Health measurement methods are necessary to quantify
health, disease, and disability among different population
groups (e.g., regions, income-level, gender, countries) to
prioritize interventions and determine their economic
value. There are two types of population health
measurements referred to as health-adjusted life years
(HALYs). HALYs combine death and morbidity impacts by
two methods: (1) quality-adjusted life years (QALY) and (2)
disability-adjusted life years (DALY) (see Table 1 for
definitions). Both QALYs and DALYs have their advantages,
biases, and limitations. DALYs have been primarily used

instead of QALYs by international organizations like the
World Health Organization (WHO), World Bank, and United
Nations to estimate the global burden of disease. However,
there is a need to improve and better integrate both QALYs
and DALYs to estimate and design health interventions
more equitably and ethically.

Table 1. Definitions of HALY (Health-adjusted life
years), QALY (Quality-adjusted life years), and DALY
(Disability-adjusted life years)
HALY (Health-adjusted life years)- summary of population health
measurements that combines death and morbidity impacts. Two types of
HALYs are the QALY and the DALY:
A health measure that incorporates quality of life and life
expectancy based on average samples of health ratings
from groups of people and/or professionals. One year in full
or perfect health is equal to one QALY. Health-related
quality of life (HRQL) is plotted on a scale of 0 (death) to 1
(full health) (see diagram below). The QALY was developed
primarily for cost-effective analysis (CEA) in the late 1960s
to determine the effectiveness of different medical
treatments, technologies, and interventions.
QALY (Qualityadjusted life years)

A burden of disease measure based on the number of years
lost from premature death, disease, or disability. The loss of
one healthy year of life due to death or illness is equal to
one DALY. DALYs were developed by the World Bank and
World Health Organization in 1993 to both quantify disease
and disability burdens globally and set intervention
priorities. Instead of a scale of health like QALYs, DALYs
are related to a degree of disability for a specific disease or
disability from none (0) to death (1) (see diagram below).

DALY (Disabilityadjusted life years)

Source: Gold et al., 2002
In general, it is easier to compare DALYs across the
world than QALYs. This is because DALYs are based on
specific diseases as opposed to QALYs that are based on
self-assessments of health that may vary by region and
culture (Gold et al., 2002). According to the WHO (2012a),
842,000 annual deaths (1.5% of global disease burden in
DALYs) from diarrhea were attributed to inadequate water,
sanitation, and health. Overall, WASH and water resource
management improvements could reduce 10% of DALYs as
inadequate WASH is also associated with malnutrition,
malaria, intestinal nematode infections, trachoma,
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schistosomiasis and other infectious diseases (WHO,
2012a).
In regards to QALYs, side effects from therapies or
interventions can be quantified. This is not possible with
DALYs. Additionally, it is more common to see economic
valuations of QALYs than DALYs. For example, insurance
companies may put a limit of $50,000 per QALY gain in the
U.S. and 30,000 pounds in the U.K. (Shillcutt et al., 2009).
However, those costs are outdated and when adjusted for
inflation should be more than twice those values. The value
of a QALY will also depend on the economic capability of
each country (Shillcutt et al., 2009). Concerning DALYs, the
World Bank specified a 150 USD per DALY averted as an
attractive investment for a project and 25 USD as highly
attractive in 1993.
For both QALYs and DALYS, there have been ethical
and equitable criticisms. Thus, there are needed
improvements for both measurements particularly to attain
the SDGs by 2030 that not only aim to improve the most
livelihoods but also aim for equality and support of women
and vulnerable populations. For example, many in the
health care industry and governments use HALYs to
calculate the most efficient health interventions to
maximize the best health of an entire population which may
disadvantage disabled, elderly, vulnerable, and low-income
populations (Gold et al., 2002). QALYs have been criticized
for placing preference on treatments for younger
populations. It is more difficult and expensive to obtain one
QALY for an older person than a younger person as the
health related quality of life index is generally lower for
elder populations (Gold et al., 2002; Pettitt et al., 2016).
Furthermore, the WHO placed age-weighting on DALYs and
has been criticized for favoring the health of adolescent and
middle-aged populations, or “productive” ages, over

children and the elderly (Gold et al., 2002). Both using
QALYs and DALYs to quantify health impacts make it
difficult to justify health prioritization of people with rare or
debilitating diseases or disabilities that are expensive and
difficult to treat. Gold et al. (2002) and others have called
to incorporate more “societal value” into analyzing HALYs
and not solely cost-effectiveness as well as a better way to
directly compare and integrate QALYs and DALYs.
Furthermore, related to the importance of sanitation, the
WHO and other researchers should calculate DALYs
prevented through sanitation alone (not packaged together
in WASH although they are closely linked) as well as the
impact on QALYs. These calculations may further prove the
importance of sanitation and lead to more investments as
opposed to an unequal emphasis on water interventions.

5.0 The Economic Value of Sanitation
Although sanitation infrastructure can be expensive, the
return on investment and job creation is documented as
being much greater. Also, the lack of sanitation is known to
impart large costs and job losses to industrial, health,
agricultural, and tourism sectors. For example, an
evaluation for the World Health Organization (WHO)
estimated a 3-34 USD return on every dollar investment in
water and sanitation depending on the technology and
region (Hutton and Haller, 2004). Additionally, the OECD
(2011) cited that there is a 7 to 1 benefit-to-cost ratio by
providing basic water and sanitation in developing
countries. Furthermore, the 2016 United Nation’s World
Water Development Report on Water and Jobs (WWDR,
2016) calculated that 42% or the world’s jobs (1.35 billion)
are heavily dependent on water and 36% (1.15 million jobs)
are moderately dependent on water (see Figure 6).
Furthermore, many of these jobs rely on clean surface
water that can be protected by proper sanitation.
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Figure 6. Percentage of the world’s jobs that are heavily and moderately water dependent (created from WWDR
(2016) statistics).

Investing in sanitation not only has positive economic
returns, creates jobs, and contributes to a vibrant economy
but not investing or ‘inaction’ in sanitation provision can
have a highly negative impact on a nation’s economy. For
example, the 1991 cholera epidemic in Peru cost the nation
an estimated 700 million USD including losses in tourism
and food products (WWDR, 2016). Furthermore, 17% of the
2.3 million work-related deaths each year are attributed to
lack of clean water and sanitation and poor hygiene (ILO,
2003; WWDR, 2016). Poor sanitation also leads to illness
associated with work and school absenteeism and
decreased productivity. In fact, inadequate WASH is
estimated to result in approximately 260 billion USD
economic loss each year globally (WHO, 2012b). Polluted
surface water can also deter potential tourists and
contaminate agricultural products if used for irrigation,
making them more difficult for export (WWDR, 2016). Also
there are opportunities for the industry to innovate low-cost
sanitation technologies to take advantage of the huge
market (billions of people that need access).

6.0 Appropriate and Low-Cost Sanitation
Sanitation does not necessarily have to be implemented

on a large scale and use expensive and complex systems
connected to energy and chemical intensive unit processes.
There are many lower cost options such as On-site
Sanitation Systems including Ventilated-Improved Pit (VIP),
traditional, dry desiccating, and composting toilets, septic
systems, and natural systems. Also lower cost sanitation
systems are being developed and implemented that have
smaller diameter pipes placed in shallower trenches
(WWDR, 2017). More decentralized systems and package
plants may be a lower cost option than the traditional and
large centralized systems and they offer greater
opportunity for localized resource recovery of energy,
water, and nutrients (WWDR, 2017). Furthermore, less
mechanically intensive sanitation technologies such as
Anaerobic Reactors and Media Filters and natural
treatment systems such as Waste Stabilization Ponds and
Constructed Wetlands can have lower capital and operating
costs and may be easier to operate than Activated Sludge
Systems while having similar or more effective ability to
remove pathogens. However, all these lower cost sanitation
systems still require important maintenance that is not
always factored into project design and implementation.
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7.0 Potential of Resource Recovery and Reuse
that is Linked to Safe Sanitation
SDG 6 has Target 6.3 to substantially increase recycling
and safe reuse of wastewater. Furthermore, SDG 12 has a
Target 12.2 to achieve the sustainable management and
efficient use of natural resources. Wastewater is now
viewed by many as not a waste, but a resource that
contains energy, water, nutrients (i.e. fertilizer), and
possibly valuable organic chemicals (Guest et al., 2009).
Furthermore, development, construction, research, and
monitoring of resource recovery technologies that are
linked with sanitation provision is also expected to create
new markets and employment and generate revenue
further adding to the value of sanitation (WWDR, 2017).
First, energy can be recovered from wastewater through
anaerobic digestion which in the form of biogas can be used
directly for cooking or heating, or converted into electricity.
Anaerobic reactors and anaerobic digestion of sludge can
be used to treat wastewater, stabilize sludge, and remove
pathogens that are susceptible to microbial and thermal
degradation. However, if improperly managed, production
of methane from the anaerobic process can contribute
considerably to climate change because methane has a
much greater greenhouse gas potential than carbon dioxide
(Bruun et al., 2014). Next, the largest component of
wastewater is water, on average over 99% (WWDR, 2017).
Already, it is estimated that untreated wastewater irrigates
between four and 20 million hectares of land worldwide
(Jiménez Cisneros and Asano, 2008; Drechsel et al., 2010).
However, this is not advised without proper treatment and
design because if unsafely reclaimed (see Wastewater
Reuse chapter), irrigation with untreated wastewater could
expose individuals to pathogens.

Besides water and energy, important nutrients such as
nitrogen and phosphorus can be recovered from
wastewater. Nitrogen and phosphorus are key components
of fertilizers that require mining and energy intensive
processes to synthetically produce. Production of nitrogen
for fertilizers is energy intensive and has resulted in large
imbalances of reactive nitrogen in waterways.
Approximately 22% of the entire global phosphorus demand
could be met by phosphorus from human urine and feces
(Mihelcic et al., 2011). With rising population and stress on
finite and strategically critical mineral resources for
production of food and other products, wastewater should
be viewed as an important source of phosphorus, nitrogen,
and potassium (WWDR, 2017). Resource recovery
initiatives can occur at the household or building scale and
can include use of established sanitation technologies such
as composting and dry desiccating toilets, urine diversion,
and anaerobic reactors or newer technologies. For
example, an anaerobic membrane bioreactor has been
proposed for provision of sanitation that could be linked to
local food production (Bair et al., 2016).
Reuse of treated wastewater for food production
(Verbyla et al., 2013), valuable nutrients found in human
urine and feces (Cordell et al., 2011) and safe management
of faecal sludge (Strande et al., 2014) all provide examples
of the potential for integrating principles of resource
recovery with sanitation provision. There is thus a large
untapped potential to integrate innovative resource
recovery strategies with sanitation provision in developing
regions like sub-Saharan Africa and Asia that have large
populations currently unserved by basic sanitation. In
contrast, other regions of the world that already have
existing sanitation coverage need to determine how to
retrofit existing collection and treatment systems to recover
valuable resources.
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