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Introduction

Access to safe water and improved sanitation is a critical indicator of development and is directly associ-
ated with child health outcomes, particularly diarrheal morbidity and mortality. The methodology currently
utilized by the WHO/UNICEF Joint Monitoring Programme for Water Supply and Sanitation (JMP) for
tracking progress toward achieving Millenium Development Goal 7c fails to address a substantial proportion
of household survey options for water source and toilet facility type and uses an inflexible and outdated

linear modeling strategy.

Methods

We empirically determine 14 additional classifications for household water source and sanitation facility
to supplement those designated by the JMP and develop and implement an improved non-linear modeling
technique that provides confidence intervals for country trends. We assess progress toward MDG 7c using
these updated methods, then quantify the contribution of unimproved water and sanitation to deaths and
DALYs in children under five.

Findings

Our improved approach allows for the systematic analysis of data from all households in censuses and
surveys and results in trends that provide a measure of uncertainty and more accurately reflect rapid scale-
ups in development in some countries. Of 137 developing countries, 69 and 71 are on track to meet MDG T7c
for water and sanitation, respectively. Promising declines have occurred for deaths and DALY attributable
to unimproved water and unimproved sanitation, particularly in India and China, but the burden remains

large.
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1 Introduction

Access to safe water and improved sanitation is a critical indicator of development and is directly asso-
ciated with child health outcomes, particularly diarrheal morbidity and mortality. The third leading cause
of death in children under five, intestinal infectious diseases contribute an estimated 60 million disability-

adjusted life years (DALYs) to the global burden of disease for that age group!?2.

Beyond improvements
in diarrheal outcomes, increased access to safe water and sanitation lowers the risk of malnutrition® and
infection with diseases transmitted via means other than faecal-oral*. The reduction of sanitation-related
diseases such as intestinal worm infections during childhood is associated with substantial increases in adult
earnings and exhibits a high rate of social return®.

The International Drinking Water Supply and Sanitation Decade from 1981 to 1990 aimed to provide
universal access to safe drinking water supply and sanitation by 1990°. Although some progress was made,

the goal was missed by a substantial margin™?.

Water and sanitation infrastructure remained a priority
when the Millenium Development Goals (MDGs) were set, with MDG 7c¢ calling for reducing by half the
proportion of people without sustainable access to safe drinking water and basic sanitation between 1990
and 2015'%. Progress is measured by two indicators: the proportion of the population using an improved
drinking water source, and the proportion of the population using an improved sanitation facility, as specified
by the WHO/UNICEF Joint Monitoring Programme (JMP) for Water Supply and Sanitation. The United
Nations declared 2008 to be the International Year of Sanitation!'' and 2005-2015 to be the International
Decade for Action “Water for Life!2.”

To date, progress toward achieving MDG 7c has been tracked by the JMP. However, their current
methodology has a number of shortcomings that can be improved upon. First, a substantial proportion of
household surveys include water source and toilet facility options that are too vague or ambiguous to fall
clearly within the definitions of improved and umproved facilities provided by the JMP. Analyses using the
current JMP definitions must either exclude these households, thereby creating a biased estimate, or make
strong assumptions about the likelihood that a given facility is improved on a survey-by-survey basis. The
JMP also continues to employ the linear regression technique that was first used when data were scarce,
despite the fivefold increase in available data sources since the original JMP report in 2000'3. This linear
approach cannot capture the nuances of rapid changes in access and is likely to underestimate progress to
date.

In this paper, we improve upon the JMP approach to classifying households according to water source
and sanitation facility by employing empirical techniques to predict the probability that an ambiguous

survey option was improved. We propose seven additional categories each for water and sanitation in order



to fully encompass census and survey options. We develop and apply an improved non-linear modeling
methodology that takes into account the uncertainty in the data and provides confidence intervals for each
trend. This methodology is used to generate updated estimates of the proportion of the population with
access to improved water and improved sanitation from 1980 to 2011 for all developing countries. We assess
progress toward MDG 7c and use these results to identify areas with the greatest need for intervention and
where successful scale-ups have already occurred. We also identify remaining limitations with current data
collection methods that severely hinder their use for monitoring progress and estimating health effects of
increased access. Finally, we quantify the contribution of unimproved water and sanitation to deaths and
DALYs in children under five so that policy makers can be fully informed of the magnitude and trends in

the burden of unimproved water and sanitation.



2 Methods

2.1 Data Sources

We performed a systematic search for publically available household surveys and national censuses that
collected information on household water source or household sanitation facility. Our final database included
1,304 country-years of data for water and 1,153 country-years of data for sanitation between 1980 and 2011,
throughout 137 developing countries (Table 2.1). Major data sources included the Demographic and Health
Surveys (DHS), the Multiple Indicator Cluster Surveys (MICS), the Living Standard and Measurement
Surveys (LSMS), the Reproductive Health Surveys (RHS), country-specific surveys, and national censuses.
We used survey questions of the following forms: 1) What is the main source of drinking water for this
household? and 2) What type of toilet facility does this household usually use?

When household-level data were available, we estimated the proportion of households with access to
improved water and improved sanitation, taking into account the survey sampling design. When household-
level data were not available, we used tabulated data presented in national census reports and reports from
the JMP . A qualitative review identified implausible values or outliers in the data based on proximity to
other estimates within the country, region, and other countries with similar levels of development. These
data were excluded from the analysis.

Previously reported estimates were used for gross domestic product (GDP) per capita'® and mean years
of education at the national level'®. The percent of the population residing within an urban area was
obtained from the United Nations World Population Prospects!”. The number of deaths and DALY due to
intestinal infectious diseases (diarrheal diseases, and typhoid and paratyphoid fevers) in children under five

was obtained from the Global Burden of Disease 2010 study!:2.

We extensively surveyed the literature for estimates of the relative risk of intestinal infectious diseases

Table 2.1: Country-years of data by source

Source Water Sanitation
Multiple Indicator Cluster Surveys (MICS) 89 89
Demographic and Health Surveys (DHS) 206 207
Reproductive Health Surveys (RHS) 26 25
Living Standard and Measurement Surveys (LSMS) 31 29
Other Survey 99 94
Census Microdata 101 32
Census Report 80 66
JMP Report 594 552
Other Report 78 59

Total 1304 1153




due to unimproved water and unimproved sanitation. We conducted a citation trail starting with published
meta-analyses and systematic reviews by Cairncross et al.'®, Clasen et al.'?, Waddington et al.?°, Fewtrell
et al.2!, and Esrey et al.?? and supplemented these data with a Google Scholar search from January 2010
to March 2012 for the following terms: (water supply OR water quality OR sanitation OR hygiene) AND
(diarrhea OR diarrhoea) AND (RCT OR trial OR experiment). Included studies were those that utilized
an experimental design—i.e. RCTs with individual- or community-level assignment—or quasi-experimental
design—i.e. non-RCTs with baselines and concurrent control groups matched by confounding variables,
studies applying propensity-score matching to survey data, and studies employing a pipeline approach to
identify beneficiaries scheduled to receive treatment in the future as the control group. Included studies also
reported on specific water, sanitation, and/or hygiene interventions and estimated the impact on diarrheal

morbidity under endemic conditions. Observational studies were not included. In total, 84 studies met the

inclusion criteria.

2.2 Definitions

Table 2.2 shows the water source and toilet facility categorizations that were used in this analysis.
When possible, water source and toilet facility classifications were assigned according to JMP categories!3.
Water obtained from a household connection, a public tap or standpipe, a tubewell or borehole, a protected

well or spring, or rainwater collection was considered to be improved. Unimproved water sources included

Table 2.2: Water source and toilet facility categorizations

Origin

Improved

Unimproved

Piped water
Public tap or standpipe

Unprotected well or spring
Vendor-provided water

§ JMP designated Tubewell or borehole Tanker truck

3 Protected well or spring Surface water

‘f Rainwater collection Other

% Bottled water Spring, unspecified

= Empiricallv derived Private, indoor, or neighbor’s well Public well

piricatly derive Other private source Other public source

Cistern or drum
Public sewer Open latrine without squatting slab
Septic system Bucket latrine

> . Flush or pour-flush Hanging latrine

% IMP designated Ventilated improved (VIP) latrine Open defecation

= Simple pit latrine without squatting slab  Other

&S] Composting toilet

é Private toilet Public toilet

Empirically derived

Toilet, unspecified
Latrine with drainage

Traditional facilities
Latrine, unspecified
Other public facility




unprotected wells or springs, vendor-provided water, tanker trucks, surface water, and other or unspecified
sources. The JMP specifies that bottled water is an improved source of drinking water only if the household
source of water for cooking and cleaning purposes is also improved. However, this was rarely recorded, so we
considered all bottled drinking water to be improved. Improved sanitation facilities were those that ensure
some level of separation between individuals and human excreta, including public sewers, septic systems,
flush or pour-flush facilities, ventilated improved (VIP) latrines, simple pit latrines with squatting slabs, and
composting toilets. Unimproved facilities were traditional latrines, open latrines without squatting slabs,
bucket latrines, hanging latrines, open defecation or no facilities, and other or unspecified facilities. Although
shared facilities are currently specified as unimproved by the JMP, this characteristic is rarely available and

is under consideration for revision by a JMP task force'?

, so it was disregarded in this analysis.

The survey options for water sources and sanitation facilities vary widely across survey instruments, even
differing across countries and years within the same survey family. We have identified 2,346 different water
categories and 1,534 different sanitation categories, a large number of which are too vague or ambiguous
to be classified as improved or unimproved using the JMP categories. On average, 14.1% of households
reported using a water source that did not clearly fit into a JMP category, and over a quarter of households
(28.0%) reported using such a sanitation facility. We therefore used DHS with other household-specific
variables to inform the likelihood that an ambiguous survey option should be classified as improved. For

households where the water source or sanitation facility was clearly improved or unimproved according to

JMP definitions, we performed a logistic regression, taking into account survey design:

Si = Bo + Pfiwealth; + Baeducation; + fSsurban; + Baelectricity; + €;

where S; is the water or sanitation source for household i; wealth is the household wealth quintile;
education is the educational attainment of the head of household grouped into three broad categories; urban
is the household location in an urban or rural area; and electricity is the presence of electricity in the
household. The resultant coefficients were used to predict the probability that an ambiguous survey option
was improved.

For ambiguous water sources, we determined that bottled water; private, indoor, or neighbors wells;
cisterns or drums; and other private sources were more likely to be improved. Springs, public wells, and other
public sources were designated as unimproved. Ambiguous toilet facilities were classified such that private
toilets, toilets of unspecified type, and latrines with drainage were improved. Public toilets, traditional

facilities, latrines of unspecified type, and other public facilities were considered unimproved.



2.3 Completing the Time Series

We used the three-stage methodology analysis detailed by Hogan et al.?? and Foreman et al.?* to create
a complete time series for 137 developing countries from 1980 to 2011. In the first stage, we predicted access
to improved water and improved sanitation using an ordinary least squares (OLS) regression with percent

urban, GDP per capita, and mean years of education as covariates:

logit(A;r) = Bo + Silogit(urban;;) + B2ln(GDP;;) 4+ Sseducation;; + €4

where ¢ and ¢ refer to countries and years, respectively. We used the logit transformation of the proportion of
households with access to improved water or sanitation as the dependent variable so that predictions would
be restricted to the [0,1] range.

For the second stage, we applied of a variant of spatial-temporal regression that uses a weighting algorithm
to take advantage of correlation in the residuals from the first stage across time and space. A local weighted
regression was applied in two dimensions (geographic region and year) on the residual from the first stage
for each data point. The predicted residual was then added to the prediction from the first stage to result in
an estimate that more accurately reflects spatial and temporal trends in the data than would otherwise be
captured through a simple OLS regression. Data from surveys that were not nationally representative were
given reduced weight in this stage of the estimation process.

The third stage used a Gaussian process regression (GPR), a Bayesian estimation technique in which the
mean function is the estimate from the second stage and uncertainty due to sampling error and data type
are incorporated using a set of variance parameters. GPR draws from a multinomial distribution based on
the uncertainty in the data and in the mean function to generate final estimates and confidence intervals
incorporating all available information.

To assess whether countries were on track to meet MDG 7c, we calculated yearly rates of change in lack
of access to improved water and sanitation facilities between 1990 and 2010. The average rate of decline

necessary to meet the MDG is 2.77% per year.

2.4 Attribution of Deaths and DALYs to Unimproved Water and Sanitation

We used the comparative risk assessment method for attribution of disease burden to risk factors2®.

Relative risk estimates were synthesized by random effects meta-regression with indicator variables for inter-
vention components (sanitation, hygiene, blinded point-of-use water treatment, unblinded point-of-use water
treatment, and source water treatment) and two baseline scenarios (improved water source at baseline, and

improved sanitation facility at baseline). Water source interventions served as the reference category. Anal-



yses were performed for all ages combined as well as for ages under five and over five separately. However,
effect sizes were similar for each age group, so estimates for all ages were included to provide as much data
as possible.

We calculated the population attributable fraction (PAF) for diarrheal mortality and morbidity due to

unimproved water and unimproved sanitation using the following formula:

_ P(RR-1)
PAF = P(RR—1)+1

where P is the prevalence of unimproved water or sanitation and RR is the corresponding relative risk. The

PAF was applied to the total deaths and DALYs due to intestinal infectious diseases in children under five

to estimate the number of deaths and DALY attributable to unimproved water and unimproved sanitation.

2.5 Uncertainty Estimation

The GPR estimation technique resulted in 1,000 draws from the model’s posterior distributions, which
were used to estimate the median and 95% uncertainty interval for access to improved water and sanitation
for each country-year. We developed 1,000 draws of each relative risk assuming a normal distribution around
the mean and standard deviation, and 1,000 draws of the deaths and DALYs due to intestinal infectious
diseases were available from previous endeavors using similar approaches2. Each draw from these quantities
was combined one-to-one to result in 1,000 estimates each of deaths and DALYs attributable to water and
sanitation. The mean, 2.5th percentile, and 97.5th percentile of the resultant draws composed the point
estimate and confidence interval for the quantity of interest.

All analyses were run using STATA version 12 (Stata Corporation, Texas USA) except for GPR, which
was run using Enthought Python Distribution version 4.3.0 (Enthought Scientific Computing Solutions,
Texas USA).



3 Results

3.1 Prevalence of Improved Water and Improved Sanitation

More data was available for water source than for sanitation facility, with the majority of inputs coming
from JMP reports, DHS, and censuses (Table 2.1). We developed estimates of the proportion of the popula-
tion with access to an improved drinking water source or an improved sanitation facility for 137 developing
countries, for all years from 1980 to 2011 (Table A.1; Figures A.1-A.274). Between 1990 and 2011, the mean
prevalence of access to improved water sources increased from 64.7% to 84.8%. Mean prevalence of access to
improved sanitation facilities started much lower, at 35.3% in 1990, and had not yet surpassed 1990 levels
for water in 2011 (63.3%). Overall, developing countries are well on track to meet MDG 7c for water with
a 4.00% per year average rate of decline in lack of access to improved drinking water sources between 1990
and 2011, as compared to the 2.77% per year goal rate of change. However, observed trends in sanitation
have just missed the goal, with a rate of change of 2.70% per year. As shown in Table A.1, 61 developing
countries have already met the MDG for water, with an additional 7 countries on track to meet the goal by
2015. For sanitation, 59 countries have met the target, and 12 additional countries are currently on track.
46 countries are currently meeting target rates of change for both water and sanitation, 39 of which have
already reached the goal.

At the country level, prevalence of access to improved facilities was much higher for water than for
sanitation throughout the time of study. In 1990, less than 40% of the population had access to improved
sanitation facilities in 63 countries, whereas only 20 countries had comparably low access to improved water
sources. With the exception of Equatorial Guinea, all 20 countries also had low access to improved sanitation
facilities (Figure 3.1). Prevalence of access was above 90% for only 21 and 13 countries for water and
sanitation, respectively. 9 countries, predominantly in the Middle East, had comparably high prevalence for
both water and sanitation: Bahrain, Jordan, Kuwait, Lebanon, Qatar, Samoa, Saudi Arabia, United Arab
Emirates, and Uruguay. By 2011, prevalence remained below 40% for only one country (Somalia) for water,
but 29 countries were still below this threshold for sanitation (Figure 3.2). Prevalence was above 90% for 55
countries for water, 39 countries for sanitation, and 29 countries for both water and sanitation.

Figure 3.3 illustrates the absolute change in prevalence of access between 1990 and 2011. Levels of
absolute change varied widely across countries, ranging from -6.5% in Togo to 45.4% in Equatorial Guinea
for water, and from -8.2% in Madagascar to 72.2% in Rwanda for sanitation. In general, absolute change
was greater for sanitation than for water; it exceeded 30% in 27 countries for sanitation, but only in 11
countries for water and 5 countries (China, Equatorial Guinea, Ghana, Indonesia, and Rwanda) for both

indicators. 71 countries exhibited an absolute change of less than 10% for improved water, whereas only 39
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had similarly low change for sanitation. Seven countries have made no progress in access to improved water
since 1990: Cuba, Iraq, North Korea, Occupied Palestinian Territory, Saudi Arabia, Tajikistan, and Togo.
Levels of access in Saudi Arabia, however, were already greater than 90% in 1990, so a lack of improvement is
understandable. Only 2 countries—Comoros and Madagascar—have made no progress in access to improved
sanitation.

Annual rates of decline in lack of access to improved facilities between 1990 and 2011 are given in Table A.1
and Figure 3.4. Countries with rates of decline exceeding 2.77% per year are on track to meet MDG 7c. As
with absolute change, large variation is present in rates of change across countries. The greatest progress was
observed in Jordan, where lack of access to improved sanitation facilities declined 16.62% per year between
1990 and 2011. In contrast, the least progress for sanitation occurred in Madagascar, where lack of access

increased 0.64% per year. For water, rates of change ranged from an increase of 3.10% per year in Saudi
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Arabia to a decline of 10.67% per year in Mauritius.

Table 3.3 shows changes in access to improved facilities between 1990 and 2011 for the worlds most
populous developing countries. Substantial progress has been made in China and Indonesia, where the
absolute change in access was greater than 30% for both water and sanitation. Furthermore, annual rates of
decline in lack of access to improved facilities exceeded the target for both indicators in these two countries
as well as in Brazil, Mexico, the Philippines, and Vietnam. Of these ten most populous developing countries,
only Nigeria failed to meet the goal annual rate of decline for both water and sanitation, with rates of 2.00%
and 2.30% for water and sanitation, respectively. Initial levels of access were higher for improved water
than for improved sanitation in India, Pakistan, and Bangladesh, meaning that greater absolute change in
sanitation is necessary to meet the MDG in these countries. Thus, although absolute change in access for
sanitation exceeded that for water, India, Pakistan, and Bangladesh are on track to meet the MDG for water
but not for sanitation.

Table 3.3 also illustrates the gap between improved water and improved sanitation in 1990 and 2011.
This gap is staggeringly large in India and Bangladesh, where over 40% of the population has access to
improved water but not improved sanitation. In contrast, access to improved sanitation exceeds access to
improved water by 2.1% in Mexico. China, Brazil, Mexico, the Philippines, and Vietnam are successfully
decreasing the gap between water and sanitation while simultaneously making substantial progress for both

indicators.

Table 3.3: Absolute change, annualized rate of decline, and gap in access between improved water and
sanitation for ten most populous countries
Country Absolute Change Rate of Decline Gap in Access
1990-2011 1990-2011

Water Sanitation Water Sanitation 1990 2011

China 36.9 53.1 7.28 5.68 29.2 12.9
India 15.6 19.9 4.29 1.34 54.9 50.5
Indonesia 36.5 32.9 4.74 3.72 2.8 6.4
Brazil 13.6 19.6 6.07 3.86 16.4 10.4
Pakistan 9.0 25.6 3.41 2.25 50.5 33.8
Bangladesh 6.5 21.5 4.05 1.90 54.1 39.0
Nigeria 204 30.2 2.00 2.30 19.4 9.5
Mexico 7.3 12.2 3.48 6.10 2.8 -2.1
Philippines 8.2 25.2 3.17 5.35 20.6 3.5

Vietnam 23.4 35.1 5.23 3.93 32.0 20.3
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3.2 Attributable Deaths and DALYs

Studies26-1%5 that contributed to our estimate of the relative risk of diarrheal morbidity are listed by
intervention component in Table 3.4. The magnitude of the effect was similar for all six interventions, with
nearly equal effects for water supply and sanitation (Table 3.5). As expected, the perceived relative risk
of lack of point-of-use water quality interventions was greater for unblinded studies as compared to blinded
studies.

The number of deaths attributable to unimproved water and sanitation in children under five declined
dramatically between 1980 and 2010, with a reduction from 274,780 to 57,448 for water and from 430,496 to
101,133 for sanitation (Figure 3.5). A substantial portion of the reduction occurred in South Asia, where the
number of deaths attributable to unimproved water declined nearly 90% from 94,719 to 10,021 and deaths
attributable to unimproved sanitation declined 81% from 203,138 to 37,855. Attributable deaths in Central
Sub-Saharan Africa almost stagnated in comparison, with a 9% increase for water and a 10% decrease for
sanitation.

Deaths attributable to unimproved water are shown at the country level adjusted for population in

Table 3.4: Water, sanitation, and hygiene intervention studies by intervention components
Intervention Number of Studies
Water supply only 2623
Sanitation only 2936
Hygiene education only
Point-of-use water quality only
Source water quality only 8921
Water supply and sanitation??
Water supply and hygiene education??

Water supply and point-of-use water quality %4

Sanitation and hygiene education %%

Hygiene education and point-of-use water quality *6:96:97

Water supply, sanitation, and hygiene education %192

Water supply, sanitation, hygiene education, and point-of-use water quality 1?3
Water supply, sanitation, hygiene education, and source water quality '94:103
Total

37-53
44,46,54-88

(0] L =
H;[\J)—‘Cﬂwl\ﬁb—‘b—‘)—‘w\]\loow

Table 3.5: Relative risk of diarrheal morbidity for those without intervention

Intervention Relative Risk (95% CI)
Water supply 1.34 (1.04-1.72)
Sanitation 1.33 (1.02-1.74
Hygiene education 1.38 (1.15-1.67

Point-of-use water quality, unblinded 1.59 (1.35-1.84

( )
( )
Point-of-use water quality, blinded 1.20 (0.94-1.53)
( )
Source water quality 1.24 (0.89-1.73)
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Figure 3.6. The same is shown for deaths attributable to unimproved sanitation in Figure 3.7. The countries
with the highest water- and sanitation-attributable death rates are concentrated mainly in Western and
Eastern Sub-Saharan Africa, with rates in Niger, Chad, Malawi, and Burkina Faso exceeding 200 deaths
per 100,000 attributable to unimproved water in 1990. In that year, rates in Niger (433 per 100,000) were
nearly twice those observed in Chad (245 per 100,000), the next highest country. Despite a promising 73%
reduction to 118 deaths per 100,000 in 2011, Niger remains in the top two countries for water-attributable
death rate. In contrast, Malawi showed impressive progress between 1990 and 2011, dropping from the 3rd
highest death rate with 237 deaths per 100,000 to 30th highest, with only 18 deaths per 100,000. Similar
trends were observed for sanitation-attributable deaths.

Finally, Figure 3.8 illustrates DALY attributable to unimproved water and sanitation in children under
five, by region, for 1990, 2005, and 2010. Water-attributable DALYs declined 68% between 1990 and 2010
in developing regions, dropping from 17.0 million to 5.3 million in just 20 years. Similar progress was made
for sanitation, with a 66% reduction from 28.2 million in 1990 to 9.5 million in 2010. As with deaths, the
greatest progress occurred in South Asia, driven primarily by India, though substantial declines were seen

in most regions, including Southeast Asia and Eastern and Western Sub-Saharan Africa.
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4 Discussion

We have developed an enhanced approach for the estimation of access to an improved water source and an
improved toilet facility for the assessment of progress toward MDG 7c. We propose 14 empirically determined
additional classifications for household water source and sanitation facility to supplement those designated
by the JMP so that data from all households may be systematically utilized in future research. We also
develop and implement an improved non-linear modeling methodology that takes into account uncertainty
in the data and provides confidence intervals for country trends. The resultant time trends indicate that
substantial progress has been achieved for both water and sanitation, but increases in access tended to be
greater for sanitation, in part because of lower initial levels. In general, access to improved water sources
tends to be much higher than access to improved sanitation facilities, but this gap is gradually closing in
most countries.

Our results are consistent with those obtained by the JMP in that they each indicate achievement of MDG
7c for water but not for sanitation'®. The two estimation techniques yield similar results for most countries,
though agreement is greater for water because the majority of ambiguous survey options were for toilet
facilities rather than water sources. Notably different trends were found in Ghana (Figure A.184), Jamaica
(Figure A.196), and Rwanda (Figure A.237), where survey data using the modified technique indicate rapid
scale-ups in access to improved sanitation that are not reflected in the relatively flat trends reported by the
JMP. These differences illustrate the benefit of non-linear modeling when data are abundant.

There are a number of remaining limitations to the currently available data and measurement approaches
that prevent us from directly measuring sustainable access to safe drinking water and basic sanitation. The
MDG indicators address access to improved facilities, which is intended to be a proxy for safe facilities.
However, current survey methods measure only at point-of-source and not at point-of use. This approach
fails to address the potential (and likelihood) for contamination between collection and use, particularly
during transport and storage. Furthermore, in many developing countries, such as India, Bangladesh, and
Ghana, a high percentage of rural water supplies are contaminated with elevated levels of arsenic, fluoride,

106-109 " These contaminants can have a substantial detrimental

iron, lead, and microbiological pollutants
impact on health outcomes, including disability and death due to cancer''?, but more research is needed to
determine the prevalence of contamination and the effect of exposure on morbidity and mortality.

While the same broad categories of “improved” and “unimproved” facilities are used over time, the
specific questions that are included in surveys are often customized for each survey and country and have

changed, making the classification of households into these broad categories challenging and inconsistent. The

community would benefit from widespread adoption of the core questions for household surveys developed
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by the JMP!!!. In the meantime, and for historical data, our additional classifications supplement those
designated by the JMP so that data from all households may be used in future research.

The current framework depends on measurement of a single “main” or “usual” source of water and type
of sanitation facility. However, throughout the course of a day, individuals are exposed to multiple water
sources and have access to several types of sanitation facilities. The currently available instruments do
not have the ability to appropriately capture an individual’s exposure to all water and sanitation sources
they come into contact with. In a similar vein, current measurement occurs at the household, rather than
individual, level. Effective monitoring of exposure at the individual level is imperative for future research
linking exposure data to health outcomes.

Current data collection techniques limited our ability to capture whether toilet facilities were shared or
private. However, the JMP recognizes that shared sanitation is not unhygienic by definition and may be the
only possibility for the growing global population living in dense urban areas. The JMP has commissioned a
task force to explore the importance of shared sanitation in accurate estimates of access to safe sanitation 3.
Future research would benefit from more consistent documentation of the privacy level of household sanitation
facilities and from a quantification of the health effects of shared facilities so the importance of private
facilities can be fully ascertained.

Sustainability was an explicit priority of the MDG, but the term has not been clearly defined such that
future surveys can capture information on the reliability and sustainability of water and sanitation resources
in a standardized way. Furthermore, experts agree that factors beyond water source, such as water quality,
water treatment, time spent retrieving water, water affordability, and water scarcity, have a substantial
impact on the sustainability and safety of drinking water. Looking beyond the MDGs, it is essential that
the water and sanitation community come together to develop a more holistic approach to tracking water
safety in the future.

Regardless of the current landscape, the data and methods available for assessment of the burden due to
unimproved water and sanitation are continually improving. The resultant estimates indicate that promising
progress is being made in a number of countries for both water and sanitation, but continued efforts are
necessary. Although developing countries as a whole are on track to meet MDG 7c for water and will come
closer to reaching the goal for sanitation than previously expected, substantial heterogeneity exists both
among and within countries. Only half of developing countries have achieved the levels of change necessary
to meet the goal, with some countries failing to make progress over the last 30 years. Although similar
numbers of countries are on track to meet MDG 7c for water (68) as compared to sanitation (71), three
highly populous countries—India, Pakistan, and Bangladesh—have made substantially more progress for

water and are driving trends for developing countries as a whole. Within countries, access in rural areas can
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lag behind that in urban areas by a factor of five or more!. An estimated 72% of the global population

without access to improved sanitation lives in rural areas, as compared to the 45% of the total population
that this group comprises!3.

Promising declines have occurred for deaths and DALYs attributable to unimproved water and unim-
proved sanitation, particularly in India and China, but the burden remains large. In contrast to the im-
pressive rates of change in South and Southeast Asia, many countries in Sub-Saharan Africa, particularly
Central and Eastern Sub-Saharan Africa, have made discouraglingly little progress over the past decades.
Approximately 8.5% and 15.0% of intestinal infectious disease deaths and DALY in children under five are
attributable to unimproved water and unimproved sanitation, respectively.

The analytic improvements presented here are one step along the path to increasing knowledge about the
burdens of unsafe water and sanitation. With this knowledge, we hope that country governments and the

global health community as a whole will continue to make the necessary investments in water and sanitation

infrastructure beyond 2015 until universal access to safe and sustainable water and sanitation is achieved.



21

References

1]

2]

Global Burden of Disease 2010 Causes of Death Collaborating Group. Global and regional mortality
from 235 causes of death for 20 age-groups in 1990 and 2010: A systematic analysis. In Press;.

Global Burden of Disease 2010 Disease and Injury Collaborating Group. Global burden of diseases
and injuries for 21 regions, 1990-2010: A systematic analysis. In Press;.

Pruss-Ustun A, Bos R, Gore F, Bartram J. Safer water, better health. Geneva: World Health Orga-
nization; 2008.

Cutler D, Miller G. The Role of Public Health Improvements in Health Advances: The Twentieth-
Century United States. Demography. 2005;42(1):1-22.

Baird S, Hicks J, Kremer M, Miguel E. Worms at Work: Long-run Impacts of Child Health Gains.
Working paper. University of California, Berkeley. 2011;.

United Nations. Resolution adopted by the General Assembly. 35/18. Proclamation of the International
Drinking Water Supply and Sanitation Decade. New York: United Nations; 1980.

Benedek P. Water quality and health (Review of the International Drinking WaterSupply and Sanita-
tion Decade). Water Science & Technology. 1991;23(1-3):1-3.

Najlis P, Edwards A. The International Drinking Water Supply and Sanitation Decade in retrospect
and implications for the future. Natural Resources Forum. 1991;15(2):110-117.

The International Drinking Water Supply and Sanitation Decade in South-East Asia. WHO chronicle.
1984;38(2):60—4.

United Nations. Resolution adopted by the General Assembly. 55/2. United Nations Millennium
Declaration. New York: United Nations; 2000.

United Nations. Resolution adopted by the General Assembly. 61/192. International Year of Sanitation,
2008. New York: United Nations; 2006.

United Nations. Resolution adopted by the General Assembly. 58/217. International Decade for Action,
“Water for Life”, 2005-2015. New York: United Nations; 2003. 58/217.

WHO /UNICEF Joint Monitoring Programme for Water Supply and Sanitation. Progress on Drinking
Water and Sanitation: 2012 Update. New York: UNICEF and World Health Organization; 2012.

WHO & UNICEF Joint Monitoring Programme for Water Supply and Sanitation;.
http://www.wssinfo.org/.

James S, Gubbins P, Murray C, Gakidou E. Developing a comprehensive time series of GDP per capita
from 210 countries from 1950 to 2015. Population Health Metrics. 2012;10.

Gakidou E, Cowling K, Lozano R, Murray C. Increased educational attainment and its effect
on child mortality in 175 countries between 1970 and 2009: a systematic analysis. The Lancet.
2010;376(9745):959-974.

United Nations, Department of Economic and Social Affairs, Population Division. World Population
Prospects: The 2010 Revision. New York: United Nations; 2011.

Cairncross S, Hunt C, Boisson S, Bostoen K, Curtis V, Fung IC, et al. Water, sanitation and hygiene
for the prevention of diarrhoea. International Journal of Epidemiology. 2010;39(S1):193.

Clasen TF, Bostoen K, Schmidt WP, Boisson S, Fung IC, Jenkins MW, et al. Interventions to improve
disposal of human excreta for preventing diarrhoea. Cochrane database of systematic reviews (Online).
2010;(6).



[20]

[21]

[22]

[23]

[29]

[30]

[31]

[32]

[36]

22

Waddington H, International Initiative for Impact Evaluation. Water, sanitation and hygiene inter-
ventions to combat childhood diarrhoea in developing countries. New Delhi: International Initiative
for Impact Evaluation; 2009.

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

Esrey SA, Feachem RG, Hughes JM. Interventions for the control of diarrhoeal diseases among young
children: improving water supplies and excreta disposal facilities. Bulletin of the World Health Orga-
nization. 1985;63(4):757-72.

Hogan MC, Foreman KJ, Naghavi M, Ahn SY, Mengru Wang, Makela SM, et al. Maternal mortality
for 181 countries, 1980-2008: a systematic analysis of progress towards Millennium Development Goal
5. Lancet. 2010;375(9726).

Foreman KJ, Lozano R, Lopez AD, Murray CJ. Modeling causes of death: an integrated approach
using CODEm. Population health metrics. 2012;10.

Murray CJL, Ezzati M, Lopez AD, Rodgers A, Vander Hoorn S. Comparative quantification of health
risks: Conceptual framework and methodological issues. Population Health Metrics. 2003;1.

Curlin GT, Aziz KMA, Khan MR. The influence of drinking tubewell water on diarrhea rates in
Matlab Thana, Bangladesh. Dacca: Cholera Research Laboratory; 1977.

Sommer A, Woodward WE. The influence of protected water supplies on the spread of classical-Inaba
and El Tor-Ogawa cholera in rural East Bengal. Lancet. 1972;2(7785):985-7.

Wang ZS, Shepard DS, Zhu YC, Cash RA, Zhao RJ, Zhu ZX, et al. Reduction of enteric infectious
disease in rural China by providing deep-well tap water. Bulletin of the World Health Organization.
1989;67(2):171-80.

Barreto M, Genser B, Strina A, Teixeira M, Assis A, Rego R, et al. Effect of city-wide sanitation
programme on reduction in rate of childhood diarrhoea in northeast Brazil: assessment by two cohort
studies. The Lancet. 2007;370(9599):1622-1628.

Kolahi AA, Rastegarpour A, Sohrabi MR. The impact of an urban sewerage system on childhood
diarrhoea in Tehran, Iran: a concurrent control field trial. Transactions of the Royal Society of
Tropical Medicine and Hygiene. 2009;103(5):500-505.

McCABE LJ, HAINES TW. Diarrheal disease control by improved human excreta disposal. Public
health reports. 1957;72(10):921-8.

Rubenstein A, Boyle J, Odoroff CL, Kunitz SJ. Effect of improved sanitary facilities on infant diarrhea
in a Hopi village. Public health reports. 1969;84(12):1093-7.

Hu X, Liu G, Liu S. [Field evaluation of the effect of diarrhea control of methanogenesis treatment of
human and animal faeces and rubbish of cellulose nature in the rural areas of Xiang Cheng. Henan Yu
Fang Yi Xue Za Zhi;.

Xu J. [Observation on the efficacy of three squares septic tank lavatory for disease prevnetion]. Huan
Jing Yu Jian Kang Za Zhi [Journal of Environment and Health]. 1990;1990:250-2.

Xu G, Zhu X. [The assessment of the effects for prevention of disease by non-hazardous treatment
of night soil at experimental spots in rural areas|. Wei Sheng Yan Jiu [Journal of Hygiene Research].
1994:23:23-7.

Yan Z, Wang G, Cui C. [An observation of the effect on reducing the fly density and diarrhea of the use
of double urn funnel lavatory in faeces management]. Henan Yu Fang Yi Xue Za Zhi [Henan Journal
of Prevention Medicine]. 1986;1986.



[37]

[47]

[48]

23

Ahmed NU, Zeitlin MF, Beiser AS, Super CM, Gershoff SN. A longitudinal study of the impact of
behavioural change intervention on cleanliness, diarrhoeal morbidity and growth of children in rural
Bangladesh. Social science & medicine (1982). 1993;37(2):159-71.

Aung Myo Han, Thein Hlaing. Prevention of diarrhoea and dysentery by hand washing. Transactions
of the Royal Society of Tropical Medicine and Hygiene. 1989;83(1).

Bateman OM, International Centre for Diarrhoeal Disease Research B, CARE International
Bangladesh. Prevention of diarrhea through improving hygiene behaviours : the Sanitation and Family
Education (SAFE) Pilot Project experience. [Dhaka], Bangladesh: CARE : ICDDR,B; 1995.

Black RE, Dykes AC, Anderson KE, Wells JG, Sinclair SP, Gary GW Jr, et al. Handwashing to
prevent diarrhea in day-care centers. American journal of epidemiology. 1981;113(4):445-51.

Haggerty PA, Muladi K, Kirkwood BR, Ashworth A, Manunebo M. Community-based hygiene edu-
cation to reduce diarrhoeal disease in rural Zaire: impact of the intervention on diarrhoeal morbidity.
International journal of epidemiology. 1994;23(5):1050-9.

Hoque BA, Chakraborty J, Chowdhury JTA, Chowdhury UK, Ali M, El Arifeen S, et al. Effects of envi-
ronmental factors on child survival in Bangladesh: a case control study. Public Health. 1999;113(2):57.

Khan MU. Interruption of shigellosis by hand washing. Transactions of the Royal Society of Tropical
Medicine and Hygiene. 1982;76(2):164-8.

Luby SP, Agboatwalla M, Hoekstra RM, Rahbar MH, Billhimer W, Keswick BH. Delayed effective-
ness of home-based interventions in reducing childhood diarrhea, Karachi, Pakistan. AMERICAN
JOURNAL OF TROPICAL MEDICINE AND HYGIENE. 2004;71:420-427.

Luby SP, Agboatwalla M, Feikin DR, Painter J, Billhimer W, Altaf A, et al. Effect of handwashing
on child health: a randomised controlled trial. Lancet. 2005;366(9481).

Luby SP, Agboatwalla M, Painter J, Altaf A, Billhimer W, Keswick B, et al. Combining drinking water
treatment and hand washing for diarrhoea prevention, a cluster randomised controlled trial. Tropical
Medicine & International Health. 2006;11(4):479-489.

Luby S. SHEWA-B health impact study - Draft report sentinel surveillance quarter 1-3: October
2007-June 2008. Unpublished draft. 2008;.

Pattanayak S, Dickinson K, Yang J. Promoting latrine use: Midline findings from a randomized
evaluation of a community mobilization campaign in Bhadrak, Orissa. Working paper, No. 07_02.
North Carolina: Research Triangle Institute;.

Pinfold JV, Horan NJ. Measuring the effect of a hygiene behaviour intervention by indicators of
behaviour and diarrhoeal disease. Transactions of the Royal Society of Tropical Medicine and Hygiene.
1996;90(4):366.

Shahid NS, Greenough IIT WB, Samadi AR, Huq MI, Rahman N. Hand Washing with Soap Reduces
Diarrhoea and Spread of Bacterial Pathogens in a Bangladesh Village. Journal of diarrhoeal diseases
research. 1996;14(2):85.

Sircar BK, Sengupta PG, Mondal SK, Gupta DN, Saha NC, Ghosh S, et al. Effect of handwashing on
the incidence of diarrhoea in a Calcutta slum. Journal of diarrhoeal diseases research. 1987;5(2):112-4.

Stanton BF, Clemens JD, Khair T. Educational intervention for altering water-sanitation behavior to
reduce childhood diarrhea in urban Bangladesh: impact on nutritional status. The American journal
of clinical nutrition. 1988;48(5):1166—-72.

Torun B. Environmental and educational interventions against diarrhea in Guatemala. In: Chen L,
Scrimshaw N, editors. Diarrhea and malnutrition: interactions, mechanisms and interventions. New
York: Plenum Press; 1982. .



[54]

[55]

[60]

[61]

24

Boisson S, Schmidt W -P, Clasen T, Berhanu T, Gezahegn H. Randomized controlled trial in rural
Ethiopia to assess a portable water treatment device. Environ Sci Technol Environmental Science and
Technology. 2009;43(15):5934-5939.

Boisson S, Kiyombo M, Sthreshley L, Tumba S, Makambo J, Clasen T. Field assessment of a novel
household-based water filtration device: a randomised, placebo-controlled trial in the Democratic
Republic of Congo. PloS one. 2010;5(9).

Brown J, Sobsey M D, Loomis D. Local drinking water filters reduce diarrheal disease in Cambodia:
A randomized, controlled trial of the ceramic water purifier. Am J Trop Med Hyg American Journal
of Tropical Medicine and Hygiene. 2008;79(3):394-400.

Chiller TM, Mendoza CE, Lopez MB, Alvarez M, Hoekstra RM, Keswick BH, et al. Reducing diar-
rhoea in Guatemalan children: randomized controlled trial of flocculant-disinfectant for drinking-water.
Bulletin of the World Health Organization. 2006;84(1):28-35.

Clasen TF, Brown J, Collin S, Suntura O, Cairncross S. Reducing diarrhea through the use of
household-based ceramic water filters: A randomized, controlled trial in rural Bolivia. The Ameri-
can journal of tropical medicine and hygiene. 2004;70(6):651.

Clasen T, Parra GG, Boisson S, Collin S. Household-based ceramic water filters for the prevention of
diarrhea: A randomized, controlled trial of a pilot program in Colombia. AMERICAN JOURNAL OF
TROPICAL MEDICINE AND HYGIENE. 2005;73(4):790-795.

Clasen T, Brown J, Collin S. Preventing diarrhoea with household ceramic water filters: Assessment of
a pilot project in Bolivia. International Journal of Environmental Health Research. 2006;16(3):231-239.

Colford JM, Rees JR, Wade TJ, Khalakdina A, Hilton JF, Ergas 1J, et al. Participant Blinding and
Gastrointestinal Illness in a Randomized, Controlled Trial of an In-Home Drinking Water Intervention.
Emerging Infectious Diseases. 2002;8(1).

Colford JM, Wade TJ, Sandhu SK, Wright CC, Lee S, Shaw S, et al. A Randomized, Controlled
Trial of In-Home Drinking Water Intervention to Reduce Gastrointestinal Illness. American Journal
of Epidemiology. 2005;161(5):472-482.

Colford Jr J M, Wright C C, Arnold B F, Saha S, Scott J, Eisenberg J N S, et al. The Sonoma water
evaluation trial: A randomized drinking water intervention trial to reduce gastrointestinal illness in
older adults. Am J Public Health American Journal of Public Health. 2009;99(11):1988-1995.

Conroy RM, Elmore-Meegan M. Solar disinfection of drinking water and diarrhoea in Maasai children:
A controlled field trial. Lancet. 1996;348(9043).

Conroy RM, Joyce T, McGuigan K, Barnes J, Meegan ME. Solar disinfection of water reduces diar-
rhoeal disease: an update. ARCHIVES OF DISEASE IN CHILDHOOD. 1999;81(9910).

Crump JA, Otieno PO, Slutsker L, Keswick BH, Rosen DH, Hoekstra RM, et al. Household based
treatment of drinking water with flocculant-disinfectant for preventing diarrhoea in areas with turbid
source water in rural western Kenya: cluster randomised controlled trial. BMJ: British Medical Journal
(International Edition). 2005;331(7515).

Doocy S, Burnham G. Point-of-use water treatment and diarrhoea reduction in the emergency context:
an effectiveness trial in Liberia. Tropical Medicine & International Health. 2006;11(10):1542-1552.

du Preez M, Conroy RM, Wright JA, Moyo S, Potgieter N, Gundry SW. Short report: Use of ceramic
water filtration in the prevention of diarrheal disease: A randomized controlled trial in rural South
Africa and Zimbabwe. The American journal of tropical medicine and hygiene. 2008;79(5):696.

Tijima Y, Karama M, Oundo JO, Honda T. Prevention of bacterial diarrhea by pasteurization of
drinking water in Kenya. Microbiology and immunology. 2001;45(6):413—6.



[70]

25

Jain S, Blanton E, Schmitz A, Wannemuehler K A, Hoekstra R M, Quick R E, et al. Sodium dichloroiso-
cyanurate tablets for routine treatment of household drinking water in periurban Ghana: A random-
ized controlled trial. Am J Trop Med Hyg American Journal of Tropical Medicine and Hygiene.
2010;82(1):16-22.

Kirchhoff LV, McClelland KE, Pinho MDC, Araujo JG, de Sousa MA, Guerrant RL. Feasibility and
Efficacy of In-Home Water Chlorination in Rural North-Eastern Brazil. The Journal of Hygiene.
1985;94(2):173-180.

Kremer M, Null C, Miguel E, Zwane A. Trickle down: Diffusion of chlorine for drinking water treatment
in Kenya. 2008;.

Lule JR, Mermin J, Ekwaru JP, Malamba S, Downing R, Ransom R, et al. Effect of home-based
water chlorination and safe storage on diarrhea among persons with human immunodeficiency virus in
Uganda. The American journal of tropical medicine and hygiene. 2005;73(5):926.

Mahfouz AA, Abdel-Moneim M, al-Erian RA, al-Amari OM. Impact of chlorination of water in
domestic storage tanks on childhood diarrhoea: a community trial in the rural areas of Saudi Arabia.
The Journal of tropical medicine and hygiene. 1995;98(2):126-30.

Musezahl D, Christen A, Pacheco GD, Tellez FA, Iriarte M, Zapata ME, et al. Solar drinking water
disinfection (SODIS) to reduce childhood diarrhoea in rural Bolivia: a cluster-randomized, controlled
trial. PLoS medicine. 2009;6(8).

McGuigan K G, Samaiyar P, Du Preez M, Conroy R M. High compliance randomized controlled field
trial of solar disinfection of drinking water and its impact on childhood diarrhea in rural Cambodia.
Environ Sci Technol Environmental Science and Technology. 2011;45(18):7862-7867.

Quick RE, Venczel LV, Mintz ED, Soleto L, Aparicio J, Gironaz M, et al. Diarrhoea Prevention in
Bolivia through Point-of-Use Water Treatment and Safe Storage: A Promising New Strategy. Epi-
demiology and Infection. 1999;122(1):83-90.

Quick RE, Kimura A, Thevos A, Tembo M, Shamputa I, Hutwagner L, et al. Diarrhea prevention
through household-level water disinfection and safe storage in Zambia. AMERICAN JOURNAL OF
TROPICAL MEDICINE AND HYGIENE. 2002;66:584-589.

Rai BB, Pal R, Kar S, Tsering DC. Solar Disinfection Improves Drinking Water Quality to Prevent
Diarrhea in Under-Five Children in Sikkim, India. Journal of Global Infectious Diseases. 2010;2(3).

Reller ME, Mendoza CE, Lopez MB, Alvarez M, Hoekstra RM, Olson CA, et al. A randomized con-
trolled trial of household-based flocculant-disinfectant drinking water treatment for diarrhea prevention
in rural Guatemala. The American journal of tropical medicine and hygiene. 2003;69(4):411.

Rodrigo S, Sinclair M, Forbes A, Leder K, Cunliffe D. Drinking rainwater: A double-blinded, ran-
domized controlled study of water treatment filters and gastroenteritis incidence. Am J Public Health
American Journal of Public Health. 2011;101(5):842-847.

Rose A, Roy S, Abraham V, Holmgren G, George K, Balraj V, et al. Solar disinfection of water for
diarrhoeal prevention in southern India. Archives of disease in childhood. 2006;91(2):139-41.

Sathe AA, Hinge DV, Watve MG. Water treatment and diarrhoea. Lancet. 1996;348(9023):335-6.

Semenza JC, Roberts L, Henderson A, Bogan J, Rubin CH. EPIDEMIOLOGY - Water distribution
system and diarrheal disease transmission: A case study in Uzbekistan. The American journal of
tropical medicine and hygiene. 1998;59(6):941.

Sobsey MD, Handzel T, Venczel L. Chlorination and safe storage of household drinking water in
developing countries to reduce waterborne disease. Water science and technology : a journal of the
International Association on Water Pollution Research. 2003;47(3):221-8.



[36]

[87]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

26

Stauber C, Ortiz G, Loomis D, Sobsey M. A randomized controlled trial of the concrete biosand
filter and its impact on diarrheal disease in Bonao, Dominican Republic. AMERICAN JOURNAL OF
TROPICAL MEDICINE AND HYGIENE. 2009;80(2):286-293.

Tiwari SSK, Schmidt WP, Darby J, Kariuki ZG, Jenkins MW. Intermittent slow sand filtration for pre-
venting diarrhoea among children in Kenyan households using unimproved water sources: randomized
controlled trial. Tropical Medicine & International Health. 2009;14(11):1374-1382.

Universidad Rafael Landivar. Contra la morbilidad infantile: filtros artesanales y educacion. Estudios
sociales IV epoca. 1995;23:1-66.

Jensen PK, Ensink JHJ, Jayasinghe G, van der Hoek W, Cairncross S, Dalsgaard A. Effect of Chlorina-
tion of Drinking-water on Water Quality and Childhood Diarrhoea in a Village in Pakistan. JOURNAL
OF HEALTH POPULATION AND NUTRITION. 2003;21:26-31.

Kremer M, Leino J, Miguel E, Zwane A P. Spring cleaning: Rural water impacts, valuation, and
property rights institutions. Q J Econ Quarterly Journal of Economics. 2011;126(1):145-205.

Roberts L, Chartier Y, Chartier O, Malenga G, Toole M, Rodka H. Keeping clean water clean in a
Malawi refugee camp: a randomized intervention trial. Bulletin of the World Health Organization.
2001;79(4):280-7.

Zhang W, Liu M, Yin W. [Evaluation of a long-term effect on improving drinking water and lavatories
in rural areas for prevention of diseases|. Ji Bing Kong Ji Za Zhi [Chinese Journal of Disease Control
& Prevention]. 2000;4(1):76-8.

Alam N, Wojtyniak B, Henry FJ, Rahaman MM. Mothers’ personal and domestic hygiene and
diarrhoea incidence in young children in rural Bangladesh. International journal of epidemiology.
1989;18(1):242-7.

Xiao S, Lin C, Chen K. [Evaluation of effectiveness of comprehensive control for diarrhea diseases in
rural areas of East Fujian and analysis of its cost-benefit]. Chinese Journal of Preventation Pedicine.
1987;31(1):40-41.

Daniels DL, Cousens SN, Makoae LN, Feachem RG. A case-control study of the impact of improved san-
itation on diarrhoea morbidity in Lesotho. Bulletin of the World Health Organization. 1990;68(4):455—
63.

Garrett V, Phelan M, Quick R E, Ogutu P, Mabonga P, Ombeki S, et al. Diarrhoea prevention in
a high-risk rural Kenyan population through point-of-use chlorination, safe water storage, sanitation,
and rainwater harvesting. Epidemiol Infect Epidemiology and Infection. 2008;136(11):1463-1471.

Arnold B, Colford Jr J M, Arana B, Mausezahl D, Hubbard A. Evaluation of a pre-existing, 3-
year household water treatment and handwashing intervention in rural Guatemala. Int J Epidemiol
International Journal of Epidemiology. 2009;38(6):1651-1661.

Huttly SR, Blum D, Kirkwood BR, Emeh RN, Okeke N, Ajala M, et al. The Imo State (Nigeria)
Drinking Water Supply and Sanitation Project, 2. Impact on dracunculiasis, diarrhoea and nutritional
status. Transactions of the Royal Society of Tropical Medicine and Hygiene. 1990;84(2).

Mertens TE, Cousens SN, Fernando MA, Kirkwood BR, Merkle F, Korte R, et al. Health impact eval-
uation of improved water supplies and hygiene practices in Sri Lanka: background and methodology.
Tropical medicine and parasitology : official organ of Deutsche Tropenmedizinische Gesellschaft and
of Deutsche Gesellschaft fr Technische Zusammenarbeit (GTZ). 1990;41(1):79-88.

Nanan D, White F, Azam I, Afsar H, Hozhabri S. Evaluation of a water, sanitation, and hygiene
education intervention on diarrhoea in northern Pakistan. Bulletin of the World Health Organization.
2003;81(3):160-5.



[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

27

Rauniyar G, Orbeta Jr A, Sugiyarto G. Impact of water supply and sanitation assistance on human
welfare in rural Pakistan. J Dev Eff Journal of Development Effectiveness. 2011;3(1):62-102.

Zhu X, Xia Q, Meng Z. [Assessment of effects of disease prevention by intervention measures of school
environmental hygiene in rural areas]. Wei Sheng Yan Jiu [Journal of Hygiene Research]. 1997;26:378—
80.

Wei X, Shao B, Fang Z. [Evaluation of the effect of prevention of diarrhea and ascariasis among
students of health intevention measures in schools in rural areas]. China Journal of Public Health.
1998;14:228.

Aziz, KM, Hoque BA, Hasan KZ, Patwary MY, Huttly SR, Rahaman MM, et al. Reduction in diarrhoeal
diseases in children in rural Bangladesh by environmental and behavioural modifications. Transactions
of the Royal Society of Tropical Medicine and Hygiene. 1990;84(3).

Messou E, Sangar SV, Josseran R, Le Corre C, Guelain J. Impact de ’assainissement et de I'hygine
domestique sur l'incidence de I'ascaridiose et de l'ankylostomose chez les enfants de 2 4 ans dans les
zones rurales de Cte d’Ivoire. Bulletin de la Socit de pathologie exotique (1990). 1997;90(1):48-50.

Borah KK, Sarma HP, Sarma HP. Lead, arsenic, fluoride, and iron contamination of drinking water
in the tea garden belt of Darrang district, Assam, India. Environmental Monitoring and Assessment.
2010;169(1-4):1-4.

Meenakshi, Maheshwari R. Fluoride in drinking water and its removal. Journal of Hazardous Materials.
2006 Sep;137(1):456—463.

Obiri S. Determination of Heavy Metals in Water from Boreholes in Dumasi in the Wassa West District
of Western Region of Republic of Ghana. Environmental Monitoring and Assessment. 2007;130(1-3):1—
3.

Rahman AA, Ravenscroft P. Groundwater resources and development in Bangladesh : background to
the arsenic crisis, agricultural potential and the environment. Dhaka: The University ress; 2003.

Steinmaus C, Moore L, Hopenhayn-Rich C, Biggs ML, Smith AH. Arsenic in drinking water and
bladder cancer. Cancer investigation. 2000;18(2):174-82.

WHO/UNICEF Joing Monitoring Programme for Water Supply and Sanitation. Core questions
on drinking water and sanitation for household surveys. Geneva: World Health Organization and
UNICEF; 2006.



Appendices

28



Table A.1: Country progress in access to improved water and sanitation,

1980-2011
Water Sanitation
Rate of Rate of
1980 1990 2011 Goal Decline MDG Status 1980 1990 2011 Goal Decline MDG Status
Asia, Central
Armenia 89.0 915 96.3 95.7 3.93 Target Reached 702 770 823 885 1.24 Insufficient Progress
Azerbaijan 64.6 70.7 87.0 854 3.87 Target Reached 34.3 457 833 728 5.62 Target Reached
Georgia 85.3 88.7 944 944 3.33 Target Reached 954 969 974 984 0.84 Insufficient Progress
Kazakhstan 86.7 90.1 952 95.0 3.45 Target Reached 36.1 470 946 73.5 10.88 Target Reached
Kyrgyzstan 58.2 63.2 T71.3 81.6 1.19 Insufficient Progress 22.1 28.3 37.7 64.1 0.67 Insufficient Progress
Mongolia 58.3 66.7 T75.6 83.3 1.48 Insufficient Progress 46.4 58.1 71.2  79.0 1.79 Insufficient Progress
Tajikistan 65.0 715 694 858 -0.35 Insufficient Progress 92.4 949 96.2 97.5 1.41 Insufficient Progress
Turkmenistan 79.9 838 84.4 919 0.17 Insufficient Progress 96.1 97.3 98.7 98.6 3.64 Target Reached
Uzbekistan 83.9 87.3 90.6 93.6 1.46 Insufficient Progress 23.5 29.3 45.2  64.6 1.21 Insufficient Progress
Asia, East
China 472 529 89.8 764 7.28 Target Reached 222 237 769 619 5.68 Target Reached
North Korea 98.2 99.0 98.6 99.5 -1.85 Insufficient Progress 46.3 582 77.5 79.1 2.95 On Track
Taiwan 82.6 91.2 98.0 95.6 7.12 Target Reached 75.8 872 959 93.6 5.38 Target Reached
Asia, South
Bangladesh 73.0 837 952 944 4.05 Target Reached 30.7 34.6 56.2 67.3 1.90 Insufficient Progress
Bhutan 71.1 79.7 942 89.8 5.99 Target Reached 223 346 68.0 67.3 3.41 Target Reached
India 679 73.7 893 86.9 4.29 Target Reached 13.0 189 388 594 1.34 Insufficient Progress
Nepal 63.5 68.9 87.4 845 4.31 Target Reached 7.3 9.4 48.6  54.7 2.69 Insufficient Progress
Pakistan 782 825 914 91.2 3.41 Target Reached 264 320 57.6 66.0 2.25 Insufficient Progress
Asia, Southeast
Cambodia 204 233 62.0 61.6 3.35 Target Reached 8.1 11.2 382 556 1.72 Insufficient Progress
Indonesia 23.3 421 786 T71.1 4.74 Target Reached 257 393 722 69.7 3.72 Target Reached
Laos 35.6 433 68.0 T71.6 2.73 Insufficient Progress 14.6 21.3 55.8  60.7 2.74 Insufficient Progress
Malaysia 76.4 83.8 92.8 91.9 3.85 Target Reached 76.3 86.3 97.0 93.1 7.17 Target Reached
Maldives 65.8 850 97.6 925 8.80 Target Reached 20.7 444 951 722 11.61 Target Reached
Mauritius 95.3 93.7 99.3 96.8 10.47 Target Reached 53.2 721 96.0 86.1 9.31 Target Reached
Myanmar 50.2 55.8 80.3 779 3.86 Target Reached 384 449 81.0 724 5.08 Target Reached
Philippines 80.5 832 914 91.6 3.17 On Track 55.6 62.6 87.8 81.3 5.35 Target Reached
Seychelles 749 816 914 90.8 3.59 Target Reached 53.9 67.7 86.7 83.8 4.24 Target Reached
Sri Lanka 62.6 65.5 89.1 82.7 5.49 Target Reached 40.6 549 936 774 9.29 Target Reached
Thailand 44.0 68.6 90.3 84.3 5.59 Target Reached 795 87.7 98.7 93.8 10.57 Target Reached
Timor-Leste 38.7 44.6 63.5 723 1.99 Insufficient Progress 23.5 31.4 53.0 65.7 1.80 Insufficient Progress
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Table A.1 continued.

Water Sanitation
Rate of Rate of
1980 1990 2011 Goal Decline MDG Status 1980 1990 2011 Goal Decline MDG Status
Vietnam 54.7 64.9 88.3 825 5.23 Target Reached 24.6 33.0 68.0 66.5 3.53 Target Reached
Caribbean
Antigua and Barbuda 94.4 96.9 98.1 98.5 2.39 Insufficient Progress 39.2 53.1 77.9 76.5 3.60 Target Reached
Bahamas 95.2 96.7 975 98.3 1.29 Insufficient Progress 67.2 75.8 90.0 87.9 4.23 Target Reached
Barbados 954 96.7 98.1 984 2.55 Insufficient Progress 48.5 66.4 852 83.2 3.90 Target Reached
Belize 73.2 777 959 889 8.03 Target Reached 30.8 584 92.0 79.2 7.84 Target Reached
Cuba 76.7 906 90.3 95.3 -0.15 Insufficient Progress 77.5 89.9 959 95.0 4.35 Target Reached
Dominica 826 886 949 943 3.85 Target Reached 23.0 371 621 68.6 2.41 Insufficient Progress
Dominican Republic 70.8 83.6 85.8 91.8 0.68 Insufficient Progress 69.1 78.5 89.1 89.3 3.23 On Track
Grenada 89.7 915 956 95.7 3.13 On Track 29.6 377 66.0 689 2.88 On Track
Guyana 771 7rl 934 88.5 5.92 Target Reached 30.1 323 838 66.1 6.80 Target Reached
Haiti 41.8  46.2 60.1 73.1 1.43 Insufficient Progress 14.5 31.5 37.7 65.8 0.45 Insufficient Progress
Jamaica 82.2 856 934 928 3.71 Target Reached 64.3 61.7 90.8 80.8 6.79 Target Reached
Saint Lucia 83.3 91.8 947 959 2.09 Insufficient Progress 28.5 426 71.0 71.3 3.25 On Track
Saint Vincent and the Grenadines  90.2 88.7 95.1 94.3 4.01 Target Reached 25.3 345 654 67.2 3.04 On Track
Suriname 83.6 857 90.6 928 1.99 Insufficient Progress 74.3 82.3 909 91.1 3.16 On Track
Trinidad and Tobago 904 91.0 96.8 95.5 4.83 Target Reached 54.7 571 973 78.6 13.15 Target Reached
Latin America, Andean
Bolivia 76.8 776 857 888 2.14 Insufficient Progress 32.7 35.7 67.1 67.9 3.18 On Track
Ecuador 64.1 71.8 87.3 859 3.81 Target Reached 54.4 65.0 84.1 825 3.75 Target Reached
Peru 65.1 69.9 80.8 84.9 2.14 Insufficient Progress 47.2 52.8 721 764 2.51 Insufficient Progress
Latin America, Central
Colombia 80.8 86.2 90.7 93.1 1.91 Insufficient Progress 66.7 76.3 89.7 88.2 3.98 Target Reached
Costa Rica 86.9 895 96.0 94.7 4.66 Target Reached 8.1 873 98.8 93.7 11.21 Target Reached
El Salvador 74.2 73.0 89.4 86.5 4.45 Target Reached 50.8 48.8 90.2 744 7.85 Target Reached
Guatemala 66.3 81.2 90.6 90.6 3.33 Target Reached 52.8 51.3 85.6 T75.7 5.79 Target Reached
Honduras 744 780 87.0 89.0 2.52 Insufficient Progress 40.7 533 77.5 76.7 3.48 Target Reached
Mexico 82.5 859 932 93.0 3.48 Target Reached 76.1 831 953 91.6 6.10 Target Reached
Nicaragua 78.0 77.8 84.8 889 1.80 Insufficient Progress 37.9 38.0 45.5 69.0 0.61 Insufficient Progress
Panama 779 832 940 916 4.93 Target Reached 52.8 634 67.7 817 0.59 Insufficient Progress
Venezuela 85.8 88.4 94.6 94.2 3.68 Target Reached 79.3 84.4 934 922 4.09 Target Reached
Latin America, Southern
Argentina 65.5 74.1 96.0 87.1 8.91 Target Reached 76.8 82.1 924 91.1 4.05 Target Reached
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Table A.1 continued.

Water Sanitation
Rate of Rate of
1980 1990 2011 Goal Decline MDG Status 1980 1990 2011 Goal Decline MDG Status
Chile 80.2 85.6 953 92.8 5.33 Target Reached 80.5 86.7 95.8 934 5.47 Target Reached
Uruguay 94.7 947 982 974 5.01 Target Reached 87.7 916 97.1  95.8 5.05 Target Reached
Latin America, Tropical
Brazil 68.1 81.2 94.7 90.6 6.07 Target Reached 58.7 64.8 84.3 824 3.86 Target Reached
Paraguay 55.6 62.0 83.7 81.0 4.03 Target Reached 36.3 445 T15 723 3.17 On Track
North Africa / Middle East
Afghanistan 16.9 182 527 59.1 2.61 Insufficient Progress 30.8 35.1 49.8 67.5 1.23 Insufficient Progress
Algeria 75.1 799 87.3 90.0 2.17 Insufficient Progress 65.7 73.8 94.0 86.9 6.98 Target Reached
Bahrain 942 949 976 974 3.53 Target Reached 93.2 953 98.6 97.6 5.88 Target Reached
Egypt 83.7 837 963 944 5.36 Target Reached 69.8 782 96.7 89.1 9.01 Target Reached
Iran 83.5 8.6 91.6 928 2.56 Insufficient Progress 64.0 70.0 79.6 85.0 1.83 Insufficient Progress
Iraq 85.0 84.7 81.3 924 -0.95 Insufficient Progress 77.0 78.4 87.3 89.2 2.54 Insufficient Progress
Jordan 943 96.3 974 98.2 1.71 Insufficient Progress 84.0 91.7 99.7  95.8 15.55 Target Reached
Kuwait 98.7 984 99.2 99.2 2.95 On Track 96.5 97.6 99.2 98.8 5.31 Target Reached
Lebanon 90.7 929 956 96.5 2.31 Insufficient Progress 94.5 97.0 98.8 98.5 4.37 Target Reached
Libya 62.8 595 679 79.7 1.12 Insufficient Progress 94.3 953 97.5 97.7 3.04 On Track
Morocco 41.0 57.0 T79.7 785 3.57 Target Reached 46.7 56.2 70.2 78.1 1.83 Insufficient Progress
Occupied Palestinian Territory 84.4 88.6 84.7 943 -1.41 Insufficient Progress 78.4 86.3 97.1 93.2 7.37 Target Reached
Oman 69.1 785 893 89.2 3.33 Target Reached 684 831 951 916 5.92 Target Reached
Qatar 97.6 972 98.6 98.6 3.50 Target Reached 96.5 97.0 99.2 98.5 6.23 Target Reached
Saudi Arabia 91.8 923 864 96.1 -2.67 Insufficient Progress 88.5 92.7 976 96.4 5.28 Target Reached
Syria 79.3 828 89.7 914 2.44 Insufficient Progress 84.1 88.7 97.0 94.3 6.28 Target Reached
Tunisia 91.6 89.0 924 945 1.74 Insufficient Progress 64.4 75.7 91.4 87.8 4.93 Target Reached
Turkey 86.4 88.5 97.0 94.3 6.44 Target Reached 76.1 87.3 914 93.7 1.83 Insufficient Progress
United Arab Emirates 97.1 970 983 98.5 2.53 Insufficient Progress 95.8 96.3 98.7 98.2 4.83 Target Reached
Yemen 46.9 543 548 771 0.06 Insufficient Progress 18.5 22.2 62.3 61.1 3.45 Target Reached
Oceania
Fiji 60.6 70.0 88.0 85.0 4.35 Target Reached 55.3 624 839 81.2 4.03 Target Reached
Kiribati 76.6 741 87.8 87.0 3.61 Target Reached 56.2 58.3 79.8 79.1 3.45 Target Reached
Marshall Islands 76.8 8.0 899 915 2.49 Insufficient Progress 57.4 67.0 80.0 83.5 2.40 Insufficient Progress
Micronesia, Federated States of 84.9 874 929 93.7 2.70 Insufficient Progress 22.2 28.3 39.3 64.2 0.79 Insufficient Progress
Papua New Guinea 29.3 319 459 66.0 1.09 Insufficient Progress 5.5 7.3 12.0 53.6 0.25 Insufficient Progress
Samoa 90.0 91.8 96.8 959 4.45 Target Reached 93.7 949 96.8 975 2.22 Insufficient Progress
Solomon Islands 59.0 63.7 75.2 81.8 1.81 Insufficient Progress 15.9 22.1  26.3 61.1 0.26 Insufficient Progress
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Table A.1 continued.

Water Sanitation
Rate of Rate of
1980 1990 2011 Goal Decline MDG Status 1980 1990 2011 Goal Decline MDG Status
Tonga 71.9 839 92.8 920 3.79 Target Reached 59.3 74.1 88.0 87.0 3.65 Target Reached
Vanuatu 55.9 62.0 86.1 81.0 4.80 Target Reached 348 446 726 723 3.36 Target Reached
Sub-Saharan Africa, Central
Angola 372 395 529 69.7 1.19 Insufficient Progress 19.8 27.5 52.0 63.7 1.97 Insufficient Progress
Central African Republic 30.2 332 58.8 66.6 2.31 Insufficient Progress 7.2 9.7 376 549 1.76 Insufficient Progress
Congo 49.8 60.1 70.7 80.0 1.48 Insufficient Progress 17.4 27.6 47.0 63.8 1.49 Insufficient Progress
Congo, DR 45.5  46.2 46,5 73.1 0.02 Insufficient Progress 19.9 229 428 614 1.43 Insufficient Progress
Equatorial Guinea 316 335 79.0 66.8 5.47 Target Reached 39.6 493 873 4.7 6.57 Target Reached
Gabon 754 776 86.4 88.8 2.39 Insufficient Progress 29.1 40.1 72.3 70.1 3.67 Target Reached
Sub-Saharan Africa, East
Burundi 60.1 65.9 70.2 829 0.65 Insufficient Progress 2.3 3.9 29.7  52.0 1.48 Insufficient Progress
Comoros 84.3 87.7 92.0 939 2.06 Insufficient Progress 20.3 28.5 284 64.2 0.00 Insufficient Progress
Djibouti 784 789 864 89.5 2.08 Insufficient Progress 58.6 62.5 73.6 81.3 1.67 Insufficient Progress
Eritrea 19.8 21.6 48.1 60.8 1.97 Insufficient Progress 10.1 11.9 25.9  56.0 0.82 Insufficient Progress
Ethiopia 21.0 232 50.2 61.6 2.06 Insufficient Progress 4.0 2.8 155 514 0.66 Insufficient Progress
Kenya 36.0 401 51.6 70.0 1.02 Insufficient Progress 16.8 204 46.9 60.2 1.93 Insufficient Progress
Madagascar 33.0 30.7 433 654 0.95 Insufficient Progress 20.7 27.4 19.2  63.7 -0.51 Insufficient Progress
Malawi 382 428 785 714 4.66 Target Reached 6.3 6.3 18.5 53.2 0.67 Insufficient Progress
Mozambique 16.7 299 46.6 64.9 1.29 Insufficient Progress 8.5 8.3 28.2 542 1.16 Insufficient Progress
Rwanda 31.2 289 66.2 64.5 3.55 Target Reached 4.2 1.6 73.8  50.8 6.30 Target Reached
Somalia 26.6  25.7 29.9 629 0.28 Insufficient Progress 31.9 33.8 38.5 66.9 0.35 Insufficient Progress
Sudan 446 579 685 79.0 1.38 Insufficient Progress 8.4 13.6 187 56.8 0.29 Insufficient Progress
Tanzania 40.0 438 56.6 71.9 1.23 Insufficient Progress 4.7 5.2 20.3  52.6 0.82 Insufficient Progress
Uganda 39.0 464 69.8 73.2 2.73 Insufficient Progress 3.9 2.0 473 51.0 2.95 On Track
Zambia 51.8 50.0 58.6 75.0 0.89 Insufficient Progress 31.7 404 45.6 70.2 0.43 Insufficient Progress
Sub-Saharan Africa, Southern
Botswana 79.0 89.7 96.0 948 4.53 Target Reached 10.1 287 56.1 644 2.31 Insufficient Progress
Lesotho 43.6 57.0 80.6 785 3.78 Target Reached 7.0 13.8 38.7 56.9 1.62 Insufficient Progress
Namibia 66.2 68.4 88.8 84.2 4.96 Target Reached 259 325 535 66.2 1.77 Insufficient Progress
South Africa 83.0 857 919 929 2.69 Insufficient Progress 61.4 67.8 84.2 83.9 3.40 Target Reached
Swaziland 44.0 50.7 T71.5 75.3 2.60 Insufficient Progress 21.6 39.9 64.7 70.0 2.54 Insufficient Progress
Zimbabwe 71.0 76.0 76.1 88.0 0.02 Insufficient Progress 41.1 51.5 62.3 75.8 1.20 Insufficient Progress

Sub-Saharan Africa, West
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Table A.1 continued.

Water Sanitation
Rate of Rate of
1980 1990 2011 Goal Decline MDG Status 1980 1990 2011 Goal Decline MDG Status

Benin 53.6 585 719 79.3 1.85 Insufficient Progress 13.4 17.6 31.5 58.8 0.88 Insufficient Progress
Burkina Faso 380 370 709 685 3.67 Target Reached 5.9 5.8 17.7 529 0.65 Insufficient Progress
Cameroon 42.0 49.3 68.2 747 2.22 Insufficient Progress 11.8 14.4  50.7 57.2 2.62 Insufficient Progress
Cape Verde 25.3 71.0 86.2 855 3.54 Target Reached 16.7 306 59.3 65.3 2.55 Insufficient Progress
Chad 33.3 343 485 67.2 1.16 Insufficient Progress 7.4 8.4 12.6  54.2 0.23 Insufficient Progress
Cte d’Ivoire 576 56.5 755 783 2.74 Insufficient Progress 21.8 234 356 61.7 0.82 Insufficient Progress
Gambia 55.2  65.7 86.5 82.8 4.43 Target Reached 44.3 522  80.7 76.1 4.31 Target Reached
Ghana 389 475 80.7 738 4.76 Target Reached 19.0 23.6 57.7 61.8 2.81 On Track
Guinea 204 385 65.7 69.3 2.78 On Track 121 143 309 571 1.02 Insufficient Progress
Guinea-Bissau 33.5 36.0 594 68.0 2.17 Insufficient Progress 26.7 33.9 37.5 67.0 0.26 Insufficient Progress
Liberia 61.7 629 72.7 815 1.46 Insufficient Progress 37.1 41.0 46.2 70.5 0.44 Insufficient Progress
Mali 211 294 613 64.7 2.87 On Track 1.6 2.0 30.7  51.0 1.65 Insufficient Progress
Mauritania 24.0 259 59.2 629 2.84 On Track 16.7 226 358 61.3 0.89 Insufficient Progress
Niger 36.3 30.6 47.6 65.3 1.33 Insufficient Progress 4.8 6.3 10.1  53.1 0.20 Insufficient Progress
Nigeria 41.1 40.6 60.9 70.3 2.00 Insufficient Progress 19.7 21.2 514  60.6 2.30 Insufficient Progress
Sao Tome and Principe 775 764 90.9 88.2 4.53 Target Reached 144 196 40.7 59.8 1.45 Insufficient Progress
Senegal 42.0 489 744 745 3.28 On Track 18.6 26.7 59.8 63.3 2.86 On Track
Sierra Leone 23.6 313 534 65.7 1.84 Insufficient Progress 13.6 23.2 36.0 61.6 0.87 Insufficient Progress
Togo 69.3 68.2 61.6 84.1 -0.89 Insufficient Progress 7.7 32.5 404 66.3 0.59 Insufficient Progress
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Improved Water
Afghanistan
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MICS Other Survey A Other Report --- Stage 2
< DHS Census Microdata +  Subnational —— Stage 3
RHS Census Report X Outlier —— MDG Goal
« LSMS JMP Report -+ Stage 1 — JMP Est
Figure A.1: Prevalence of access to improved water, Afghanistan
Improved Water
Algeria
T T T T T T T T
1980 1985 1990 1995 2000 2005 2010 2015
MICS Other Survey A Other Report --- Stage 2
< DHS Census Microdata +  Subnational —— Stage 3
RHS Census Report X Outlier —— MDG Goal
< LSMS JMP Report - Stage 1 —— JMP Est

Figure A.2: Prevalence of access to improved water, Algeria
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Improved Water
Angola
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Figure A.3: Prevalence of access to improved water, Angola
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Figure A.4: Prevalence of access to improved water, Antigua and Barbuda
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Improved Water
Argentina
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MICS Other Survey A Other Report --- Stage 2
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LSMS JMP Report -+ Stage 1 — JMP Est
Figure A.5: Prevalence of access to improved water, Argentina
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Figure A.6: Prevalence of access to improved water, Armenia
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Improved Water
Azerbaijan
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Figure A.7: Prevalence of access to improved water, Azerbaijan
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Figure A.8: Prevalence of access to improved water, Bahamas
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Improved Water
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Figure A.9: Prevalence of access to improved water, Bahrain
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Figure A.10: Prevalence of access to improved water, Bangladesh
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Improved Water
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Figure A.11: Prevalence of access to improved water, Barbados
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Figure A.12: Prevalence of access to improved water, Belize
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Improved Water
Benin
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Figure A.13: Prevalence of access to improved water, Benin
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Figure A.14:

Prevalence of access to improved

water, Bhutan
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Improved Water
Bolivia
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Figure A.15: Prevalence of access to improved water, Bolivia
Improved Water
Botswana
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Figure A.16: Prevalence of access to improved water, Botswana
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Figure A.17: Prevalence of access to improved water, Brazil
Improved Water
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Figure A.18: Prevalence of access to improved water, Burkina Faso
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Improved Water
Burundi
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Figure A.19: Prevalence of access to improved water, Burundi
Improved Water
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Figure A.20: Prevalence of access to improved water, Cambodia
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Improved Water
Cameroon
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Figure A.21: Prevalence of access to improved water, Cameroon
Improved Water
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Figure A.22: Prevalence of access to improved water, Cape Verde
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Improved Water
Central African Republic
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Figure A.23: Prevalence of access to improved water, Central African Republic
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Figure A.24: Prevalence of access to improved water, Chad
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Figure A.25: Prevalence of access to improved water, Chile
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Figure A.26: Prevalence of access to improved

water, China
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Figure A.27: Prevalence of access to improved water, Colombia
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Figure A.28: Prevalence of access to improved water, Comoros
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Figure A.29: Prevalence of access to improved water, Congo
Improved Water
Congo, the Democratic Republic of the
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Figure A.30: Prevalence of access to improved water, Congo, the Democratic Republic of the
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Improved Water
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Figure A.31: Prevalence of access to improved water, Costa Rica
Improved Water
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Figure A.32: Prevalence of access to improved water, Cte d’Ivoire
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Improved Water
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Figure A.33: Prevalence of access to improved water, Cuba
Improved Water
Djibouti
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Figure A.34: Prevalence of access to improved water, Djibouti
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Improved Water
Dominica
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Figure A.35: Prevalence of access to improved water, Dominica
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Figure A.36: Prevalence of access to improved water,

Dominican Republic
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Improved Water
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Figure A.37: Prevalence of access to improved water, Ecuador
Improved Water
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Figure A.38: Prevalence of access to improved water, Egypt
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Improved Water
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Figure A.39: Prevalence of access to improved water, El Salvador
Improved Water
Equatorial Guinea
T T T T T T T T
1980 1985 1990 1995 2000 2005 2010 2015
MICS Other Survey A Other Report --- Stage 2
< DHS Census Microdata +  Subnational —— Stage 3
RHS Census Report X Outlier —— MDG Goal
< LSMS JMP Report - Stage 1 —— JMP Est

Figure A.40: Prevalence of access to improved water, Equatorial Guinea
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Figure A.41: Prevalence of access to improved water, Eritrea
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Figure A.42: Prevalence of access to improved water, Ethiopia
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Figure A.43: Prevalence of access to improved water, Fiji
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Gabon
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Figure A.44: Prevalence of access to improved

water, Gabon
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Improved Water
Gambia
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Figure A.45: Prevalence of access to improved water, Gambia
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Figure A.46: Prevalence of access to improved

water, Georgia
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Figure A.47: Prevalence of access to improved water, Ghana
Improved Water
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Figure A.48: Prevalence of access to improved water, Grenada
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Improved Water
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Figure A.49: Prevalence of access to improved water, Guatemala
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Figure A.50: Prevalence of access to improved water, Guinea
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Improved Water
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Figure A.51: Prevalence of access to improved water, Guinea-Bissau
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Figure A.52: Prevalence of access to improved

water, Guyana
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Figure A.53: Prevalence of access to improved water, Haiti
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Figure A.54: Prevalence of access to improved water, Honduras
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Figure A.55: Prevalence of access to improved water, India
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Figure A.56: Prevalence of access to improved water, Indonesia
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Figure A.57: Prevalence of access to improved water, Iran, Islamic Republic of
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Figure A.58: Prevalence of access to improved water, Iraq
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Figure A.59: Prevalence of access to improved water, Jamaica
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Jordan
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Figure A.60:

Prevalence of access to improved

water, Jordan
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Figure A.61: Prevalence of access to improved water, Kazakhstan
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Figure A.62: Prevalence of access to improved water, Kenya
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Figure A.63: Prevalence of access to improved water, Kiribati
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Figure A.64: Prevalence of access to improved water, Korea, Democratic People’s Republic of
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Figure A.65: Prevalence of access to improved water, Kuwait
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Figure A.66: Prevalence of access to improved water, Kyrgyzstan
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Figure A.67: Prevalence of access to improved water, Lao People’s Democratic Republic
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Figure A.68: Prevalence of access to improved water, Lebanon
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Figure A.69: Prevalence of access to improved water, Lesotho
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Figure A.70: Prevalence of access to improved water, Liberia
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Figure A.71: Prevalence of access to improved water, Libyan Arab Jamahiriya
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Figure A.72: Prevalence of access to improved water, Madagascar

2015
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Figure A.73: Prevalence of access to improved water, Malawi
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Figure A.74: Prevalence of access to improved water, Malaysia
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Figure A.75: Prevalence of access to improved water, Maldives
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Figure A.76: Prevalence of access to improved water, Mali
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Figure A.77: Prevalence of access to improved water, Marshall Islands
Improved Water
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Figure A.78: Prevalence of access to improved water, Mauritania
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Figure A.79: Prevalence of access to improved water, Mauritius
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Figure A.80: Prevalence of access to improved water, Mexico
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1980

1985 1990 1995 2000 2005 2010
MICS Other Survey A Other Report --- Stage 2
DHS Census Microdata +  Subnational —— Stage 3
RHS Census Report X Outlier —— MDG Goal
LSMS JMP Report -+ Stage 1 — JMP Est

Improved Water
Mongolia

2015

Prevalence of access to improved water, Micronesia, Federated States of

1985 1990 1995 2000 2005 2010
MICS Other Survey A Other Report --- Stage 2
DHS Census Microdata +  Subnational —— Stage 3
RHS Census Report X Outlier —— MDG Goal
LSMS JMP Report - Stage 1 —— JMP Est

Figure A.82:

Prevalence of access to improved water, Mongolia

2015
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Figure A.83: Prevalence of access to improved water, Morocco
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Figure A.84: Prevalence of access to improved water, Mozambique
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Figure A.85: Prevalence of access to improved water, Myanmar
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Figure A.86: Prevalence of access to improved water, Namibia
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Figure A.87: Prevalence of access to improved water, Nepal
Improved Water
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Figure A.88: Prevalence of access to improved water, Nicaragua




Prevalence

Prevalence

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

78

Improved Water
Niger

1980 1985 1990 1995 2000 2005 2010 2015
MICS Other Survey A Other Report --- Stage 2
< DHS Census Microdata +  Subnational —— Stage 3
RHS Census Report X Outlier —— MDG Goal
« LSMS JMP Report -+ Stage 1 — JMP Est
Figure A.89: Prevalence of access to improved water, Niger
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Figure A.90: Prevalence of access to improved water, Nigeria
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Figure A.91: Prevalence of access to improved water, Occupied Palestinian Territory
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Figure A.92: Prevalence of access to improved water, Oman
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Figure A.93: Prevalence of access to improved water, Pakistan
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Figure A.94: Prevalence of access to improved water, Panama




Prevalence

Prevalence

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

81

Improved Water
Papua New Guinea

1980 1985 1990 1995 2000 2005 2010 2015
MICS Other Survey A Other Report --- Stage 2
DHS Census Microdata +  Subnational —— Stage 3
RHS Census Report X Outlier —— MDG Goal
LSMS JMP Report -+ Stage 1 — JMP Est
Figure A.95: Prevalence of access to improved water, Papua New Guinea
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Figure A.96: Prevalence of access to improved water, Paraguay
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Figure A.97: Prevalence of access to improved water, Peru
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Figure A.98: Prevalence of access to improved water, Philippines




Prevalence

Prevalence

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

83

Improved Water

Qatar
T T T T T T T 1
1980 1985 1990 1995 2000 2005 2010 2015
MICS Other Survey A Other Report --- Stage 2
DHS Census Microdata +  Subnational —— Stage 3
RHS Census Report X Outlier —— MDG Goal
LSMS JMP Report -+ Stage 1 — JMP Est

Figure A.99: Prevalence of access to improved water, Qatar
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Figure A.100: Prevalence of access to improved

water, Rwanda
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Figure A.101: Prevalence of access to improved water, Saint Lucia
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Figure A.102: Prevalence of access to improved water, Saint Vincent and the Grenadines
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Figure A.103

: Prevalence of access to improved water, Samoa
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Figure A.104: Prevalence of access to improved water, Sao

Tome and Principe
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Figure A.105: Prevalence of access to improved water, Saudi Arabia
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Figure A.106:

Prevalence of access to improved

water, Senegal
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Figure A.107: Prevalence of access to improved water, Seychelles
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Figure A.108: Prevalence of access to improved water, Sierra Leone
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Figure A.109: Prevalence of access to improved water, Solomon Islands
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Figure A.110:

Prevalence of access to improved

water, Somalia
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Figure A.111: Prevalence of access to improved water, South Africa
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Figure A.112: Prevalence of access to improved water, Sri Lanka




90

Improved Water
Sudan

0.8 1.0

Prevalence
0.6

0.4

0.2

0.0

X
T T T T T T T 1
1980 1985 1990 1995 2000 2005 2010 2015
MICS Other Survey A Other Report --- Stage 2
< DHS Census Microdata +  Subnational —— Stage 3
RHS Census Report X Outlier —— MDG Goal
« LSMS JMP Report -+ Stage 1 — JMP Est

Figure A.113: Prevalence of access to improved water, Sudan
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Figure A.114: Prevalence of access to improved water, Suriname
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Figure A.115: Prevalence of access to improved water, Swaziland
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Figure A.116: Prevalence of access to improved water,

Syrian Arab Republic
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Figure A.117: Prevalence of access to improved water, Taiwan
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Figure A.118: Prevalence of access to improved water, Tajikistan
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Figure A.119: Prevalence of access to improved water, Tanzania, United Republic of
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Figure A.120: Prevalence of access to improved water, Thailand

2015
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Figure A.121: Prevalence of access to improved water, Timor-Leste
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Figure A.122: Prevalence of access to improved water, Togo
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Figure A.123: Prevalence of access to improved water, Tonga
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Figure A.124: Prevalence of access to improved water, Trinidad and Tobago
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Figure A.125: Prevalence of access to improved water, Tunisia
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Figure A.126: Prevalence of access to improved water, Turkey
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Figure A.127: Prevalence of access to improved water, Turkmenistan
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Figure A.128:

Prevalence of access to improved

water, Uganda
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Figure A.129: Prevalence of access to improved water, United Arab Emirates
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Figure A.130: Prevalence of access to improved water, Uruguay
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Figure A.131: Prevalence of access to improved water, Uzbekistan
Improved Water
Vanuatu
T T T T T T T T
1980 1985 1990 1995 2000 2005 2010 2015
MICS Other Survey A Other Report --- Stage 2
DHS Census Microdata +  Subnational —— Stage 3
RHS Census Report X Outlier —— MDG Goal
LSMS JMP Report - Stage 1 —— JMP Est

Figure A.132: Prevalence of access to improved water, Vanuatu
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Figure A.133: Prevalence of access to improved water, Venezuela
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Figure A.134: Prevalence of access to improved water, Viet Nam
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Figure A.135: Prevalence of access to improved water, Yemen
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Figure A.136: Prevalence of access to improved water, Zambia
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Figure A.137: Prevalence of access to improved water, Zimbabwe
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Figure A.138: Prevalence of access to improved sanitation, Afghanistan
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Figure A.139: Prevalence of access to improved sanitation, Algeria
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Figure A.140: Prevalence of access to improved sanitation, Angola
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Figure A.141: Prevalence of access to improved sanitation, Antigua and Barbuda
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Figure A.142: Prevalence of access to improved sanitation, Argentina
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Figure A.143:

Prevalence of access to improved sanitation, Armenia
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Figure A.144: Prevalence of access to improved sanitation, Azerbaijan
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Figure A.145: Prevalence of access to improved sanitation, Bahamas




107

Improved Sanitation

0.8 1.0

Prevalence
0.6

0.4

0.2

0.0

Bahrain
T T T T T T T 1
1980 1985 1990 1995 2000 2005 2010 2015
MICS Other Survey A Other Report --- Stage 2
< DHS Census Microdata +  Subnational —— Stage 3
RHS Census Report X Outlier —— MDG Goal
« LSMS JMP Report -+ Stage 1 — JMP Est

Figure A.146: Prevalence of access to improved sanitation, Bahrain
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Figure A.147: Prevalence of access to improved sanitation, Bangladesh
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Figure A.148: Prevalence of access to improved sanitation, Barbados
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Figure A.149: Prevalence of access to improved sanitation, Belize
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Figure A.150: Prevalence of access to improved sanitation, Benin
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Figure A.151:

Prevalence of access to improved sanitation, Bhutan
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Figure A.152: Prevalence of access to improved sanitation, Bolivia
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Figure A.153: Prevalence of access to improved sanitation, Botswana
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Figure A.154: Prevalence of access to improved sanitation, Brazil
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Figure A.155: Prevalence of access to improved sanitation, Burkina Faso




112

Improved Sanitation
Burundi

0.8 1.0

Prevalence
0.6

0.4

0.2

0.0

1980 1985 1990 1995 2000 2005 2010 2015
MICS Other Survey A Other Report --- Stage 2
< DHS Census Microdata +  Subnational —— Stage 3
RHS Census Report X Outlier —— MDG Goal
« LSMS JMP Report -+ Stage 1 — JMP Est

Figure A.156: Prevalence of access to improved sanitation, Burundi
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Figure A.157: Prevalence of access to improved sanitation, Cambodia
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Figure A.158: Prevalence of access to improved sanitation, Cameroon
Improved Sanitation
Cape Verde
T T T T T T T T
1980 1985 1990 1995 2000 2005 2010 2015
MICS Other Survey A Other Report --- Stage 2
< DHS Census Microdata +  Subnational —— Stage 3
RHS Census Report X Outlier —— MDG Goal
< LSMS JMP Report - Stage 1 —— JMP Est

Figure A.159: Prevalence of access to improved sanitation, Cape Verde




Prevalence

Prevalence

114

Improved Sanitation
Central African Republic

o
S
[ee)
@
©
S S
<
o
N
A
o
S
T T T T T T T 1
1980 1985 1990 1995 2000 2005 2010 2015
MICS Other Survey A Other Report --- Stage 2
< DHS Census Microdata +  Subnational —— Stage 3
RHS Census Report X Outlier —— MDG Goal
« LSMS JMP Report -+ Stage 1 — JMP Est

Figure A.160: Prevalence of access to improved sanitation, Central African Republic

Improved Sanitation

Chad
o |
—
@
® S
©
<
<
3 S
~N
S
o
S -
T T T T T T T T
1980 1985 1990 1995 2000 2005 2010 2015
MICS Other Survey A Other Report --- Stage 2
< DHS Census Microdata +  Subnational —— Stage 3
RHS Census Report X Outlier —— MDG Goal
< LSMS JMP Report - Stage 1 —— JMP Est

Figure A.161: Prevalence of access to improved sanitation, Chad
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Figure A.162: Prevalence of access to improved sanitation, Chile
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Figure A.163: Prevalence of access to improved sanitation, China
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Figure A.164: Prevalence of access to improved sanitation, Colombia
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Figure A.165: Prevalence of access to improved sanitation, Comoros
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Figure A.166: Prevalence of access to improved sanitation, Congo
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Figure A.167: Prevalence of access to improved sanitation, Congo, the Democratic Republic of the
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Figure A.168: Prevalence of access to improved sanitation, Costa Rica
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Figure A.169: Prevalence of access to improved sanitation, Cte d’Ivoire
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Figure A.170: Prevalence of access to improved sanitation, Cuba
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Figure A.171: Prevalence of access to

improved sanitation, Djibouti
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Figure A.172: Prevalence of access to improved sanitation, Dominica
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Figure A.173: Prevalence of access to improved sanitation, Dominican Republic
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Figure A.174: Prevalence of access to improved sanitation, Ecuador
Improved Sanitation
Egypt
""""""""""""""""""" X
T T T T T T T T
1980 1985 1990 1995 2000 2005 2010 2015
MICS Other Survey A Other Report --- Stage 2
< DHS Census Microdata +  Subnational —— Stage 3
RHS Census Report X Outlier —— MDG Goal
< LSMS JMP Report - Stage 1 —— JMP Est

Figure A.175:

Prevalence of access to improved sanitation, Egypt
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Figure A.176: Prevalence of access to improved sanitation, El Salvador
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Figure A.177: Prevalence of access to improved sanitation,

Equatorial Guinea
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Figure A.178: Prevalence of access to improved sanitation, Eritrea
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Figure A.179: Prevalence of access to improved sanitation, Ethiopia
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Figure A.180: Prevalence of access to improved
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Figure A.181: Prevalence of access to improved sanitation, Gabon
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Figure A.182: Prevalence of access to improved sanitation, Gambia
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Figure A.183: Prevalence of access to improved sanitation, Georgia
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Figure A.184: Prevalence of access to improved sanitation, Ghana
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Figure A.185: Prevalence of access to improved sanitation, Grenada
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Figure A.186: Prevalence of access to improved sanitation, Guatemala
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Figure A.187:

Prevalence of access to improved sanitation, Guinea




Prevalence

Prevalence

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

128

Improved Sanitation
Guinea-Bissau

1980 1985 1990 1995 2000 2005 2010 2015
MICS Other Survey A Other Report --- Stage 2
< DHS Census Microdata +  Subnational —— Stage 3
RHS Census Report X Outlier —— MDG Goal
« LSMS JMP Report -+ Stage 1 — JMP Est
Figure A.188: Prevalence of access to improved sanitation, Guinea-Bissau
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Figure A.189: Prevalence of access to improved sanitation, Guyana
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Figure A.190: Prevalence of access to improved sanitation, Haiti
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Figure A.191: Prevalence of access to improved sanitation, Honduras
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Figure A.192: Prevalence of access to improved sanitation, India
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Figure A.193: Prevalence of access to improved sanitation, Indonesia
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Figure A.194: Prevalence of access to improved sanitation, Iran, Islamic Republic of
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Figure A.195:

Prevalence of access to improved

sanitation, Iraq
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Figure A.196: Prevalence of access to improved sanitation, Jamaica
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Figure A.197:

Prevalence of access to improved sanitation, Jordan
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Figure A.198: Prevalence of access to improved sanitation, Kazakhstan
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Figure A.199: Prevalence of access to improved sanitation, Kenya




134

Improved Sanitation

Kiribati
e
i
[ee)
@
© |
g o
c
o
IS}
]
T < |
o
N
A
o
S
T T T T T T T 1
1980 1985 1990 1995 2000 2005 2010 2015
MICS Other Survey A Other Report --- Stage 2
< DHS Census Microdata +  Subnational —— Stage 3
RHS Census Report X Outlier —— MDG Goal
« LSMS JMP Report -+ Stage 1 — JMP Est
Figure A.200: Prevalence of access to improved sanitation, Kiribati
Improved Sanitation
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Figure A.201: Prevalence of access to improved sanitation, Korea, Democratic People’s Republic of
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Figure A.202: Prevalence of access to improved sanitation, Kuwait
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Figure A.203: Prevalence of access to improved sanitation, Kyrgyzstan
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Figure A.204: Prevalence of access to improved sanitation, Lao People’s Democratic Republic
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Figure A.205: Prevalence of access to improved sanitation, Lebanon
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Figure A.206: Prevalence of access to improved sanitation, Lesotho
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Figure A.207: Prevalence of access to improved sanitation, Liberia
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Figure A.208: Prevalence of access to improved sanitation, Libyan Arab Jamahiriya
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Figure A.209:

Prevalence of access to improved sanitation, Madagascar

2015
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Improved Sanitation
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Figure A.210: Prevalence of access to improved sanitation, Malawi
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Figure A.211: Prevalence of access to improved sanitation, Malaysia




Prevalence

Prevalence

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

140

Improved Sanitation
Maldives

1980 1985 1990 1995 2000 2005 2010 2015
MICS Other Survey A Other Report --- Stage 2
< DHS Census Microdata +  Subnational —— Stage 3
RHS Census Report X Outlier —— MDG Goal
« LSMS JMP Report -+ Stage 1 — JMP Est
Figure A.212: Prevalence of access to improved sanitation, Maldives
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Figure A.213: Prevalence of access to improved

sanitation, Mali
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Figure A.214: Prevalence of access to improved sanitation, Marshall Islands
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Figure A.215:

Prevalence of access to improved sanitation, Mauritania

2015
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Figure A.216: Prevalence of access to improved sanitation, Mauritius
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Figure A.217: Prevalence of access to improved sanitation, Mexico
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Figure A.218: Prevalence of access to improved sanitation, Micronesia, Federated States of
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Figure A.219: Prevalence of access to improved sanitation, Mongolia
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Figure A.220: Prevalence of access to improved sanitation, Morocco
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Figure A.221: Prevalence of access to improved sanitation, Mozambique
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Figure A.222: Prevalence of access to improved sanitation, Myanmar
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Figure A.223: Prevalence of access to improved sanitation, Namibia
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Figure A.224: Prevalence of access to improved sanitation, Nepal
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Figure A.225: Prevalence of access to improved sanitation, Nicaragua
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Figure A.226: Prevalence of access to improved sanitation, Niger
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Figure A.227: Prevalence of access to improved sanitation, Nigeria
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Figure A.228: Prevalence of access to improved sanitation, Occupied Palestinian Territory
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Figure A.229: Prevalence of access to improved sanitation, Oman
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Figure A.230: Prevalence of access to improved sanitation, Pakistan
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Figure A.231: Prevalence of access to improved sanitation, Panama
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Figure A.232: Prevalence of access to improved sanitation, Papua New Guinea
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Figure A.233: Prevalence of access to improved sanitation, Paraguay
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Figure A.234: Prevalence of access to improved sanitation, Peru
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Figure A.235: Prevalence of access to improved sanitation, Philippines
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Figure A.236: Prevalence of access to improved sanitation, Qatar
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Figure A.237: Prevalence of access to improved sanitation, Rwanda
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Figure A.238: Prevalence of access to improved sanitation, Saint Lucia
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Figure A.239: Prevalence of access to improved sanitation, Saint Vincent and the Grenadines
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Figure A.240: Prevalence of access to improved sanitation, Samoa
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Figure A.241: Prevalence of access to improved sanitation, Sao Tome and Principe
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Figure A.242: Prevalence of access to improved sanitation, Saudi Arabia
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Figure A.243: Prevalence of access to improved sanitation, Senegal
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Figure A.244: Prevalence of access to improved sanitation, Seychelles
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Figure A.245: Prevalence of access to improved sanitation, Sierra Leone
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Figure A.246: Prevalence of access to improved sanitation, Solomon Islands
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Figure A.247: Prevalence of access to improved sanitation, Somalia

2015
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Figure A.248: Prevalence of access to improved sanitation, South Africa
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Figure A.249: Prevalence of access to improved sanitation, Sri Lanka
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Figure A.250

: Prevalence of access to improved sanitation, Sudan
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Figure A.251:

Prevalence of access to improved sanitation, Suriname
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Figure A.252: Prevalence of access to improved sanitation, Swaziland
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Figure A.253: Prevalence of access to improved sanitation, Syrian Arab Republic
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Figure A.254: Prevalence of access to improved sanitation, Taiwan
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Figure A.255:

Prevalence of access to improved sanitation, Tajikistan
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Figure A.256: Prevalence of access to improved sanitation, Tanzania, United Republic of
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Figure A.257: Prevalence of access to improved sanitation, Thailand
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Figure A.258: Prevalence of access to improved sanitation, Timor-Leste
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Figure A.259: Prevalence of access to improved sanitation, Togo
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Figure A.260: Prevalence of access to improved sanitation, Tonga
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Figure A.261: Prevalence of access to improved sanitation, Trinidad and Tobago
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Figure A.262: Prevalence of access to improved sanitation, Tunisia
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Figure A.263: Prevalence of access to improved sanitation, Turkey
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Figure A.264: Prevalence of access to improved sanitation, Turkmenistan
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Figure A.265: Prevalence of access to improved sanitation, Uganda
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Figure A.266: Prevalence of access to improved sanitation, United Arab Emirates
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Figure A.267: Prevalence of access to improved sanitation, Uruguay

2015
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Figure A.268: Prevalence of access to improved sanitation, Uzbekistan
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Figure A.269:

Prevalence of access to improved sanitation, Vanuatu
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Figure A.270: Prevalence of access to improved sanitation, Venezuela
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Figure A.271: Prevalence of access to improved sanitation, Viet Nam
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Figure A.272: Prevalence of access to improved sanitation, Yemen
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Figure A.273:

Prevalence of access to improved sanitation, Zambia
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Figure A.274: Prevalence of access to improved sanitation, Zimbabwe




