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ABSTRACT

The Millennium Development Goals call for reducing by half the proportion of people without sustainable
access to safe drinking water. This goal was adopted in large part because clean water was seen as
critical to fighting diarrheal disease, which kills 2 million children annually. There is compelling evidence
that provision of piped water and sanitation can substantially reduce child mortality. However, in dispersed
rural settlements, providing complete piped water and sanitation infrastructure to households is expensive.
Many poor countries have therefore focused instead on providing community-level water infrastructure,
such as wells. Various traditional child health interventions have been shown to be effective in fighting
diarrhea. Among environmental interventions, handwashing and point-of-use water treatment both
reduce diarrhea, although more needs to be learned about ways to encourage households to take up
these behavior changes. In contrast, there is little evidence that providing community-level rural water
infrastructure substantially reduces diarrheal disease or that this infrastructure can be effectively maintained.
Investments in communal water infrastructure short of piped water may serve other needs and may
reduce diarrhea in particular circumstances, but the case for prioritizing communal infrastructure provision
needs to be made rather than assumed.
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The sole quantitative environmental target in the Millennium Development Goals
is the call to “reduce by half the proportion of people without sustainable access to safe
drinking water.” Providing water has a number of benefits, but a key rationale for this
goal is the impact of poor quality water on human health, particularly on diarrheal
disease, which kills 2 million children in poor countries each year (WHO 2002; Kosek,

Bern, and Guerant 2003).

Providing piped water and sanitation infrastructure can drastically reduce child
mortality. In the United States these interventions were jointly responsible for most of the
rapid decline in the child mortality rate in the early twentieth century (Cutler and Miller
2005) and more recently for substantial health improvements on Native American
reservations (Watson 2006). For this class of interventions a key outstanding question is
what institutional arrangements can best support investment in infrastructure and its
maintenance. Galiani, Gertler, and Schargrodsky (2005) find major health gains from

privatization of water service in Argentina in the 1990s.

However, it is expensive to provide piped water and sanitation to dispersed rural
populations, and many countries find this beyond their means. In much of Africa rural
residents typically live on their farms rather than being concentrated in villages. In such
circumstances policy often focuses on providing improved drinking water sources outside
the home, such as communal taps, wells, and protected springs. About 30 percent of
people living in rural areas of developing countries (or about 926 million people) lack a
safe and accessible water supply as defined by the World Health Organization (a
communal standpipe or borehole well within a reasonable distance) (WHO 2000). Nearly

all of the $5.5 billion the World Bank invested in rural water and sanitation programs



during 1978-2003 focused on improving water supply sources and quality through

interventions such as well digging (lyer and others 2006).

This article critically reviews the research on what works in preventing and
treating diarrheal diseases in developing countries. It examines evidence on the medical
effectiveness of a series of alternative means of fighting diarrhea and on ways of

encouraging the individual or collective behavior necessary for uptake.*

A series of randomized trials have established that several child health
interventions—including exclusive breastfeeding, immunization, oral rehydration
therapy, and micronutrient supplementation—are effective in preventing or treating
diarrhea. Several interventions that rely on individual behavior change have also been
shown to be effective. Researchers have convincingly demonstrated that increased
handwashing can significantly reduce diarrhea incidence (Luby and others 2004a; Khan
1982; Han and Hlaing 1989), and randomized impact evaluations of point-of-use water
treatment systems (disinfection of water in the home, for example) suggest that these
technologies can reduce diarrhea incidence some 20-30 percent (Quick and others 1999;
Reller and others 2003). Identifying successful strategies for promoting adoption is an

important next step.

But while there is a large body of evidence for the effectiveness of piped water in
the reduction of diarrhea incidence, there is much less evidence for the effectiveness of
the provision of communal rural water infrastructure and latrines. Although several older

prospective studies appear to identify large impacts of this class of interventions, that

! For other recent reviews, focusing primarily on medical effectiveness, see Keusch and
others (2006), Cairncross and Valdmanis (2006), Fewtrell and others (2005), and
Martines and others (1993).



work has important methodological shortcomings. It relied on analyses of data from a
handful of sites, was conducted in ways that make it difficult to disentangle the impact of
provision of improved communal water sources from latrine construction, and was not
based on random assignment of communities. More recent work based on randomized
trials with large samples does not find substantial health impacts from improved
communal water sources (Kremer and others 2006). Moreover, while rural water
facilities can be long-lived if properly serviced, they often fall into disrepair quickly due
to poor maintenance, and though many different approaches to maintenance have been

advocated, there is little evidence on their relative effectiveness.

Because of the lack of evidence on effectiveness and the maintenance challenge,
the case has not been made for prioritizing communal rural water infrastructure for
fighting diarrheal disease. Investing in piped water and sanitation in areas where that is
feasible and expanding the provision of standard child health interventions have both
been shown to work. Finding ways to promote handwashing effectively and point-of-use
water treatment also seems a priority. In some circumstances there may be a strong case
for investing in rural water infrastructure for other reasons, and in some environments
such infrastructure may have important health benefits. But the case for prioritizing

communal water infrastructure will need to be made rather than assumed.

This article first provides a brief background on water-related diseases and their
transmission and discusses traditional child health interventions that prevent and treat
diarrhea. Next, it reviews the evidence on individual behavior change interventions that
can prevent diarrhea, including handwashing and point-of-use water treatment systems,

and discusses the outstanding question of how to induce people to adopt these methods. It



then reviews the evidence on the effectiveness of source water quality improvements and
sanitation investments and discusses the challenge of rural infrastructure maintenance.

Finally, it sketches an agenda for further work.

Child Health Interventions

Water destined for human contact that is exposed to the environment is a potential
source of diarrheal disease. In developing countries, in particular, surface water is often
contaminated with pathogens (including bacteria, viruses, and parasites) due to contact
with human and livestock waste. Drinking, handling, cooking, and bathing in such water
exposes people, especially young children, to a wide range of health risks, including
diarrheal diseases. Moreover, the lack of adequate water of any kind reduces the
opportunity to wash people, food, dishes, and clothes and thus contributes to the spread

of disease.

One standard method of classifying the disease burden associated with water
summarizes the potential health costs of relying on unsafe water according to pathogen
transmission path (table 1). In this taxonomy diarrheal diseases are spread through fecal-
oral transmission and fall into both the waterborne and water-washed categories (White,
Bradley, and White 1972; Feachem 1977; Cairncross 1996; IIED 2000). The health cost
of diseases transmitted in this way is tremendous and falls disproportionately on young
children. Diarrheal illnesses accounted for at least 8 percent of total lost disability-
adjusted life years in developing countries in 1990 (Smith, Corvalan, and Kjellstrom
1999) and for some 20 percent of deaths among children under age five (Kosek, Bern,

and Guerant 2003). Acute diarrhea can result in severe dehydration, and persistent



diarrhea may predispose children to malnutrition (Briend 1990; Schorling and others
1990; Lancet 1991; Guerrant, Lima, and Davidson 1992), making them more susceptible
to other infectious diseases. Prospective (though nonrandomized) community-based
fieldwork in Sub-Saharan Africa summarized by the Child Health Research Project (CHR
1998) concludes that diarrhea leads to impaired weight gain, particularly in infants less
than one year old and those not exclusively breast-fed. Malnutrition is in turn associated

with increased risk of death from childhood illnesses (Pelltier and others 1995).

{Table 1 about here}
Several child health interventions—including breastfeeding, immunization against
diarrheal diseases, oral rehydration therapy, and micronutrient supplementation—have
been shown to be both effective and cost-effective in treating and preventing diarrhea in a

series of randomized trials (for a review see Hill, Kirkwood, and Edmond 2004).

Exclusive breastfeeding is widely accepted as a means of preventing diarrhea in
infants up to six months of age, and continued breastfeeding also has protective effects
for older children (Raisler, Alexander, and O’Compo 1999; Perera and others 1999;
WHO Collaborative Study Team 2000). Weaning foods prepared in unhygienic
conditions are frequently heavily contaminated with pathogens and are thus a cause of
diarrhea and associated malnutrition (Lanata 2003; Hendricks and Badruddin 1994 Monte

and others 1997 Mortajemi and others 1993). Interventions to improve nutrition during

2 Perhaps because of the endogenous relationship between diarrhea and malnutrition,
some observational studies also suggest that early childhood diarrhea is correlated with
reduced fitness and cognitive performance for children ages 6-9 but have not been able
isolate a causal effect (Guerrant and others 1999; Berkman and others 2002; Niehaus and
others 2002). Impact evaluations of programs providing food supplements to primary
school children generally show a positive relationship with schooling and cognitive
outcomes, in addition to nutritional indicators (Chavez and Martinez 1986; Martorell
1993; Pollitt and others 1993).



weaning compliment interventions that encourage early exclusive breastfeeding and

extended breastfeeding.

Rotavirus is a leading cause of severe diarrheal disease and dehydration in infants.
It most frequently attacks children 6-24 months and causes 20 percent of all diarrheal
deaths among children under age five (Motarjemi and others 1993). In developing
countries rotavirus gastroenteritis is responsible for approximately half a million deaths
per year among children under age five (Parashar and others 2003). Two new vaccines
have shown efficacy against rotavirus gastroenteritis (Ruiz-Palacios and others 2006;
Vesikari and others 2006) and are now on the market. The inclusion of these vaccines in
national vaccination programs is a promising intervention against diarrheal disease and

mortality.

Oral rehydration therapy appears to have been responsible for significant
reductions in diarrheal mortality since 1980 (Miller and Hirschorn 1995; Victora and
others 1996; Victoria and others 2000). Micronutrient supplementation, including
therapeutic and preventative supplementation with zinc and therapeutic supplementation
with vitamin A, has also been found to have positive impacts on diarrheal disease and
death (Grotto and others 2003; Zinc Investigators’ Collaborative Group 1999, 2000;

Black 1998; Ramakrishnan and Martorell 1998; Beaton and others 1993).

As coverage is still incomplete, finding ways to increase access to traditional
child health programs in an affordable way remains critical. For example, continuous zinc
supplementation can be costly where high levels of home food production make
fortification infeasible and households must be induced to adopt micronutrient

“sprinkles” sachets (Zlotkin and others 2005; USAID 2004a). Similarly, identifying



effective mechanisms for encouraging breastfeeding and consistent use of oral

rehydration therapy remains a challenge (Sikorski and others 2003).

Individual-Level Behavior Change

Individual choices and investments, such as handwashing and point-of-use water
treatment (including improved storage), can break the chain of transmission of fecal-oral
diseases. This section reviews the evidence on the health impact of these hygiene
behavior modifications and discusses the need for further work investigating how to

increase uptake of these behaviors.

Handwashing

Hands are a common vector for the transmission of fecal-oral diseases (Curtis,
Cairncross, and Yonli 2000). Handwashing with soap after defecation, after cleaning
children, and before and after food handling can interrupt this diarrheal disease

transmission path.

The effectiveness of handwashing as a means of reducing diarrhea has been
convincingly established in several settings. Luby and others (2004a) report the results of
a recent cluster-randomized trial in a large sample of households in Karachi, Pakistan, of
a handwashing promotion campaign aimed at mothers. Infants and malnourished children
under age five living in treatment households had 39 percent fewer days of diarrhea
compared with the control group after one year of intervention and observation. Gains
roughly doubled after a second year of promotion as relatively poor households increased

their compliance (Luby and others 2004b).



A recent survey of the literature evaluating the effect of handwashing with soap
on diarrhea risk in developing countries (Curtis and Cairncross 2003) identified two other
randomized controlled trials with more than two communities in their samples (Khan
1982; Han and Hlaing 1989). Each study had a relatively large sample size randomly
divided into treatment and control groups and measured compliance by observing or
weighing provided bars of soap as well as by tracking diarrhea cases. The studies report
large positive effects of handwashing and soap provision programs on diarrhea incidence.
Khan (1982) reports that the provision of either soap and water storage containers or soap
alone, along with initial instructions to increase the frequency of handwashing, reduced
shigella reinfection by 67 percent in Bangladesh. Han and Hlaing (1989) report a 40
percent reduction in diarrhea incidence among children under age two (though no
reduction in incidence for older children) following hand washing education and the

provision of soap to a random sample of mothers in Rangoon (Yangon).

Point-of-Use Water Treatment

Point-of-use water treatment and improved water storage practices reduce the
microbacteriological contamination of water held in homes. Numerous technologies have
been developed, including chemical disinfection, that rely on simple household bleach or
other methods such as use of flocculants, adsorption, filtration, boiling, or solar

disinfection.

Evidence from randomized evaluations assessing the health impacts of various
interventions to improve water quality at the point of use suggests that this is a promising

way to reduce diarrheal incidence (Semenza and others 1998; Quick and others 1999;



Quick and others 2002; Sobsey, Handzel, and Venczel 2003; Reller and others 2003;
Clasen and others 2004). Randomized impact evaluations of point-of-use water treatment
systems observe statistically significant reductions of 20-30 percent in diarrheal
incidence at the household level (Quick and others 1999; Reller and others 2003)* “. In at
least one setting this level of reduction was sufficient to generate measurable reductions

in mortality from all causes (Crump and others 2005).

Strategies to Promote Individual Behavior Change

The studies reviewed in this section suggest that the effectiveness of handwashing
and point-of-use water treatment has been well established and that attention should now
be given to efforts to understand effective promotion strategies and how to sustain
behavior change. The health benefits of this class of interventions depend on individual

decisions to adopt and consistently adhere to certain behaviors. For both types of

® Despite these large reported gains, however, many of the same studies also find that the
observed reductions in diarrhea incidence associated with the intervention are
concentrated among children under age one and over age five. Surprisingly, the age
group with the highest rate of diarrhea incidence, children ages 1-5, may be least affected
by this intervention (Quick and others 1999; Reller and others 2003; Sobsey and others
2003). However, in two cases larger gains from point-of-use water treatment are
identified in children under age five. In Uzbekistan diarrhea incidence in children under
five fell by 85 percent after the provision of a chlorine-stock solution and a narrow-
necked storage container. In rural Bolivia Clasen and others (2004) identified reductions
in diarrhea incidence of about 83 percent in children under age five with a sample size of
30 children in 50 households. In this case, the treatment system provided to households
was a ceramic water filter that left the taste of water unchanged. Uptake appears to have
been around 70 percent, suggesting that improved compliance with treatment relative to
the studies that supplied disinfectant cannot explain the observed result. It is unclear why
the large gains identified in these two studies for the most vulnerable group have not been
found in other contexts.

* Findings from a few randomized trial studies of solar disinfection of water in homes are
also consistent with this conclusion. In a Maasai community in Kenya researchers
identified large health benefits for children under age six from the exposure of drinking
water to sunlight (Conroy and others 1999, 2001).
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behavior the observed impacts were generated in settings where high uptake (around 70
percent in the case of point-of-use water treatment) was supported by weekly or daily
reminders by fieldworkers. Such extremely high-intensity contact with fieldworkers is
prohibitively expensive to provide on a large-scale basis.> The challenge of increasing
uptake is further complicated by infectious disease externalities; because private benefits
of product use are smaller than the social benefits, to the extent that take up affects the
disease environment, inefficiently low levels of adoption can be expected even at
subsidized product prices. Kremer and Miguel (forthcoming) describe such a

phenomenon in the case of deworming drug use in western Kenya.

Identifying cost-effective ways to facilitate long-term behavior change and
technology adoption requires additional research comparing alternative messages and
message delivery avenues in several cultural contexts.® For example, rigorous evaluations
are needed that compare health education messages directed toward women emphasizing

family health and those emphasizing children’s well-being in particular. The comparative

®> Some follow-up studies several years after soap provision and hygiene behavior change
efforts find that the behavior change can persist (Wilson and Chandler 1993; Shordt and
Cairncross 2004). However, as the initial interventions studied were not randomized, this
finding is somewhat difficult to interpret. A follow-up study five years after a quasi-
randomized community-level education intervention in Bangladesh (described in greater
detail later in this article) suggests that the hygiene education effort there may have been
relatively ineffective as five years later treatment households did not exhibit better
hygiene than control households (Hoque and others 1996).

® Low handwashing rates in U.S. elementary schools have prompted interest in the use of
instant hand sanitizers (which do not require water) in classrooms as an alternative means
of breaking disease transmission. A review of the evidence on the efficacy of sanitizers
(Meadows and LeSaux 2004) identified one (clustered) randomized control trial of this
technology to date. That trial found that sanitizers can effectively reduce absenteeism as a
result of illness (White and others 2001). Based solely on that study, it is unclear whether
sanitizers may be suitable for a developing country context, but this may be another
avenue for future research

11



usefulness of positive and negative messages should also be explored, as has been done

in other campaigns aimed at inducing behavioral changes in developed countries.

There is some evidence that inducing health or hygiene behavioral change may be
especially difficult among the poorest groups. For example, Pant and others (1996)
divided a random sample of 40,000 children from 75 locations in Nepal into two
randomly assigned groups and provided one group with vitamin A supplements and the
other with nutrition education. The risk of child mortality declined equally in the two
groups, but the education program was more costly to deliver. In addition, education was
the least cost-effective when maternal literacy was low. In the handwashing evaluation
described above, Luby and others (2004b) report that it took longer for the poorest
households to increase their compliance with the program, resulting in lower initial

reductions in diarrhea incidence compared with the full effect ultimately demonstrated.

In the case of point-of-use water treatment another important next step is to
examine whether people are willing to permanently adopt or pay for systems that affect
the taste of water, slow the rate at which water can be consumed (filtration, for example),

or require that traditional storage containers be abandoned (Makutsa and others 2001).

Donors and governments are likely to be especially interested in the impact of
price on uptake in the market for point-of-use water treatment products. There is some
new evidence on these questions in recent work by Ashraf, Berry, and Shapiro (2006).
This randomized evaluation suggests that demand depends on the price for in-home
chlorination products in Zambia, with 80 percent of a representative sample of
households (in a door-to-door sale) agreeing to purchase a chlorine-based point-of-use

water treatment product at a price that is about 60 percent less than the subsidized market

12



price, and about 50 percent willing to purchase the product at the subsidized price
available in markets. No information is available about the elasticity of demand at higher

prices that would reflect full cost-recovery pricing.

Further research investigating appropriate subsidy levels and marketing strategies
for point-of-use water treatment products is a critical open area for future work. Ashraf,
Berry, and Shapiro (2006) present some evidence based on random assignment of
households that charging a nonzero price screens out customers who are less likely to use
the product. They argue that charging thus avoids waste of the product. However, the
non-use may reflect saving of the product for later use, perhaps during times of
epidemics. Moreover, the waste is likely to be quantitatively much smaller in the context
of an ongoing program, because while people may accept a few bottles and never use
them, it is unlikely that they would accept bottles month after month that they would
never use. It is much more likely that they would build up a small stock of the product,
and then not take more free bottles unless they were depleting their existing stock. Thus,
the “waste” potentially avoided by charging a positive price on the basis of screening
considerations is likely to be small, unless people develop alternative uses for the

product.

In some contexts and for some behaviors households may not be the most cost-
effective entry point for message dissemination. Evaluations are needed that examine the
relative effectiveness and cost-effectiveness of community-level efforts to stimulate
demand for services or hygiene education efforts like the Total Sanitation Campaign, a
community-based campaign to encourage sanitary habits, with a special emphasis on

eliminating open defecation near villages. Chaudhury and Hammer (2006) are currently

13



evaluating the Total Sanitation Campaign in India, and an evaluation of the program in
Bangladesh is also under way. Manandhar and others (2004) demonstrate that
community-level education of women’s groups can improve birth outcomes. Further
work might assess whether such education efforts can influence other hygiene behaviors,

and the scalability of this approach.

Other feasible delivery mechanisms for inducing sustained uptake might include
programs that work through maternity clinics (potentially providing incentives for
women to take up antenatal services) or school-based programs. It is possible, for
example, that providing soap, handwashing facilities, and messages about the importance
of handwashing after defecation in primary schools might be an effective and cost-

effective means of promoting long-term behavior change.

Research is also needed to identify how social learning about hygiene behavior
and water treatment occurs. For example, little is known about who the opinion leaders
are for water-related matters, and identifying them and encouraging them to adopt
treatment systems or hygiene behaviors might be critical to wider community adoption.
Research could examine, for example, whether encouraging women’s groups to use water
treatment systems is a particularly effective means of targeting mothers of young children
and thus increasing uptake among the young when weaning occurs. Such targeted
dissemination to women could be compared with targeted dissemination to political

leaders (likely men) and wider service provision.

Infrastructure provision
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This section reviews the evidence on the provision of piped water and sanitation

and of community-level infrastructure.

Piped Water and Sanitation

There is strong evidence that large-scale investments in water and sanitation
infrastructure can have massive impacts on child mortality. Cutler and Miller (2005) use
historical variation in the timing and location of water filtration and chlorination
technology adoption across U.S. cities to identify the contribution of improved water
quality to the epidemiological transition in American cities. They find that clean water
was responsible for about half the observed decline in mortality and nearly two-thirds of

the reduction in child mortality in cities.

In a rural setting Watson (2006) exploits the fact that a series of water and
sanitation interventions introduced on Native American reservations in the United States
during 1960-98 were likely uncorrelated with other factors affecting infant health and
plausibly exogenous to local community characteristics after accounting for county and
year fixed effects. This research suggests that a 10 percent increase in the fraction of
homes with improved water and sanitation services reduced infant mortality by 4 percent.
Infant mortality rates fell among local residents not living on the reservation as well—a
result Watson uses as a means to measure the significant positive externalities associated

with the program.

An important question is how to deliver piped water and sanitation services in
developing countries. There is some evidence that, at least in some settings, allowing

private firms to provide piped water service can improve health outcomes. Galiani,
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Gertler, and Schargrodsky (2005) study a privatization reform that took place for about
30 percent of municipal water companies in Argentina in the 1990s to identify the impact
of ownership on child health. They estimate that child mortality overall fell 5-7 percent
in areas that privatized their water services because in this context privatization improved
service and expanded coverage,, and that the effect was largest in the poorest areas, at
around 24 percent. While privatization of water supply is associated with significant
reductions in deaths from infectious and parasitic diseases, it appears uncorrelated with

deaths from causes unrelated to water conditions.

Limited Rural Water and Sanitation Infrastructure

A large body of epidemiological literature investigates the impact of improved
rural water supply and sanitation service provision (often as part of a package of
interventions that includes hygiene education) on health outcomes (reviews include Blum
and Feachem 1983; Esrey, Feachem, and Hughes 1985; Esrey and Habicht 1986; Esrey

and others 1991; Rosen and Vincent 1999; and Fewtrell, Kaufmann and others 2005).

Many of the studies that find health effects for water and sanitation infrastructure
improvements short of piped water and sewerage suffer from critical methodological
problems. Moreover, more recent research that addresses some of these problems seems

to find little evidence of substantial health impacts from rural water infrastructure.

Some have interpreted the existing literature as suggesting that providing water
infrastructure short of pipes is not enough on its own and must be combined with other
interventions, such as improved sanitation or hygiene. As discussed in the following

section, however, there does not seem to be much evidence for such complementarity and
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in fact there is some evidence against it. Even if complementarity exists between
communal rural water infrastructure and other interventions at some level of provision,
not enough is known about the nature of the complementarity to use this information
operationally. Finally, there are not yet adequate models for maintaining small-scale rural
infrastructure, as discussed later, although contracting methods deserve further

exploration.

Two studies by Esrey (1991, 1996) argue that water infrastructure is less effective
than sanitation provision and hygiene education in fighting diarrheal disease. These
publications are frequently cited as evidence for the relative importance of sanitation
investments and hygiene education over the provision of improved water (see, for
example, USAID 1996; Vaz and Jha 2001; and World Bank 2002). In a review of 25
studies deemed by the authors to be relatively rigorous, Esrey and others (1991) attempt
to separate the impacts of water supply, sanitation, and hygiene education interventions
on diarrheal illness. They conclude that either sanitation supply or hygiene education
provision results in nearly twice the median reduction in diarrheal incidence as an

investment in water quality alone or in water quantity and water quality together.

Using multivariate regression analysis of household infrastructure status and
diarrhea prevalence from several countries, Esrey (1996) argues that the benefits of
improved water quality occur only together with improved sanitation and only when there
is a water source within the home. One hypothesis for the relative ineffectiveness of
communal water infrastructure is that a high degree of recontamination of water occurs in
transport and storage when people fail to wash their hands frequently. A low correlation

between source and home water quality has been demonstrated frequently in
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nonexperimental data (Wright, Gundry, and Conroy 2004). A limited impact of communal
water supply would also be consistent with an epidemiological model in which the
primary causes of diarrheal disease are water-washed (not waterborne), in which case
improvements in water quality are likely to be less effective than interventions that make

handwashing less costly, such as providing taps.

Many studies of water and sanitation infrastructure provision in developing
countries lack a plausible comparison group and thus, without a credible counterfactual,
cannot isolate a causal treatment effect from service provision. In the case of sanitation,
for example, several case-control studies that compare health outcomes among children
presenting at hospitals or clinics with diarrhea and children with similar observable
characteristics but presenting with other illnesses (such as upper respiratory infections)
have found that access to latrines reduces acute diarrhea incidence (Daniels and others
1990; Meddings and others 2004). However, this research strategy is vulnerable to the
same methodological critique as cross-sectional regression analyses: cases that are similar
across observable characteristics may differ systematically along dimensions that are

difficult to measure, “confounding” the interpretation of results.

The two early evaluations (Aziz and others 1990, and Huttly and others 1987) of
infrastructure provision that used a prospective design, albeit in a very low number of
communities, appeared to demonstrate that the provision of wells and latrines can be
effective. Aziz and others (1990) compare the impact of an intervention in Bangladesh
that provided multiple interventions, including water pumps, hygiene education, and
latrines, to two villages (820 households) with three control villages (750 households),

about 5 kilometers away. The published article does not mention whether the villages
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were randomly selected. Children six months to five years of age in the intervention area

experienced 25 percent fewer episodes of diarrhea than those in the comparison area.

Huttly and others (1987) and Blum and others (1990) study the impact of the
provision of borehole wells with hand-pumps, pit latrines, and health education on
dracunculiasis (guinea worm disease), diarrhea, and nutritional status in Nigeria in 1983—
86. The study compared three intervention villages (850 households) and two comparison
villages (420 households). Because of implementation difficulties, their results largely
reflect the effect of the installation of wells with pumps. The prevalence of wasting
(defined as less than 80 percent of desirable weight for height) among children under
three years of age declined significantly in the intervention villages, though diarrhea
incidence did not decline measurably (perhaps because diarrhea is notoriously difficult to

measure).

A key shortcoming of these studies is that they examine a very small number of
communities and the statistical hypothesis testing fails to adequately account for the fact
that the interventions being evaluated are provided at the community rather than the
household level. Because households within a community are likely to resemble each
other, this clustered sampling reduces the power of statistical tests to determine the
existence and size of the treatment effect, implying that reported confidence intervals are
incorrect. To capture the variance in outcome variables across space and time, many
localities should be included in both the treatment and comparison groups. Though the
exact number of clusters required for a study depends on context-specific estimates of the
intracluster correlation of outcome variables, Esrey (1996) suggests that at least 20

clusters should be included in both treatment and comparison samples.
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More recent work in this area covers a large enough number of communities to
draw statistical inferences and finds little evidence that communal rural water
infrastructure substantially improves health. Kremer and others (2006) evaluate a spring
protection intervention at a sample of 1,200 households in 175 communities using a
randomized approach as part of a larger impact evaluation of a series of water and
hygiene interventions in western Kenya. They find that spring protection is very effective
in improving the quality of water at the source. Among households that collected all of
their drinking water from the sample spring at baseline, spring protection is also highly
effective in improving household water quality. Nonetheless, preliminary results from a
subset of the data suggest that the improvements in water quality do not have substantial
effects on diarrhea incidence, child weight, or child height. Consistent with this, revealed
preference estimates of willingness to pay for the improved source water quality decline
over time. There is also little evidence of significant spillover benefits of the program on
neighboring communities. In related work, initial results from a World Bank financed
five-armed randomized trial in Afghanistan indicate that only a combination of hygiene
education, provision of wells, and treatment of water with dilute sodium hypochlorite had
a significant effect on diarrhea incidence among all age groups (Loevinsohn 2007). No
effect was found from these interventions, either alone or in combination, on diarrhea

incidence among children under five.

Complementarity between Source Water Quality and Other Factors
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Some researchers have argued that although improved communal water supply
does not reduce diarrhea on its own, it does do so in combination with other interventions

and should therefore be part of a larger package.

Both Kremer and others (2006) and Luby and others (2006) use experimental
approaches to directly address complementarity. Kremer and others estimate that access
to sanitation or hygiene knowledge before an improved water supply program does not
appear to enable households to better translate quality improvements in source water into
either household water quality gains or health improvements in their study region in
Kenya. Luby and others report the result of a clustered randomized control trial in
Karachi in which a random sample of households received handwashing promotion and a
random sample received point-of-use drinking water technologies. A subset of these
households received both interventions. While each of the home-based interventions
reduced diarrhea incidence, there was no statistically significant additional benefit from
the combined intervention. That is, the interventions function more as substitutes than as

complements.

As Luby and others discuss, their findings are consistent with an epidemiological
model in which disease thresholds are qualitatively important. If a large proportion of
diarrhea incidence is caused by pathogens that must be present in large doses to cause
disease, substantially reducing the organisms ingested may reduce diarrhea incidence, but

further marginal reductions could be much less important.

The results from these two studies suggest that it would be a mistake to assume

that improvements in communal water supply will be effective in combination with other
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interventions. Even if complementarities are present in certain circumstances, without

better knowledge of when they are important this is of limited operational relevance.

The Challenge of Infrastructure Maintenance

To remain effective, water and sanitation infrastructure require management and
upkeep. This section reviews the evidence on various infrastructure management
schemes, cost-sharing efforts, and the involvement of women in managing public goods

provision.

Infrastructure maintenance has historically been a major problem in developing
countries, in particular in the rural water sector. For instance, a quarter of India’s water
infrastructure is believed to be in need of repair (Ray 2004). World Development Report
2004 (World Bank 2003) estimates that more than a third of rural water infrastructure in
South Asia is not functional. Miguel and Gugerty (2005) report that in western Kenya
nearly 50 percent of borehole wells dug in the 1980s, and subsequently maintained using
a community-based maintenance model, had fallen into disrepair by 2000. Difficulties
with maintaining water infrastructure, particularly in rural areas, reduce the cost-

effectiveness of these interventions relative to other measures that prevent diarrhea.

Involving women in managing environmental public goods. Some of the
sociology literature has predicted that increasing the involvement of women in user
committees will improve the management of collectively owned natural resources
because women’s social networks provide them with prior experience with collective

action (Agarwal 2000). In addition, since women are major users of these goods,
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women’s involvement in creating the rules may be especially important for compliance

(Zwarteveen and Meinzen-Dick 2001).

However, the evidence on the impact of women’s involvement in public goods
management is limited. Efforts using laboratory experiments to assess whether women
supply different levels of public goods than men or are more cooperative (Nowell and
Tinkler 1994; Eckel and Grossman 1998; Solow and Kirkwood 2002) seem to be
sensitive to the form of the experiment. Much of the field evidence on this question is
hampered by concerns about reverse causality (for example, Dollar, Fisman, and Gatti
2001). It is difficult to determine whether the inclusion of women causes a particular
outcome to occur, whether the fact that an outcome occurs encourages the participation
and inclusion of women, or whether some other factors are driving these results. This
problem affects both retrospective analyses (Prokopy 2004) and case studies
(INSTRAW-UN 1990; Wijk-Sijbesma 1998; Gross, Wijk, and Mukherjee 2001), neither
of which is able to establish a causal relationship between women’s participation and

observed outcomes.

Chattopadhyay and Duflo (2004) identify a causal relationship between women’s
participation and project outcomes in their study of a randomized policy change in India
that increased the role of women in policy decisionmaking. A 1993 constitutional
amendment called for a third of village council leader positions to be reserved for
women. Rules ensured random assignment of the leadership reservations. Chattopadhyay
and Duflo show that village councils headed by women were more likely to invest in
public infrastructure for drinking water, and, more generally, that councils dominated by

one gender were more likely to invest in goods important to that gender. Of course, a
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finding that women are more likely to invest in water infrastructure does not necessarily

imply that they will be more effective in maintaining it.

Community-level infrastructure management schemes. A standard model for
maintaining donor-funded infrastructure projects in developing countries is to establish
user groups responsible for maintenance and management. Giving communities direct
control or ownership over key project decisions is intended to improve the quality of
public services and increase financial sustainability, thus reducing the need for ongoing

donor funding or involvement.’

There is little convincing empirical evidence, however, that local user-committee
management of local public goods such as improved drinking water sources results in
either greater financial sustainability or better quality service than ongoing centralized
funding from public budgets. Collective action problems may be difficult to overcome,
and voluntary committees tasked with collecting user fees may be difficult to sustain or
empower. The rural water sector is characterized by both significant infectious disease
externalities, as discussed earlier, and, in most poor countries, by weak fundraising

capabilities because of weak local institutions generally.

In a recent comprehensive review of community-based development projects,
Mansuri and Rao (2004) note that existing research examining “successful” community-
based projects does not compare these projects with centralized mechanisms for service
delivery or infrastructure maintenance (for example, city or state financed). This makes it

difficult to determine whether alternative project designs would have had different

" Other goals may also be important. For example, community-based development may
be expected to empower poor people or strengthen local governance.
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results. The limited empirical evidence suggests the impact of the community-based

development approach on infrastructure maintenance is mixed at best.®

Contracting for private maintenance service may be a promising alternative to
committee-based management schemes. The evidence from Argentina discussed earlier
(Galiani, Gertler, and Schargrodsky 2005) suggests that contracted private provision of
service can expand coverage and improve health outcomes at least in certain settings or in
middle-income countries. Several other nonrandomized studies in the water sector also
provide suggestive evidence that continued support (financial and otherwise) may be
necessary for effective infrastructure investments and public service delivery (Katz and
Sara 1998; Kleemeier 2000; Dayton-Johnson 2000; Newman and others 2002). In other
public health settings contracting for private service provision has been demonstrated to
be effective. Bloom and others (2006) show that government contracting of health
services in Cambodia improved service at least for specifically targeted outcomes.
Certainly, further research is needed that transparently compares the counterfactual of

subsidized public service provision and community-based management schemes.

Conclusion and Recommendations

® In a study of water projects in 44 Indonesian villages Isham and Kahkonen (1999) find
that the existence of local water committees had either no effect or a negative effect on
service performance, though greater community participation in the design of
community-based water projects did improve water supply and health outcomes
somewhat. On the other hand, Khwaja (2003) finds that community-managed projects in
Pakistan, including investments in irrigation and drinking water, performed better than
projects implemented by the government without community participation. However, he
also finds that project-specific factors, such as the quality of the outside facilitator, may
have a larger impact on project success than community characteristics.

25



Randomized controlled trials have established that vaccination, oral renydration
therapy, breastfeeding, and micronutrient supplementation are effective in reducing the
burden of diarrhea. Convincing evidence from rigorous evaluations has also
demonstrated the effectiveness of point-of-use water treatment and handwashing. There
is evidence that piped water and sanitation infrastructure can improve health and that
private management of such services can work well. In contrast, there is little evidence of
the effectiveness of communal rural water infrastructure in fighting diarrheal disease.
Reviews of older work with retrospective data yield mixed results but have generally
found that sanitation and hygiene are more important than water quality. Two prospective
studies indicated gains from communal water infrastructure in particular, but these are
methodologically problematic. Recent evidence from randomized evaluations provides
little evidence for substantial effects of communal water infrastructure on diarrheal
disease. Communal water infrastructure may be effective in fighting diarrhea in certain
environments, but unless this is demonstrated, other approaches seem a higher priority for

reducing the burden of diarrheal disease.

While this review suggests that investments in communal water infrastructure
may not be a priority for fighting diarrheal diseases, these projects may be justified on
other grounds. Women’s time may be freed from water transport duties. In urban and
peri-urban areas improved water supply may also free households of the need to purchase
drinking water from vendors (Briscoe 1984; Okun 1988; Varley, Tarvid, and Chao 1998;
Meddings and others 2004). Standard cost-benefit techniques can establish whether

individual projects are justified on these grounds.
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More work is needed to develop and assess alternative strategies for generating
sustained uptake of handwashing and point-of-use treatment of water. Where possible,
projects should be designed from the outset to accommodate a rigorous evaluation.
Projects should also be designed to allow for estimation of the impact of both individual
interventions and packages of interventions, so that alternative approaches can be directly

compared and issues of complementarity can be more fully assessed.
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Table 1. Transmission Routes of Water-Related Diseases

Classification Transmission route Examples of diseases transmitted
Waterborne e  Through ingestion of pathogens in e Diarrheal diseases
drinking water e Enteric fevers, such as
typhoid
e Hepatitis A
Water-washed e Through incidental ingestion of o Diarrheal diseases

pathogens in the course of other activities; | e  Trachoma
results from having insufficient water for e Scabies
bathing and hygiene

Water-based e Through an aquatic invertebrate host; e Guineaworm
results from repeated physical contact e Schistosomiasis
with contaminated water

Water-related insect | e  Through an insect vector that breeds in or Malaria (parasite) and
vector near water yellow fever (virus)

Source: White, Bradley, and White 1972; [reference cut]; Cairncross and Valdmanis

2004.
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