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Abstract

Diarrheal disease is responsible for 2.2 million deaths, of which 1.%omifre of
children under fiveand inadequate access to drinking water is a major cause of these
deaths. Providing households with piped drinking water is often considered the gold
standard approacfor reducing diarrheal disease, and is an aimhaf Millennium
Development Goal (MDG) for ater. Unfortunately, even piped drinking water systems
often provide unreliable water of poor quality, and in insufficient quantity to protect
households from disease. This is especially true for rural comraumtgrinking water
systems in developing cotries. Identifying technological and programmatic innovations
that protect households better from wdierne disease at low cost would thus be of great
value.

This dissertation measures the water quality, health and sustainability impacts of three
interventionsthat might reduce the global burden of wdierne disease and documents

the shortcomings of the MDG for watein Paper |, ging a caseontrol design,
gualitative and quantitative methods, and matched pair analysis, it first examines the
performance of the Circuit Rider (CR) model in 60 communities in El Salvador. The CR
model provides technical, financial, and operational assistance to commumityral

water systems. The results establish that CR communities enjoyed significantly better
microbiological water quality, enhanced financial management and transparency, and
greater investment in water treatment and system mainten@aper Il examineshe
impactsand cost of distributing househedlelvel water filters and safe storage snit
(HWFS) relative to communitievel treatment systems (CTS) for use with low quality
piped drinking water, using a quasindomized trial involving 334 households (135
HWF, 62 CTS, and 137control) over epear in Honduras. HWFS and CTS households
had signifcantly improved microbiological water quality, and 61% of HS§Fand 46%

of CTSs were still in use after one yelarPaper Ill, éta collectedvertwo years for the
HWES and control households reveal that 47% of the filters were still in use and
continuedto provide households with water of significantly higher quality. In sum, the
CR model, HWIS and CTS are all associated with significantly impbweater quality,

are lowcost drinking water interventions (cost per person per year is $.20 CR model,
$3.63for the HWF and $1.37 for the CTS), and couldubiézed to reduce the global
disease burden.
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1.1INTRODUCTION

Unsafe drinking water is a major cause of an estimated 4 billion cases of, and 2.2 million
deaths from, diarrheal disease per year (Pdsian et al., 2008; Wardlaw et al., 2010;
Bryce et al., 2005). The disease burden falls heaviest on children under five
Gastrointestinal and diarrheal diseases reduce absorption rates of food and
micronutrients, decrease childhood growth rates, drain energy levels, contribute to lower
attendance levels at school, decrease the number of hours one is physically able and
willing to work, and increase rates of morbidity and mortality, especially among children
(Checkley et al., 200&Billig, et al, 1999).The health benefits from a sufficient supply of

safe drinking water are unequivocal.

The international response to thiklgal burden is the Millennium Development Goal

(MDG) #7, Environmental Sustainability, targetd7to reduce by half the proportion of

people without sustainable access to safe drinking water (WHO and UNICEF, 2006).
Progress toward the MDG for water isdkad by counting households in each country

with access to an improved water g r c e . 01 mpr o vieclidie houseltoelr s ou
connections and public taps, standpipes, tubewells and boreholes, protected dug wells and
springs, and/or rainwater collectigprovided the sources no more than one kilometer

from the ub@®H® and ONWGEF,2006)Fo reduce poverty and related

heal th problems, however, access to fAi mpro

'@Wni mprovedd water sources include: unprotected dug
water, and bottled water
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Ideally, the gold standard for drinking watsourcespiped drinking waterbegins with a
protected water source that has a sufficientd@ag supply of water for all users, meets

a health standard of biological and chemical treatment (coagulation, sedimentation,
filtration and disinfection) prioto distribution, and then travels along an uninterrupted
network of pipes to supply households with safe drinking water throughout trenday

year round Unfortunately piped water, in both the developed and developing world,
does not always reach thssandard (Sobsey006; Moe and Rheingan2006). Many

6i mprovedd drinking water sys¢t @uvdewaespeci a
that isnot reliable, readily available, or microbiologically safe (Rizand Hrudy,2008).

Water delivered, everby piped systems in the developing world, is consistently
compromised, whether because of the quality of water at the source, insufficient supply,
high costs, scarce resources, aging infrastructure, intermittent service, inadequate
technical knowledge, o operational management, or defunct commduoased water
committees (Lee and Schwat005;Rizak and Hrudey2008; Whittington et al., 2009,

Davis et al., 2008). As piped drinking water networks grow old, and, in the absence of
adequate monitoring artdchnical repairs, pipes break and leak (Lee and Schwab 2005).
Also, bacteriological treatment is not always continuous or consistent, increasing the
burden of disease (Lee and Schwab 2005). In Honduras and El Salvador, the countries of
study, despite higtaccess to improved water sources, diarrheal disease is the third
leading cause of child mortality, and contributes to high rates of stunting in children
underfive years of age (WHO 201@heckley et al., 2008 Increasingly, research has

demonstrated #t MDG drinking water infrastructure targets are not enough; efforts must

2 The problems that affect piped systems in the Global South are not unique to the Global South. The
Global North has many documented cases of disease outbreaks from contamination of drinking water in
piped networks (RizakndHrudey, 2008 Craun et al., 202).
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be made to ensure that the infrastructure delivers a safe and sufficient supply of water if
improvements are going to be seen in the areas of health and wellbeing (Clasen, 2010;

Bartram, 2008).

This dissertatiomeflects onthe shortcomings of the global health policy, the Millennium
Development Goal for water, and tests the efficacy of specific technologic and
programmatic solutions that may substantially improve human and enendainealth
outcomes. This research fills current gaps in the literature, and through collaborative
partnerships with two NGOs in El Salvador and three NGOs in Honduras tests the
efficacy of a technical assistance model and two drinking water techndagies
household filter and safe storage unit and a commiscije water treatment system. The

specific reseattquestions are statet page @.

The dissertation is structured as three papers. Each paper is a chapter of my research, and
after an extensivéterature review, incorporates the field research conducted over three
years in Honduras and El Salvador. This introduction is structured as follows: a brief
overview of the global burden of watkorne disease and the international respagise

given theMDG for water is briefly described, and the health benefits of drinking water
quality and piped drinking water specifically are documented. Some of the obstacles
faced by communityun piped water supply networks are reviewed, a brief overview of
possiblesolutions to the problems faced by piped networks is given, the research question
are outlined, and then the three interventions studied in the field described. The gaps in

the literature filled by the research in Papers I, Il and Ill are touched orghmat,) and
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finally a short overview of the drinking water services in each of the countries where the

research took plaéeHonduras and El Salvadbris given.

Paper ltests the efficacy of a technical assistance model and its impact on water quality
and system sustainability i60 communityrun rural water systems in El Salvador.
Principal study activities in Paper | in 60 villages (28 Circuit Rider and 30 control
comnunities) included: a structured interview with the water system operator; a separate
structured interview with the president or treasurer of the VWC or community water
board; microbiological water quality tests.¢oli and total coliform) at the first andst
households orachdrinking water distribution linén every communityand a residual
chlorine test at the first and last house on the piped systeaper Il measures the
impacts of householtbvel water filtration and safe storage (HWFSglative b a
communityi level water treatmergystem (CTSpn householdvater quality, health, and
compares the sustainability of the interventions over a one year time frame in Honduras
based on auasirandomized trial It utilizes hobusehold surveys conductedthvithe
female head of househo#hd microbiological water qualitiestsin 334 households pre

and postintervention. Paper Il measures the impact of the household health and
sustainability of a household ceramic water filter over a-ye@ time fram in 272
households itHondurasbased on &lusteed randomized trial At baseline and after year

one and year twohousehold surveys, mmbiological water quality tests were taken.
Anthropometric measures (height and weight) of children undemfere also tilized

pre and ongear post interventionEach paper was writtefor a specific journal, and

each includegs own abstradntroduction methods, conclusion and discussion section
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In the conclusionof the dissertationthere is an overview of theesearch results,
recommendations for watsector practitioners interested in household water treatment
technology studiedan example of how these recommendations weapted and utilized

in Honduras. The costs of the three interventions are then cedyghe challenges and
opportunities of bringing the water interventions to scale discussed-wwhttad global
policy, post2015 recommendations for improving the delivery of safe household water

is provided, anduture researcheeds arsummarized

1.2.BACKGROUND

1.2.1Diarrheal Disease, the Global Burden

Diarrheal disease kills more children than AIDS, malaria and measles combined, and is
the leading cause of death for children under five after pneumonia. Every week, 29,000
children in lowincome countries die from diarrheal diseas$eapproximately 4,100
deaths every single day. Out of the 1.5 million children killed by diarrheal disease in
2004, 80% were under two years old (WHO, 2009). According to the World Health
Organization, approximately 88 percent of the 1.5 million diarrheal deaths worldwide are
atributable tounsafe waterinadequate sanitation and poor hygiene. Calculations that
compare the returns on investments of water and sanitation interventions, eiahate

for every dollar invested, the return is betwednahd$28 (Hutton, Haller, Bartram,

2007.

1.2.2The Millennium Development Goal for Water
The international response to the global burden of disease is the Millennium

Development Goals (MDG) #7, Environmental Sustainability, tafggb reduce by half
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http://www.unicefusa.org/work/water/

the proportion of people without sustainable access to safe drinking’ \(telO and

UNICEF, 2006) Safe drinking water is tracked by estimating the proportion of those
with an O6i mprovedd source. | mprovedOdo water
public taps, standpipes, tubewells and boreholes, protected dug wells iagd, snd/or
rainwatercollection provided the sourdées no mor e than one kil on
dwelling* (WHO and UNICEF, 2006). Piped water to a household tap has long been
considered the gold standard because of the constant water supply, treatoretd

distribution, and proximity to the householdnfortunately piped water, in both the
developed and developing world, does not always reach this standard (St3&y

Moe and Rheingan2006).

1.2.3Water Quality and Supply

Unsafe drinking waters a major cause ajlobal disease burdedescribed in section

1.2.1. The pathogens (bacteria, viruses, helminthes and protozoa) that cause
gastrointestinal disease and skin infections in watenbe stopped if water sources are
adequate and protected, water treatment is comprehetisévdistribution network is
watertight, and a constant and regular supply of water is delivered to the user at the point
of consumption. Drinking water can becomentzmninated if any of the watéorne
pathogens listed in AppendixALl get into the water supply and are not killed with
disinfection. It is too difficult to detect and enumerate each of the pathogens, however,

and so normalEscherichia coli(E.coli) are routinely detected and enumerated to

%1n 2000, 1.1 billion did not have access to an improved source of drinking water. Today 884 million do

not have access to an improved source of drinking water (WHO, 2010).

“Uni mprovedd water sources i ncl uds tankermupks sufacet ed dug
water, and bottled water

® This research focuses on drinking water, yet, recognizes that hygiene and adequate sanitation services are
critical to diarrheal disease reduction (Fewtrell et al, 2004).
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determine if water is safe for human consumption and used as an indicator of the

presence of watdvorne pathogens.

1.2.4.SourceWater & Distribution

Common water sources inclugeoundwater, surface water, springs and rainwéitéine

source can feasibly be protected, this protection can decrease the risk of contamination.
Surface watesources (springs, lakes, rivers, ponds)umedly easier than groundwater
sourcesto access, bubecause they are exposed to humans and animals, they are often
morecontaminated. Springs are less exposed than surface lakes or rivetd| slould

to beprotecte to reduce the risk ahicrobiologial contaminationA randomized trial in

Kenya points to the reduction Escherichia coli (E.colipy 66% by protecting springs

from contamination Kremer et al.,2011). Groundwater is usuallyat lessrisk of
microbiologicalcontamination, but to move groundwater to the surface requires energy
(human or motor) and this can be expensive. Rainwater is of better microbiological
quality than surface water initially; howevet, is subect to contamination after
collection. h a sudy in Cambodia, rainwater was more microbiologically contaminated
than some lake water sources, and the authors seddkat the long storage time in
uncovered containers as a possible explanation (MurptgBean and Farahbakhsh
2010). While groundwates often safer, if fluoride or arsenic is found in concentrations
that can cause harm to humans, it will need to be addressed prior to consumption or
another source of water found (Skinner, 260Bpreholes, tubewells and protected dug

wells are all diferent ways of accessing groundwater. Pumps powered by human, wind,

® Neither the MDG nor this resrch are considering contamination from industrial or agricultural
chemicals or agricultural.
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water, or motor can facilitate the movement of the water from the ground to the surface.
Water can be pumped from the ground to individuals with storage containers or to pipes
and then trasported to households. If surface water is the source and if communities
have sufficient resources, distribution tanks often hold water until it is distributed by

pipes to households.

1.2.5.Water Treatment Methods

A water treatment plant that combines coagulation, flocculation, sedimentation, filtration,
and disinfection prior to distribution may be the best option for ridding water of the many
diarrheal disease causing pathogens and for protestaer until consumption. Water
from a surface source can be quite turbid, especially during the rainy season, and to
disinfect the water, the particles need to be remow&demical coagulants, like
aluminum suiate, are often used to force the solid pltidcogether into flocs which can
then settle out of the water through sedimentation (Cairncross and Fedcd@3h
Filtration pushes water through sarahd or clay. These methis improve the
microbiological quality of the water significantly, but for thevater to be free of
pathogens it must be disinfected, and thisften achievedvith chlorination(Cairncross

and Feacheni993).

Water treatment at this level; however, is often not possible in rural areas of developing
countries (Cairncross and Feaamm 1993). The expense of constructing a water
treatment fant and the unreliability of theperation and maintenanoé these plantin

most rural settings are significant constraints, especially in resource poor settings. In the

best case scenario, amking water treatment plant treats the drinking water before it is
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delivered to households through watertight pipes, regularly without disréipliomany

lesser developed countries, resources limit the possible water treatment processes. In
rural areasof developing countries, water treatment may include only one of the
method® coagulation, flocculation, sedimentation, filtration or disinfedidrut all of

these methods are needed to ensure a reliable supply of safe Twedetreatment

necessary oftengppends on the quality of the source water.

A less expensive form of disinfection at the commuitetsel, in piped systems that do

not have comprehensive treatment plants prior to distribution, is disinfection with
chlorine in liquid, granular or tabletrim. High levels of turbidity, often found in surface
sources in the rainy season, however, can create obstacles in treatment with chlorine as
suspended particles reduce the microbiological efficacy of chlorine and bigmical
disinfectants (WHO, 20061f water is very turbid (<5NTU), some form of filtration is
necessary prior to disinfection with chlorine (Cairncrassl Feachem1993; WHO,

1996).

Lower cost household levetreatment options exist and include ceramic filtration, fabric
filtration, biosand filtration, SODIS or solar UN radiation, free chlorine disinfection
(bleach), coagulation and disinfection, simple sedimentation, and thermal (boiling)
(Brown et al; 210b. (See Appendixl.A.2 for a table of these methods, their pathogen
removalability, water quality requirements, disinfectant residual necessary, availability

of needed materials for construction, length of time need to treat, skill level needed, and

" Other treatment mechanisms include mixed oxidant gasses systems, ozone, and reverse osmosis, but these
are not usually options in lesser developed counemsecially in rural areas, because of their cost and the
technical skill required to operate such treatment methods (Gadgil, 1998).
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the cost of the method A metaanalysis of 21 studies determined that as miofogical

water quality improves at the household level, there is a median reduction in endemic
diarrheal disease of 42 percent compared to control groups (Clasen et al., 2004). See
Appendix1.A.2.for an overview of the household treatment methods, éfiectiveness,
turbidity requirements for treatment, disinfectant residual, needed materials,
acceptability, length of treatment time, skill level needed, and the cost per person of each
method. In an analysis of the pathogens (bacteria, viruses andgapotbat can be
removed with different household treatment methods, ceramic water filters, chlorine
bleach, boiling, and coagulation and disinfection had the greatest reduction in pathogens.
In a costbenefit analysis of water and sanitation interventitims,costbenefit ratio was
highest for household water treatment when compared to other water and sanitation
interventions, at approximately $20 for every Disability Adjustefe LYears saved

(Hutton,Haller, Bartram,2007).

1.2.6.Piped Water Network

Piped drinking water is often cited as the gold standard in drinking water technologies
because of its impact on disease reduction and its association with falling mortality rates
in major cities around theeveloped world. Retrospective research on the history of
expansions in piped drinking water networks points to the subsequent fall in infant
mortality rates in major cities in developed countries (Cutler and Miller, 2005; Watson,
1996; Burstrom et al., 2B). Watson documented the falling mortality rates on Native
American reservations across the United States as drinking water improvements were
madeé drinking water treatment plants were built, piped systems were extended to serve

more households, and welleere dug (Watson, 2006). the Watsorstudy water quality
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and water quantity cannot be disaggregated. In the United States, between 1905 and
1925, falling infant mortality wasound to be associated with tlse offiltration and
chlorine treatment in ped drinking water systems, with total social benefits in
Baltimore, Chicago, Cincinnati, Cleveland, Detroit and Jersey City equal to $700 million
per city (Cutler and Miller, 2005). In many of these cities studied in the USA, prior to
filtration and treanent with chlorine, households had piped service that delivered

untreated river water to their households.

1.2.7.The Problems in Piped Water System

Ideally, piped drinking water delivered éohousehold tap begins with a protected, year
round water source that meets community health and hygiene needs, undergoes biological
and chemical treatment (coagulation, sedimentation, filtration, and disinfection) and is
distributed through an uninternga network of watertight pipes to households
throughout the day. It is an intervention that improves household health and economic
livelihoods as the burden of diarrheal disease from both watehed and watdyorne
disease is reduced (Cutler and MilB805; Watson, 2006). In much of the Global S8uth
however, piped water does not reach this standard (WHO, 2004; Sobsey, 2006).
Unfortunately, the quality of water delivered, by piped systems in the developing world,
is consistently compromised, whetherchese of poor water quality at the source, an
absence of drinking water treatment, insufficient supply, intermittent service, leakages,
high costs, aging infrastructure, inadequate technical knowledge, poor operational

management or defunct water commist¢Bartram, 2008; Rizaand Hrudey 2008; Lee

8 This problems that affect piped systems in the Global South are not unique to the Global South. The
Global North has mgndocumented cases of disease outbreaks from contamination of drinking water in
piped networks (Rizak et al., 2008; Hrudey, et al., 2004; Craun et al., 2002).
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and Schwap 2005; Yassin Amr, and AlNajar, 2006; Whittington et al., 2000
Households are forced to use alternative unimproved sources because of insufficient
supply or poor quality in their piped networkatRanayak et al., 2005). This in turn has
adverse health and economic impacts on the household (Pattanayak et al., 2005; Kyessi,

2005).

Small water systems in rural and urban areas of developing countries are especially at
risk (Rizak and Hrudey, 2008In tropical areas, the rainy season brings with it disease,
and the dry season brings water shortages. Intense rains can cause contamination of
surface water sources. Shortages can lead to unsafe storage, and intermittent service can
lead to negative presee in the pipes and contamination of the entire netWbakixe et

al., 1994). Also, bacteriological treatment is not always constant or consistent, increasing
the burden of disease (Lee et al., 2005; Craun et al., 2002). Increasingly, research has
demonstrated that infrastructure targets are not enough; efforts must be made to ensure
that the infrastructure delivers a safe and sufficient supply of water if improvements are

going to be seen in the areas of health and wellbeing (Clasen, 2010; Baag&n,

1.3. SOLUTIONS

Governments, development organizations, and NGOs have begun to experiment with
technological and programmatic solutions that may substantially improve human and
environmental health outcomes amddeess the goals of safe and sustainable drinking
water.The present researcompares the efficacy of two leaost, locally manufactured,
drinking water technologiesn Honduras over one yeaa household filter and safe

storage unitand a communitpasel treatment systemlt then measures water quality
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impactson the household filter and safe storage om#r two years. The technologies
have never been studied together for their relative sustainability and impact on water
quality and household health. &lnousehold filter and safe storage unit has never been
studied inthe context oLombination with contaminated piped water systeorsstudied

for its impact on the height and weight of children under five. The commiaveéy
treatment technologin the present research has never bstermied. Theauthor is also
unaware of any research on tbe-going postconstruction support, the CintuRider

model specifically

1.3.1.PostConstruction Support

Research suggests that poshstruction support (PC&®)investment in community
capacity for operation and maintenadamay in fact significantly improve the
sustainabilityof water systemgSohail et al., 2005; Schouten, 2003; Lockwood, 2003).
PCS can prode communities with technical expertise and access to spare parts so that
water systems do not break down (Whittington et al., 2009) and it can improve financial
performance and overall household satisfaction (Prokopy et al., 2008). Communities that
receive managemestdriented PCS visits from external agencies, and those whose system
operators attended training workshops, have better performing systems than communities
that received no such support (Whittington et al., 2009; Davis et al., 2008.can
include capacity building in technical operations, financial management, water source
protection, community training in the importance of water quality treatment.
Engineeringoriented (technical operations) PCS visits to communitieed no
measurable impactnosystem functioning or user satisfaction according to research in

Bolivia (Davis et al., 2008). Currently, the best configuration of PCS is not sufficiently
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detailed, and no study to date msasuredhe impact of PCS on microbiological water
quality. Paer I tests the efficacy and impact of the Circuit Rider model of PCS on system
performance (functioning systems, water quality, and water supply) and sustainability
(technical capacity and management, financial and operational management, and

environmenthprotection) in community run rural water supplies in El Salvador.

1.3.2.Household vs. Community Treatment

It has been suggested that if piped water is not safe or not perceived #sceafie, be
treatedat the point of use (Sobsey, 200@&yvidence also points to the decline in
microbiological quality of drinking water after collection in many settings (Wright et al.,
2004), and household drinking water treatment and safe storage cacatlyasnprove

the microbial quality of drinking water at the point of consumption (WHO, 2@XHers

have suggested that communal water infrastructure may be effective in fighting diarrheal
disease insome cases, but research has yet to document tbdeneei necessary to
prioritize communal infrastructure (Zwane et al., 2007). There is little to no experiment
on treatment at the community level, and no known research compares the relative
effectiveness and the sustainability of the community treatmérdusehold treatment in

the field. Evidence is required to determine that it reduces diarrheal disease and that it can
be effectively maintained by local users (Zwane et al., 20@i@)adequate supply of
clean water for handwashing and other personal hggmeeasures can decrease rates of
pneumonia and skin infections (Luby et al., 2005). At this point, however, evidence does
not demonstrate that improved access without changing the quality reduces diarrhea

incidence (Ahuja et al., 2010pRaper Il reportshe findings of a field study in Honduras
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that tests the water quality and health impacts, and sustainability over time, of household

vS. community level treatment.

1.4 IMPACTS

1.4.1. Health Impacts

When drinking water interventions are tested in the field, their impact on diarrheal
disease is often measured (Esrey et al 1991; Watson, 2006; Ferrie et alB@GaGM

et al. 2005 Clasen et al., 2007), water quality is ongngetimes measured (Brown ,
2010), and anthropometric impacts for children udder are rarely studied. Two studies
provide evidence of the synergistic association between access to water and sanitation
and stunting (Merchant, et al., 2003; Checkley gt2804). A multicountry analysis of
diarrheal disease and its impact on stunting, reveals that a higher cumulative burden of
diarrhea increases the risk of stunting (Checkley et al., 2008). There is also evidence that
suggests that diarrhea gastrointeadtiillness can impair cognitive function and school
performance (Niehaus et al, 2002). Further research demonstrates the association between
stunting and cognitive development, and the subsequent relationship between cognitive
functioning in childhood oreconomic status in adulthood (Currie, 2009; Case and
Paxson 2008). It is well documented that children who are tdibertheir age even

before schooling begins, perform better on cognitive tests (Case and P2038&nh The
association between cognitive functioning in childhood and earnings in adulthood
(Currie, 2009), and the association between height in childhood and earnings in
adulthood have also been documented (Case and Paxson, 2088)er understanding

of the effects of water and sanitation on linear growth is warraatethn the interaction

effects ofdrinking water, diarrhea and malnutrition (Checkley, 2004).
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1.4.2.Sustainability

The sustainabilityof water infrastructure can be simply defined as infrastructure that is
functioning and utilized over a significant period of time (Carter, Tyrrel, and Howsam,
1999). Very few studies on water services follow the use of the interventions in the field
over a timeframe that is greater than six months. When this research began, no research
had followed the household ceramic water filters and safe storage (HWFS) units in the

field over time for more than 6 months.

1.5.RESEARCH QUESTIONS

1. What is the efficacy of buildndwalk-away drinking water supply relative to build
with-on-goingtechnical support water supply in rural and peban areas of El
Salvador? Specifically, what is the effedtthe Circuit Rder model of postonstruction
support on system performancéwater quality) andsystem sustainabilitftechnical
capacity and management, financial and operational management, and environmental
protection) in communityun piped drinking water systems in El Salvador?

2. In rural and perurban areas of Honduras, which of two types of drinking water
treatment technologiesn the presence afontaminated piped drinking water, is most
effective when measured for their impact on household water quality, health, and
sustainability: houdeld or communitylevel water treatment?

3. What is the healtimpactand sustainabilitypf household filtration and safe storage
over atwo-year time frame in Honduras?

1.6. THE INTERVENTIONS STUDIED

1.6.1.PostConstruction Support: the Circuit Rider Mode

The CR model provides egoing technical assistance to Villag
Water Committees and their water system operators, and is aj
at expanding their capacity to overcome technical, finarcidl

operational obstacles to successful operation and mainten




The CR model was created by the United States National Rural Water Association
( NRWA) i n the early 197006s to help small/l
standards of the US Safeibking Water Act of 1974. NRWA now has several hundred
Circuit Riders working in every state across the United States. Most are licensed water or
wastewater operators in their respective state, and all have years of technical and
managerial experience. €antly, the CR model also operates in Honduras, El Salvador,
and Guatemala with locally trained technicians, and funding and technical support from
the International Rural Water Association (IRWA), the international arm of NRWA.
IRWA partners with hostountry organizations, such as tAsociacidbnSalvadorefale
Sistemas de Agua (ASSA) in El Salvador, Asociacion Hondurefia de Juntas
Administradoras de Sistemas de AgRHJASA) and Agua Desarollo Comunitario
(ADEC) in Honduras, and Agua Para la Salud in Guatenfdlase CR programs have
been funded by external NGOs, IRWA and in some cases (AHJASA) by monthly
compensation by member communities for the ongoing@msdtruction supporiviany

in the sector have deckd postconstruction support to rural water supply an unmet need

in the sector, but no one has studied the efficacy of a specific model afgnsstuction
support (Prokopy et al., 2008; Davis et al, 2008, Whittingon et al., 2008). The impact of
the Circut Rider model on water quality and piped water system sustainability are

measured in Paper I.

1.6.2 Household Filter and Safe Storag&he Potter for Peace
(PFP) household ceramic watéitter and safe storage uni

(HWFS)is a low-cost, locally made householdaterfilter. It is




designed to provide a household solution
problem. Designed by Fernando Mazariegos, a Guatemalan chemist, the technology
enploys a ceramic mixture of clay and sawdust or rice husks that leave tiny pores that
allow water through but block most wataorne diseaseausing pathogens. Currently the
household filters and safe storage units are manufactured and distributed im2&gsou

across Latin America, Asia and Afrida. laboratory experiments and field triald\WWFSs
significantly improved microbiological water quality and reduced diarrheal disease in
households in Camb®ddwat evi t ho W@raveesalp @Dy &rde d e |
Brown et al., 201 In review of the household water treatment literature, ceramic filters

were deemed the most effective interventions for improving household water quality and
reducing waterborne infectious disease (Sobsey et al., 2008¢eTdmaic filter combines

the advantages of household filtration, and safe storage until the point of use, and they are
cost effective. No research has followed households with the filters over a two year time
when combined with ¢ iperplrpmwdesthe ewdentesofatwgoo ur c e
year study in Honduras on the household water quality, health, and sustainability impacts

of the HWFS when combined with an &6i mprove

1.6.3Community-scaleTreatment SysteniCTS)

The communityscale water treatment system i

designed to offer village water committees tt

T T,
technology to treat and disinfect their drinking wat ; r/w%«;

B i e W
9élmproved(‘) is citied throughout this diemnentt ati on
Goal standard. | mproveddé water sources i ncludes

tubewells and boreholes, protected dug wells and springs, and/or rainwater collection, provided the source
is no more than one kilometer fromtheus 6 s d WO &nd UNJCEF, 2006).
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Communityscalewatertreatmensystems (CTSgombine sedimentation and coagulation
with chlorine disinfection.CTSs have been installed in communities in Honduras,
Guatemala, Haiti, and Ghan@he technologymoves contaminated water through a
sedimentatiorcoagulation tank where aluminum sulfate muststirred into the water for

20 minutes by the operator to rid the water of turbidity. The spout is then opened to allow
the water to pass into the second tank where chlorination treatment occurs. Residual
chlorine can then be tested with a small esyse testing kit.The CTS removes
bacteria, viruses and protozoa at a level that exceeds most all of tHoedbiveatment
processes because it combines coagulation and sedimentation with chemical disinfection
(Refer to Appendix Il). In this study, the GTis a centrally located stand alone system
with a single communal tap and is naore than a ten minute walk for the furthest
householdln this research the CTS is combinedh contaminated piped water so that

the water can be treated before it is constdinby households. Paper Il measures the

relative efficacy of the CTS and HWFS in Honduras over one year.

1.7. COUNTRIES OF STUDY

1.7.1.El Salvador

In El Salvador, as d2008, 87% of households have access to improved water, 65% have
piped water to the household. In rural areas, 76% have access to improved water sources
and 42% have water piped to a household tap. The National Water and Sanitation
Authority, Administracion Nacional de Aceuductos y Alcantarilladd®NDA), is
responsible for water and sanitation services in El Salvador. ANDA is not able to carry
out its mandate in rural areas (Linares et al, 1,988 this was confirmed in interviews

in preliminary data codiction Much of the funding for rural water system construction
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has been provided by NGOs. These rural water systems are managed by a locally elected
village water committee (VWC) or Junta de Agua, and operated by a community member
who is paid lg the comnunitiesd water fees Little attention has been given to the
technical, financial, operational, and maintenance needs of these systems after
construction so as to ensure their sustainability (Linnares et al, 1999). Some NGOs
provide initial support on howo set up a VWC, but few train community members in
how to collect water tariffs, how to budget for future maintenance costs, where to obtain
operational and maintenance assistance, or how to protect water samatesturn to

check water quality. Everhnése NGOs that do offer this initial training, few return to
check on operation and maintenance, water quality or financial manageBwmne
villages turn to their municipal government for help, but report that funds for water
systems are often scarce @dtto political voting patterns, and are not easily accessed.
The results of the research on the RGRuit Rider Model in El Salvador can be found

in Paper |. To complete this research, GK collaborated with two NGOs in El Salvador the
International RuraWater Association (IRWA) andsociaciénSalvadorefiae Sistemas

de Agua (ASSA).

1.7.2.Honduras

In Honduras, water and sanitation coverage rates are high compared to other Latin
American countries. As of 2008, 86% of Honduran households have access to an
improved water source, 83% have access to water piped to the household, and in rural
areas, 77% dwe access to an improved water source and 72% have water piped to a
household connection (WHO, 2010). Ninsiy percent of piped water is accessed from

surface sources, including springs, small creeks and rivers (USAID, 2006) and 98% of
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the population h&intermittent water service (PAHO, 2000). Approximately 43 % of the
networked coverage is provided by small drinking water systems and managed by elected
Village Water Committees (VWCY¥)(USAID, 2006). Many of the VWCs have difficulty
charging water feesr insuring that these fees are paid on time, with huge effects on the
resources available for maintenance and operation costs (COSDU 2004). Only 13%
regularly treat their drinking water (PAHO, 2000; COSDU 2004). In a recent study of
piped rural water neterks in Honduras, it was estimated that 85% have fecal
contamination (Argeta, 2005; COSDU, 200B)arrheal disease is the largest cause of
morbidity and mortality for children under five after respiratory infection (WHO, 2009).
The results of the HWF ardTS research in Honduras are in Paper Il and Paper Ill. To
complete this research, GK collaborated witteeNGOs in Honduras, the International
Rural Water Association (IRWAAgua DesarrolléComunitario (ADEC)and Shoulder

to Shoulder

19 Another 29% are managed by municipalities, 15% by the national governments Water and Sanitation
directive, SANNA, and the other 13% are run by private companies or ppubtiE partnerships.
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1.A. APPENDICES
1.A.1 Table I. WASH Related Diseases

Category Infection Pathogenic Agent

1) Fecal oral (water

borne/water washed) Diarrhoeas andysenteries
Amoebic Dysentery
Balantidiasis
Campylobacter enteritis
Cholera
Cryptosporidiosis
E-coli
Giardiasis
Rotavirusdiarrhoea
Salmonellosis
Chingellosis
Yersiniosis

Enteric fevers
Typhoid
Paratyphoid

Poliomyelitis

Hepatitis A

Leptospirosis

WWW< UWTUWWTUTDO

n<<mw

2) Water-washed
(a) skin and eye infections Infectious skin disease
Infectious eye diseases
(b)other Louseborne typhus
Louseborne relapsing fever

nwaouZZ

3) Water-based
(a) penetrating skin Schistosomiasis
(b) ingested Guinea worm
Clonorchiasis
Diphyllobothriasis
Fasciolopsiasis
Paragonimiasis
Others

I TITITIITT

4) Water-related insect vector

(a)biting near water Sleeping sickness

(b) breeding in water Filariasis

Malaria

River blindness

Mosquitaborne viruses
Yellow fever
Dengue
Others

I UITT

< <<

B=Bacterium H=Helminth M=Miscellaneous P=Protozoon  R=Rid|
S=Spirochaete V=Virus Source: Cairncross and Feachem, 1996, pg.10
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1.A.2.Table Il T Household Water Treatment

Baseline
Remova Max Quality
I Remova | Requirement Availability Length of Skill Ful |l g
Treatment | Pathoge (LRVa) | s for treated | Disinfectan | of Needed | Acceptabilit Treatment level ($/personlye
Process nGroup b (LRV)c water t Residual* | Materials y Time needed ar)
Bacteria 2 6 High Turbidity
Ceramic Viruses 0.5 4 can clog Ceramic High .
Filtration Protozoa 4 6 ceramic pores No Filter Probability A few hours No Skl $2.50
over time
Fabric Bacteria 1 2 High
Filtration (e.g.,| Viruses 0 0 . Probability in . .
Sari cloth Protozoa 0 1 None No Sari certain Minutes No Skill $0.70
filters) locations
. Bacteria 1 3+ .
Biosand Viruses 0.5 3 NA No Local High Afew hours | No Skill $13.00
Filtration materials Probability
Protozoa 2 4+
Bacteria 3 5.5+ )
SODIS  (solar| Viruses 2 4+ . . . Full sun (hours);
UV radiation + | Protozoa 1 2+ Low Turbidity No Plastic PET ngh. . partal sun No Skill $0.63
(<30 NTU) bottle Probability (days); No sun
thermal effects) .
(not effective)
Free Chlorine | Bacteria 3 6+ - . .
Disinfection Viruses 3 6+ Lozvs'(l)'ul\rlt_?glty Yes Chlorrlﬂe for Mnghrtot Tens of minutes| No Skill $0.66
(bleach) Protozoa 3 6+ ( ) purchase oderate
, Bacteria 7 9 : Moderate
gpggfulattllon/ Viruses 4.5 6 None Yes go_agf;ul:;mt,t Mngh tot Tens of minutes| Training $4.95
isinfection Protozoa 3 5 isinfectan oderate Needed
Simole Bacteria O 0.5 High
P . Viruses 0 0.5 None No Container gn Hour(s) No Skill $0
Sedimentation Probability
Protozoa 0 1
Bacteria 6 9+ , .
Thermal_ _ Viruses 6 9+ None No Source of High to Mlnute_s to tens No Skill Cost of fuel
(e.g., boiling) Fuel Moderate of minutes
Protozoa 6 9+

a. Logye reduction value, a commonly used measure of microbial reduction, computedodpridtreatment concentratioii) log, o (posttreatment concentratior). Baseline reductions are those typically expected in actual field practice when|
by relatively unskilled persons who apply the treatment to raw waters of average and varying quality in developing aodniriese there are minimum facilities or supporting instruments to optimize treatment conditions and praq
Maximum red@tions are possible when treatment is optimized by skilled operators who are supported with instrumentation and aitheaiotmtthe highest level of performance in waters of predictable and unchanging tjabife storage
container can decreashe likelihood of contamination after treatment/filtratipRrices vary by country.

Table alapted from Brown et al., 2010c; UNICEF, 2008; WHO, 2008)
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PAPERI

Water Quality and Sustainability Gains in Piped Rural Drinking Water
Supply Networks: Assessing the Impacts of RGsinstruction Support in
El Salvador

Abstract

The sustained provision alfficient, safe, and reliable drinking water challenges piped
communityrun rural water systems. Paginstruction support (PCS) may address these
obstacles. Using a casentrol design, qualitative and quantitative methods, and matched
pair analysis, | reasured the impact of the Circuit Rider (CR) model of PCS in El
Salvador. The CR model provides technical, financial, and operational assistance to rural
communityrun piped water networks. CR communities had significantly better
microbiological water qudl, enhanced financial management and transparency, and
greater investment in water treatment and system maintenance. CR PCS is associated
with improved system performance and sustainability and is actsiv (<$1 per
household per year) drinking watetarvention.

Prepared for the Journal of Water and Health
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2.1INTRODUCTION

Every year 2.5 million people die from diarrheal disease, and it is the second leading
cause of death for children under five (Wardlaw et al., 2010). In an effort to improve
human health, reduce poverty, and improve the lives of millions of people woeldwid
trillions of dollars have been invested in improving drinking water supply systems in the
Global South since the mii9 0 0 6 s , and billions each yea
Millennium Development Goal for Water in 2000 (Grover, 1998; OECD, 2009).
Unfortunately, many drinking water systems, especially in the rural Global South,
provide water that isiot reliable, readily available, or microbiologically safe. These
water systems may initially supply communities with sufficient, safe drinking water,
suppled at regular intervals; but many fail to sustain quality service over therdong
(Blackburn et al., 2004; Crauand Calderon1999 Aging infrastructure, intermittent
service, corroding pipes, inadequate disinfection and treatment, insufficient oparation
maintenance, and poor financial management present obstacles for many cornamunity
rural water supply systems (Rizakd Hrudey 2008; Leeand Schwap2005). With the

hope of improving the quality of water delivered by such systems, a variety of
devdopment actors (NGOs and Governments) have begun experimenting with post
construction support (PCS) programs. PCS provides technical assistance in operation and
maintenance, resources for spare parts, and management training for the Village Water

Committee(VWC)*.

“"YWCs are community elected water boards that gover
Aguaodo in Spanish
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Effective PCS that strengthens community management of rural water systems is
expected to improve access to safe drinking water at low costs; however, no studies to
evaluate their impact on water quality and system sustainability have beetedepod

no study has calculated the costs of operating such a program. This paper examines the
impact of the CR model of PCS in rural El Salvador. The CR model offers regular access
to a trained technician for operation and maintenance problems, morsitdy by this
technician for water quality and disinfection testing, and budgeting and accounting
trainings for the Village Water Committee (VWC). A casmtrol design and matched

pair analysis was utilized in this fielthsed study to assess the effesftghe Circuit

Rider model on watesystem performanc@vater quality and water supply) and water
system sustainabilitftechnical capacity and management, financial and operational
management, and environmental protection) in 60 randomly selected iti@n&ircuit

Rider) and control (no Circuit Rider) communities in rural and-pdyan El Salvador. It

then documents the costs of the water supply intervention. Principal study activities
included: structured interviews with Village Water Committee (VWfidmbers and
village water system operators, microbiological water quality tests, and drinking water

disinfection tests in each community.

2.2.BACKGROUND

Infrastructure Maintenance in Small Systemke rural sectohas a very poor record of
maintaining infrastructure investments (Ahuj&remer and Zwane 2010). Many
community run rural water systems in the Global South are characterized by poor water
quality, insufficient supply, intermittent service, leakages, higsts, and aging

infrastructure (Rizakand Hrudey 2008; Moeand Rheingans2006, Leeand Schwap
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2005). In South Asia, more than a third of water infrastructure igurational (World

Bank, 2003). Communityun piped drinking water networks, in the abse of adequate
monitoring and technical repairs, quickly develop leaks that go unrepaired (Blackburn et
al., 2004; WHO, 2004; Crauand Calderon, 1999This is due to inadequate technical

and operational knowledge, poor accounting and budgeting, auffiaient funds for

spare parts as they are needed (Remadt Hrudey 2008; Lockwood, 2003). In tropical
areas, the rainy season brings high levels of poor quality water and the dry season brings
water shortages and intermittent service (CairncaossFeahem 1993). Shortages can

lead to unsafe storage and often forces households to use unimproved sources
(Pattanayak et al., 2005). The combination of leaky pipes and intermittent service leads to
both water losses and to the intrusion of contaminated \dtethe piped system when
negative pressure suctions occur (Rizakd Hrudey,2008, Leeand Schwap 2005,
Semenza et al, 1998Tauxe et al., 1994 Chlorine or other disinfectants used
inconsistently or in inadequate quantities increases the burdensedisdi (Leeand
Schwab 2005, Cotruvp Gunther and Heart899). High flows of poor quality water,
common in the rainy season, can contaminate otherwise clean surface water supplies, are
difficult to treat, and require regular monitoring (Musa et al., 1998@r maintenance is

not limited to piped networks: in a large Kenyan study, 50% of borehole wells dug in

1980 had fallen into disrepair by 2000 (Ahufaemer and Zwane010).

A shift from topdown management to decentralized community managemenbrwas
believed to be sufficient to sustain rural water supply service quality over time
(Whittington, Davis and McClelland998; Saraand Katz 1997). Decentralization gives

communities control over technical, operational, and financial decisions. Community
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participation in decision making is associated with greater user satisfaction, improved
access and time savings (Prokopy, 2005), but does not have a positive impact on the
sustainability of the water system (Kl ee
maragement in policy decisions can lead to more water infrastructure investment
(Chattopadhyayand Duflo, 2004), but does not improve infrastructure maintenance
(Kremer, 2008; AhujaKremer, and Zwane2010; Prokopy, 2004). Weow recognize

that decentralizednanagement and community participation alone is insufficient to
sustain drinking water supply over the letegm. Factors recognized to influence
sustainability include: the physical size of water systems (piped network) and user fees
(Kleemeirer, 2000)and capital costs and distance and location of taps (Briscoe et al.,

1990).

Addressing the Problem: PosZonstruction Support Most recently, postonstruction
support (PCS) investment in community capacity for operation and mainterdahes
received attetion for its impact on project sustainability (Sohail et al., 2005; Schouten,
2003; Lockwood, 2003). PCS can provide communities with technical expertise and
access to spare parts so that water systems do not break down (Whittington et al., 2009)
and it @an improve financial performance and overall household satisfaction (Prokopy et
al., 2008). Communities that receive managerogiehted PCS visits from external
agencies, and those whose system operators attended training workshops, have better
performingsystems than communities that received no such support (Whittington et al.,
2009; Dauvis et al., 2008). Engineeringented PCS visits to communities, however, had

no measurable impact on system functioning or user satisfaction (Davis et al., 2008).

Currently, the best configuration of PCS is not sufficiently detailed, and no study to date
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has researched the impact of PCS on microbiological water quality. This study assesses
the efficacy and impact of the Circuit Rider model of PCS on system performance
(functioning systems, water quality, and water supply) and sustainability (technical
capacity and management, financial and operational management, and environmental

protection) in community run rural water supplies in El Salvador.

The Circuit Rider Modelof PostConstruction Support The CR model provides en

going technical assistance to VWCs and their water system operators, and is aimed at
expanding their capacity to overcome technical, financial and operational obstacles to
successful operation and m@nanceThe CR model was created by the United States
Nati onal Rural Water Association ( NRWA)
utilities meet the regulatory standards of the US Safe Drinking Water Act of 1974.
NRWA now has several hundred Circuit Rislevorking in every state across the United
States. Most are licensed water or wastewater operators in their respective state, and all
have years of technical and managerial experience. Currently, the CR model also operates
in Honduras, El Salvador, and &amala with locally trained technicians, and funding

and technical support from the International Rural Water Association (IRWA), the
international arm of NRWAIRWA partners with hostountry organizations, such as the
Asociacion Salvadoreiia de Sistemasdie Agua (ASSA) in El Salvador, AHJASA
(Asociacion Hondurefia de Juntas Administradoras de Sistemas de Agua) and ADEC,
(Agua Desarollo Comunitario) in Honduras, and Agua Para la Salud in Guatéimesda.

CR programs have been funded by external NGOs, IRWAim some cases (AHJASA)

by monthly compensation by member communities for the ongoingcpastruction

support.
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Drinking Water in El Salvador The National Water and Sanitation Authority,
Administracion Nacional de Aceuductos y Alcantarilladé®NDA), is responsible for
water and sanitation services in El Salvador. ANDA is not yet able to carry out its
mandate in rural areas (Linaraad Rosenweigl999). Much of the funding for rural
water system construction has been provided by NGOs. These ruralsystiems are
managed by a locally elected village water committee (VWC) or Junta de Agua, and
operated by a community member who is paid by the community. Little attention has
been given to the technical, financial, operational, and maintenance neeldssef t
systems after construction so as to ensure their sustainghiligres and Rosenweig,
1999). Some NGOs provide initial support on how to set up a VWC, but few train
community members in how to collect water tariffs, how to budget for future
maintenace costs, where to obtain operational and maintenance assistance, or how to
protect water sources. Some villages turn to their municipal government for help, but
report that funds for water systems are often scarce or tied to political voting pattdrns, an

are not easily accessed.

The Circuit Rider Model in El Salvadar ASSA provides CR PCS in El Salvador with
Salvadorian engineers and technicians, and has been in operation since 2001. It offers CR
PCS in four main areas: technical, financial, and administrative management, and
environmental sustainability. CR PCS is gdmd in the form of trainings, ecall
technical support, monthly visits, and capacity building workshops (see Figure 1). CR
technicians periodically visit participating communities to address technical problems,

and test for chlorine disinfection and nabrological water quality. Chlorine is used to
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disinfect water, and small residual amounts of chlorine provide protection against
bacterial regrowth or contamination after the initial disinfection. Sufficient presence of
residual chlorine is routinely test for in drinking water to determine if this protection
exists. The presence @&scherichia coliand other coliform bacteria is tested for as a
direct measure of contamination. An ASSA technician or engineer trained in drinking
water treatment, water dgsn maintenance, water committee organization and

accounting makes monthly visits to 25 participating communities.

Prior to initiation of the monthly visits, the ASSA technician examines the water system
and facilitates a needs assessment of the systdntsamanagement body. This appraisal
includes questions about system conditions (from the source through its treatment and
distribution), and VWC or operating committee activities. These include: the presence of
a VWC, VWC membership and responsibilitieperator technical assistance, regularity

of VWC meetings, household water fees, presence of water Metemure of
administration of financial accounting and bookkeeping, existence of an inventory of
supplies, presence of a VWC bank account for mgnildter fee deposits by users, and
presence of a plan for maintenance and operation. The technician then tests the water for
disinfection (residual chlorine) and microbiological qualify.oli and total coliform
bacteria). The needs assessment and dadiafe evaluation allow the technician to
organize individualized communigpecific trainings and assistance. Technicians relay
drinking water standards and inform operators and their water boards about disinfection

technologies. ASSA technicians supplyppart for the BieDynami® technology by

21n metered communities, the household incurs additional fees if it uses more water than the community
agreed to baseline?
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Norweco [Norweco, Norwalk, Ohio, USA]. This easily used device feeds chlorine from
tablets, used for disinfection, into the piped water distribution tank and is easier to use
and maintain than granular chlorine. Tteehnicians continue to conduct regular drinking

water tests for residual chlorine and microbiological safety (presence/abseBaefipr

To receive Circuit Rider assistance from ASSA, the VWC or ASSA or both may initiate a
discussion. ASSA employs geople: 3Circuit Riders a secretary/laboratory technician;

and a marketing representative and director, both of whom also perform Circuit Rider
activities. All personnel can explain what assistance can be provided. Given the recent
civil war and political fracture in El Salvadathe first introductory CR meeting is the
most sensitive. ASSA is an apolitical organization, while the VWC in rural areas is often
a political group that does not easily accept outsiders, and thus the process of building a
relationship can be slow. Ontee VWC agrees that the assistance could be helpful, the
subsequent meeting begins with a needs assessment. This is followed by the
individualized monthly visits. ASSA has the resources to assist 175 community managed
rural water supply systems with CRCB, and it concentrates its efforts in San Vicente
and five surrounding Departments, including Usulutan, La BabafiasSan Miguel,

and Cuscatlan.

Descriptionsof the Circuit Rider model and anecdotal references to its success exist

(Trevettand Nufiez1998; Stottlemyer, 1998; Holden, 1998); however, no rigorous
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assessment of its impact on water quality and-tengn system sustainability has been

published.

2.3. METHODOLOGY
Ethics: Free and informed consent of the participants were obtained and the study
protocol was approved by the Protection of Human Participants, the Institutional Review

Board, The Fletcher School, Tufts University, Massachusetts, USA, on June 13, 2007.

Researb Design | use an expost facto caseontrol design and matched pair analysis to
assess the effects of the Circuit Rider model on randomly selected intervention (Circuit
Rider) and control (no Circuit Rider) communities. | randomly selected 28 treatment
communities. To construct a set of control communities, | matched the selected treatment
communities to noparticipating, norCircuit Rider communities that were similar in
population served, water system design, water source type, proximity to a paded roa
and presence of a community run and operated water system. Sixty villages (28
intervention CR villages and 32 control no CR villages) were selected using primary and
secondary data. Primary data included lists of drinking water systems given to the
resarchers by noigovernment organizations, treatment and control operators, village
water committees, municipal offices located close to treatment and control communities
and a roster of Circuit Rider communities that had received PCS approximately every
morth for the past 4 years, provided by ASSA. Secondary data included census
information and department maps. Intervention communities were randomly selected
from the ASSA roster. Control communities were selected in a two step procedure, using

primary and tlken secondary census and geographic data for matching to the treatment
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communities. Of the 32 control communities, 22 communities had received no PCS, and
ten had received an average of 3 days of PCS from aAB&A, non CR model

organization®.

Principal sudy activities included: a structured interview with the water system operator;
a separate structured interview with the president or treasurer of the VWC or community
water board; microbiological water quality tedEsqoli and total coliform) at the f&t and

last households on the drinking water distribution line; and a residual chlorine test at the
first and last house on the piped system. (R&pgendix 5.A.3and5.A.4 for the English
version of each structured interview.) Key informant interviews with Salvadorian
professionals in the water sector served to enhance the validity and reliability of the

results.

Site Description Sample villages were in the Departments of La Paz, Saenté
Usulutan at elevations between 200 and 2600 meters. Most sample villages were located
in tropical savannah lowlands, at the bottom of the Rio Lempa watéfskiesl largest

river basin in Central America, with a drainage area covering over 18 000esqua
kilometers (USACE, 1998). There is a distinct rainy season from May through September

and a distinct dry season from October through AprBurface waters of the lower basin

13 This PCS control communities included was far less consistent, occurred for a three day time period,
on average, and was supplied by a water infrastructure supply company, a church, the Honduran
government or an NGO, and consisted of a short training on chlorinaystem maintenance, or

organization of VWCs

4 The Rio Lempa is shared by Guatemala, Honduras and El Salvador. The Departments of La Paz, San
Vicente and Usulutan are at the bottom of the watershed.

51n San Vicente in June, the height of the rairgssm, precipitation averages 353 mm:; in February, the
height of the dry season, precipitation averages 7 mm per month. (NASA Langley Research Center
Atmospheric Science Data Center; New et al. 2002). Temperatures in the study vary between 21 C in the
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region of the Rio Lempa are contaminated with high levels of fecal coliforms
(FUSADES, 2008). This leads most villages to use groundwater sources for their

drinking water if possible.

Data Collection: Field work and data collection in El Salvador took place in February,
2009°. Each village was visited by GK and a research assistant for approximately 4
hours. During this time, the operator and the Treasurer or President of the drinking water
committee were interviewed separately with parallel structured interviews. In each
village, water samples were taken at a proximate household closest to the distribution or
treatment tank and at distal household furthest from the tan. Both samples were tested for
chlorine residual on site, and for microbiological quality in an offsite laboraGPS

coordinates were taken at each sample site.

Performance and SustainabilityWater Testing and Structured Interviewslo test

water quality, | combined the 3ME Petrifi
chlorine measurements to enablesk mssessment of high, moderate and low risk water

guality, according to World Health Organization standards (WHO, 1996). Residual
chlorine levels were determined-site using HACH 5ml free chlorine tests and DPD
reagent. 3ME Petr i fdobiologEal testsdvercusédioffsigertat t8st mi c r
for Escherichiacoli (E.coll)and t ot al coliform. 3EvEll Petr i

enumeration method, for assessment of high and very high risk water quality.¢blio

rainy season to 25 C in the dry season (NASA Langley Research Center Atmospheric Science Data Center;
New et al. 2002).

1% February is the dry season in El Salvador. This time period was selected to determine if water availability
and intermittent service weproblems for the studied communities.
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per 100ml sample). Colilert® is coupledi t h t he 3 ME Petrifil mE
presence or absence of moderate to high risk water (E.ddli per 100 ml). Water

samples were drawn from the first (proximal) and last (distal) household on the piped
distribution line. They were tested for residual chlorine and the results were recorded on
site. Sterile 100 ml transparent WHirGk® bags (Nasco, Mesto, CA) were used to

collect a 100 ml water sample, which was coded and placed on ice until the microbiology
tests were performed. Samples were plated
using sterile plastic spreaders and pipettes and then iecufmat24 hours at 3% in a

portable Hach incubation chamberE-coli and total coliform were enumerated via the
Petrifilm test, and the presence or absendg.cbli and total coliforms was assessed via

the Colilert test. This methodology has been \wbd and is well suited to rural sites

where access to lab technology is limited (Trottier, 2010; Aldarbto and Leving

2010.

In each village, the president or treasurer of the VWC and the drinking water system
operator were interviewed with preusly piloted structurethterviews. The structured
interviews were designed after preliminary research. Interview piloting and testing
included over 50 interviews with drinking water operators in Honduras, El Salvador, and
the United States, visits to dkimg water supply systems and interviews with CR
technicians in all three countries, and interviews with health professionals and water

quality testing facilities in all three countries. From these discussions, the variables

" The Portable HACH incubator (#25699) was donated to Dr. Jeffrey Griffiths by the HACH company
(Loveland, CO, USA).
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relevant to assessing perfornsan(the delivery of safe drinking water) and leegm

sustainability had been identified.

System performance variables include: microbiological quality, drinking water
disinfection and water supply. System sustainability categories include: financial
management, technical management, administrative management, and environmental
protection. The financial management variables include: average monthly water fee,
VWC debt, equity, percent of households not connected within the reach of the system,
average mothly expenditure for water, percent of households that pay a monthly user
fee, transparency (monthly user fee place of deposit such as bank, VWC members house,
or at monthly meeting), and water system operating costs, and debt. Technical
management varidbe s include: operator 6s knowl edg
disinfection (chlorine residual) results, presence of leaky pipes, and sufficient spare parts
(according to operators and VWCs). Administrative management variables include:
presence of a waterocnmi t t e e, womenos participation
average monthly wage of operators, and average work week for operators. Environmental
protection variables include: water source protection, reforestation projects to protect

watershelf, and metes in each household to provide incentives for water conservation.

Analysis Since much of the outcome data were not normally distributed, | analyzed most
of the water quality results and the interviews with panametric statistical tests in

SPSS. | usd ttests to assess normally distributed data, Mafmitney U test when the

18 Forests are an important, loteym, lowcost tool that can limit pollution, prevent erosioncidase run
off, and thus protect water supply and improve water quality.
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data distribution was not normal, Géguare tests for frequency data, and Fisher Exact
tests when the frequency data was small (< 5). Tablés (Rppendix 2.A.1 Appendix

2.A.6) give an overview of the data collected and the results.

The data were also -#analyzed without one control community which is privately run
with operational funding from the federal government, unlike all other intervention and
control villages which &ve community run and managed water systems. By chance, this
community had been chosen during the matching process. While this system is an outlier
in terms of higher number of households served, higher system construction cost,
ownership and operating bget, our results were essentially identical with or without its

inclusion. | report the results of analyses with this community included in the control

group.

2.4.RESULTS

Systems with and without CR PCS did not differthg number of households served,
age, and construction cost; however, CR systems had significantly less microbiological
water contamination detected and significantly higher rates of disinfection. Their
operators displayed improved knowledge about wagatrnent, and these communities
displayed less negative aesthetic perceptions of chlorine. CR systems also had
significantly better financial status (as measured by water payment service rates),
transparency (as indicated by auditable banking recordskperiding on repairs and
water treatment (as calculated by VWC water system operating budgets). In contrast, the
provision of CR technical assistance was not associated with the presence of sufficient

residual chlorine throughout the piped network which WetO standardshetween 0.2
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and 2 ppm) greater water supply or the initiation of reforestation projects to protect the
water source. In sum, in matched systems, CR PCS was associated with significantly
better water quality and significantly better finalcand operational performancEhe
selected CR and control communities were comparable which leads us to believe that

these results may be more widely generalizable (see below).

Comparability of Treatment and Control Communitieo assess theomparability of
control and intervention (Circuit Rider) communities and their water systems, variables
that are associated with project sustainability, according to previous studies, were
compared These variables included: number of households serhedptesence of
private household vs. public taps, water source data, pump use, age of the water system,
water system construction cost;kimd community contribution and NGO contributions

for construction costs, presence of sanitation facilities in eadkédmold, and distance
from nearest paved road. This information was obtained from the structured interviews.
No significant differences were detected in these and similar varigblesaverage,
systems were 12.5 years old and the distance to paved r@amdd Wwm or less. In
summary, Circuit Rider and control communities did not differ by any variables that have
previously been identified with project sustainabilifgefer to results inrable Il in

Appendix 2.A.2.

System Performance System performancein this analysis, is determined by the
presence of functioning systems, microbiological water quality and residual chlorine test
results, and drinking water supply characteristids.coli and total coliform

Apresence/ absenceo andd te determae & thée water wag st s
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microbiologically safe to drink. Residual chlorine tests were used to determine if water
has been adequately treated. These two water tests were utilized to gauge drinking water
safety. Interview questions for water systepem@tors and VWCs were used to gauge

water supply and system functionality.

Improved microbiological water quality in Circuit Rider communitie®Jnexpectedly,

all but one of the 60 study water systems were functioning. CR communities had
significantly lower rates of microbiologically contaminated water and higher rates of
drinking water disinfection. 20% of control community water samples assestsethe

most sensitive test, Colilert®, were positive fércoli compared to only 3% of CR
community samples; similarly, 62% of control community total coliform tests were
positive versus 32% of CR communities. Using the Petrifilm test, 36% of control
community water samples were positive tr coli and/or total coliforms, versus 12% of

CR samples. 59% of all control communities samples were positive by one or both of the
microbiological tests, versus only 23% of CR water samples. | also found thatooperat

in CR communities have significantly greater knowledge of the importance of drinking
water disinfection and are more likely to be trained in disinfection. These results strongly
suggest that participation in the CR program is linked to significantprawed water

quality (SeeTable lllin Appendix 2.A.3 for resul}s

Residual chlorine was significantly more prevalent in CR community samples than in
control samples. In CR communities, 46% tested positive for some residual chlorine
compared to 19% of atrol communities(See Table Il in Appendix 2.A.3 for these

results).
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Water supply characteristics were similar in both control and Circuit Rider
communities

The water supply data was similar for control and CR communities. Only 25% of control
communities have water 24 hours a day, compared to 21% of CR communities. During
both the rainy and dry seasons, on average, households in control and CR communities
received seven to eight hours of water per day. Water was typically delivered to
household for a few hours in the morning and a few hours in the evening, distributed at
intervals and by sector, throughout the community. Most households have water at some
period during the day (66% of control, and 68% of CR communities). Water availability
ranged from daily to only weekly. One community reported that they had water only
twice a month, each day for 8 hotirsFinancial constraints, such as the energy cost of
water pumping, were frequently mentioned as reasons for reduced water Segply

Table Illin Appendix 2.A.3 for these results).

System Sustainability Sustainability for drinking water systems, in this analysis, is
defined as safe drinking water delivered over time by VWCs and their operators. Our
preliminary work suggested that technical aefy and management, financial and
administrative management, as well as a basic understanding of source water source
protection were critical sustainability parameters. Interview questions for water system

operators and VWCs were used to gauge systetaisability.

¥ This particular community faulted the politicians, the town mayor who had not received support from
this particular community in the last election, and was in control of water supgheduling.
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Enhanced technical capacity in Circuit Rider communitieg/hen compared to control
communities, CR communities had a significantly higher rate of operators who report
they are disinfecting their drinking water, are more likely to be trainadisinfection,
significantly less likely to have negative community perceptions of chlorine use, and are
significantly more likely to use the Norweco active release chlorine tablet feeders to treat
their drinking water $ee Bble IVin Appendix 2.A.4. The enhanced technical capacity

in CR communities may in part explain the better microbiological water quality they

enjoy compared to control communities.

All CR communities reported that in the last three months they had been visited by an
ASSA Circuit Rider who tested chlorine and/or educated community members about
chlorination; 89% reported that they had maintenance assistance or operator training;
61% reported training in accounting, budgeting and/or billing: 40% reported
administration training foWC members, and 18% reported training in water source or

watershed protection.

Operators in all communities knew about drinking water disinfection and understand its
importance, but when measured, in most systems the chlorine residuals did not achieve
the WHO standard of at least 0.2 ppm (Table IV). In interviews, operators report that
chlorine disinfection is important because: chlorine kills microbes that cause diarrhea,
chlorine kills bacteria so that the water is free of contamination, chlorinebkititeria

that cause gastrointestinal sicknesses, chlorine purifies the water, makes it safe for
children to drink, and chlorine makes the water potable so that people do not die.

According to operators, community members believe chlorine makes the aséebad,
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makes the water taste heavy, causes cancer, is the reason for liver problems, and is the
root of kidney problems. According to VWCs and operators, community members often
pressure the operator to use less chlorine than is necessary, or notit@atehhat all. CR
community operators, however, were more likely to say that they treat their drinking
water and were more likely to have detectable residual chlorine in their water systems

than control communities.

Fewer CR communities reported insaiint funds to make all repairs, but this did not
achieve statistical significance. More CR villages reported leaky pipes in their systems,
perhaps indicating enhanced awareness of system needs, given their significantly higher
spending on system repairsah in control communitiesSg€e Tables IV and V in

Appendix 2.A.4 and 2.A)5

Improved financial management in Circuit Rider communitie€R communities, on
average, had a significantly greater number of households who pay their water bill,
higher spendig on drinking water treatment and repairs of the water system, were more
likely to have VWC members who know the cost of their drinking water system, and
were more likely to have greater transparency. By transparency | mean that monthly
water fees are degited in a bank account instead of into the hands of a single
community member. All but one community charged a water fee for service. A similar
monthly fee for service, and a fee for late payment, was charged in both control and CR
communities. The avega monthly wage for operators and the average costs of energy

did not differ between CR and control communiti€See Table V in Appendix 2.A.5).
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CR communities and control communities all report that they have a household water fee,
similar populationsserved, and similarly priced water fees; however, feepayment

was more common in control communities than in CR communities, 31% versus 17%,
respectively . Investment in water systems operation and maintenance §Q&p3irs,
operator wages, water tre@nt, and electricity costs for pump usagee significantly
greater in CR communities when compared to control communities. O&M investments
averaged $509 per month in control communities, compared to $1310 in CR
communities. Much of this difference relatéo investments for repairs and water
treatment. On average, treatment investments are $17 per month in control communities
and $42.70 in CR communities; repair investments averaged $30 per month in control
communities compared to $389.24 in Circuit Ridmmmmunities (See Table V in

Appendix 2.A.5).

In both control and CR communities, the majority of VWCs reported that household
water fees did not meet operating costs, and that energy costs (related to pumping water
out of wells, and for distribution) makup the highest portion of the operating budget.
VWC debt is higher in CR communities when compared to the controls, and is a result of

greater overall investment in operatidSge Table V in Appendix 2.A.5)

Administrative Management does not differ significantly between communities

CR communities were more likely to have a VWC and have women represented on the
VWC than those control communities, and were also more likely to pay operators a
higher wage; buthiese results were not statistically significantnpsample. Importantly,

drinking water operators work an average of 48 hours a week and receive $134.43 a
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month (Table VI). This is less than the El Salvador minimum monthly wage of $143.84,
and far lesshan Col umbia Universityodés | owest mi n
Salvador of $421.00 per month (National Labor Committee, 2q@&e Table VI in

Appendix 2.A.6).

Environmental Protection: CR Communities are more likely to use water meters

CR commurties were significantly more likely to install water meters than control
communities Metered communities typically charge a baseline fee for a basic household
water allotment determined by the community, and then charge an additional household
fee for wder consumed above the agreed upon baseline. Forestation within the watershed
and around the water source did not differ significantly between CR and control
communities: only one CR community had begun reforestation projects in their
watershed. The numbef communities that protect their water source with a forest and

or fence was similar in control and CR communities. Fencing was more commonly used

to protect water supplies than forestati¢gS8ee Table VI in Appendix 2.A.6).

2.5.DISCUSSION

The research found that pasinstruction support, the presence of the circuit rider model
specifically, leads to lower rates of microbiologically contaminated water, higher rates of
drinking water disinfection, improved operator knowledge about treatiesstnegative
community perception of chlorine, higher rates of community payment for water service,
greater financial transparency, and greater rates of household water meters (p < .05,
statistically significant*). Circuit rider communities were also enlkely to have village

water committees (VWCs) and more likely to have women participating on these VWCs
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than control communities; however, mbatistical significance was found (p 85).

Circuit rider communities are more likely to be financially tgzarent: households were
more likely to deposit their monthly water fee, the funds that pay for operation,
maintenance and technical fixes in rural water supply systems, in a bank than in the
household of a single community member (p < .05,*). Meters,liedtan households to
reduce water waste, are also more likely in circuit rider communities (p < .05,%),

especially important in water scarce communities.

The cost of operating ASSA is less than $1 USD per household per year. The operating
costs of the Circuit Rider program in El Salvador are ~$50,000/year, and benefit
approximately 51,000 households per year. ASSA serves 170 villages with technical
assistane, capacity building workshops, regular water and disinfection testing, and on
call assistance with maintenance and operation questions. On average, each village is
home to 300 households. Relative to other water related interventions, this is a very low
cost intervention that is associated with significant improvements in microbiological

drinking water quality, financial and technical outcomes.

This study has several limitationBhis data was collected in one specific region, had a
relatively small sanple size, and lacks baseline information collected before communities
adopted the CR PCS intervention. Greater confidence could be placed in our results had
CR PCS been investigated in a prospective fashion, via a randomized trial or a
prospective stagged implementation. Thus, these associations must be carefully and
cautiously interpreted. This study does however strongly suggest a link between CR PCS

and improved water quality and improved system sustainability.
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Further research is needed on repoxtecsus actual water treatment and its impact on
water quality. In interviews 96% of CR drinking water system operators reported that
they disinfect their water with chlorine; yet, only 21% of the CR communities had
detectable chlorine residuals which m@tHO standards. There are four potential
explanations for this, according to qualitative research: operators may overestimate their
own treatment; inadequate chlorine may have been released by inexpensive generic
chlorine tablets used instead of the onexommended for the tablet feeder by circuit
riders® operators may be administering less chlorine because of pressure from
community members who do not like the taste; or water ipaystanding in the
distribution system for a long period of time, allowithg chlorine to dissipate before it
reaches households. Some operators reported they treat with lower levels of chlorine than
is mandated to avoid complaints by community members. More research is needed to
determine the cause of the low rates of resididdrine detected relative to reported
treatment, given the importance of residual disinfectants when recontamination is

possible.

In the PCS context, additional investigation may help to determine how specific aspects
of improved financial managementfedt the availability of resources for operation and

maintenance costs in communiyn water systems. CR community households were

2 postfield research interviews with Norweco revealed that the Norweco BioDynamic ® tablet feeders are
best used with NSF approved Norwdianacle 7® trichlorite or Biosanititizer® tabletdn El Salvador,
however, Circuit Rider s did nbave these tablets. According to interviews, they had a used a less
expensive Chinese manufactured tablet. According t to observation, they have a much shelifer shelf

than thePinnacle 7® trichlorite or Biosanititizer® tablets. The Circuit Riders have since stopped using the
Chinese manufactured tablets and are now using Norweco tablets. Further research is needed on the
varying tablet technologies and their relative effectiveness.
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significantly more likely to pay their water fee than control, and are more likely to
deposit that fee in a bank account,l@lnvesting more in water treatment and repairs. If
fees are deposited in bank accounts, corrupt financial practices can be prevented. If
community members believe that user fees are spent to improve and repair their water
system, they may be more likely pay their water fees. | found that infrastructure debt is
common in both control and CR communities; yet, only 53% and 54% of control and CR
communities, respectively, charged a late fee if household water payments are not made
on time. If user fees arunpaid or paid late, the capacity to repair or improve the water
system is likely to be degraded. This in turn can decrease thédongsustainability of

water system supply and the quality of the water provided over time. The influence of
postconstriction support on the relationships between late and unpaid fees, and the
impact of financial resource availability on maintenance and operations in comimunity

run water systems have not been well studied.

The importance of source water environmentalgmion, and its role in sustainability,
does not appear to be reflected in the beliefs and actions of the communities | studied.
Only one community had engaged in reforestation activities to protect their water supply
into the future. As populations ankleir water needs grow, this aspect of sustainability

will become imperative.

Thefindings are relevant to international water policy. The MDG for Water has given the
water sector an important baseline with which to determine the infrastructure status of a
particul ar househol doés d r img kiéwn rguch wgeeater r sou

attention needs to be given to water quality, water supply and the reliability of the
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service. The Millennium Development Goal for water has focused national WASH
priorities on infrastructure criteria. These criteria are likely to be inadequate for
measuringtrue progress towards the goal of safe, adequate, and dependable water
supplies. Water quality is not currently tracked as part of the MDG target for water, nor is

system reliability or water quantity. A piped household system that delivers highly

contam nat ed water only once a week would be

water MDG definitions; yet, such water would be unsafe, the quantity insufficient and the
service unreliable. Furthermore, these households would be forced to find water at other
wat er sources that may be Auni mproved. 0
international water policy circles. If water quality, quantity, and service reliability were
tracked along with the status (improved or unimproved), it is likely that the v PCS

would be appreciated by governments, NGOs, and international organizations, especially

given its low cost per household served.

2.6.CONCLUSION

The Circuit Rider model of PCS, in El Salvador, is assocmaigdimproved community
drinking water quality outcomes and improved financial management, technical capacity,
and environmental protection outcomes. CR communities have significantly less
microbiological water contamination than control communities aney tinvest
significantly more of their operating budget on treatment and on repairs than control
communities. This suggests that CR communities have systems that are better maintained
and operated. The CR model leads to less water contamination; lessiginmkier
contamination is related to less pathogen transmission; it is thus likely to lead to healthier

communities; and, it is a surprisingly low cost intervention.
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2.A. APPENDICES

2.A.1.Table | Circuit Rider Model

Circuit Rider, PCS

Technical Assistance

Technical Management

e CR technicians provides operator trainings and workshops on water g
operation and maintenance (eg. chlorine disinfection and pump maintenang

e CR technicians provides monthly visits to test village drinking water
microbiological water quality (@sence/absence d&.col) and disinfection
(residual chlorine),

e CR t ec hnicall iassistanse aidsncommunities with technical probl
that arise overtime.

Financial Management

¢ CR technicians provide VWC (village water committees) trainingudgeting,
accounting, and billing

Administrative Management

¢ CR technicians provide VWCs trainings in their responsibilities and inform
of national water quality regulations.

Environmental Performance

¢ CR technicians stress the importancenotisehold water meters, protection
the water source with a fence and forest, and most recently in watg
protection through reforestation projects
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2.A.2. Table Il Comparability of Control and Circuit Rider Communities .

Parameter Control Circuit Rider Statistical
Significance
% N % N

Average number of households served

by water systems 362 286 p=0.411*
Average Age of Water System (years) 13 12 p=0.970*
Private household tap 91% (29/32) 89% (25/28) p = 1.000
Public community tap 6% (232) 11% (3/28) p = 0.657
Functioning taps 97% (31/32) 100%  (28/28) p = 1.000
Source water: ground water 56% (18/32) 57% (16/28) p = 0.945
Source watersurface water 6% (2/32) 11% (3/28) p = 0.657
Source water: spring 38% (12/32) 32% (9/28) p = 0.667
Pump used to access or distribute water 78% (25/32) 82% (23/28) p = 0.700
NGO constructed system 66% (21/32) 75% (21/28) p = 0.433
In-kind contribution to water system

construction by village 97% (31/32) 93%  (26/28) p = 0.188
Monthly user fee charged in communities 97% (31/32) 100% (28/28) p = 1.000
Households not connected but withinthe

area of community water system 15% 21.5% p = 1.000
Access to Sanitation (given as % of village) 91% 83% p=0.765*
Cost of water system (known in 11/32
___controland 17/28 CR communiti€$) $718,545.45 $602,758.71 p =0.495 *
Range of households served 22-644, +5809 31-800 p=0.411*
Monthly user fee per household $3.70 $4.25 p=044 y
Distance from nearest paved road 0.68 km 1km p=0.765*

* Mann Whitney U test

A Fisher exact test
y Studestnt ' s t

G Ghuared

Statistical significance at p < 0.05
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2.A.3. Table Il T Water Quality& Water Supply

Parameter Control Circuit Rider Statistical Significance
A. Water Quality % N % N
E.coli presence (Colilert®) 20%  (13/66) 3% (2/60) p = 0.003A
Total coliform presence (Colilert®) 62% (41/66) 32% (19/60) p =0.00076
Any presence total coliform d&.coli

(3ME Petrifil mE) 36%  (24/66) 10% (7/60) p=0.0006
Any positive test

(ColilertE or 3ME Petrifil m® (78/132) 23% (28/120) p < 0.000L
Residual chlorine present 19% (12/64) 46% (26/56) p = 0.00Dc

Residual chlorine sufficient in
proximal household

(at least 0.2ppm, WHO standard) 16% (5/32) 32% (9/28) p=0.130A
Residual chlorine sufficient in

distal household (WHO standard) 13% (4/32) 18% (B28) p=0.72DA
Residual chlorine sufficient in

proximal and distal households (WHO) 13% (4/32) 18% (5/28) p=0.72DA

B. Water Supply

24 hours of water supplied daily 25% (8/32) 21% (6/28) p=0.740 ¢
Water supplied everyday for some period

to households 66% (21/32) 68% (19/28) p=0.85®06
Average hours of water supply daily 9.6 hrs 8.8 hrs p=0.070Vy
Range of water supply 3hrs once a week 12 hrs every 15days

- 24hrs/day -24 hrs/day

A Fisher exact test
y St udestnt ' s t

G G&buared

Statistical significance at p < 0.05
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2.A.4.Table IV. Technical Capacity & Management

Parameter Control Circuit Rider Statistical Significance
A. Technical Capacity and Management % N % N
Operators believe drinking water
treatment to be important 100% (32/32) 100% (28/28 p=1.000c
Operators report that they are treating
their communities drinking water 63% (20/32) 96% (27/28) p = 0.0014
Operator received training in drinking
water treatment 50% (16/32) 96% (27/28) p < 0.000A
Residual chlorine present in water tests 19% (12/64) 46% (26/56) p =0.0012c
Operators report that they have leaky
Pipes in their sysims 31% (10/32) 57% (16/28) p = 0.0452
Operators report that they have insufficient
funds to purchase parts to make repairs 69% (22/32) 50%  (14/28) p = 0.1424
Community membrs have a negative
perception of chlorine 56% (18/32) 25% (7/28) p =0.0151c
Use Norweco Biodynamic® active release chlorine
tablet technology 9% (3/32) 82%  (2328) p < 0.000A

A Fisher exact test
G Ghuared

Statistical significance at p < 0.05
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2.A.5. Table V. Financial Management

Parameter Control Circuit Rider Statistical Significance
B. Financial Management % N % N
Monthly household water fee charged 97% (31/32) 100% (28/28) p = 1.000
Household receive water frosystem

but do not pay monthly water fee 31% 17% p = 0.037*
Household water fees do not cover

operating costs 68% (22/32) 50% (14/28) p = 0.142
Transparency: monthly water fease

deposited in a bank 16% (5/32) 39% (11/28) p = 0.047%
Monthly operating cost for water system $ 509.27 $1,310.20 p = 0.007*
Monthly water treatment costs $17.06 $42.70 p = 0.003*
Monthly repair costs $30.00 $398.24 p = 0.003*
Cost of energy per month $466.77 $676.62 p =0.72%
Average water committee debt $2393.00 $2712.84 p =0.011*
VWC reports cost of energy is

Highest or second highest operating cost 66% (21/32) 86% (24/28) p = 0.791
VWC charges a fee for late monthlgusehold

water fee payment 53% (17/32) 54% (15/28) p = 0.973
VWC knows the cost of their water system 34% (11/32) 61% (17/28) p = 0.043c

* Mann Whitney U test

A Fisher exact test
G Ghuared

Statistical significance at p < 0.05

2.A.6.Table VI. Administrative Management & Environmental Protection
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Parameter

Control

Circuit Rider

StatisticaSignificance

C. Administrative Management

% N

% N

VWC present in village 75% (24/32) 89% (25/28) p = 0.
Women patrticipate in the VWC 74% (23/31) 87% (20/23) p = 0.
Monthly wage for operator $126.20 $149.22 p = 0.
Hours operator works per week 48 49 p = 0.
D. Environmental Protection
Undertake reforestation projects in

water supply watershed 0% (0/32) 4% (1/28) p = 0.
Protect water source with forest 28% (9/32) 29% (8/28) p = 0.
Protect water source with fence 69% (22/32) 64%  (18/28) p = 0.
Meters Installed in households 9% (3/32) 32% (9/28) p = 0.0498A

NN whs
(el ol (o]
O~ OOPF
OO ~NwW

~N o A
o~
o © A~
o~ Ul

A Fisher exact test
y Studestnt ' s t

G Ghuared

Statistical significance at p < 0.05
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PAPERII

Household vs. Communitylevel Drinking Water Treatment:
Evidence from Honduras

Abstract

Inadequate operatipmaintenance, and financial resources, frequently lead community
run piped drinking waterystemsin developing countries to deliver unsafe drinking
water. Households served by such systems may thus benefit from household
communitylevel treatment systems which improve microbiological water quality. A
guastrandomized experimental design was usetest the efficacy and sustainability of

two treatment technologi@sthe household ceramic water filter (HWFS) and the
communitylevel treatment system (CT&)n eleven communities and 334 households
(135 HWFS, 62 CTS, and 137control) in Honduras. At basghousehold water service

in the eleven communities was characterized as untreated piped water to a household or
yard tap, microbiologically unsafe, at high and very high water quality risk levels,
intermittent, and turbid in the rainy season. After gaar with the technologies, HWFS

and CTS householdsstill using the technologieshad significantly improved
microbiological water quality{p<.05) 61% of HWFSs and 46% of CTSs were still in
use, and the technologies are relatively-tovgt ($3.63 per perager year for the HWFS

and $1.37 for the CTS). To further increase the use of the technologies over time,
additional education about water quality, a market for spare parts (HWFS) and technical
assistance over the longer term in maintenance and opgi@li&) may be necessary.

Prepared for: Journal of Water, Sanitation, & Hygiene for Development
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3.1INTRODUCTION

Unsafe drinking water is a leading cause of 2.2 million deaths from diarrheal disease per
year(Wardlaw etal., 20L0). Diarrhea is caused by bacterial, viral and parasitic organisms

that are spread by contaminated water, often from fecal contamination. The international
response to this global disease burden is guided by the Millennium Developoant G

(MDG) for wateB to halve, by 2015, the proportion of people without sustainable access

to safe drinking water. This target is designed to reduce diarrheal disease and, thus,
improve human and environmental health, and reduce poverty. The MDG wagtrigarg
tracked by counting the proportion of hou
i mproved water source. o0 I mproved water S0
public taps connected to a centralized water distribution system, standpipes, laibewel

and boreholes, protected dug wells and springs, and/or rainwater collection, and can be
no mor e t han one kil omet? (WHG etoam 2Q08).e use
Unfortunately, the goal of providing safe drinking water cannot be met using just these
infrastructure <criteria (Bartram, 2008) .
microbiologically safe, it may still transmit the pathogensohltause diarrheal disease
(Rizakand Hrudey 2008; Leeand Schwaly 2005; Moeand Rheingans2006). With this
understanding, Governments, NGOs and households have been experimenting with
household and community level water treatment to address this problesnpaper
documents some of the obstacles for the provision of a sufficient supply of safe drinking

water in rural communityun piped drinking systems in Honduras, and then tests the

24 mpr o v e dodrcesvare heusehold connections and public taps connected to a centralized water
distribution system, standpipes, tubewells and boreholes, protected dug wells and springs, and/or rainwater
collection, and it is no moweel Itihnagn 6&olhnei nkpirl coveedt 6e rw af tr
include: unprotected dug wells, unprotected springs, tanker trucks, surface water, and bottled water
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efficacy of household vs. community level treatment in settings wbiged drinking
water is contaminated. Specifically, it tests the household health and sustainability
impacts of a householdvel water filter and safe storage (HWFS) compared with a

communitylevel treatment system (CTS).

3.2.BACKGROUND

Piped drinking water to a household tap is often considered the gold stéodesater
delivery andits impact on diarrheal disease reductitseally, piped drinking water
begins with a protected water source that can supply sufficient quantities of water year
round, meets a standard of biological and chemical treatment (coagulation,
sedimentation, filtration and disinfection) prior to distribn{ and then travels along an
uninterrupted network of pipes to supply households with safe drinking water throughout
the day. Piped water, in both the developed and developing world, however, does not

always reach this gold standard (Bartram, 2008 and Rheingans, 2006

Research documents the challenges of the provision of a safe and sufficient supply of
drinking water delivered through a network of watertight pipes regularly over time. In the
Global Soutf?, many piped networks are characterizedpbyr source water quality, an
absence of drinking water treatment, insufficient supply, intermittent service, leakages,
high costs, and aging infrastructure (Bartram, 2008; Raak Hrudey 2008; Leeand
Schwab 2005; YassinAmr and AlNajar, 2006). Smalwater systems in rural and urban

areas of developing countries that access water from surface sources are especially at risk

2 Even in developed countries, aging infrastructure has increased the vulnerability of piped networks, and
led to the mtrusion of contamination which has contributed to waterborne disease outbreaks (Moe et al.,
2006).
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(Howard, Bartram, and Luyimal999). In tropical areas, the rainy season brings with it
high levels of turbidity, and the dry s brings water shortages. Intense rains can cause
contamination of surface water sources, and treatment becomes more Hifficult
Shortages can lead to unsafe storage and intermittent service. Intermittent services can
lead to suctions in the pipes andtamination of the entire networkguxe et al., 1994).

This can lead to a lack ¢fustof the pipedwater and the use @fiternative unimproved
sources (Pattanayak et al., 2005). When households have intermittent service, they are
often forced to store ater for periods of time, increasing the risk of contamination
between collection and point of use (Wrigkiundry and Conway2004 Trevettand

Nufiez, 2006). We are increasingly aware of the MDG drinking water infrastructure
target os s h o r tt ac ew iparagligm mag el nededsay (Clasen, 2010;

Bartram, 2008; Sobsey, 2006).

In Honduraswater andsanitationcoverage rates are high compared to other developing
countries Ninety-six percent of piped water is accessed from surface sources, including
springs, small creeks and rivers (USAID, 2006), and 98% of the population has
intermittent water service (PAHO, 2000). Approximately 43 % of the networked
coverage is provided bgymall drinking water systems and managed by elected Village
Water Committees (VWCs§* (USAID, 2006). Many of the VWCs have difficulty
charging water fees or insuring that these fees are paid on time, with huge effects on the

resources available for main@nce and operation costs (COSDU, 2004). Only 13%

% Chlorine is commonly used to treat drinking water because it is widely available atasovand
maintains a residual; howeverjstwell known thathe disinfection efficiency of chlorine is negatively
correlated with turbidity (LeChevallier et al., 1981).
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regularly treat their drinking water (PAHO, 2000; COSDU, 2004). In a recent study of
piped rural water networks in Honduras, it was estimated that 85% have fecal
contamination (Argeta, 2005; COSDU, 200Bjarrheal disease is the largest cause of

morbidity and mortality for children under five after respiratory infection (WHO, 2009).

Recently, it has been suggested that if piped water is not safe or not perceived as safe, it
should betreakd at the point b use (Sobsey, 2006). Others have suggested that
communal watetreatmentmay be effective ipreventing pathogen transmissjdiut a
complete case has not been made for choosing to treat at the community level (Zwane
and Kremey2007). No known study corapes household to communigvel treatment.

In this study we compare the efficacy and sustainability of household treatment and
community level treatment in communities that have piped water that is characterized as
microbiologically unsafe, intermitténturbid in the rainy season, and perceived as unsafe

by its users. This research adds to the current debate about the best place for water
treatmend the household or the community. The treatment technologies are described

below.

Household Water Filters and Safe Storage

Household ceramic water filters and safe stordih
(HWFES), made byPotters for Peace, combine thi
advantages of household filtration and safe stora’ 7
so that safe water can be consumed at the -pdint
use. HWFS are locally manufactured awver 20

countries across the Global South and retail for USEBLOThe filters are lined with
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colloidal silver, an effective antibacterial agent (Browdobsey and Loomi2008;
OyanexdeiCraverand Smith,2008). In asurveyof HWT methods, ceramic filtersere
deemed the most effective interventions for improving household water quality and
reducing waterborne infectious disease (Sobsey et al., 2008). The ceramic filter combines
the advantages of household filtratisafe storageandcost effectivaess.The filter and

the safe storage unit keep water safe until the point of use and costs only $20 per

household.

In laboratory experiments and field trials, HW&@prove microbiological water quality,
reduce diarrheal disease, and are a low cost drinkatgrintervention. Under laboratory
conditions, the efficacy of the HWFSs has been well documented (Oyaedeland

Smith, 2008; Brownand Sobsey2010). A randomized trial in Cambodia documented a
49% reduction in reported diarrheal disease rates anthprovement in water quality

over a fouranda-half-month period for Potter for Peace HWESers (Brown Sobsey

and Loomis 2008. A randomized trial in Zimbabwe and South Africa documented an
80% reduction in diarrheal disease rates, recorded fronrigictiaries for children 26

34 months of age with HWFSs when compared to control groups over a 6 month period
(Du Preez et al., 2008) A study of the health benefits to immune compromised HWFS
users in South Africa documented a reduction in repalégg of diarrheal illness of HIV
patients over a 10 month period (Abebe et al., 2010).The health and water quality
benefits documented in field experiments and under laboratory conditions have led the
World Health Organization and UNICEF to promote HWTotighout the worldWHO,

2007; UNICEF, 2008

% The type of ceramic filter is not reported.
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Community level Treatment SystenCommunitylevel treatment systems (CT&hich

combine coagulson-flocculationsedimentation g

and chlorinationhave been installed in Hondura
Guatemala, Haiti, and Ghafia The CTS is a ‘.
centrally located stand alone system with a
communal tap. CTS households have to walk to
CTS, collect their water and then return back to t'hé |
household. It is less than a ten minute walkthe farthest househotd the CTS In this

study, the CTS treats piped water that is delivered to each house and provides households
with all other water needs. The CTS is available to households to improve their drinking
water. Each community is required to elect an individual \Wwwes centrally, and is

trained to maintain and operate the CTS free of chaEpeh elected operator receives
training and then operates and maintains the CTS for the community free of charge. The

community is responsible for purchasing the aluminum sulfateérenchlorine.

The Community Treatment System (CTS) in Honduras utilizes contaminated piped
water, often piped from surface water sources, and runs this water through a coagulation
sedimentation tank where aluminum sulfate is stirred into the wat@0forinutes by the
operator to rid the water of turbidityVater hen pas®es into the second tank where
chlorinationtakes placeResidual chlorine can then be tested witkiraple kit by the

operator. The CTS removes bacteria, viruses and protozoa\adl dhiat exceeds any of

%|n Ghana, these CTSs are constructed by Community Water Solutions, an NGO. In Ghana, these CTSs
are coupled with a safe storage unit for each household. The operator is also paid for his/her work. Each
bucket of water costs a small fee and each household pays for each bucket of safe drinking water drawn
from the CTS.
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the other lowcost treatment processes because it combines coagtgdationentation

with chlorination (Brownand Sobsey2010b).The advantage of this system relative to
household filters is that it removes turbidity (i.e. the sasied matter that can reduce the
microbiological efficacy of chlorine and other chemical disinfectants) and then uses

chlorine for disinfection.

In this study, the challenges faced by community piped drinking water networks in
Honduras are documentedhe efficacy and sustainability of two drinking water
technologies, a community treatment system vs. a household treatment gystand

oneyearpostinterventionwere evaluated

3.3METHODS & MATERIALS

Setting: The study was conducted in and around the municipalities of Marcala and
Concepcidn, in the Departments of La Paz and Intibucd, two of the poorest in Honduras.
Eleven villages in totawere included nine villages in La Paz and two villages in
Intibuca. Marcala, the municipality closest to the niaePazvillages is 90km from the
regional capital. Concepcion, the municipality closest to theltwbucavillages is 122

km from the regional capitaBaseline data was collected in 2008 and follgndata was
collected in 2009 during the rainy seasorRainfall in the area follows a bimodal
distribution with distinct wet and dry seasons. These patterns contribute to poor water

guality in the rainy season and restrict water availability in the dry seaso

Experimental Design In a quasirandomized experimental design, household surveys

and household microbiological water quality tests were used to compare the efficacy of
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the two technologies in 11 communities and 334 households (135 HWFS, 62 CTS, and
137 control). Female heads of household were interviewed, and household drinking water
sampled for microbiological contamination at baseline and one year after the
technologies were distributed or constructed. Change in diarrheal disedisgeirsons in

all households ithe communities was also recorded based on responses from the female
head of householdsecondary data collected from the Honduran NGO, ADEC, on any
monitoring done on CTSs or HWFSs were also refererfdedondary data were used to
verify the validity and reliability of the results. The HWFS were sold to households for
the subsidized cost of $5 (the rest of the total $20 cost was absorbed by participating
NGOs). The CTSs were constructed free of charge by the NGOs for the CTS
communitieshowever, the CTS communities had to pay for the chlorine and aluminum
sulfate used for treatment over the course of the year.y€hidy cost of this treatment

was approximately Bper household over the course of one year.

Preliminary Data Collection We collected preliminary data in 35 rural communities
with communityrun piped drinking water in the rural areas of the Departments of La Paz
and Intibuca. Tis included the results omicrobiological drinking water quality and
residual chlorine tests ieach community and conversations with a Village Water
Committee representative, an elected water board member, in each community to
determine the number of households served, the drinking water sourced, water
availability in hours per day in both the raiapd dry seasons, the age of the water
system, the presence or absence of water treatment prior to distribution, and the distance

to the nearest paved road and nearest market town.
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Structured household interviews and key informant interviews were dedigr@H after
preliminary research (Seéppendix 5.A.5 a copy of this interviewin Englistf’).
Preliminary research included over 50 interviews with drinking water operators in
Honduras, El Salvador, Guatemala and the United States, visits to drinkingsuapér
systems in all four countries, interviews with health professionals in Honduras, and visits
to water quality testing facilities in the United States. Other household surveys and
information related to Water, Sanitation, and Hygiene (WASH) surveieatian
informed the creation of the household surveyl{@ilBendahmane and Swindalk999;

WHO and UNICEF2006; UNICEF, 2005).

Community Selection Of the 35 rural communityun drinking water supply systems
studied in the preliminary researaigneweretreating or filtering their drinking water,

no system had chlorine residual in their drinkimgentested in May, 2008, and 23 of the
communities had high to very high levels drinking water microbiological
contaminationOf the 23 communities withigh to very high levels of microbiological
contamination 4 communities were randomly selected. These communities were then
matched as closely as possible based on population served, water system design, water
source type, paved road proximity, system ,agater quality risk level, sanitation
presence, and other socioeconomic indicatord twher communities. (SeAppendix
3.A.1. Table 1 for an overview of community characteristidd$)ree other communities
were then selected that closely matched the HVHMR& control communities. Once
matched, the communities were chosen téldéFS, CTS or control in a blinftom-the-

hat selection process. Households were then randomly selected from each community so

2’ The author can be contactaat topies in Spanish.
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that approximately 50% of the households in each vilage interviewed. In total, 334

households were interviewed (135 HWFS, 62 CTS and 137 control).

Data Collection The study consisted of two baseline visits in June and November, 2008,
and two followup visits in June and November of 260%reintervenion data in each
household included household interviews with 334 female heads of household with the
previously piloted household survey, bacteriological water quality tests, laoasahold
gecreferencewith GPS Directly after baseline data collectiahe research team, with

the assistance of two NGOs (Shoulder to Shoulder in Intibucd and Agua Desarollo
Communitario in La Paz), facilitated the distribution of the subsidized HWFSs in four

communities, and the subsidized construction of the CTSs indbnamunities in 2008.

Postintervention data collection trips were timed so that each community vwesitesl

one year after the HWFSs were distributed there -iAtstvention data collected in 2009

was drawn from the same households interviewed in 2808 included the household
interview administered at baseline, a HWFS and CTS specific survey, bacteriological
water quality tests in each household, and anthropometric measures of the same children
measured at baselingSee Appendix 5.A.6or the HWFS specific survey aridA.7 for

the CTS specific survey)All interviews were administered after obtaining informed
consent from the female head of household. All data were collected by GK and a team of

six Hondurans, hired and trained by GK.

% Data posintervention was collected in the middle of the military coup that occurred in Honduras in
2009.
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Three NGOs were involved: Shoulder to Shoulder, a public health NGO with its base in
Intibuca, Honduras, ADEC (Agua Desarrollo Comunitdfiop Honduran based water
systems engineering NGO, and the International Rural Water Association (IRWA), a
drinking water systems engineering organization that offers funding, technical support,
and training to hostountry NGOs like ADEC. They assisted the research group in
community introductions, the purchase and delivery or construction of the technologies,
and provded a onelay community training on village water quality and the maintenance

and operation of the technologies. They subsidized the cost of the HWFS and the CTS.

Water Quality Testing and AnalysisTo t es't water guality,
Petri f othenEolilext® tests to enable a risk assessment of very high, high,
moderateand low risk water quality, according to World Health Organization standards

(WHO, 1996). 3ME PetrifilmE and Colilert

test forEscheichia coli (E.coljand t ot al coliform. Bd& Petri

enumeratiormethodfor assessment of high and very high risk water quality E.@0li

per 100ml sample). ColilertE is coupled
presence or absence of low {¥@ E.coli per 100ml)to very high risk water (>1000 per
E.coli per 100 ml), according to World Health @rgzation guidelines (See Figube
Thewater samples were drawn from the drinking water source of each household. If the
tap was the drinking water source, it was drawn directly from the tap. If the female head

of household said they treated their drinking water in the household by boikthipane

29 ADEC focuses their work in the departments of Copan and La Paz. They construct drinking water
treatment systems with conumities, offer postonstruction support, and provide capacity building
trainings, water quality testing, and community based water, sanitation and hygiene (WASH) education.
%0 E.coliis an indicator of fecal choliform antbipresencesiregularly accesed to determine if water is safe
to drink
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disinfection, the water was drawn from the storage container that held the treated
drinking water. The tap was not flamed or disinfected. The sample reflects normal
collection procedures and contamination from everyday usap livater was the ohking

water source andghere was not water in the tap at the time of the house visit and
interview, water was drawn from the storage container of the household. Sterile 100 ml
transparent WhirPak® bags (Nasco, Modesto, CA) were used to collect a 10atal

sample, which was codéd match the interviewand placed on ice until the microbiology

tests could be performed mtthy for morning samples and in the evening for afternoon
samples. Samples drawn from storage containers were drawn with an individual
packaged sterilized pi pette. Sampl es wer €
(Colilert®) using individually packaged and sterilized pipettes (Fisher Scientific Inc.) and
plastic spreaders (3ME Petrifil mBO)inand th
portable HACH® incubation chamber E-coli and total coliform were enumerated via

the Petrifilm test, and the presence or absendeadli and total coliforms was assessed

via the Colilert test. This methodology was developed by Dr. Robert Metcalf, Riofess

of Microbiology at California State University at Sacramento, has been validated
(Trottier, 2010), and recommended by the United Nations as a practical method for rapid
assessment of bacterial water quality, particularly well suited to rural siteselopieg

countries (UN Habitat, 2010).

31 The Portable HACH incubator (#25699) was donated to Dr. Jeffrey Griffiths by the HACH company
(Loveland, CO, USA).
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Figure | - WHO Guidelines®

Risk Level E.coli in Sample
(CFU or MPN/100ml)
Conformity (Nil) <1
Low 1-10
Intermediate 11-100
High 101-1000
Very High >1000

Household Interview Data Collection and AnalysisPreviously piloted structured

interviews were held with the female heads of household, the person generally

responsible for household water collection, and management, and its use for cooking,

cleaning and washing. The questions in the household surieymest elicited data on

household demographics, primary drinking water source in the rainy and dry season,

water availability, perceptions of water quality, water handling practices, sanitation type,

hygiene behavior, and presence of specific gastroinéstiseases for the children and

adults in the household. The household survey was administered at baseline and one year

after the filters were distributed. (Ség@pendix 5.A.5for the household surveyAn

additional survey specific to each techngldgcluded questions about usage, reasons for

norrusage, maintenance and operation, and perceptions of water gBaétyAppendix

5.A.6 and 5.A.7for the technology specific intervielvsThese data were utilized to

demonstrate that the groups were well balanced; thus a simple comparison of mean

outcomes posntervention could provide an unbiased estimate of HWFS and CTS

impacts. The technology surveys were administered one year aftdiltéhe were

distributed.

2Adapted
E.coli.

from WHO Risk Levels for

E.

col i th( WHO,
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Secondary Data The Honduran NGO, Agua Desarollo Communitaro, provided the
results of an evaluation of 38 CTSs monitored in the Department of La Paz, Honduras
from May-June, 2008 by their water systems technicians. This &watudocumented the

turbidity, residual chlorine and related observations for the 38 systems.

Data Entry & Analysis Household surveys and technology surveys were recorded on
hard copypaperforms and entered into digital forms using Excel (MicrosoftrpCo
Redmond, WA). Digital tables were then exported into SPSS version 19 (SPSS) and
analyzed. Chsquare tests were used to analyze frequency data, ANOVA was used to
analyze normally distributed data across the three groups, and Fisher Exact tests were
used when the frequency data were small ({(Sge Appendix 3.A.1 through 3.A.11 for

the results.

Ethics. Informed consent was obtained from the female head of household at the
beginning of the study. The participants were not subjected to risks of any kind as a result
of the projectThis study was approved by the Institutional Review Board of the Fletcher
School of Law and Diplomacy at Tufts University on June 13, 2@0I7intervention
households received their filters in 2008 after baseline data were collected. All control
groups received filters in November and December, 2009, and one control village was
provided a chlorine tablet feeder for their distribution tank by a proximate NGO, after the
study was complete. All results were shared with community leaders after the study was
completed, and lessons learned were reported to the Honduran based NGQsaDE
Shoulder to Shoulder, working in the communities so that they could folfoand apply

the lessons learned from the study in their work with the communities.
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3.4.RESULTS

Baseline Data

Household Respondent Charattécs: A total of 334 households and 1853 persons from

11 communities and 13 water systems (two communities had two piped water networks)
located in rural and petirban areas near Marcala, La Paz and Concepcion, Intierea
recruited into the study (754 persons in the HWFS gréapin the CTS group, and35

in the Control group). The mean household size was 5.5 persons. The female head of
househol dos mean education was 4.2 years.
demographic areas except control households had a higher prevalence of electricity, and
ownership of televisions and refrigerators. CTS household were more rurally located and
significantly more likely to own land than control or HWFS households. The
demograhics, household and respondent characteristics for the aggregate intervention

and control groups are shownAppendix 3.A.1.

Drinking Water Sourceand Cost Of the 334 households interviewed, in both control

and intervention groups, no significant drface was reported in number of household
taps, quality or quantity of water received or primary source utilized in the rainy and dry
season at baseline. Of households interviewed, 86% have a tap in their house or yard; yet
only 60% of households use thap as their primary water source in the rainy season,
and 64% in the dry season. Skxtyne percent of households say that water the color of
dirt comes to their tap (66% HWFS, 85% CTS, and 66% control). According to
interviews, this happens weekly in th@ny season, especially when there are heavy
rains. Fiftyeight percent (58%) of households have an intermittent water service and

38% said that they had insufficient water available to them in the dry season. In
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communities where water was availablereduced supply in the dry season, water was

delivered eery 2-3 days or every-8 daysin some communitiesSee Appendix 3.A.3 for

an overview of perceptions of water reliability, availability and quality.

Figure II: Water Quality and Water Availability

% of Households

100%

80%

60% -
40% -
20% -

0% -

Water the Color of Dirt
Comes out of Tap

m HWFS
mCTS
Control

Intermittant Service

Of all households interviewed, 85% of households had a tap inside their house or yard;

yet, only 60% used that household tap as their primary drinking water source in the rainy

season and 64% of households used that tap in the dry season. Primang driaar

sour ces

i n

the rainy

season i ncl

uded

a

municipal tap (15%), an unprotected spring (12%), bottled water (8%), river water (2%),

and a hose from a public spring (2%). Water sources accessed for drinkingrnthte

dry season

i ncluded

a

household o

r yard

unprotected spring (7%), bottled water (8%) and other (2%). No significant difference

was found between treatment and control groups primary drinking wateesouhe dry

or rainy season. These drinking water data for the aggregate intervention and control

groups are shown iAppendix 3.A.2 Average household water fee payment is $0.53 per

month ($0.32 in HWFS households, $0.53 in CTS households and $0ddntirol

households.
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Figure IlI: Taps in Household vs. Primary Drinking Water Source (PDWS)- Rainy
Season
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Perceptions of Water QualityPerceptions of water quality did not differ significantly at
baseline between groupéccording to VWC members, no water is treated prior to
distribution in any of the study communities; however, many of the households are
unaware of this fact at baseline. Twetto percent of both intervention groups and 42%

of the control group falselydheve their water is treated before distribution or do not
know if it is treated or not. Fiftfive percent of households, however, do not believe their
water is safe. Improvements that households would like to see in their water service
include infrastrature (29%), water quality (28%), quantity (22%), gouification (44%)

(and did not differ significantly between groupsjost of those interviewegerceived

water quality to be the color of the water gmakification to be watertreatmentwith

chlorine

Water Handling Practices Water handling practices did not differ significaniy

baselinebetween groups. Ninetipur percent of respondents store their drinking water in
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a storage vessel, 84% cover the storage container, and 53% access their water from
storage with a cup or ceramic bowl, while 37% pour it from the container. Sixteen
percent say they chlorinate their drinking water, but only 4% respond with the correct
numker of drops required per liter. Thirgix percent of households report that they treat
their drinking water with chlorine or by boiling it; however 65% of these households had

a high number oE.coli in their drinking water samples such that their watas at high

to very high risk levelSee Appendix 3.A.4 for an overview of the results.

Sanitation, Hygiene and Health:Sanitation, hygiene and health information did not

differ significantly between HWFS, CTS and Control groups. Eigletyen percent of
households have access to improved sanitation (a pit latrine, a pour flush latrine to a
septic tank, or a toilet with a connection to a septic system). Soap was found to be present
near the bathroom in 46% of households. Respondents report that they virakarttie

before preparing food (39%), after defecating (46%), before eating (54%), after changing

a childdés diaper (3%), when as-éndedquestiomn t he
with no prompted answers. When asked what is your most trusted sduhealth
information, the responses were: health worker or health center (38%), Radio (25%), TV
(17%), local NGO (6%), family (6%), other (7¥8ee Appendix 3.A.5 for an overview

of the results.

AFTER ONE YEAR WITH THE TECHNOLOGIES
One year after HWFS were purchased at the subsidized rate of $5, and the CTSs
constructed, households werevisited to determine the percent of households that knew

about the projects, the use of the treatment technologies, reasons for disuse, the water
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quality of drinking water at the household level, and gastrointestinal illness one year

later. SeéAppendix 3.A.4 and 3.A.5 for an overview of the results.

Knew about Project, PurchasedOf those in HWFS and CTS communities, 98%o0f
HWFS households and 9586 CTS households knew about the HWFS and CTS water
treatment projects in their communities. Of those interviewed in HWFS communities,
87% of households had purchased filters. The other 13% gave reasons for not purchasing
filters, which included cost (3%)nsufficient funds on date of filter delivery (4%), not
present on day filters were delivered (3%), not enough filters for everyone (2%), other

(1%).

Usage Many CTS and HWFS households were still using their drinking water treatment
technologies afteone year; however, disuse of the CTS was significantly greater than of
the HWFSs. Sixtyone percent (61%) of HWFSs purchased were still in use, and 46% of
CTSs were still in use §08). HWFS households were 32% more likely to be using the
water treatmertiechnology than CTS households.

Figure IV: Use of HWFS and CTS after One Year
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Common reasons for disuse of HWFSs were breakage of the filter and the spigot.
Common reasons for disuse of the CTS included: distance from household and the CTS
does notalways have water in {see Figure V) The top threegasons for disuse of the
HWEFSs include the filter broke (37%), the spigot broke (27%), the spigot drips too much
(17%),and thefilter does not filter enough wateReasons for disuse of the CTS in&dd

the distance from the house to the CTS is too great (50%), there is not water in the CTS
all of the time (16%)andthe CTS is locked in the school (16%ke Appendix 3.A.8 for

an overview of all of the reasons for disuse for the CTS and The HWFS

Figure V: Reason for Disuse

HWFS CTS

60%
50%
50%

40% 37%

30% 200

20% 17% 16% 16%

1 1nn
0%

% of Households

filter broke  spigot spigot distance no waterin locked in
broke  drips too tank yard
much

Water Quality ImprovementsAt baseline, control, CTS and HWFS households had
similar levels of microbiological contamination: 68% of HWFS, 74% of control, and 61%
of CTS household samples were contaminated Ritoli (p >.05), at high and very high
water quality risk levels. Microbiological water quality dropped in 2009, one year from
when the technologies were distributedBaoli contamination at high and very high

risks of 30% for control, 21% for CTS and 25% for HWM8ended to treat) (p>.05). In
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those treated households, households still using the technologies the water quality
improved significantly, ande.coli contamination at high to very high risk levels (3m)

reduced to 10%or HWFS and 8% for CTS households<(@05). (See Figures Vand

VII).
Figure VI
Water Quality at Baseline (2008) and 1 year after technologies were distributed
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5 70% . m Very High Risk
2 o0 -— [ - —
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After one year, HWFSs and CTSs households were significantly less likely than control
households to have water at medium teskel and more likely to have drinking water at
low risk. HWFS and CTS households still using their treatment technologies were
significantly less likely to have water quality at high risk (p< ©)0&nd medium risk
levels (p<0.000%), and significantlymore likely to have water quality at lemsk levels
(p<0.0000005%). Households still using the technology were 41% (HWFS) and 56%
(CTS) less likely to test positive foE.coli (Colilert) than control households
(p<0.000008) one year later. (See Figurdl)/ See Appendix 3.A10 and 3.A.11 for an

overview of water quality results.
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Figure VII: Water Qualityl Year After Technologies Were Distributed
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Treated households water improved significantly from baseline and when compared to
control households abne year Nonetheless some treated households still had
intermediate, high and very high risk lev&éhe contamination of the HWFSs may be
as®ciated with improper cleaning of the ceramic filter. In HWFS households, of those
with microbiological contamination in their filtered water, 70% clean the bottom of their
filter with unfiltered water. The contamination of the CTS water may occur between
collection at the CTS and usage in transport from the CTS to the household, in storage at
the household. CTS households have to walk to the CTS, collect their water and then
return back to the household. Further research is needed to understand howowater f

HWFSs becomes contaminated in a field setting.

Secondary DataThe study by ADEC that monitored 38 CTS systems in the Department
of La Paz revealed that many were not operating according to health regulations for
drinking water quality.ln May-June & 2008, during the height of the rainy season in

Honduras, ADEC, the water system engineering NGO, visited 38 CTSs througbout
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Department of La Paz to monitor the turbidity and the chlorine residual, and provided a
short list of observations. Their datveal that three of the CTSs were not operating and
had no water in them. Of the 35 operating CTSs monitored, 85% were serving water that
exceeded the WHO level of INTU turbidity for drinking water. Thegven percent of
CTSs were serving drinking watehat was above the turbidity level required for
chlorination (5 NTU). Seventfive percent of CTSs did not have sufficient chlorine
residual, and 9% were over chlorinating. In the three systems we tegigcthary data
collection residual chlorine wagresent in the CTS on pesttervention visits, after one

year.

Gastrointestinal DiseaseéWhile the HWFS and CTS were both effective in improving
water quality, our results do not provide evidence that it was protective against diarrhea.
At baseline, HWB, CTS, and control households reported diarrheal disease cases at
similar and unrealistibow levels. Only 2% of the sampled population reported to have
diarrhea. After the HWFSs were distributed and the CTSs built, one year later, the
intended to treatrgup of HWFS, CTS and control did not differ significantly in reports

of vomiting, nausea, or diarrhea cases (diarrhea, diarrhea and cramps or runny diarrhea).
The treated groups also did not differ significantly from the control group or from

baseline leels.(See Appendix 3.A.2for the resulty.

3.5.DISCUSSION
This study as implemented in Hondurgsy ovi des further evidence
is not always safe, and documents the associated water quality benefits of tamstow

technologies, household and community level treatment technologies, the HWFS and
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CTS specificalyHWFS, CTS and contttnouseholds all had similar water quality levels

at baseline, and after one year, HWFS and CTS households had significantly improved
water quality relative to control households. Those still using the technology after one
year were 41% (HWFS) and 56% (QTi8ss likely to test positive fdE.coli than control
householdsAfter one year, 61% of households were still using their HWFS and 46%
were still using the CTS. The maieason cited for ceasing to use technologyware
breakagefor the HWFSand distane from the householdor the CTS. According to
secondary datand household surveySTSsand HWFSare also subject to operator
errors and oversights which can decrease their effectiveness. HWFS and CTS
technologies significantly improved water qualitydaare lowcost interventions ($20 per
household for the HWFS and $7.58 per household for the CTS) that could reduce the

burden of waterborne disease.

A HWEFS requires a single initial unsubsidized investment of approximately$20 per
household compared to $8 per household for the CTS. The average cost of a CTS is
$240, and it has a capacity of 1000 liters. On average, in Honduras, each CTS serves 32
households at an investment cost of $7.58 per household. On average, each household has
5.5 persons with agp person cost of $3.63 for the HWFS and $1.37 for the CTS. To
maintain the systems over a two year time frame, would require a new spigot and a new
filter at a cost of $7 for the household over two years. To maintain the CTS, chlorine and
aluminum sulate need to be purchased, but are quite inexpensive and estimated at

approximately $2 per household over two years.
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While the CTS is less expensive to construct and to operate, there was much higher rates
of disuse for the CTS than the HWFS. The distancenftbe CTS to the furthest
household was not more thafl8 minutes, however, distance was the main reason cited
for disuse of the CTS. The HWFS has the advantage of location at the household which
makes its use convenient for users. It is also coupled avisafe storage unit which
protects the filtered water until the point of consumption. In communities where
households are very spread out, the CTS may not be the best form of water treatment.
Furthermore, the maintenance and operation of the CTS reguicesnmitment by a
single operator. According to secondary data, CTSs are not always maintained properly.
According to household surveys, CTSs were also sometimes empty. A very recent
discussion in May, 2011 with a NGO who monitors CTSs, said that 20 Gb5ti@ETSs

are still in use, and those placed in schools are better maintained and operagaar

use and sufficient chlorine applied to treat water.

In Ghana, an NGO, Community Water Solutions, experimented witihesed water
provision at the CTSotcreates an incentive for the operator to maintain and operate the
CTS and provides funds for maintenance and operdtisers come to the CTS and give

the operator a small fe&he operator is then responsible for applying the coagulant and
the chlorine,and making sure that water is in the CTS at all times. Anecdotal evidence
points to the success of this model; however, no experimental research has been done on

this fee-based water provision model with the CTS

The continued use of the HWFS requihesiseholds to have the motivation to purchase

replacement parts when breakage occsugh as spigots, and the for the replacement
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parts to be available. While the parts of the CTS can be replaced in any market town in
Honduras, and the spigots for the HB/Ean also be located in most market towns in
Honduras, the ceramic filters for the HWFS are manufactured in the capital, and are not
easily located or purchased in local markétgailability of replacement parts for these

technologies is critical to th&ustainability of the technological interventions.

If the replacement parts are availables ¢calability of the interventions will depend on

the motivationby householdso find and purchase the spare parts when they break. This
motivation ma y C 0Ome from househol dos awareness
microbiologically contaminated drinking water and improved information about water
guality attheir own taps. For example, at baseline 55% of households thought their water
was safe, and 31%l&ely assumed their drinking water was treated or did not know if it

was treated or not. It may be necessary to couple technology interventions withupllow

water quality and related health information if use is to be maintained over time. In
Kenya, forexample, utilization of household treatmémiproved by 813% with water

quality information, andby 9-11% with social marketing methodsom a baseline of 72%

(Luoto, J., 2010).

To improve water quality over the losigrm in a technicaéngineering solion may not
be sufficient on its own. Water quality or health information at the household level
(HWFS) and sufficient training, technical assistance at the community level (&7&),

availability of spare parts, mayelp toimprove use over time.
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Therewas a much lower than expected incidence of diarrheal disease in the population
studied at baselinand in followup. Given the water quality results at baseline and the
significant improvement in water qualityith the technologieshe low diarrheal dsase

levels at baseline and one year later was surprigingps study, toward the end of each
interview, each female head of household was asked first about the range of
gastrointestinal disease for each child in the household and then each adulto®Based
conversations with Honduran researchers, the low rates of diarrheal disease reporting
may be based on the social stigma attached to the disease in Honduras. Anecdotal
evidence suggests Hondurans in rural areas associate diarrhea to personal orchousehol
"dirtiness" and visits to health clinics for persons with diarrhea result in scolding of the
mother for poor hygiene and unsanitary household conditions. Honduran researchers
acknowledged on a number of occasions that feimadels of household did nokdi to
discuss diarrhea illness in their household and may in fact be falsifying their response. On
a few occasions, during the interviews, children corrected their mothers and said they did
in fact have diarrhea. Research suggests that diarrheal recapismdes of diarrhea is
unreliable beyond 48 hours, especially for members other than oneself (Boerma, 1991).
In this study, the female head of household was asked to discuss gastrointestinal disease
for everyone in the household over the past 2 weekksarthe datés likely unreliable.

Given the social stigma surrounding diarrheal disease in Honduras suggested by this
research, future research could consider more objective measure. Ideas include pictorial
sticker journals for each household member doaument different stool consistencies or

weekly stool samples.
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Water samples were taken at similar points in the year at baseline and one year later, after
filter distribution; yet, the drinking water quality improved significantly in both control
and intervention households after ogear. Interviews with households about water
quality, diarrheal disease, and perceptions of water quality in each village in this study
may have provided the incentive for the households and community as a whole to
improve their piped drinking water networks. If this is the case, it would suggest that
simple visits to a community to ask questions about a specific community health issue
may bring some awareness to the community as a whole and may motivate community
members @ make important improvements in their water systéfso, water quality
measurements were taken on one day before and after the intervention, to get a more
complete record of water quality would require more regular sampling throughout the
year, and couldbe an opportunity for future researcNonetheless, a significant
improvement in microbiological water quality was detected in households still using the

HWFS when compared to control households after one year.

3.6.CONCLUSION

At baseline, HWFS, CTS, and control househ
and was characterized as untreated piped water to a household or yard tap,
microbiologically unsafe, intermittent, and turbid in the rainy sea€adigs, HWFS and

control households had similar rates of microbiological water contamination at baseline.

One year after HWFSs had been distributed and CTSs had been constructed, HWFS and
CTS households had relatively higher quality water than control houseRWSS and

CTS households still using the water treatment technologies had significantly improved

water quality compared to control households, 41% (HWFS) and 56 % (CTS) fewer
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households withe.coli contamination than in control households. After one yese, of

the technologies reduced by 39% for HWFS and 54% for CTS households. HWFS and
CTS are both lowcost interventions with the potential for significant improvements in
water quality.The proximity of the HWFShas advantagdsr users andthere ardewer
opportunities for operator error relative to the CTS. The disadvantage of the HWFS is the
availability of spare partproximate to the householdsad the lack of chemical treatment.

The advantage of the CTS is the regularly available replacemesttpattare easily
accessible in any local market and the dowost. To enhance the sustainability of the
technologies, future research could look into the impact of the technologies coupled with
markets for replacement parts (HWFS), technical assistmmceperators (CTS), or
information on the health risks of drinking microbiologically contaminated water (CTS

and HWFS).
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3.A APPENDICES
3.A.1 Demographic Data

TABLE |
Significant
Demographics HWFS CTS Control P *
Households 135 62 137
Total 754 364 735
Children <5 94 48 86
Men 358 171 313
Women 388 158 418
Household Characteristics
Mean number of rooms 3.5 3.37 3.8 0.162 A NS
Mean number of occupants 5.45 5.85 5.32 0.399 A NS
Mean years of schooling fc
female head of household 3.7 4.3 4.5 0.164 A NS
# of Households 135 62 137
Electricity present in
household 47% 42% 74% 0.0000 A *
Earthen Floor 33% 41% 25% 0.038 A *
Fuel Source
wood 76% 82% 73% 0.452 A NS
electricity 4% 3% 6% 0.705 A NS
gas 3% 6% 4% 0.519 A NS
wood & gas or electric 14% 8% 15% 0.349 A NS
No chimney for wood stove 60% 70% 60% 0.130 A NS
Amenities
refrigerator 23% 25% 49% 0.000 A
television 46% 43% 67% 0.001 A *
radio 88% 85% 84% 0.669 A NS
bed 90% 86% 95% 0.062 A NS
motorcycle 5% 6% 7% 0.770 A NS
car 7% 8% 11% 0.429 A NS
cell phone 75% 67% 77% 0.466 A NS
livestock 71% 63% 63% 0.357 A NS
Do not own land 10% 25% 11% 0.007 A *
Distance from nearest:
Health Center 0.000 A
Paved Road 0.000 A *
Market town 0.018 A *
G G&hgiuar ed test Ay FStshheéente'xmctt test
All percent values are out of # of households

3.A.2 Primary Drinking Water Source
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Table Il
HWFS CTS Control P Significant *
# of Households 135 62 137
Tap present in house or yard 83% 86% 89% 0.209 A NS
Primary Drinking Water Source
Rainy Season 0.226A NS
Household tap or yard tap 60% 56% 63% " NS
Unprotected spring 17% 12% 7% " NS
Neighboring water system 15% 16% 13% " NS
Bottled water 4% 12% 8% " NS
River 1% 2% 3% " NS
Rain water 0% 0% 1% " NS
Other 3% 2% 5% " NS
Drinking Water Source Dry
Season 0.325 A NS
Household tap or yard tap 65% 59% 67% " NS
Unprotected spring 6% 11% 7% " NS
Bottled water 7% 10% 7% " NS
Neighboring water system 12% 17% 12% " NS
River 4% 2% 4% " NS
Other 2% 0% 2% ) NS
A Anova *Significant i s ame a% valadsane eut of # of households
3.A.3.Water Oualitv. Availabilitv & Reliabilitv
TABLE Il
HWFS CTS Control P Significant *
# of Households 135 62 137
Water Quality
Water the color of dirt comes
out of tap in rainy season 66% 85% 66% 0.092 A NS
Water Availability
Insufficient water (dry season) 45% 27% 43% 0.00A NS
Water Reliability
Intermittent Service 53% 64% 61% 0.214 A NS
Perceptions of Piped Water *
Not safe to drink 57% 53% 55% 0.875A NS
Water is not treated 77% 77% 58%  0.001 A *
Water is treated/Do not know i
it is treated or not 22% 22%  42% i
A Anova * Signi f i%valoas are out of # of households 4

3.A.4.Water Handling Practices

Page96



Table IV
Significant
HWFS CTS Control P *
# of Households 135 62 137
Drinking Water Storage
Store in storageessel 96% 98% 90% 0.030 A *
Cover storage vessel 93% 77% 78% 0.001 A *
Draw Drinking Water from ®rage
by pouring 42% 38% 31% 0.133A NS
with cup or ceramic bowl 53% 48% 55% 0.707 A NS
Treat Drinking Water (Response)
boiling 21% 12% 22% 0.314 A NS
chlorination 18% 14% 15% 0.824 A NS
adequate number chlorine 3% 5% 3% 0.805 A NS
total boil or chlorinate 39% 27% 36% 0.307 A NS
Boil or chlorinate but have highto 704  58%  64%
very high risk wateqguality (E. coil) (35/52) (10117)  (32/50)  0.809 A NS
A Anova * Significant % is out of # of households unless otherwise mentioned
3.A.5. Sanitation, Hygiene & Health
Table V
Significant
HWEFS CTS Control P *
# of Households 135 62 137
Sanitation
Improved Sanitaiton 86%  79% 91%  0.085A NS
Hygiene
43%  41% 50%
Soap present near bathroom (30/69)  (16/39)  (49/99) 0.805A NS
Wash hands (not prompted)
before cooking 29%  48% 43%  0.016A *
after using the bathroom 47%  48% 43%  0.697A NS
before eating 57% 37% 58%  0.012A *
after changing a childs diapers 4% 0% 3% 0.321A NS
Trust Health Information Most
from 0.091A NS
health worker or health center 41% 38% 34% " NS
radio 23%  30% 26% " NS
TV 13% 18% 20% " NS
local NGO 6% 8% 5% " NS
family member 7% 6% 6% " NS
other 10% 0% 8% ! NS
A Anova * Significant % is out of # of households unless otherwise mentioned
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3.A.6. Water Fee & Improvements Needed

Table VI
HWES CTS Control P Significant *
# of Households 135 62 137
Payment for Piped Water Service
0.000
Mean fee for water service/month $0.32 $0.53 $0.71 K *
Improvements would like to see in
water system
0.828
Infrastructure 30% 29% 27% A NS
0.523
Quality (Turbidity) 25% 29% 31% A NS
0.300
Quantity 24% 14%  23% A NS
0.484
Purification (Treatment) 44%  43%  45% A NS
A Anova K Kruskalwallis * Significant % is out of # of households

3. A.7. Purchased Filters& KnowledgeAbout Project

HWFS vs CTS
Purchased Filters HWFS CTS
. 85%
Purchased Filters (104/122)
_ _ 15%
Did Not Purchase Filters (18/122)
Knew About Project
) 98% 95%
Knew about the project (120/122) (52/55)
Did not Know about the project 2% (2/122) 5% (3/55)
3.A.8 Usage of Technologies after 1 Year
Usage after 1 year HWFS CTS

Using

Not Using

61%(63/104) 46% (24/52)

39% (41/104) 569% (31/55)
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3.A.9 Reasons for Disuse diWFS & CTS

Reason for Disuse

HWFS CTS

Filter broke 37%@s/41)| Distance to CTS from househg 46% (12/2¢
Spigot broke 27% (11/41) Locked in school 19% (5/26)
Spigot drips too much wate 17% 7/41) No water in CTS 16% (4/26)
Does not filter enough wate 7% (3/41) Piped project is safe 8% (2/26)
Not in house to use it 5% (2/41) Don't trust CTS 8% (2/26)
Bucket broke 29% (1/41) Buy water 4% (1/26)

It was stolen 2% (1/41)

Gave it away 2% (1/41)
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3.A.10. Water Quality

Table
Significant
HWES CTS Control P *
# of Households 135 62 137
Water Quality Baseline
_ 68% 61% 74%
Presencé&.coli (3m) (91/132)  (38/62) (99/133) 0.415A NS
96% 90% 97%
Presence TC (3m) (127/132)  (56/62) (130/133) 0.197 A NS
276
) 626 Cl:146 870
E.coli (3m) Cl:302-950 401 Cl:5291210
5320 2761 5139
Cl4272  CI1743  CI:3855
TC (3m) 6369 3779 6425
Water Quality After 1 Year
Treated
_ 10% 8% 30%
Presence cE.coli (3m) (6/62) (2/24) (38/126) 0.0014 A *
39% 29% 83%
Presence of TC (3m) (24/62) (7/24) (104/126)  0.000000A *
, _ 27% 12% 68%
Presence oE.coli (Colilert) (17/62) (3/24) 86/125)  0.00000008 *
, 61% 62% 90%
Presence of TC (Colilert) (38/62) @s/24)  (113/125)  0.000004 A *
Intended to Treat
_ 25% 21% 30%
Presence oE.coli (3m) (30/121)  (12/55) (38/126) 0.574 A
64% 63% 83%
Presence of TC (3m) (77/121)  (35/55) (104/126) 0.002 A *
_ _ 52% 38% 69%
Presence oE.coli (Colilert) (63/121)  (21/55) (86/125) 0.001 A *
_ 80% 78% 90%
Presence of TC (Colilert) (97/121)  (43/55)  (113/125) 0.024 A *

A Anova K KruskaWallis * Significant
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3.A.11 Risk Level Water Quality

HWF Contro Significant
S CTS I P *
# of Households 135 62 137
Risk Level of Water Quality
Baseline
Risk Level 0.111 K NS
_ ) _ 50% 56% 60%
High Risk Water Quality (66/132)  (35/62)  (80/133) 0.246 A NS
. . ) 17% 5% 14%
Very High Risk Water Quality (23/132)  (3/62)  (19/133) 0.058 A NS
1 yr Later
Treated
Risk level 0.000 K *
) _ 73%  82% 31%
Low Risk Water Quality 45/62)  (20/24)  (39/125) 0.000000 A *
_ _ _ 17% 4% 38%
Medium Risk Water Quality (11/62)  (1/24)  (48/125) 0.00025 A *
_ ) _ 8% 8% 23%
High Risk Water Quality (5/62) (2124)  (29/125) 0.0168 A *
) , _ 2% 0% 7%
Very High Risk Water Quality (1/62)  (0/24)  (9/125) 0.1303 A NS
Intended to Treat
) _ 48%  58% 31%
Low Risk Water Quality (58/121)  (32/55)  (39/125) 0.001 A *
_ _ _ 25% 16% 38%
Medium Risk Water Quality (30/121)  (9/55)  (48/125) 0.005 A *
_ ) _ 21% 20% 23%
High Risk Water Quality (26/121)  (11/55)  (29/125) 0.938 NS
) _ _ 6% 2% 7%
Very High Risk Water Quality (7/121)  (1/55) (9/125) 0.352 NS

A Anova K Kruskalwallis *

Significant
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3.A.12. Gastrointestinal Disease

HWFS CTS Control P Significant *

# of Persons 754 364 736

Gastrointestinal lliness

Baseline
Vomiting 0.60% 0.20% 0.80% O0.573A NS
Nausea 1% 0.20% 0.50% 0.107 A NS
Diarrhea and Cramps 3% 1% 1% 0.059 A NS
Diarrhea 0.30% 0.20% 0.80% 0.406 A NS
Runny Diarrhea 0% 0.20% 0.10% 0.405A NS
All Diarrhea 3% 2% 2% 0.413 A NS

# of person 345 141 666

Gastrointestinal lliness

1 yr later

Treated
Vomiting 0.20% 1% 0.30% 0.065A NS
Nausea 1% 2% 0.10% 0.017A *
Diarrhea and Cramps 2% 0.70% 1% 0.475A NS
Diarrhea 5% 2% 1% 0.153A NS
Runny Diarrhea 0% 0% 0% 1A NS
All Diarrhea 5% 3% 3% 0.217A NS
ogfrom baseline 2% 1% 1% NS

#of persons 697 329 666

Intended to Treat
Vomiting 0.40% 2% 0.30% 0.003 A *
Nausea 1% 0.30% 0.10% 0.117A NS
Diarrhea and Cramps 1% 3% 1% 0.222A NS
Diarrhea 3% 3% 1% 0.0% A NS
Runny Diarrhea 0.20% 0% 0% 0.239A NS
All Diarrhea 4% 3% 3% 0.548A NS

A Anova K KruskaWallis * Significant
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PAPER I

Water Quality, Sustainability and Scalability of Ceramic Water Filters
i n Households with I nadequate 0l
Evidence fromHonduras

Abstract

The delivery of a constant supply of safe drinking water to households regularly
challenges many communityn piped watersystems Households served by such
systems may benefit from the use of household ceramic water filters anstaige

units (HWFSs), which are clinically proven to remove key microbes that cause
waterborne disease and safely store water until the point of use. This paper examines the
sustainability and impact on househtddel water quality and child health of HVSs.

The data are derived from a clustered randomized trial in rural andrpan Honduras,

in which four pairs of similar communities were chosen, and one community in each pair
was randomly selected for intervention. Households in these communitiesofiered

the HWFS at a subsidized rate of $5. Employing data on 272 households (135
intervention and 137 control households), we find that the percentage of treatment
households using the filters was 61 percent after one year and 47 percent after swo year
and that water quality is significantly higher in households still using the HWFS than in
control households The main reasons households gave for ceasing to use the filters were
breakage and malfunctioning of spigots or breakage of the ceramic fiieHWFS is a
sufficiently low-cost drinking water intervention ($10 per household per year) and could
improve water quality and health in communities where water supply is characterized as
O0i mprovedd but is nonet hel e snsdeliversaudteaied at e ,
water, delivers turbid water, or provides only intermittent service. This research suggests
that the use of the HWFS could be enhanced further with a market for spare parts, and
technical assistance on filter maintenance. The papetifids a viable value chain
through which purchase and sustained use of the filters could be promoted at larger scale.

Prepared for: Environmental Science & Technology
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4.1 INTRODUCTION

Every year, 2.2nillion die from diarrheal disease, 1.5 million of these deaths are children
under five years of age, and one of the main causes of this disease burden is unsafe
drinking water (Wardlaw et al., 2010; Kosd&ern and Guerran003). Unsafe drinking
waterleads to an increase in gastrointestinal and diarrheal diseases which, in turn, affects
human health and development by reducing absorption rates of food and nutrition,
decreasing childhood growth rates, draining energy levels, decreasing attendance at
schml, reducing the number of hours one is physically able and willing to work, and
increasing morbidity and mortality rates, especially among child@reckley et al.,
2008;Billi g, Bendahmane and Swindal®99). While piped drinking water to a house or

yard tap is often considered the gold standardny piped networks are characterized by
poor source water quality, an absence of drinking water treatment, insufficient supply,
intermittent service, leakages, high costs, and aging infrastructure (Bartr@®y Rifak

and Hrudey 2008; Leeand Schwap2005; YassinAbu Amr, and Al Najar2006). In

some cases, households are forced to use alternative unimproved sources because of
insufficient supply or poor quality in their piped network (Pattanayak ef@D5). A

point of use treatment methdldat has recently received a great deal of attention for its
improvement of microbiologically water quality and its reduction in diarrheal disease is
the Potters for Peacéousehold filter and safe storage (HWFS) sinlith the hope of
improving water quality and human health dfhos e househol ds with ¢
systems that deliver contaminated water, transport an unreliable supply of water, or
deliver turbid water in the rainy seasam variety of developmentcers (NGOs and
Governments) have begun experimenting with distribution or sale of HWFSs at a

subsidized rate.
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Research on the HWFSs have documented their efficacy in laboratory settings
(OyanedelCraver and Smith, 2008; Brown and Sobsey, 2010). Algarized trial in
Cambodia documented a mean reduction in diarrhea of 49% and a significant
improvement in water quality over 18 weeks in households with unimproved water
sources that were given a HWFS (Brown, Sobsey and Loomis, 2008). No research to date
has tracked their effectiveness one and two years after distritaitsubsidized cosh a

field setting, measured the impact of their use on the height and weight of children under
five, or followed households over two years to document usage oveidnimadition, no
research has studied HWFS when coupled with an improved water source, contaminated

piped water specifically.

Diiarrheal disease is often studied to measure the effectiveness of drinking water
interventions (Fewtrell et al., 260Esrey efal., 1991) Recently,however,reporting on
diarrheal disease results has drawn some criticism because it is not objective and is
subject to responder biaSqhmidt and Cairncross, 280 This research, therefore, takes

an extra step to measure the heightl weight of children under five, a more objective
measure of child health (Schmidt and Cairncross9RResearch has documented the
association between environment al factors
height and weight (Checkley at, 2008; Merchant, 2004; Wamani et al., 2006), but no
known randomized field trials have investigated the role of HWFS on the height and

weight of children under five.

Recently, the sustainability and scalability of point of use water treatmentficalc

the HWFS, has come under significant debate in the literature (Sobsey et al., 2008;
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Langtagne et al., 2009; Hunter, 20@:hmidt and Cairncross, 200%ustainability has

been defined d as technology that is functioning and utilized over aicagmiperiod of

time (Carterand Howsam, 1999Drinking water technology is only viable if it will have

a beneficial impact on communities, and if the impact will be Jasgng or sustainable
(Carrterand Howsam 1999). Continued use is critical to teastained impact of the
HWFS, and is critical if the intervention is to be scaled. One study did return to
households four years after HWFSs were distributed and asked households to
retrospectively ascertain when they stopped using the filters (BrownmRand Sobsey,

2009); however, the estimated dates over four years are subject to recall bias.

In this study, intervention households were offered the HWFS at a subsidized rate of $5
(the total cost of the filter in Honduras is $20). There is evidendestlggests that if
people are willing to pay for the costs of a water service, it is a clear indication that the
service is valued (and therefore will most likely be used and maintained) and that it will
be possible to generate the funds required to susit@ project over the longer term
(Whittington et al., 1990). Research in Bolivia, a Latin American country with similar per
capita GDP to Honduras, provided evidence ## of householdsstudiedwould be

willing to pay approximately $@0 for a ceramicwater filter, similar to the HWFS

studied in this research (Clasen et al., 2004).

This research aims to assess the impact of the HWFS on diarrheal disease and the height
and weight of children under five in rural and parban Honduras over a oeartime
frame, and measure the use and water quality of the HWFS at one agdarsaafter

HWEFS distribution with pre and pestterventions assessment. In an attempt to evaluate
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the HWFS, | collaborated with the three NGOs, Shoulder to Shoulder, Agua [esaro
Comunitario (ADEC) and International Rural Water Association (IRWA) in Honduras.
Intervention households were offered the option to purchase a HWFS after baseline data
were collected at a subsidized rate of B6useholds were returned to one and two years
after HWFS distribution. Key informant interviews with operators of drinking water
systems and village water committee members after thgéaostudy documented some

of the obstacles to the provision of sdfénking water in communityun piped drinking

water networks.

In Honduras, the country of study6% of piped water is accessed from surface sources,
including springs, small creeks and rivers (USAID, 2006), and 98% of the population has
intermittent vater service (PAHO, 2000). Approximately 43% of the networked coverage
is provided by small drinking water systems and managed by elected Village Water
Committees (VWCS} (USAID, 2006). Many of the VWCs have difficulty charging
water fees or insuring th#ttese fees are paid on time, with huge effects on the resources
available for maintenance and operation costs (COSDU 2004). Only 13% regularly treat
their drinking water (PAHO, 2000; COSDU 2004). In a recent study of piped rural water
networks in Hondurast was estimated that 85% have fecal contamination (Argeta, 2005;

COSDU, 2004).

3 Another 29% are managed by municipalities, 15% by the national governments Water and Sanitation
directive, SANNA, and the other 13% are run by private companies or ppubtiE partnerships.
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4.2 METHODS & MATERIALS

Study Site:l conducted the research in and around the municipalities of Marcala and
Concepcion, in the Departments of La Paz and Intibuca, Honduras, two of the poorest
Departments in Honduras. The study included eight villages in total in the Departments
of La Paz andntibucé. Marcala, the municipality closest to the villages in La Paz, is
90km from the regional capital. Concepcion, the municipality closest to the villages in
Intibuca, is 122 km from the regional capital. Rainfall in the area follows a bimodal
distribution with distinct wet and dry seasons. These patterns strongly affect water quality

in the rainy season and water availability in the dry season.

Figurel
Intervention: Intervention group households receiae&WFS for :
Plastic top
the cost of 5%. The HWFS consisted of a ceramic filter laden | s N
; ; : ; Clay filtering
safe storage unit (a 5 gallon plastic bucket with a spigot an |, clement

plastic top). Water is poured onto the top of the filter, a

Plastic

approximately 1.5 liters of water can be filtereorough the faucet

Plastic

ceramic filter per hour and safely stored below the ceramic filte receptacle

the safe storage unit until the user is ready to access the water 1ui

the spigot. See Figure 1 for a picture of the HW/FS

Experimental designTo study the impact of theWMFS on household microbiological
water quality, diarrheal disease, height and weight of children diveerand measure
the longterm usage of the HWFS in eight communities (4 intervention and 4 control) pre

and posintervention,a clustered randomizedmgeriment was conducted. Four pairs of

* The drawing of the HWFS is care of PottersRemacehttp://www.pottersforpeace.org/
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similar communities were chosen, and one community in each pair was randomly
selected for intervention, followed by the random selection of 272 households (135
intervention and 137 control) from the matched commuiire rural and peniurban
Honduras (SeéAppendix 3.A.12 fora table of the matched communities and their
relative water and sanitation characteristics.) Intervention households were offered the
option to purchase a HWFS at a subsidized rate of $5 (thlectdt of the filter in
Honduras is $20). Principal study activities included: household interviews with the
female head of household, microbiological water quality tests, and drinking water
disinfection tests in each househdld.diagram of the study tieline and activities is in

Appendix 4.A.14).

Key informant interviews with operators of drinking water systems and village water
committee members after the twear study document some of the obstacles to the
provision of safe drinking water in communityn piped drinking water networks. Three
NGOs were involved: Shoulder to Shoulder, a public health NGO with its base in
Intibuc4, Honduras, ADEC (Agua Desarrollo Comunitario), a Honduran based water
systems engineering NGO, and the International Rurakelassociation (IRWA), a
drinking water systems engineering organization that offers funding, technical support,
and training to hostountry NGOs like ADEC. They assisted the research group in
community introductions, the purchase and delivery of fil®ra subsidized rate, and
provided a onelay community training on village water quality and the maintenance and

operation of the filter.
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Preliminary Data Collection We collected preliminary data in 32 communities. Data
included microbiological drinkingvater quality tests and chlorine residual tests in rural
communities with piped drinking water in the rural areas of the Departments of La Paz
and Intibuca, and a conversation with a VWC representative in each community. The
goal of the VWC conversationas to determine the number of households served, the
drinking water sourced, water availability in hours per day in both the rainy and dry
seasons, the age of the water system, and the distance to the nearest paved road and

nearest market town.

Structurel household interviews and key informant interviews were designed after
preliminary research. This included over 50 interviews with drinking water operators in
Honduras, El Salvador, Guatemala and the United States, visits to drinking water supply
systemsn all four countries, interviews with health professionals in Honduras, and visits
to water quality testing facilities in the United States. Other household surveys and
information related to Water, Sanitation, and Hygiene (WASH) survey collection
informed the creation of the household survey |{BjIBendahmane and Swindal999;

WHO and UNICEF 2006; UNICEF, 2005).

Community Selection Of the 32 rural communityun drinking water supply systems
studied in the preliminary data collection, none cherycteated or filtered their
drinking water, no system had chlorine residual in its drinking water when the water was
tested in the month of May, 2008, and 20 of the 32 communities had high to very high
levels of microbiological contamination in their dting water. Of the 20 communities

with high to very high levels of microbiological water quality, four communities were
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randomly selected and then matched with four communities of the remaining 16
communities with high and very high levels of microbiol@dievater contamination.
Communities were matched based on population served, water system design, water
source type, paved road proximity, system age, water quality risk level, sanitation
presence, and other socioeconomic indicators. (See Table 1 for eamieaw of
community characteristics). Once matched, the community was determined to be a
control or intervention community in a blisfdbm-the-hat selection process. Households
were then randomly selected from each community so that approximately 50% of th
households in each village were interviewed. In total, 272 households were interviewed
(135 treatment and 137 control). The study consisted of two baseline visits in May and
November, 2008 and three follewp visits, two in May and November of 2009 antko

in December, 2010. In December, 2010 after the household interviews were conducted, a
short keyinformant interview was conducted with the operator or VWC representative to

understand some of the challenges faced by these commumisystems in Hondas.

Data Collection Baseline data were collected in 2008 and justvention data were
collected in 2009 and 2010. Frgervention data were collected in June and November
2008. Prentervention data in each household included household intervieths2&2
female heads of households with the previously piloted household survey, bacteriological
water quality tests, anthropometric data for children under five, and-eefggence of

the household. The research team took anthropometric measures (lreighnith,
weight, age), birth date, and date of interview 184 children under five at baseline.
After baseline data collection, the research team, with the assistance of two NGOs

(Shoulder to Shoulder in Intibuca and Agua Desarollo Communitario in |z, Pa
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facilitated the distribution of the filters in each community, sold at a subsidized rate to all

households for $5.

Postintervention data collection trips occurred in June and November3286%hat

each community was visited one year after the Ibd/fhad been distributed in the
community. Posintervention data collected in 2009 included the household interview
administered at baseline, a ceramic filter specific survey, bacteriological water quality
tests in each household, and anthropometric messafrthe same children measured at
baselire. (These interviews can be found in Appendix 5.A.5 and 5.A6B)hropometric
measures were taken of 134 children (62 control, 72 intervention) at baseline. One year
after baseline, 26 of the children had aged beyond the findecut off and so were
excluded from the calculations. Final calculations included 1@@reh (52 control, 57
intervention). A final posintervention trip took place in early December, 2010. The data
collected in December 2010 included the ceramic filter specific survey and the
bacteriological water quality tests. All interviews were adstared after obtaining
informed consent from the female head of household. All data were collected by GK and

a team of six Hondurans, hired and trained by GK.

Water Quality Testing and AnalysisST o t est water quality, the
Colilert® tests were combined to enable a risk assessment of very high, high, moderate

and low risk water quality, according to World Health Organization standards (WHO,

% The NGOs absorbed the rest of the $20 cost of the filters. Replacement of the ceramic filter piece costs

$5.

% Data posintervention were collected in the middle of the military coup that occurred in Honduras in

2009. The fAnorthern triangled of Central America wh
has been called the most violent region on earth be
outside (Economist, 2011).
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1997 . 3ME Petrifil mE and ColilertE microbio
Escheridia coli (E.colyand total coliform. 3HE'Petrif
enumeration method, for assessment of high and very high risk water qualits.Cbli0

per 100ml sample). ColilertE is coupled w
presence or absee of low (<110 E.coli per 100ml) to very high risk water (>1000 per

E.coli per 100 ml), according to World Health Organization guidelines (See Figure I). At
baseline, 3ME Petrifil mE was used to acces
levels in control and intervention communities. At one and two years after the

di stribution of the HWTS, 3ME Petrifil mE a
low, medium, high and very high risk levels in control and intervention communities. The

water samplesvere drawn from the drinking water source of each household. If the tap

was the drinking water source, it was drawn directly from the tap. If the female head of
household said they treated their drinking water in the household by boiling or chlorine
disinfection, the water was drawn from the storage container that held the treated
drinking water. The tap was not flamed or disinfected. The sample reflects normal
collection procedures and contamination from everyday use. If there was not water in the

tap atthe time of the house visit and interview, water was drawn from the storage
container of the household. Sterile 100 ml transparent Whk® bags (Nasco,

Modesto, CA) were used to collect a 100 ml water sample, which was coded and placed

on ice until themicrobiology tests could be performed rudy for morning samples and

in the evening for afternoon samplesSamples drawn from storage containers were

drawn with an individually packaged ster.i

37E.coliis anindicator of fecal choliform ands presencesiregularly accessed to determine if water is safe
to drink

Pagell7



Petri fi |l mH)Colden®) usmg individually packaged and sterilized pipettes

(Fi sher

Scientific Inc.)

and

pl astic

sprea

24 hours at 35C in a portable HACH® incubation chamBeE-coli and total coliform

were enumerated via the Petrifilm test, and the presence or absdaamloand total

coliforms was assessed via the Colilert test. This methodology was developed by Dr.

Robert Metcalf, Professor of Microbiology at California Stateversity at Sacramento,

has been validated (Trottier, 2010), and recommended by the United Nations as a

practical method for rapid assessment of bacterial water quality, particularly well suited

to rural sites in developing countries (UN Habitat, 2010).

Figure | - WHO Guidelines®

Risk Level E.coliin Sample

(CFU or MPN/100ml)

Conformity <1
Low 1-10

Intermediate 11-100
High 101-1000

Very High >1000

Household Interview Data Collection and AnalysisPreviously piloted structured

interviews were held with the female heads of household, the person generally

responsible for household water collection and management, and its use for cooking,

washing and household management. The questions in the housetway instrument

elicited data on household water services in the rainy and dry season, perceptions of

water quality, sanitation type, hygiene behavior, household demographics, household

economic characteristics, and presence of specific gastrointedisealses for children

% The Portable HACH incubator (#25699) was donated to Dr. Jeffrey Griffiths by the HACH company

(Loveland, CO, USA).
% Adapted from WHO
E.coli.

Risk LevslforE.coli( WH O, 1997) .

Repl aced

fither mot ol |
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and adults in the household. The household survey was administered at baseline and one
year after the filters were distributed. An additional survey on the HWFS included
guestions about usage, reasons for-usage, household maintece and operation of

the filter, and perceptions of water quality from the tap and ceramic filtered water. The

HWEFS survey was administered one and two years after the filters were distributed.

Height and Weight of Children UndeFive: At the end of ach interview, the
interviewer asked the mother if she could measure all children under five in the
household. There were no refusals by the mothers; however, some children could not be
weighed because they would not get on the scale or be meds&ECA 364 digital
Pediatric Scale, a baby and floor scale in one, with accuracy to the hundredth kilogram,
wasused to weigh each child under five. The SecaR&dd Rod Portable Stadiometer
wasused to measure the height of each child under five who could. Stae Seca 210

Baby Length Measuring Mat was used to measure infants and children who could not
stand on their own. Photographs were taken of all child birth certificates that were
available in the household so that theh dateof each child could bealidated. Children

were measured according to an anthropometric measurguieliet (Cogill, 2001), and
based on trainings for GK from a physician at Tufts Medical School, a researcher at the
Tufts School of Food and Nutrition, and in Honduras by Univerdifgochester medical
doctors. These measurements were taken at year one and year two, and only the same

children measured at baseline, were then measured at year one.

“0We learned that children are typically weighed at health centers on the same visit that they receive
vaccinations. Children, therefore, associate being weighed with receivingetioim, and so would
sometimes refuse to get on the scale by crying. We were unable to weigh these children.
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A sample size of 152 children under five was determined to be adequate according to
Lent hds calcul ation of di fferences i n mean

power of .9 and a U of. 05 to see a true di

Key Informant Interviews After the two year study, opeanded key informant
interviews wee facilitated with the operators of drinking water systems or an elected
VWC member in each community to determine the obstacles of managing and operating
their communityrun drinking water system. Questions were asked about water treatment
and, househokl6 wat er fee payments, wat er suppl
associated with the maintenance and operation of drinking water treatment in their piped

networks.

Data Entry. Household surveys and the height and weight of children under five were
recorded on hard copy forms and entered into digital forms using Excel (Microsoft Corp.,
Redmond, WA). Digital tables were then exported into SPSS version 19 (SPSS). In the
analysis 6the height and weight of children under five, thecores on height for age
(HAZ), weight for age (WAZ), and weight for height (WHZ) were calculated at baseline
and one year after filters were distributed to househgdthg the WHO Anthro software.

It was assumed that all children younger than one year were measured lying down and all
children older than one year were measured standing up. The baseline g®eropest
intervention data were then merged in SPSS 1$&Pand the relative difference in z

score between baseline and year one were recorded.

Pagel20



Ethics: Informed consent was obtained from the female head of household at the
beginning of the project. The participants were not subjected to risks of any kind as a
result of the projectThis study was approved by the Institutional Review Board of the

Fletcher School of Law and Diplomacy at Tufts University on June 13, 2007.

All control groups received their filters in November and December, 2009. All results
were shared with community leaders after the study was completed, and lessons learned
were reported to the Honduran based NGOs, ADEC and Shoulder to Shoulder, working
in the communities so that they can folloyp and apply the lessons learned from the

study n their work with the communities.

4.3 RESULTS

Baseline Data

Household Respondent Characteristidgotal of 272 households and 1489 persons from

8 communities located in rural and parban areas near Marcala, La Pamd
Concepcidn, Intibucawere recruited into the study (ceramic water filters: 135
intervention households with 754 persons and 137 control households with 735 persons).
The mean household size was 5.4 persons and 44% of households had a child under the
age of five. Thefemalh ead of househol ddéds mean educati (
did not show statistically significant differences between intd¢iwenand control
households immost demographic household categories (household amenities, livestock
and land ownership, distance from the nearest paved road, health center and market
town). Control communities had greater access to electricity and therefore also owned

more refrigerators and televisions. The demographics, household and respondent
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charactestics for the aggregate intervesri and control groups are shown in Appendix

4A.1

Drinking Water Quality, Reliability, Availability and CostBaseline data did not show
statistically significant differences between intervention and control households
drinking water quality, supply or availability. Of households interviewed, 86% have a tap
in their house or yard and 65.5% say that water the color of dirt comes to their tap.
According to interviews, this happens weekly, during heavy rains, in the saason.
Fifty-six percent (56%) of households have an intermittent water service, and 44% said
that they had insufficient water available to them in the dry season. In communities
where water was available at reduced supply in the dry season, watezlwesed every

2-3 days or every-8 days.On average, each household pays $0.54 per month (10.27
lempiras) for their water servic&ee Appendix 4.A.3or an overview of the results on

perceptions of water quality, availability and cost of the houselstidised.

Figure Il 7 Water Quality, Availability & Reliability

@ 100% 5305 89%
§ 80% - 669666% oo 61%
% 60% - 2 45% 43%
T 40% - —
© H Intervention
< 20% - —
0% - : : : . Control
Have a Dirty water Intermitant Insufficient
household tap comes out of service (tap) water in dry
tap (1/wk rainy season
season)
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Eighty-six percent of households had a tap in their household. Only 61% used that
household tap as their primary drinking water source in the rainy season and 66% of
households use that tap in the dry season. The number of those who access their drinking
water from an unprotected spring is significantly higher for the treatment group than the
control group in the rainy season. Primary drinking water sources in the rainy season
include a neighbordés municipal tap tet 14%),
(7%), river water (2%), and a hose from a public spring (2%@e Figure I1lI). No
significant difference was found between treatment and control groups primary drinking
water source in the dry season. Water sources accessed for drinking water fip the d
season include: a neighbor 6s my ®%)c ang a | t a
bottled water (7%).(See Appendix 4.1.2 for the primary drinking water sources of

households).

Figure 11l : Primary Drinking Water Source (PWDS) vs. Tap in Household

100%
90%
80% -
3 70% -
o
S 60% -
(2]
3  50% -
I .
5 40%- H Intervention
S 30%- Control
20% -
- =
0% — T T T T - T 1
Household TapTap (PWDS' Unprotected Neighbor's Bottled Water River Water
Present Spring (PWDSPiped System (PWDS) (PDWS)
(PWDS)

Pagel23



According to Vllage WaterCommitteemembers, no water is treated prior to distribution

in any of the study communities; however perceptions of drinking water quality reveal
that many of the households are unaware of this fact. Thirteen percent of theninbe

group and 35% of the control group falsely believe their water is treated before
distribution, and 9% in intervention and 7% in control do not know if it is treated or not.
Fifty-six percent of households do not believe their water is ¥dfeen sked what
improvements they would like to see in their water system, the responses included
(respondents answers were tallied into four categories): infrastructure (28%), water
quality (28%), quantity (24%), and treatment (44%).

Figure IV: Perceptions of Water Safety & Household Water Treatment

60%
50% -
40%

30% -

20% | _

10% - | H [ntervention
0% T T

1 Control

% of Households

Believe Water isBoil or Chlroinate  Say Boil or
Unsafe Drinking Water Chlorinate, but
E.coli Present
(3m)

Water Handling Practices Water handling practices did not differ significantly at
baseline between groups. Ningtyee percent of respondents store their drinking water

in a storage vessel, 85% cover the storage container, and 54% access their water from
storage with a cup or camic bowl, 36% pour it from the container. Approximately, 38%

of households report that they treat their drinking water with chlorine or by boiling it;
however 67% of drinking water samples from these households were at high to very high

water quality rik levels.(See figure 1V.
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Sanitation and Hygiene and HealthSanitation, hygiene and health information most

trusted did not differ significantly between control and intervention houselilgisty-

nine percent of households have access to improvedtgamifa pit latrine, a pour flush

latrine to a septic tank, or a toilet with a connection to a septic system). Soap was found

to be present near the bathroom in 47% of households. Respondents wash their hands
before preparing food (36%), after defecatin§%), before eating (58%), after changing

a childbés diaper (3%), according to unprom
trusted source of health information, the responses were: health worker or health center
(38%), Radio (24%), TV (17%), local N& (6%), family (6%), other (9%)See

Appendix 4.A.5 for an overview of these results.

One & Two Years PostFilter Distribution

Filters Purchased One year after filters were purchased at the subsidized rate of $5,
households were +ésited. Of those interviewed, eightive percent (85%) of
households had purchased filters. The other 15% gave reasons for not purchasing filters,
which included cas(3%), insufficient funds on date of filter delivery (4%), not present

on day filters were delivered (3%), did not know about project (2%), and not enough

filters for everyone (2%)nd other (2%).

Filter Usage After one year, 61% of filters purchabevere still in use, and after two
years, 47% of filters purchased were still in use. Common reasons for disuse were
breakage of the filter, the spigot. Reasons for disuse at year one included the filter broke
(37%), the spigot broke (27%), the spigot dripo much (17%), the filter does not filter

enough water (2%), the bucket broke (2%), it was stolen (2%), and gave it away (2%). Of
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those still using the filter, 19% had either replaced their spigot or had found a way to fix
their broken spigot. After twgears, reasons households gave forusege included the
filter broke (33%), the spigot broke (35%), the bucket broke (13%), the spigot drips too
much (12%), the filter does not filter enough water (3%), and sold it or gave it away
(3%). See Figure V.

Fiqure V: Reasons for Filter Disuse

Stolen/Gave away jmas=
Does not Filter enough wate
mill
nnannann il
I I I I I

Spigot Drips too muct |
The Bucket Broke ja= |

|

|

Spigot Broke Year Two

Filter Broke

m Year One

0% 5% 10% 15% 20% 25% 30% 35% 40%

Percentage of Disuse
(n = 63 after 1 yr.;n=48 after 2 yrs.)

The lack of a market for the spare parts was the main reason given for not purchasing
replacement spigots, filters, or bucketf®easonsgiven for the non purchase of
replacemenparts for the HWFSfter year one includedid not know where tpurchase
replacement parts (47%), the cost (20UWYWFS was not useful (16%), plan to buy a
replacement part in future (10%), and waiting to be given a replacement piece (6%).
After year twq the reasons for ngurchasing spare paitscludedd i dndét know whe
buy the spare parts (65%), cost (23%), unhappy with filter because it filters water too
slowly (7%), and did not like the filter (7%J)hese reasons have interesting implications

for the interventionSeeFigure M.
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Figure VI: Reasonsdr Not Purchasing Spare Replacement Parts
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At year one, 75% of households reported that children in the households only drink from
the HWFS, 22% report children drink from the HWFS every day, but not always, and 2%
reported that children in the household rarely drink from the HWFS. At year twop78%
households reported that children in the household only drink water from the HWFS,
13% drink from the HWFS every day, but not always, and 6% rarely drank from the
filter. A time-line of thenumber ofhouseholds that purchasetWWFS and ceased using

theHWFSis in Appendix 4.A.14

Water Quality ImprovementsAt baseline, control and intervention households had
similar levels of microbiological contamination: 67% of control household samples and
74% of HWFS were contaminated wiEhcoli at high to very hig risk levels and 96%

and 97% of household respectively had water that was contaminatetbtaitholiform

After one year water quality improved in HWFS households relative to control
householdslintervention households were more likely to have-tsk water quality
(p<0.0%) and less likely to have contamination wigtcoli (p<0.05). However,39% of

intervention households were no longer using the filter. Of those households still using
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the filters, these treated households were significantly less likely than control households
to have water at high risk levels €00.05), andmedium risk level (g 0.005) and more

likely to have bw-risk water quality levels (@=000a*). The microbiological weer
quality in both control and intervention groups improved significantly from baseline
levels; however, those households using HWFSs had significantly better microbiological
water quality than control households after year one. Similarly, householdsisty the
HWES were significantly less likely to have water contaminated wittoli one year

after distribution (p<0.00a) than control households. This water quality was
maintained in households still using the HWFS at year 8ge. Appendix 4.A.101.A.11

and 4.A.12 for water quality results.

Figure V i Water Quality Results over Two Years (3m)
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Some of the HWF3iouseholds did have water at the intermediate, high and very high
risk levels after one year and after two years. (See Table I). This may be associated with
the improper cleaning of the HWFSs. Twesgven percent (27%) of households with
filtered water hd water at intermediate, high or very high risk level. Of those still using
the filter after one year, 60% say they wash the bottom of the filter witHilterned

water. Of those using their filters after eyear that have microbiological contamination

in their filtered water, 70% clean the bottom of their filter with unfiltered water. This is
one possible explanation for the contamination of the filtered water. Further research is
needed to understand how water from HWFSs becomes contaminated irsetfietyl

Table | T Water Quality Results After 1 and 2 Years

Intermediate Very High
Low Risk Risk High Risk Risk
1-10 * 11-100 * 101-1000 * >1000 *
Control
lyear later 31% (39/125)| 38% (48/125) 23% (29/125) | 7%(9/125)
HWFS
(treated)
lyear later 73% (45/62) | 17% (11/62) 8% (5/62) 2% (1/62)
HWFS
1 year later | 48% (58/121)| 25% (30/121) 21% (26/121)| 6% (7/121)
HWFS
(treated)
2years later | 85% (33/39) | 8% (3/39) 3% (1/39) 5% (2/39)
HWFS
2 years later | 61% (58/95) | 20% (19/95) 17% (16/95) | 2% (2/95)
*(E.coli/100ml)

Gastrointestinal Diseasé/Nhile the filter was very effective in improving water quality,
my results do not provide evidence that it was protective against diarrhea. At baseline,
total cases of reported diarrhea disease prevalence in intervention and control groups

were not significantly different; and, after the filters had been in use for ane the
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intervention groupd0s prevalence of reporte

from baseline nor was it significantly less titae control group (See Appendix 4.A.13)

At baseline, 3% of the 754 intervention persons and 2% of 735idodig in control
households were reported to have diarrhea in the two weeks preceding the interview.
After one year, 4% of intervention persons and 3% of control persons reported to have
diarrhea in the two weeks preceding the interview. In the treateg gafter one year,

5% were reported to have cases of diarrhea. In the discussion we suggest some possible
reasons for t& surprising low prevalence of diarrheal disease, especially when looked at

next to the water qualitsesuls.

Height and Weight ofChildren UnderFive: A total of 52 control, 57 intervention and

28 treated children under five were measured for height for age (HAZ), weight for age
(WAZ), and weight for height (WHZ), andscores were calculated. The power of the
small sample size wasuwoh lower than intended primarily because of breakage of the
filters in the intervention households. The sample size affects the ability to show
significance. With a sample size of 28 children, in a test of proportions, the power is .08,
and this gives varlittle confidence. When we calculate the meascdres, theravasno
significant change for either control or intervention children under five or for children
under five in households with functioning HWFSs from baseline to year one. At
baseline, childen under five were mildly underweight (WAZ) and moderately stunted
(HAZ), but had normal weight for height (WHZ)szores. At baseline, 86% of children
under five had a negative Z score for height for age (87% intervention and 85% control),
75% had a negae z score for underweight (78% intervention and 73% control), and

45% had a negative-Zcore for weight for height (40% intervention and 50% control).
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The mean &cores did decrease slightly in all groups at one year later, in 2009. See
Appendix 4.A.14 ér the Zscores for baseline in 2008 and in 2009. In the discussion

there area few explanations for thresuls.

Drinking Water Treatment in HondurasSome may suggest thedmmunityrun piped

water systems could be improvedtleyprovideareliablesafe supply of drinking water
instead of distributing household filters to households. While this may be true with
adequate government funding and commitment, in key informant interviews with
operators of drinking water systems and elected VWC membersnduras after the
household interviews were completed, some of the many obstacles were identified: high
turbidity in the rainy season makes chlorine treatment less effective; chlorine is not
always available in rural markets; the VWCs cannot afford teh@ase chlorine when
household water fees are not paid; some drinking water distribution tanks are far from the
village and difficult to access by an operator; water service is intermittent making
chlorine disinfection difficult; operators work on a volant basis; there is an aversion

to the taste of chlorine and perceived negative health effects from its consumption. Also,
the elected Village Water Committees have short electoral cycles and often have little
prior knowledge about drinking water treatmemiater system maintenance, or the

budgeting and accounting necessary for water fees to be properly managed and allocated.

Technical AssistanceOne of the intervention communities (community 3) had an
increase in usage between year one and year two. All intervention communities, except
community 3, experienced a reduction in filter use because of breakage. After some

guestioning, it was revealedathan NGO in the town closest to community three brought
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replacement spigots to the community for purchase between year one and year two.
These spigots replaced broken spigots on the HWFSs. Titteety percent of
households interviewed in year two in Coomity 3 had purchased another spigot to
replace a broken or leaking spigot, and it is reflected in the increase in usage of the filters

in community three compared to the other communities.

Figure VI i Use by Community of HWFES over Time
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4.4, DISCUSSION

At baseline, the water service in control and intervention households were very similar.
Eighty-six percent of households have a household tap; yet, only 61% use their household
tap in the rainy season. It is likely thhis is due to the water quality in their piped water
systems. None of the piped water is treated prior to distributiory #dof households

had high to very high levels of microbiologically contaminated drinking water; 66%
report that water the colof dirt comes out of the tap, regularly, in the rainy season; 56%
have an intermittent water service, and 56% believe their water is unsafe. Even though
39% of households say they treat their water with chlorine or by boilingthiwas of

those householdsad drinking water that had high to vey high levels of microbiological
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contamination. This suggests that over one third of female heads of household know that
treatment is important, but do not actually treat their water or contaminate their drinking
wate in storage. The HWFS requires little extra effort by the female head of household,
is coupled with safe storage, and significantly improved microbiological water quality
after one year, and maintained that quality over two years in rural andrpan
Honduras. Furthermore, it is a low cost drinking water intervention ($10 per household
per year). Although, 39 and 52 percent of households stopped using their filters after year
one and year two, respectively, this research suggests that these ratd® ¢coydcoved.

The main reasons for ceasing to use the HWFS were breakage of the spigot or filter, and
the main obstacle in locating replacement pieces was the lack of a market for spare parts.
It is suggested that when spare parts are made available, dloigsale willing to buy

them and this enables them to continue to use the HWFS. This viable value chain could
be promoted and would be likely to enhance the sustainability and the scalability of the

technology over time.

The results of this study giveswan opportunity to compary results to other published

data on the use of the HWFS over time to evaluate the consistency of information. A
recent field study in Cambodia asked 506 households four years after they had received
HWFSs to retrospectively esrtain when they stopped using their filters and the reason
for nonusage Theyfound that filter use decreased by 2% per month, to 80% use after
one year, 50% use after 2 years, and 10% use after 3 and a half years @ouwsm,and
Sobsey, 2009). Whik the research in Cambodia looked at households with unimproved
water sourcesind retrospectivelythe rate of disuse in Honduras, where the HWFS was

coupled with oOi mpr ov eSdedFigweaMiler sour ces, |
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Figure VI1: Disuse of HWESover Time 1 Results of Two Studies
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The diarrheal disease result, especially when considered alongside the water quality data,
emphasizes the subijectivity in diarrheal disease reporting, and should be read with
caution. Based on conversations with Honduresearchers, there is a social stigma
surrounding diarrheal disease in Honduras, and people associate diarrhea to personal or
household "dirtiness." Anecdotal evidence suggests that visits to health clinics for
persons with diarrhea result in scolding bé& tmother for poor hygiene and unsanitary
household conditions. Honduran researchers acknowledged on a number of occasions
that female heads of household did not like to discuss diarrhea illness in their household
and may in fact be falsifying their resgan Some children would even correct their

mothers during the interview, and say they did in fact have diarrhea.

According to other research, sedfported gastrointestinal iliness is subject to observer
and responder bias (Schmatd Cairncross20®). Also, diarrheal recall for episodes of
diarrhea is unreliable beyond 48 hours, especially for members other than oneself

(Boerma, 1991). In this study, recall for diarrhea was two weeks and reported by the
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female head of household, not each individualilgviinis study did not provide evidence

of a decrease in diarrhea in household still using the filter aftey@aue in other cultural
contexts there may be less of a social stigma surrounding diarrheal disease. Also, diarrhea
in one place may just be Ise stool in another place where wéterne disease is more
prevalent. Pictorial diaries that use stickers with different stool consistencies pictured on
each sticker may be a solution to some of the many challenges of collecting diarrheal

disease informadn, especially in places with high rates of illiteracy.

Water quality is a much more objective measure than reported diarrheal disease, is less
invasive than stool samples, and is more easily compared across settings. It would be
especially useful if garticular method was identifieahd used across many different
studies to improve comparability of water quality datae water quality method utilized

here is easy to use, legost, and combines a sensitive and highly sensitive test to

ascertain wateruglity risk level.

Height and weight of children under five is also an objective measure; however, the small
sample of 28 undeive children that were still treated with the HWFS after one year
gave such low power that | can do no more than suggestutuae studies use this
measure, plan for breakage, and increase the sample size significantly at baseline so that
there is sufficient power to draw conclusions. We calculated a sample size of 76 children
under five for treatment, but were only able teat and measure 28 children under five

after one year, mainly because many filters went into disuse and so the children in these

households did not receive the benefits of the filtered water.
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There was a slight trend toward an increase in stunting aderweight in both control

and intervention groups, and while no conclusions can be drawn from the small sample
size. One explanation for this is the military coup that occurred in Honduras in June,

2009 (Finnegan, 2009). This coup started half way throluglreatment time period. The

coup caused many of the children to miss almost a year of schooling, and schools are a
place where many are fed one nutritious meal. Many countries also halted aid to
Honduras during this time, which might have affected nié&rition of the children.
Furthermore, height and weight is affected not only by environmental factors (water,
sanitation, and hygiene), but also by food
status (Smith and Haddad, 2000). Another added fastihiei heighted violence over the

past few years in Honduras. H®ndwfr a€entpraa
Ameri ca, has been called the most violent
highest murder rates (Economist, 2011). Homicideestatdriven mainly by drug
trafficking, have risen drastically in the past three years in Hondamdgosts Honduras

approximately 9.6% of GDRNorld Bank, 2011).

Water samples were taken at similar points in the year at baseline and one year later, after
filter distribution; yet, the drinking water quality improved significantly in both control

and intervention households after eyear. As suggested ifPaper I, household
interviews with households about water quality, diarrheal disease, and perceptions of
water quality in each village in this study may have provided the incentive for the
households and community as a whole to improve their piped drinking syatems If

this is the case, it would suggest that simple visits to a community to ask questions about

“lincludes Honduras, Guatemala and El Salvador
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a specific community health issue may bring some awareness to the community as a
whole and may motivate community members to make important improvemehtsrin

water system. Nonetheless, a significant improvement in microbiological water quality
was detected in households still using the HWFS when compared to control households

after one year.

Further research is needed to explore the effects of tedhamssistance, a market for
spare parts, and promoters of the technology on the use of the HWFS over time.
Promoters of the HWFS who educate households about water quality and the effects of
the use of the HWFS may improve usage rates. Improved awargreesscsto water

qguality and its impacts on diarrheal disease and the subsequent impacts on household
health and economics may also improve usage over Amareness could target health
information sources most trusted in the particular region. For erarmplHonduras,
respondents said they trust health information from their health centers and local doctors
most and health information on the radio sec@wkr 85% of households own a radio in

the rural areas studied and most households are less thanutésrirom a health center

or health post. Further research is needed on the impact of technical assistance on
communities with HWFSs, post distribution, to determine if increased awareness about
the importance of the water filtration technology and basmtenance, can improve the
usage, subsequent demand for replacement parts, and water dwsatited in Paper II,

in Kenya, for example, take up of the household chlorination treatment method improved
by 50% by hiring a local promoter of the chlorioat method (Ahuja, Kremer and

Zwane, 2010). Another study field experiment in Kenya demonstrated that water quality
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information increased use of POU technologies b¥3%, while social marketing

methods increased use by 9%from a baseline of 71% uoto, J., 2010).

Technical assistance on the exclusive usage of the HWFS for drinking has the potential to
increase the sole and regular use of HWFSs for drinking water among all household
users, especially children. It could also improve the maintenan¢dbeoHWFS and
decrease the contamination that seems to occur during the washing of the filter. An even
more sustainable and scalable intervention to be researched might look at how the private
sector could be involved in this process. Awareness and maokete technology and

its spare parts could be promoted by entrepreneurs.

4.5. CONCLUSION

In-home HWFSs were found in this study to be effective in the reduction of
microbiologicalwater contamination in households where piped networks deliver water
that is characterized as intermittent, unsadeyid, and unsafely stored in containers in
the household. After one year, intervention households were significantly less likely than
control hauseholds to have microbiologically contaminated water (52% in intervention
and 69% in control) and significantly more likely to have-esk water quality(p<.05").

Those households still using the HWFS were also significantly less likely to have
microbidogical contaminated water, and less likely to have interme@et®05) and

high risk water quality(p>.05), and more likely to have low risk water qualifian
control households after one yg@<.000@*). The improvements in water quality in

HWFS howseholds were sustained over two years without any additional local promotion
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of the technology training or market for spare filters. The use of the filters, however,
dropped to 39% after one year and 53% after two y@aid the main reasons given for

this reduction in usage include: breakage of the filter or spigot. This research suggests
there is a demand for replacement parts if tweye available in a local market. This
viable value chain could be promoted and would be likely to enhance the subtginabi

and the scalability of the technology over time.
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4.A. APPENDICES
4 .A.a Matched Communities

TABLE | - Matched Communities

Intervention Intervention Intervention Intervention
1 Control 1 2 Control 2 | 3 Control3 | 4 Control 4
Community
Name Abbrev. Guaq(l) Jic© AE (1) VC© Charco (1) Pesc© Chorro Colon ©
sample size 45 63 41 34 25 20 24 20
population 81 105 62 68 38 40 41 50
Proportion of
population
sampled 56% 60% 66% 50% 66% 50% 59% 40%
1 spring and 1
unprotected unprotected Protected Spring | river piped Unprotected unprotected river source,
spring piped to spring piped to and piped to to spring piped to | River piped to| spring piped to | piped to
Water source households households households households | households households households households
daily in rainy
season, every-8 | 2-4 hours in dry 2-3 days in dry
days in dry season, daily in season, 24 hours
water per day season rainy season 24 hrs/day 24 hrs/day 12-20hrs/day 24 hrs/day 24 hrs/day in rainy season
Risk level, water Very High
quality High Risk Very High Risk High Risk High Risk Very High Risk | Risk Very High Risk | Very High Risk
1 hour walk;
1/2 hourwalk
distance from 1 hour walk, 1/2 | 1 hour walk, 1/2 10-20 min 40 min drive; 2 | and 45 minute
urban market hour bus hour bus 10 min walk walk hour walk bus ride 1 hr walking, 1 hour walking
Age of System | 13 years 25 years 20 years 12 years | 10 years 7 years 20 years 7 years
Water
Treatment No No No No No No No No
Latrines Yes Yes Yes Yes Yes Yes Yes Yes
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4.A.1 Table |- Demographics

TABLE | - Demographics
Significant
Demographics HWFS Control P *
# of Households 135 137
Total Persons 754 735
Children <5 94 86
Household Characteristics
Mean # of rooms 3.5 3.8 0.148 NS
Mean # of occupants 5.45 5.32 0.721 NS
Meanyears of schooling
(female head of household) 3.7 4.5 0. 060 NS
Total Number of Households 135 137
Electricity present 47% 76% 0.000 *
Type of Floor 0. 057 NS
Earthen Floor 33% 25% " NS
Fuel Source 0.992 A NS
wood 76% 73% " NS
electricity 4% 6% " NS
gas 3% 4% " NS
wood + gas or electric 14% 15% " NS
No chimney with wood stove  60% 60% 0.825 NS
Refrigerator 23% 49% 0.000 *
Television 46% 67% 0.001 *
Radio 88% 84% 0.376 NS
Chairs 91% 93% 0. 234 NS
Bed 90% 95% 0.049 NS
Bicycle 30% 39% 0.098 NS
Motorcycle 5% 7% 0. 452 NS
Car 7% 11% 0.216 NS
Cell phone 75% 77% 0.460 NS
Cows or horses 11% 12% 0. 584 NS
Pigs 11% 19% 0. 387 NS
Chickens 71% 63% 0. 387 NS
Land Ownership 1.00 A NS
0 manzanas 10% 11% " NS
1 manzana<1.68 acres) 64% 64% " NS
2-5 manzanas 18% 18% " NS
> 5 manzanas 4% 4% " NS
Distance from
Market 0.995 A NS
Health Center 0.991 A NS
Closest Paved Road 0.995 A NS
G Ghuared y St udestnt AAnova "same as above
All percent values are out of # of households

4.A.2 Primary Drinking Water Source
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Table Il
HWFS Control P Significant *
# of Households 135 137
Tap present in house or yard 83% 89% 0.1486 NS
Primary Drinking Water Source
Rainy Season NS
Household tap or yard tap 60% 63% 0. 73 NS
Unprotected spring 17% 7% 0.00 *
Neighboring water system 15% 13% 0.57 NS
Bottled water 4% 8% 0.06 NS
River 1% 3% 0.348A NS
Rain water 0% 1% 0.503A NS
Dry Season NS
Household tap or yard tap 65% 67% 0. 73 NS
Unprotected spring 6% 7% 0.97 NS
Bottled water 7% 7% 0.97 NS
Neighboring water system 12% 12% 0. 88 NS
River 4% 4% 0.73 NS
Other 2% 2% 1.00 NS
G Ghuared * Significant A Fi sher % yaues aretoeitot# of
households
4.A.3.WaterQuality, Availability & Reliability
TABLE IlI
HWFES Control P Significant *
# of Households 135 137
Water Quality
Water the color of dirt comes out
of tap in rainy season 66% 66% 0.99 NS
Water Availability
Insufficient water (dry season) 45% 43% 0. 34 NS
Water Reliability
Intermittent Service 53% 61% 0.18 NS
Perceptions of Piped/Nater
Not safe to drink 57% 55% 0. 68 NS
Believe water is treated) not
know if it is treatecbr not 22% 42% 0.00 *
G G&huared * Significant % values are out of # of households
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4.A.4. Water Handling Practices

HWF Contro Significant
Water Handling practices S I P
# of Households 135 137
Store water in storage vessel 96% 90% O0.09 NS
Cover storage vessel 93% 78% 0.00 *
Draw Water from storage by
pouring 42% 3% 0. 04 *
cup or ceramic bowl 53% 55% 0. 72 NS
Treat Water byresponss)
boiling 21% 22% 0. 81 NS
chlorination 18% 5% 0. 47 NS
adequate chlorine (response) 3% 3% 0.75 NS
Boil or chlorinatebut have high to very g795 4%
high risk water E. coil) @35/52) (34500 0. 78 NS
G G&huared NS Not significant  * Significant

4.A.5. Sanitation, Hygiene & Health

Table V
Significant
HWES Control P *
# of Households 135 137
Sanitation
Improved Sanitation 86% 91% 0. 30 NS
Hygiene
43% 50%
Soap present near bathroom (30/69) (a9r99) 0. 44 NS
Wash hands (not prompted)
before cooking 29% 43% 0. 02 *
after using the bathroom 47% 43% 0. 47 NS
before eating 57% 58% 0. 08 NS
after changing 4% 3% 0.71 NS
Trust Health Information Most
from NS
health worker or health center 41% 34% 0. 17 NS
radio 23% 26% 0. 61 NS
TV 13% 2000 0. 11 NS
local NGO 6% 5% 0.76 NS
family member 7% 6% 0. 76 NS
other 10% 8% 0. 64 NS
G Chi- Squared * Significant NS Not significant
% is out of # of households unless otherwise mentioned
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4.A.6. Cost of Water Service & Improvements Wanted in Water System

Table VI
HWES Control P Significant *
# of Households 135 137
Payment for Piped Water Service
Mean fee for water service/month $0.32 $0.71 0. 00 *
Improvements would like to see in
water system
Infrastructure 30% 27% 0. 51 NS
Quality (Turbidity) 25% 3% 0. 35 NS
Quantity 24% 23% 0. 83 NS
Purification (Treatment) 44% 45% 0. 79 NS
* Significanttest -squared Yy st % id@und # éf househc

4.A.7. Purchased HWFS &Reason for NotPurchasing

PurchasedHWFES

Percent

Purchased Filters

85% (104/122)

Did Not Purchase Filters 15% (18/122)
Reason for Not Purchasing
Cost 3% (3/122)
Insufficient money on day distributg 4% (s/122)
Not available orday ofdelivery 3% (4/122)
Did not want a filter 1% (1/122)
Bought one from another Ngo 1% (1/122)
Did not know about project 2% (2/122)
Not enough filters for everyone 2% (2/122)
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4 .A.8. Use after 1 and 2 Years

HWFS Usage

After 1 Year

After 2 Years

61%
(63/104)

47%
(45/93)

4.A.9. Reason for Disuse of HWFS Yr 1 and Yr 2

Reason for Disuse

HWFS After Year 1

HWEFS After Year 2

Filter broke 37%@si41) | Filter broke 33% (20/60)
Spigot broke 27% (11/41) Spigot broke 35% (21/60
Spigot drips too much watq 17% (7/41) Spigot drips too much 12% (7/60)
Does not filter enough wate 7% (3/41) Bucketbroke 13%% (s/60)
Not in house to use it 5% (2/41) Does not filter enough watq 3% (2/60
Bucket broke 2% (1/41) Sold it /Gave it away 3% (2/60)

It was stolen 2% (1/41)

Gave it away 2% (1/41)
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4.A.10. Water Quality (E.coli and Total Coliform)

Table

HWFS Control P Significant *
# of Households 135 137
Water Quality Baseline

68% 74%

Presencé&.coli (3m) (91/132)  (99/133) 0.4036 NS
96% 97%
Presence TC (3m) (127/132)  (130/133) 0.466G6 NS
870
_ 626 Cl:529
E.coli (3m) C1:302-950 1210
5320 5139
Cl4272  CI:3855
TC (3m) 6369 6425

Water Quality After 1 Year

Treated
_ 10% 30%
Presence oE.coli (3m) (6/62) (38/126) 0.001 *
39% 83%
Presence of TC (3m) (4/62) (104126 0. 000OC *
_ _ 27% 68%
Presence dk.coli (Colilert) (17/62) @125y 0. 0000 *
_ 61% 90%
Presence of TC (Colilert) @3862) (113125 0. 00O ( *

Intended to Treat

25% 30%

Presence dE.coli (3m) (30/121)  (38/126) 0. 492 NS
64% 83%
Presence of TC (3m) (77/121)  (104/126) 0.001 *
_ , 52% 69%
Presence oE.coli (Colilert) (63/121)  (86/125) 0.0096 *
_ 80% 90%
Presence of TC (Colilert) (97/121)  (113/125) 0.016 *

G Chi-Squared * Significant
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4.A11 Water Quality Risk Level

HWFS Control P Significant *
# of Households 135 137
Risk Level of Water Quality
Baseline
_ ) _ 50% 60% _
High Risk Water Quality (66/132)  (80/133) 0. 097 NS
) _ _ 17% 14%
Very High Risk Water Quality (23/132)  (19/133) 0. 48¢ NS
After 1 yr
Treated
. _ 73% 31%
Low Risk Water Quality @s/62) (391255 0. 00O *
, . _ 17% 38%
Medium Risk Water Quality (11/62)  (48/125) 0.004 *
_ . _ 8% 23%
High Risk Water Quality (5/62) (29/125) 0.01 *
) , _ 2% 7%
Very High Risk Water Quality (1/62) (9/125) 0.110 NS
Intended to Treat
48% 31%
Low Risk Water Quality (58/121)  (39/125) 0. 007 *
25% 38%
Medium Risk Water Quality (30/121)  (48/125) 0. 02: *
21% 23%
High Risk Water Quality @6121) o125y 0. 747 NS
6% 7%
Very High Risk Water Quality (7/121) (9/125) 0. 65¢ NS
G Chi-Squared * Significant
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4.A.12. Water Quality after 2 Years HWFS

Water Quality After 2 Years
(Collected in December, 2010)

Treated (only those using HWFS)

Presence oE.coli (3m) 8% (3/39)
Presence of TC (3m) 23% (9/39)
Presence oE.coli (Colilert) 15% (6/39)
Presence of TC (Colilert) 46% (18/39)
Low Risk Water Quality 859%(33/39)
Intermediate Risk Water Quality 8% (3/39)
High Risk Water Quality 3% (1/39)

Very High Risk Water Quality = 5% (2/39)

Intended to Treat (all HWFS households)

Presence dk.coli (3m) 22% (20/93)
Presence of TC (3m) 57% (53/93)
Presence oE.coli (Colilert) 38%(35/93)
Presence of TC (Colilert) 75% (70/93)
Low Risk Water Quality 62% (58/93
Intermediate Risk Water Quality 20% (19/93
High Risk Water Quality 17%16/93

Very High Risk Water Quality 2% (2/93
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4.A.13. Gastrointestinal Disease

HWFS Control P Significant *
Baseline
# of persons 754 736
Vomiting 0.60% 0.80% 0.731c NS
Nausea 1% 0.50% 0.117c NS
Diarrhea and Cramps 3% 1% 0.02 *
Diarrhea 0.30% 080% 0. 29 NS
Runny Diarrhea 0% 010% 0. 31 NS
All Diarrhea 3% 2% 0. 28 NS
1 yr later
Treated
# of persons 345 666
Vomiting 0.20% 030% 0. 97 *
Nausea 1% 0.10% 0. 03 NS
Diarrhea and Cramps 2% 1% 0.614 NS
Diarrhea 5% 1% 0.53 NS
Runny Diarrhea 0% 0% 1.00 NS
All Diarrhea 5% 3% 0.10 NS
ogofrom baseline +2% +1% NS
Intended to Treat
# of persons 697 666
Vomiting 0.40% 030% 0. 69 NS
Nausea 1% 0.10% 0. 03 *
Diarrhea and Cramps 1% 1% 0. 45 NS
Diarrhea 3% 1% 0.06 NS
Runny Diarrhea 0.20% 0% 0.16 NS
All Diarrhea 4% 3% 0.32 NS
gfrom baseline +1% +1%
{ GCdguared * significant all % based on # of persol
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4.A.14.Height and Weight of Children Under-Five

Table I
Height & Weight of Children Under Five
HWES Control P
Children Under Five 55 52
Treated at Year 1 28
Height for Age (HAZ)
HAZ 1 (2008) -1.737 -1.318 0.14
HAZ 2 (2009)
Intended to Treat -1.983 -1.526 0.13
HAZ 2 (2009) Treated -2.34 -1.526 0. 03
PHAZ2 I ntende -0.307 -0.208 0.60
PHAZ Treated -0.468 -0.208 0. 31
% - Z-score (2008) 87% 85% 0.30
% - Z-score (2009) 93% 85% 0.18
Weight for Age (WAZ)
WAZ 1 (2008) -0.9187 -0.646 0.17
WAZ 2 (2009)
Intended to Treat -1.133 -0.661 0. 03
WAZ 2 (2009) Treated -1.07 -0.661 0.11
PWAZ I ntendec -093 -0.015 0. 26
WA ZTreated -0.1878 -0.015 0. 48
% - Z-score (2008) 78% 73% 0. 54
% - Z-score (2009) 87% 77% 0. 18
Weight for Height WHZ)
WHZ 1 (2008) 0.178 0.162 0. 93
WHZ 2 (2009)
Intended to Treat 0.0869 02944 0. 47
WHZ 2 (2009) Treated 0.471 02944 0. 63
PWHZ | ntendec -0.091 0.1319 0. 34
pWHZ Treated 0.81
% - Z-score (2008) 40% 50% 0.30
% - Z-score (2009) 54% 44% 0.28

y student -dquate@d st
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4.A.15 HWFS 2 Year Study Design & Timeline

Sampled 32 communitiesin piped water networks, 20
had high to very high levels of microbiological water
contamination.

Selected 4 communities from the 20, matched them with 4 other communities alq
risk level, water supply, water source, distance from major market town. Randoni
selected one community for intervention and one community for control from eag
match. Randonyl sampled each community (50% of households).

INTERVENTION

Baseline

N = 135 Intervention

Year 1

Purchased = 104

N=122

<
al

Year 1
Using Filter =63

N=104 (Purchased)

Year 2

Using Filter =45

N=93(Purchased)

Year 1

Not Purchased =1§

N=122

Year 1
Not Using Filter =41

N=104

Year 2

Not Using Filter =48
N=93

CONTROL

Baseline

N = 137 Control

Year 1

N=126 Control
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5.1. CONCLUSION

In 2015, the world will have met the Millennium Development Goal for water, to reduce

by half the proportion of people without a
laudable first step in the ultimate goal of guaranteeing universal accessetanshf
sustainable drinking water. Even when this goal is met, however, hundreds of thousands,
guite possibly millions, of peopl e wild@l h
deliver insufficient quantities of water to households, deliver water that is
microbiologically contaminated or provide only unreliable water supply. The research in
Papers |, I and |11 provided evidence of
standard, and evaluated specific measures that substantially improve water quality
outcomes, even among households with access to piped water. The water treatment
technologies identified and their impacts measured in the field significantly improve
water quality and are low cost. This research furthermore establishes that even the
constrietion or distribution of simple and appropriate technologies should be
accompanied with some form of ongoing technical support if they are to produce
sustained impacts over the longer term. Iha$ the technology alone that leads to the
provision of a rkable, safe, sufficient, and sustainable drinking water service. It is the
combination of an effective and appropriate technology, education about the importance

of the technology and its health and economic benefits, ongoing technical support, and a
market, proximately located, for spare parts. (These conclusions were shared with two of

the NGOs that | worked with and are in Appendix 5.A.1. The NGO project created out of

these recommendations is in Appendix 5.A.2.).
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5.1.1. Overview of Research Questsof Results

This dissertation research proposed three research questions:

1. What is the effecof the Circuit Rider model of posonstruction support ogystem
performance (water quality) and system sustainability(technical capacity and
management, financial and operational management, and environmental protection) in
communityrun piped drinking water systems in El Salvador?

2. In rural and perurban areas of Hondurashich of two types of drinking water
treatment technologies, in the presence of contaminated piped drinking water, is most
effective when measured for their impact on household water quality, health, and
sustainability: household or community level treattpeor communityscale water
treatment?

3. What is the health impact and sustainability of household filtration and safe storage
over a tweyear time frame in Honduras?

Paper I To study question 1, key informant interviews with operators of drinkiaigr
systems and Village Water Committee Members in sixty villages (28 intervention and 30
control communities) in El Salvador were used to measustainability microbiological

water quality tests and disinfection residual tests were used in houselosielst to and
furthest from the water source in each village to measystem performancerhe
Circuit Rider model of PCS, in El Salvador, is associated with improved community
drinking water quality outcomes and improved financial management, tecbajeaity,

and environmental protection outcomes. Circuit Rider (CR) communities have
significantly less microbiological water contamination than control communities and they
invest significantly more of their operating budget on treatment and on repais t
control communities. The CR model leads to less water contamination; less drinking

water contamination is related to less pathogen transmission; it is thus likely to lead to

healthier communities; and, it is a surprisingly low cost intervention.
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Pape 1l . A quastrandomized experimental design was utilized to study question 2 in
rural and perurban Honduras, and included 334 household interviews with femealgs

of household and microbiological water quality tests in each household at baseline and
one year after the distribution of the two technologies: the commlavg) treatment
systems (CTS), and the househlddel water filter and safe storage unit (HWFS). After
one year with the technologies, HWFS and CTS households had significantly improved
microbiological water quality, 61% of HWFSs and 46% of CTSs were still in use, and the
technologies are relatively lewost ($3.63 per person per year for the HWFS and $1.37
per person per year for the CTS). A decrease in reported diarrheal disead@eior ei
intervention group was not found; however, this may be because of a social*stigma
surrounding diarrheal disease in Honduras. HWFS and CTS households had similar
improvements in water quality; however, more households were using the HWFS than

the CTS after one year.

Paper IlI: Household water filters and safe storage units (HWFSsjlemeally proven

to improve water quality. No research has tested the sustainability 6fVieS in the

field overtwecy ear s when coupl ed wi atéasuldsidiredcodnv e d 6
Paper Ill, a clustered randomized trial was used to test #adthhimpacts and
sustainability of the HWF over two years in eight villages and 272 households (135
intervention and 137 control) in Honduras. Filters were subsidized by NGOs and
purchased for $5 by households. After ear, 61% were still in use, andtex two

years, 47% were still in use. Significant improvements on water quality in households

using the filters one and two years after the intervention were found. No significant

“2This is explained in the Discussion section in Paper |I.
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change in the height and weight of children uridex were found, but theower of the

sample size was too small to draw any conclusions. Many intervention children lived in
households where the HWFS went into disuse and so effectively were not treated. The
main reasons for ceasing to use the HWFS were breakage of the sgitiet,@and the

main obstacle in locating replacement pieces was the lack of a market for spare parts. The
research suggested that when spare parts are made available, households are willing to
buy them and this enables them to continue to use the HWHRSvigble value chain

could be promoted and would be likely to enhance the sustainability and the scalability of

the technology over time.

5.1.2. General Overview of Results

The field research on ¢hthree interventions coupled with discussions with engineers,
drinking water technicians, and femddeads of household, suggests that appropriate
technology is one of the necessary elements for a safe and sufficient supply of drinking
water over time andt scale; however, the introduction of appropriate technology alone
may fail to achieve sustained results. Papers 1, 2 and 3 suggest that availability of spare
parts and some form of pesbnstruction support may help communities maintain their
piped netwrks and water treatment over the longer term. Informal field discussions and
previous research suggest, furthermore, that awareness and education about the
importance of the technology and its health and economic benefits are also important. See

Figure Ifor a diagram of this conceptual framework.

Education about the importance of water quality builds awareness about the importance

of water treatment, and this awareness increases the usage of the treatment method. In
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Kenya, for exampleresearchdemonstated that when households were given water
quality information, use of household treatment technologies increased % ,8while
social marketing methods increased use-iy% (from a base of 72%) (Luoto, 2010).

Figure I: A Sufficient Supply of Safe Drinking Water at the Local-level:
The Hardware and the Software

Appropriate Technology

Awarenes /Education

L Apopiate Technoooy
e —
L VaketPor SparePars
L PosiConsiucionSuppot
_____________ASufiiient Supply of Safe Drinking Water at Scale |

Market For Spare Parts
PostConstruction Support

A Sufficient Supply of Safe

Drinking Water at Scale

The ongoing use of the treatment technology depends on the maintenance of the piped
network and the availability of spare parts. In many rural communities, if adequate
economic resources are not available to purchase the spare parts when parts break, this
will also be an obstacle in the long term sustainability of ghpeed water systenor

treatment technology.

Postconstruction support can train operators in water treatment, help comsumity
water systems maintain water quality by providing on aahhical assistance from a
trained technician, and offer trainings in operation, maintenance, budgeting and
accounting, and the importance of water source protection so a sufficient supply of safe

drinking water is delivered to households.
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5.1.3. CosComparison of Interventions

The technologies and the pasinstruction support model are laest and could be
brought t o scal e i n many di fferent count
charaterized as microbiologically contaminated, intermittent, and unreliable and so have
compromised pipedvater systemsWhen compared to chlorine, a lamest and very
effective water treatment that is widely used (see Appendix 1.A.2), the costs of the
techndogies and technical assistance model studied here are comparable. The
interventions are also comparably effective in removing waterborne pathogens. The cost
of chlorine is approximately $0.66 per person per year. The initial cost of the HWFS is
approximagly $3.33 per person and $1.37 per person for the CTS in Honduras
(calculated by dividing the total cost per household by six persons). Cost of the Circuit
Rider program in El Salvador was $0.20 per person per year. The ongoing costs,
calculated every twgears, included the costs of replacement filters and spigots for the
HWFS and aluminum sulfate and chlorine for the CTS. The Circuit Rider ongoing costs
include the cost of paying a technician and the operational costs of th€dtsstuction
Support orgaization (ASSA in El Salvador). See Table | for a cost comparison of the

methods.

The estimates of each of the interventions are approximate. The setting, cost of labor, and
any changes added to improve the intervention may change the initial andgoogstis.

For example, if the CTS were accompanied with a safe storage container or a paid
operator, the price would increase, but the benefits might also increase. A safe storage

container might improve the water quality at the household, and a paidavpergiit be
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more likely to maintain the CTS and regularly treat the drinking water, thus, improving

the reliability of the CTS, and possibly the usage of the treatment $§stem

Table I: Cost-Benefit Comparison of Drinking Water Interventions

Intervention Initial Ongoing Itemized Ongoing Benefits Use after one
Fixed costevery| Costs (everytwo | compared to year
Cost two years years) control

(per (per households

person) person) after 1 year
HWFS $3.63 $1.18 Replacement filter Improved 61%

and spigot water quality *

CTS $1.37 $1.00 Aluminum sulfate Improved 47%

and chlorine for | water quality *
water treatment

Circuit Rider| $0.00 $.40 Pay for technician Improved 100%
Model and operational cost| water quality *| (no drop out
of the PCS noted)
organization
Chlorine $0.00 $1.32 Household level Improved 58%
(Household) treatment with water quality *|  (after 27
chlorine bleach months)

These calculations were made with an average of six individuals per household.

Technologies and chlorirmsts calculated from Honduras. PCS with CR model cost calculations from El Salvad
*Statistically significant (Studies have found a significantly improvement for all interventions. It is difficult to con
the magnitude of these differences, andithidiscussed below.)

The use rate comparisons reported in the table are imperfect, because they are taken from
studies in different contexts, but they suggest that the treatment methods and technical
assistance model examined in this these comparerably to chlorine treatment.
Research in Kenya on dilute chlorine treatment at the household level documented
adoption rates of 10% before providing chlorine disinfectant free to the household, at
which point use increased to 58¥heasuredt 2-7 montts (Kremer et al., 2011). The

usage rates of the HWFS and CTS in Honduras are comparable.

“3In Appendix Il, the cost of the coaguiion, sedimentation, disinfection method is greater than the cost
cited here. The CTSs operated in Honduras do not have a paid operator, and the communities are relatively
small. These two factors reduce the price significantly.
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In some contexts, methods involving chlorine disinfection may have disadvantages
relative to the other methods. For example, while chlorine disinfection is moréweffec

at reducing waterborne pathogens (protozoa, bacteria, viruses) than most other methods
(see Appendix 1.A.2). It is difficult to use chlorine alone when water is especially turbid,

a significant problem for many Honduran communities. High levels bidity, often

found in surface sources in the rainy season, can create obstacles in chlorination as
suspended patrticles reduce the microbiological efficacy of chlorine and other chemical
disinfectants (UNICEF and WHO, 2008). The acceptance of chlorinalsarnnfluence

its use. Anecdotal evidence in Honduras points to an aversion to its use because of the
perceived negative health effects, the taste, and a general belief that if water is clear, it is

safe.

The effectiveness of the CTS at reducing waterb@athogens (protozoa, bacteria and
viruses) is significantly better than point of use chlorine disinfection because it employs
flocculation and sedimentatioto rid the water of turbiditybefore disinfection with
chlorine (see Appendix 1.A.2 for a coman of the methods reduction of waterborne
pathogens). However, this method had lower usage rates than the HWFS, and this may
have to do with the cultural aversion to the taste of chlorine in Honduras. Coagulation
and disinfection also require greateillsland usually a trained operator, and this takes

training and time by a single individdal

“4 Boiling water is oftercited as the most inexpensive method and one of the most effective at removing
waterborne pathogens, but in rural area it may require significant costs for the user, either in the form of
time to cut and collect wood, possibly a scarce resource, or payefo(See Appendix 1.A.2 for a

comparison of household treatment interventions.) In addition, in places where women spend most of their
days preparing food and collecting wood for cooking, the benefits of the additional wood needed for

boiling water maynot outweigh the costs of its collection and the additional time spent boiling the water

and storing it.
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The HWFS significantly improves drinking water quality and has a high rate of sustained
use compared to the other water quality treatment technologies, but breakage of the filter

and spigot occur over time and reduce its long term sustainability in lthe fie

Further research is needed that compares treatment methods in the field and in different
settings for not only their health impacts, but also their long term use. Few studies have
looked at the determinants of lotgym, sustained consistent use oirp of use treatment

methods (Lantagne et al., 2009). The adoption and sustained use of the four interventions
over time, in a field setting, needs to be studied further, however, before any conclusions

can be drawn.

Table | understates the cost of tl&r'S and the HWFS relative to the Circuit Rider
model. The program and institutional costs are included in the ongoing costs of the
Circuit Rider model but not the CTS, HWFS and pafitse chlorine disinfection. In

the case of the treatment technologies &hlorine disinfection, only the costs of the
physical inputs are included. A more complete cost comparison of the approaches would
also have to consider the costs and difficulty of creating institutional structures through
which the interventions couloe brought to scale in a large numbers of communities and
sustained over time. Such structure is already built into the Circuit Rider model, but
would have to be developed, and would imply additional costs and difficulties, for the

CTS, HWFS and poirdf-use chlorine disinfection.
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5.1.4. Bringing the Interventions to Scale

One of the challenges for the H\8$-is their scalability (Clasen, Nadakatti and Menon,
2006). Further research is teed to determine how water programs and specific
technologies could be brought to scale. Increasing the distribution and use of a particular
technology could be addressed by NGOs, governments, the private sector, or some
combination of these developmedtors. Currently, the Circuit Rider model is funded by

an NGO in El Salvador and is working with 170 communities; however, other successful
Circuit Rider programs have been developed and brought to scale through government
funding in the United States atftrough the government health department in Honduras.
There is some encouraging work being done by Water for People that experiment with
low-interest loans for watdsusinesses that increase coveraigey are also monitoring
functioning water systems wittheir program, Functioning Level Operations Watch

(FLOW) to determine the sustainability of water infrastructure over time.

5.1.5. Recommendations for Servitevel Providers At the end of my field research, |
was asked by two of the NGOS in Honduras that | collaborated with to write up a small
report, summarizing my findings and offering my recommendations for practitioners
interested in HWFS projects. This report, which can daend in Appendix 5.A.1.,
recommends that HWFS projects be coupled with technical support, community

education, and access to a market for spare parts.

In response to this report, the NGOs formed a partnership with local Peace Corps
volunteers working itHonduras. The partnership provides technical assistance, education

and capacitypuilding in communities. They work with Village Water Committees as
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sources for spare parts, available at cost. The technical assistance on HWFSs and CTSs
include education omaintenance on the HWFs and CTSs, WASH education, and proper
safe water storage practices. The projects, goals and vision of the pilot projects written by
the NGOs and the Peace Corps volunteers can be foulpbendix 5.A.4. They have

just begun the pikoof this project in four communities.

5.1.6. National Governmertevel WASH Priorities

My research focused on household and commdeityl drinking water supply and
recognized that the availability of water resources places constraints on communities and
householdd limited water quantity reduces the water available for bathing, household
gadens, washing, cleaning, cooking and eventually drinking. In my field research, it was
clear that national and local governance were critical to the provision of adequate
drinking water services. National policies can guide Water, Sanitation and Hygiene
(WASH) strategies, improve access to water and sanitation services, place a high priority
on water quality monitoring, and assist in the operation and management of existing
drinking water systems, but such supportive policies fail to arise without strong
commitment by a government. Little research is available that compares certain political
environments or instructional arrangemettitat aremore or less conducive to funding
WASH initiatives and or laws and regulations that support a safe and adequphg Gup
drinking water to households. In El Salvador, Village Water Committee members
suggested that communilyvel access to piped drinking water facilities was linked to
municipal government party affiliation and voting patterns. According to interviews,
NGOs often construct rural drinking water systems in El Salvada municipal

governments guide NGO investment in water serviddse water systemsare, thus,
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constructed in communities that voted for the mayor (Alcalde)necessarilyn places
whereneed was greatest. Insufficient government commitment and corruption make the
goal of sustainable access to safe water that much more challenging, but further research
is needed to understand what might improve government commitment and hinder

corruption n the WASH sector.

5.1.7. Building on the Millennium Development Goal for WaterA Way Forward

This research presented here reveals that the MDG for dvaiehalve, by 2015, the
proportion of people without sustainable accessafedrinking wated cannot be met by
tracking just the o6i mprovedd infraentlyructur
not microbiologically safe, it may still transmit the pathogens which cause diarrheal
disease. While the world is on track to meet the MDG for water at a basic infrastructure
level, water supply safety and sustainability are not receiving adequanticet. The

criteria used to define adequate access to water for the purposes of monitoring progress
toward the MDG addresses distance and technology type; it is silent with respect to
microbiological water quality at point of consumption, and water sygplantity, and
reliability. As Clasen (2010) states, ius
classification, falls short i n measuring
drinking water.o6 As Bartram (2rigQ8tgr anst at e s
sanitation represent a limited ambition; smarter targets are necessary; a system that is
firmly grounded in health is needed, and t
This shortcoming has significant potential risks to human Me@lie reduction of
waterborne and watevashed disease) with subsequent impacts on poverty reduction and

economic developmenGastrointestinal and diarrheal diseases reduce absorption rates of
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food and micronutrients, decrease childhood growth rateis, ein@rgy levels, contribute

to lower attendance levels at school, decrease the number of hours one is physically able
and willing to work, and increase rates of morbidity and mortality, especially among
children Checkley et al. 2008Billig, et al. 1999) Could the focus and subsequent
resource allocation pe#iDGs, therefore,concentrate more heavily on indicators that

actually address safety and sustainability?

Currently the World Health Organization, UNICEF and national health and public works

ministries use a fiwater service | addero to
the household |l evel, that accounts @nly fo
to the household (representing bottom, mi d
service |l addero does not monitor water sup

For quite some time policies have been based around a water service tlzaide
incorporates only infrastructure and distance to the user with the assumption that water
quality and water supply would improve (UNICEF and WHO 2008). Instead of taking a
pass fail approach, however, the goal could be to improve service alongarsliteat
actually improve human health. Water quality, supply, reliability and accessibility could
be measured and steps taken to improve these indicators. For example, while some
households may have piped water to the household, physical water suggsgguces in

a certain community may limit a constant supply of piped water to a household tap.
Water delivered to the household by pipes but every 8 to 15 days is not reliable or
sufficient, and storage of water may compromise water quality. In addiaier source

protection or maintenance of the physical water supply through watershed protection is
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not often a priority in WASH discussions, but could enhance water supply and possible

water quality for the users over the longer term.

As populations g, and agricultural, domestic and industrial demands over scarce
water resources increase, this type of planning may become more critical for human and
environmental health. The new service ladder in Table I, for example, incorporates
quality, quantity, acessibility, reliability, and environmental sustainability, and is a new
service ladder that keeps the focus on health and sustainability. This new service ladder,
expands on the WHO service ladder, incorporates recommendations from Morarity et al.
(2010) Howard and Bartram (2003), and Bartram (2008), and addresses quantity, quality,
accessibility, reliability, and environmental sustainability. At the very bottom rungs of the
ladder is a very limited service, far from the user, supply is limited, andatex source

is not protected. At the very top rung, service level is high, a sufficient quantity of water
is provided, quality is of low to no risk, accessibility is in the home, there is a constant

supply of water, and the water source is protectedremgmt and future users.
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Table II: A New Service Ladder

Rungs of the Environmental Current
Water Quantity |~ aliy* | Accessibility | Reliabilityx | Sustainability MDG
Service (17 cl
Status
Ladder
High 060 |0 Low Home Constant Water source Improved
(top rung) Supply protection/watersheq
plan
Intermediate | 40-59 Intermediat| <10 minutes Intermittent Protection of water | Improved
e Supply source
Basic 20-39 Intermediat 10- 30 Intermittent Some protection of| Improved
e- High- minutes Supply water source
risk (O 1 ho
Sub-Standard 5-19 Very High- 31-60 Intermittent No protection of | Unimproved
High Risk minutes Supply water source
(O 1 ho
Very limited <5 Very High | >60 minutes Intermittent No protection of Unimproved
(bottom rung) Risk Supply water source
Adapted from Moriarty et al. 2010; Howard and Bartram 2003
*Quality of intermediatevery high risk water and intermittent water could be enhanced with household or corrleniit
treatment and safe storage.
y | /| litektsgber person per day

5.1.8. Areas for Future Research

Areas for further research were identified in the areas of water policy, field experiments
that compare treatment technologies over time, and the effect of environmental protection
and planning on water supply over the longer tdPolicymakers would ben#ffrom
futureresearch that helps identify the institutional WASH policies (at the global, national
and servicerovision level) that best promote -going provision of a safe and reliable
drinking water (Ahuja, Kremer and Zwan2010; Bartram 2008). Festudies compare
treatment methods in the field for their water quality or health impacts, and study the
methods over a time period that is longer than six months. In future research, kisould
like to identify other particularly successful technologée®sl programs that improve
drinking water quality and the sustainability of drinking water systems in the field, and

examine whether they improve human and environmental health and are able to generate
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benefits that are sustained over the longer term. fEssarch has also made it clear that
environmental factors of water source and watershed protection seem to be left out of
water sourceplanning and development at the local level, and could have devastating
impacts on health and the environment as pojugtgrow and water resources become

scarcer.
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5.A. APPENDICES

5.A.1.Recommendations for Practitioners

Household Ceramic Water Filter Projects in Honduras:
Lessons for Practitioners

This is designed for practitioners in Honduras, for those interested in improving drinking
water quality at the househol dyedr esearth. The:
project in La Paz andntibuca Honduras. The goal of the study wasutalerstand the

water quality, household health, and sustainability impacts of the ceramic filters (the
Potter for Peace version). 272 female heads of household were interviewed and water
guality tests taken in each household before filter distribution, @ve&l and two year

years after distribution. In sum, the research the ceramic filters are associated with
improved water quality; however, the research suggests that the sustainability of these
filters depend on a hous e h onitydedueation dbn thet e c h n
benefits of safe drinking water, 3) access and proximity to a market for replacement

parts. A more technical paper will be written with the major results of the study over the
next few months.
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Overview

Are ceramic filters a good option? Community specific questions to consider
Filters are a good option for communities with these conditions

Lessons learned from a three year research project monitoringceramic
filters overtime

Overcoming challenges for future ceramic filter projects

Filters may not always be the best option for household water treatment

mo Ow»>

Ceramic Filters: Questions, Challenges and Lessons Learned

Pagel74



A. Questions to consider when determining if ceramic filters are a good option for a
community or if education, training and capacity building might make the current
system better:

1. What is the current drinking water source?
2. Is it improved or unimprovéd:
3. Iswater piped to a household tap or a public community tap?
a. Ifitis piped to a household tap, is the tap inside or outside the household?
b. If water is piped to the household, are there households that are not on the
system?
Is water available intermittentlyr continuously?
d. If there is piped infrastructure, how old are the pipes and tanks
(distribution and intake)?
e. Is the water microbiologically contaminated?
4. |s the drinking water clear or turbid?
a. If the water is clear, is it microbiologically unsafe to &ftn
b. Do people who live in the village understand that clear water can be
unsafe?
5. Is the water currently being treated?
a. If yes, is this treatment regular and continuous?
b. How is the water treated?
i. Chlorine is inexpensive and widely available
1. However, is chdrine accepted in the community as a form
of drinking water treatment?
2. If chlorine is used to treat water, how often is it used?
a. Is it only used to clean the distribution tank once a
month?
6. Is there a Junta de Agua (water board or village water comjfittee
a. Are they well organized?
b. Do they meet regularly?
c. Are there enough funds (water fees) collected to pay for technical fixes
and chlorination in the water system?
d. Are water fees being collected on a regular basis? What percentage of the
community paysheir water fees?
7. Is there a drinking water system operator? Is he/she paid a wage for his/her work?

o

B. Filters may be a good option for communities with:

> A. Improved water source: household connection, public standpipe, borehole, protected dug well,
protected spring, rainwater collection. B. Unimproveater source: unprotected well, unprotected
spring, rivers or ponds, vendor provided water, bottled water, tanker truck water?
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1. Unimproved sources, however, filters do not solve the water quantity problem,
and is often considereal temporary solution (by the village) until they can find
the funds for a permanent piped system. (Water for cooking, washing dishes and
clothing, bathing, and water for agriculture are all important to households),

2. Piped systems with intermittent watesrgce (ceramic filters offer safe storage
for times when water is not available),

3. Communities with extremely turbid water (it is difficult to treat extremely turbid
water with chlorine and so filters may be a good option),

a. 96.4% of drinking water in Hondas comes from surface soures this
water is often very turbid in the rainy season

4. Communities with untreated or irregularly treated piped drinking water that is
microbiologically unsafe,

5. Communities where water treatment is not monitored or treati;eot enforced
by a health ministry/government official,

6. Communities that detest the taste of chlorine, think it causes illness or disease,
and actively deter the operator from treating drinking water with adequate
amounts of chlorine,

7. Aging water systemsvith major leaks-systems that may be too old to be fixed
and a new distribution line or new tanks may be too costly),

8. Communities with natural disasters that destroy drinking water infrastructure,

9. Poorly organized Juntas de Agua that cannot raise fomdgreatment, or
technical and infrastructure fixes.

C. Lessons learned from a two year research project monitoring the health and
sustainability impacts of the filters overtime

1. Water quality: According to water quality tests, the filters are very gobd a
eliminating microbiological contamination when used properly.
I. The filters, buckets, and spigots are not always cleaned properly.
This can cause filtered water to become contaminated.
2. Sustainability: The spigots and filters break overtime
I. 61% of filterswere still in use after one year and 47% were still in
use after 2 years with no folleup and very little access to spare
parts
1. If there is not a market for spare parts, if the community
is too far from the market for spare parts, or if
households do notinderstand the critical importance of
safe drinking water and, therefore, do not have an
incentive to buy spare parts when there are breakages,
ceramic filters may only serve as a temporary fix.

46 ERSAPS. Datos del Sector de Agua Potable y Saneamidoriduras, 2006.
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2. If households are not reminded of the proper handling of
thefilters, contamination of filtered water can occur.

3. Households use of the ceramic filter may increase if they
see the results of their water quality, and if they are
educated on the benefits of the household water filter
(improving health, decreasing dised'’, and decreasing
the household costs related to disease may improve usage
over time.

ii. Filters do not filter enough water for large households. More than
one filter is probably needed for households that have more than 8
10 members.

iii. It is recommendedhat the ceramic filter filtration piece be
replaced every 2 years. If water is very turbid this may have to
happen more often as water will filter very slowly.

Iv. Subsidized, not free, ceramic water filters may make replacement
part purchases more bearahie iouseholds.

D. Overcoming challenges and facilitating successful ceramic filter projects:

1. A market for replacement parts. Some ideas for marketplace: tiendas (small store
in town), Chlorine Banks, NGOs, Junta de Agua(this changes every few years and
may cause some problems). These markets need to be close to households and
households need to be aware of their existence.

2. Train female heads of household on how to clean the filters, buckets and spigots.
One cannot assume that households can or will readgtractions on the side of
the safe storage unit. This training should probably happen more than once.

3. Capacity Building and Education (capacitaciones) seem to be crucial to
successful drinking water treatment interventf§ns

a. Capacitaciones can occur wiitho men 6s gr oups, i n schc
community groups. Capacitaciones may take many different forms and

could include:
I. The water quality of the community or household water source
ii. The different options for water treatment, and the advantages and
disadvamages of each option,
iii. The diseases caused by unsafe drinking water,
iv. The cost to the household of diarrheal disease: missed school and
work, cost of visit to the doctor and transport to the doctor,

“"Luoto. J. (2009). Information and Persuasion: Acinig Safe Water Behaviors in Kenya. Working

Paper.
“8 Ahuja, A., Kremer, M., Zwane, A. (2010). Providing Safe Water: Evidence from Randomized

EvaluationsAnnual Review of Resource Economits237256.
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opportunity cost for womertime spent waiting at healttenter to
see doctor that could have been spent working, selling items at
market, tending to animals/agriculture/household/other children,
v. The importance of adequate hygiene and sanitation as well as a
safe and sufficient supply of drinking water,
vi. The disases caused by inadequate watand sanitation and
hygiene and the cost to the household of these diseases,
vii.  Filter maintenance
viii. Some have advised training leaders in the community to check in
on households for broken filter pieces, proper hygiene and
saniation.
b. Frequency of capcitaciones:
i. More than one meeting to cover above information,

E. Filters may not always be the best option for household water treatment

1. Other household treatment (HWT) options include: Ceramic filters (disk and
candle), Biofilm Hlers (biodand filters), UV Radiatioin (SODIS, Lamps),
Chemical (PUR, clorinationpther (moringa Seeds, sari cloth, boiling).

a. The best option depends on the community water source,
community/household resources, access to spare parts, community
prefererwe, water availability, and turbidity.

b. Not all options include safe storageritical to the consumption of safe
drinking water at the point of use.

c. Research on diarrheal disease reduction suggests that ceramic water filters
may be the best HWTS optith

2. A new technology may be a quick fix, but it might not be the best fix. Falipw
education, technical support, and a market for spare parts are critical to
sustainability.

3. If there is already a piped system delivering contaminated water to households:

a. Opeators can be trained on how to treat drinking water,

b. Water boards can be trained in the importance of water fees, educated on
how to raise funds for future infrastructure fixes and for water treatment,

c. Water board members can be trained in the basiceslsnof accounting
so that sufficient funds are available when funds are needed for fixes,

d. Community members can be educated on the importance of safe drinking
water,

*9Sobsey, M., Stauber, C., Casanova, L., Broviligt, M.2008.Point of Use Household
Drinking Water Filtration: A Practical, Effective Solution for Providing Access to Safe Drinking
Water in the Developing WorléEnvironmental Science & Technolot®, 42614267 .
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e. Community members can be educated in the importance of chlorine as an
inexpensive optioffor safe drinking water,

f. Ministries of health can be trained to enforce water quality laws and
regulations and governments can make it happen.

5.A.2 Practitioner Response
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Partnership for Potable Water

Peace Corps y Agua y Desarrollo Comunitario

by PCV David Lé&éd2)0Honduras, 610

The key to a fulfiling and productive volunteer experience is very often the work
partnerships made between PCVs and-hognhtry organizations. One exampuié these
partnerships is the budding relationship between three volunteers and the Honduran NGO
Agua y Desarrollo Comunitario (ADEC). With the support of Fred Stottlemyer of the
International Rural Water Association (IRWA), PCVs David Lee, Kristi Krohmd Zach
Neumann have partnered with ADEC to bring potable water to various rural Honduran
communities in the departments of Santa Barbara and Intibuca.

The Players

Agua y Desarrollo Comunitario is directed by Diana Célix and based in Marcala, La Paz.
ADEC provides assistance to rural Honduran families to improve drinking water quality with
sustainable treatment technologies while providing education on basic sanitation and hygiene.
Their objective is to reduce the incidence of waterborne illness duetovater quality and

bad hygiene practices.

PCVs David Lee and Kristi Krohn are married volunteers serving in Trinidad, Santa Barbara.
David is a Water and Sanitation volunteer with a background in water resources engineering.
Kristi is a Health volunteewith a background in school counseling. PCV Zach Neumann
serves as a Wat/San volunteer in Camasca, Intibucd and is a recent graduate of Loyola
University.

Fred Stottlemyer is a member of the International Rural Water Association and is a RPCV
(Pakistanp 6326 4 ) . Fred has been working on a rang
since ADD YEAR.

The Projects

Beginning in February 2011, the PCVs and ADEC will begin implementation of several pilot
projects: La Fragosa, Petoa (36 families) in the depant of Santa Barbara, Volcancillo,
Camasca (24 families) and La Pintal, Colomoncagua (10 families) in the department of
Intibucd, as well as the escuela normal en Camasca. The projects include a combination of
the distribution of ceramic water filter dgms (manufactured in Sabanagrande, Francisco
Morazan) and the installation of midrinking water treatment plants (Combined Treatment
Units or CTUs). To ensure the sustainability of the projects intensive continuing education
will be provided by the PC¥ on topics ranging from maintenance of the filters and CTUs to
proper hygiene and water storage practices.
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ADEC will subsidize the purchase of the ceramic filter systems (about $25) which includes
the filter and a drinking water storage bucket with spigbhe PCVs have been working to
educate the communities of the benefits of potable water and encourage participation of all
families. Each family is required to contribute to the purchase of the filters in the amount of
L.50 ($2.65) in Volcancillo and LRintal and L.100 ($5.30) in La Fragosa. This contribution
will be used to purchase replacement parts (filters, buckets, spigots) which will be stored and
sold to community members to repair broken filter systems as needed. The ceramic filter
treats cordminated water through filtration achieved by fine pore size and disinfection
achieved by colloidal silver which is implanted in the ceramic filters during manufacture.
The system has a filter rate between 1.5 and 2.5 liters per hour.

ADEC will also purclase the Combined Treatment Units (about $250 for 450L unit) and
assist the PCVs with instaflan in the community schoolsh& treatment unit will be on loan

to the community contingent upon proper maintenance and use. The CTU istankwo
system(typically 450L to 1000L plastic tanks are used). In the first tank the raw water,
typically from a nearby stream, is mixed with the chemical flocculent aluminum sulfate. The
microbe carrying sediment coagulates to form heavier masses of sedimenfleediedrhe

flocs, due to their weight, fall to the bottom of the tank where they can be discharged via a
cleanout valve. The cleaner water from the first tank is then passed to the second tank where
it is disinfected with chlorine. Chemical costs dependthe amount of water treated but
should be less than L.30 ($1.59) per month in each of these projects. This treatment process
will be taught to school teachers and students alike. The students will have access to treated
water while learning the imptamnce and processes of water treatment.

Continuing education will be provided by the PCVs to the community members and students
in the weeks and months following project implementation. The PCVs will also be
responsible for project followp to ensure thproper maintenance and utilization of the filter
systems and CTUs.

The Vision

Selection of appropriate technology and community education are the driving forces behind
the sustainability of these projects and similar potable water projects in Honddrdm aest

of the developing world. Through partnerships with responsibledoosttry organizations

like ADEC, Peace Corps Honduras can reach out to rural communities and elevate the
standard of living with lowcost water treatment solutions implemenged supported with

basic education on hygiene and sanitation.

5.A.31 Interview for the Village Water Committee Member, English

Kayser Tufts- Water System Technicals&istance Model
An Evaluation
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To interview the President or Treasurer of the Drinking Water Committee or an official in the
Alcaldia with knowledge about the management of the drinking water system.

Name of Interviewee:

Date: (Day); (Month), 2009; Time: : AM / PMCircle one)

INTRODUCTION

Hello. My name is and we are investigating the water quality and
management of drinking water committees in El Salvador. As an official en the drinking water
committee, we would like to request your participation. The objective of thig isttiol evaluate

the quality of drinking water consumption in your community. In this study we will ask questions
about water service, reliability, quality, cost and available technical assistance that you have
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received for your system in this communitheTbenefits of this study are the improvements of
human health.

Your participation is voluntary. You can decide to stop the interview anytime. The questionnaire
lasts no longer than 30 minutes. Your time is very important and we are very thankful for your
participation.

Do you agree to be interviewed? Si; No;

If you do not have time today, we can return at a time that is more convenient.

Before | continue, do you have any questions?

Signhature Date

Interview for an Official Representative of the Drinking Water Committee

Name:

DepartmenfMunicipality/Locality:

Pagel33



Country:

How long have you lived in the Commuriity

A. Drinking Water System
A.1. ¢ What type of drinking water system is in your community?

a. Gravity fed b. Rainfed c. Well
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e. Other

Percentage of each

A. 2. Where is the water sourced in your community?

a. River b. Spring c. Well (subterranean)

A.3. Is the source protected

a. Yes b. No

A.4. If yes, how is the source protected?
a. fence b. forest c. Protected area
e. have a community tree nursery

f.Other

d. Other

d. planting trees

B. Connections

B. 1. How many houses benefit from the drinking waterystem?
a.<5b b. 510 c. 1650 d. 50100
g. 10062000 h. 20065000
B.2. How many households have a household connectfon
a.<5 b. 510 c. 1050 d. 50100
g. 10062000 h. 20005000
B.3.Is this water treated/disinfecte@

a. Yes b. No

B.4. What is the treatment process?

e. 100500 f. 500-1000

e. 100500 f. 5001000
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B.4 How many houses are not connected?
a.<5 b. 510 c. 1050 d. 50100 e. 100500 f. 500-1000
g. 10062000 h. 20065000
B.5. Are there zones in the city where no one is connected to the drinking water system?
a. Yes b. No
B.5.b If yes, why?
a. Dondt bKineaxest c. The houses are new and were constructed after the system
d. The houses are situated in a place where it is difficult to connect them to the system

e. The houses are above the distribution tank e. Other

B.5. How many houses are connected to the system?
a.>5 b. 510 c. 1050 d. 56100 e. 100500 f. 500-1000

g. 10062000 h. 20065000

B.6 Where do these people without connections get their water?

a. river b. well c. pumpl. other

B.6b. Is this water treateddisinfected?
a. Yes b. No

B.6¢c. What is the treatment process?

B.7. On average, how many houses are not using treated water?
a.>5 b. 510 c. 1050 d. 50100 e. 100500 f. 500-1000

g. 10062000 h. 20065000
C. Financing
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C.1. Who financed the construction of the water system?

a. community with water committee b. mayor c. NGO d. ANDA e.
Other

C. 1.b.How much did each household pay for the initial connection?
$ USA

C.2.What was the initial investment in the construction of the drinking water system
$ USA

C.3. Who finances the cost of the operation and maintenance of the drinking water system?

a. community/drinking water committee kayar c. NGO (name of)

d. other

C.4.1f the community is responsible for the financing of the operation and maintenance, does
every household pay the same amount?

a. Yes b. No

C.5.1f yes, what is the monthly fee paid by eachousehold ? $US

C.6. If no, are there meters in each household to measure the volume of water used to determine
price?

a. Yes b. No

C.7.What is the annual operating cost of the drinking water system? $US

C.8. How are the funds distributed?

C.8.a.____ $ operation maintenance
C.8.b.__ $ operator

C.8.c.____ $ municipality
C.8.d.___ $ watershed protection

C.8.e $ other
C.9. Do you have a program to protect the watershed for future watewsers?
a. Yes b. No

C.9b.Please describe the program

C.10. Are there sufficient funds available for all costs?
a. Yes b. No
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C.11. ¢ What costs are included in the operation of the plant/distribution tank?
Operations:

Operation Cost

C.1219.¢Who pays for the water in the health center, church, schools, municipality, market and any
other public sites?

Place Who Pays
C.12. Health center
C.13. Church

C.14. Grade Schools
C.15. High School
C.16. Municipality
C.17. Market
C.18.0Other

C.19. Other

C.20. What is the billing process for the households connected to the system?

C.21. Has the price of water changes with time?
a. Yes b. No (If no, skip to question C32)

C. 22. If it changed, what was the prizefore $

C.23. What is the price now? $

C.24. Why did it change?

C.25. Have you reeived technical assistance in the past 6 months?

a. Yes b. No
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C.26.What type of technical assistance did you received in the past 6 months? (circle all

mentioned)

a. education b. maintenance c. Treatment/disinfection d. Source protection
e.Watershed protection f. Financial management assistgnelealth/Hygiene

h. Latrine Maintenance i. Other

C.27. What foundation gave assistance?

a. ANDA b. ASSA c. other

C.28. How many times have you received technical assistance in the past 6 months?
a.l b.2-5 c. 610 d. 1120

C.29. ¢, Could you indicate what problems you have had in the last 6 months, the duration
of the problem, if technicd assistance was provided, the cost and what foundation provided
the technical assistance?

Problem Duration of the problem | Technical Assistance| Cost Foundation

D. Perceptions of the quantity and quality ofthe water provided
D.1. Is their sufficient water throughout the year in the distribution line?
a. Yes b. No
D.2. If no, when do you not have sufficient quantity of water for every household
a. Rainy season b. Dry Season c. Other

D.3. In the dry season, how many hour/day is their insufficient water available for each
household?
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hours/day
D.4. In the rainy season, how many hour/day is their insufficient water available for each
household?

hours/day

D.5. Do yai think that the piped water is safe to drink?
a.Yes b. No c. Dondot Know
E. Chlorination Perceptions

E.1.Do you think it is important to put chlorine in the water?

a. Yes b.No

E.1.b Why?

E.2. Do the people drink the water treated with chlorine?

a. Yes b. no
E. 3. I f no, why dondét they drink it?
a. Taste b. Cost c. Other
E.4 I f no, could you help me understand the pec

E.5. Do you have any other comments in regard to the qualitguantity and reliability in
your community?

Time: : AM / PM
5.A.4 Interview for Drinking Water Operator
Kayser- Tufts- Drinking Water Systems, An Evaluation

An interview for the operator of the drinking water system
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*** Eor the Interviewer, please complete this pate before starting the interview. Each interview
should have a number and appropriate fornadetification) ***

Name of Interviewer:

Date: (day); (month) 2009;  Hour: : AM / PM
INTRODUCTION
Hello. My name is and | am part of study to investigate the quality of

drinking water services here in El Salvador and we would like to request your participation. The
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guestions in this survey are about the drinking wateticge the reliability, the quality, the costs

and the benefits of the service. The benefits of this study include recommendations for how water
services can be improved and, ultimately, the improvement of human health. Your participation is

voluntary andyou can decide to stop your participation at anytime over the course of the 30
minute questionnaire. | know that your time is valuable and | am very thankful for your

willingness to answer a few questions. If you would like, your name can remain anonymous.

Will you participate in this study Si; No;

[If you do not have time today, someone can return another day.]
ifiBefore | continue, do you have any other

Signature e Dat

If you would like, your name will remain anonymous.

If you would like this, please sign here

Interview for the Drinking Water Systems Operator

Name:

DepartmenfMunicipality/Locality (indicate if aldea o casaria):
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Country:

How long have yolived in this community?
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Interview #

A. Drinking Water System
A.1. What type of water system do you have?

a. Gravity b. Pump c. Other

A. 2 What is the drinking water source?

a. river, surface water b. Beneath the soil c. well c. Other

A.3. How many houses benefit from this drinking water system?

a.>5 b. 510 c. 1050 d. 50100 e. 106500
f. 500-1000 g. 1062000 h. 20065000

A.4. What type of distribution is used?

a. Treatment Plant b. Distribution tank c. Other

A.5. What is the volume of water flow from the tank gal/min?

A.6-A.16 For each itemmentioned, please tell us if it is part of this drinking water system.

Physical Water System | Mark those you have How many do you have

A.6. Distribution tank

A7 Valve before distribution

A.8 Hipoclorador

A9 Chlorinator

A.10 Waterintake line

All Conduction line

A.12 Distribution network

A.13 Inspection windows on
distribution tank

A.14 Walls

A.15 Plaster Cement around
distribution tank

A.16 Fence

A.17. Is the source protected?
a. Yes b. no
A.18. If yes, how is the source protected?

a. fence b. trees c. Protected area d. active tree planting around source
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Interview #

e.Other

A.19. How much area around the source is protected?

manzanas protected

(1 manzana = 1.68 acres, 1 manzana = .7 lescthhectag= 2.4 acres)

A.20. Is there are fence around thevater source?
a. Yes. b. No
A.21. If yes, how much area is within the fence?

Meters

S OR

manzanas

A.22. Is there sufficient water for all beneficiaries throughout the year?

a. Yes b. No

A.23. Are there interruptions in sewice?

a. Yes b. No

A.24. How often is water rationed?

a. daily b. weekly c. monthly d. yearly e. seasonally f. never
A. 25. How many hours/week is there water in each household in the rainy season?

hours/week

A.26. How many hours/week is there water in each household in the dry season?

hours/week

B. Connections

B.1. How many households have a household connection?
a.>5 b. 510 c. 1050 d. 50100 e. 100500 f. 500-1000

g. 10062000 h. 20065000
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