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Training caretakers to clean community
wells is a highly cost-effective way to
reduce exposure to coliform bacteria
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Existing strategies for improving global access to safe drinking water have met only limited success.
We consider an unglamorous and often neglected dimension of drinking water infrastructure
provision: cleaning. We randomly assigned caretakers of community wells to participate in a training
workshop about how to clean wells. Thirteen to seventeen months later, wells with caretakers
assigned to receive training have negligible rates of contamination with Escherichia coli (13 months:
2%; 17 months: 4%), while control wells have substantial rates of E. coli contamination (13 months:
14%; 17 months: 19%). Rates of contamination with any coliform bacteria are almost halved

(13 months: control 55%, treated 30%; 17 months: control 77 %, treated 46 %). We estimate the cost of
preventing exposure to coliform bacteria in drinking water to be US$0.89 per person and that, if scaled

up, each US$2376 spent on the intervention could avoid the death of a child.

A quarter of the world’s population lacks reliable access to safe drinking
water', contributing to an annual global burden of 1.4 million deaths and 74
million disability-adjusted life-years (DALYs) lost due to inadequate water,
sanitation, and hygiene (WASH)’. Improving access to safe drinking water
can seem like an intractable problem: the current rate of progress needs to
quadruple globally and increase by a factor of 23 in fragile contexts to meet
the Sustainable Development Goal (SDG) target of universal access to safely
managed drinking water by 2030". In Bangladesh, the context for this study,
the rate of progress needs to increase by at least a factor of ten from an
average of 0.4 percentage points a year between 2015 and 2020 to 4.1
percentage points a year between 2020 and 2030 to meet the SDG target’.

An important obstacle to progress is drinking water quality'. Both
worldwide and in Bangladesh, it is specifically water quality that holds back
progress on achieving the SDG target*’. Adopting “improved” infra-
structure that is in principle less likely to be contaminated does not in
practice ensure drinking water quality’. In 2020, about 1.2 billion people
were collecting contaminated water for their households despite using an
improved source"”’. In Bangladesh, 86% of households obtain drinking water
from tubewells, classified as improved sources, but fecal bacteria are com-
monly present in these tubewells’.

How to increase the rate of progress remains unclear. Further
improvements to physical infrastructure are costly and may not eliminate

exposure to fecal contamination"’. Maintenance also remains a perpetual
and unresolved challenge®’. While point-of-use and point-of-supply
chlorination have shown considerable promise'", these interventions
require constant resupply to continue delivering benefits.

One potential—albeit unglamorous—channel to improve water
quality in existing infrastructure is to improve cleaning practices. In Ban-
gladesh, fecal bacteria are present in tubewells even when the wells draw
water from deep aquifers that are isolated from surface sources of
contamination'*™", and even when competent and experienced contractors
have installed the wells'*'"". Evidence suggests that users introduce microbial
contamination via the tubewell mouth, which then accumulates in the
tubewell body as a biofilm'”™"’. If this is indeed an important channel for
contamination, improving cleaning practices might be a low-cost way to
improve water quality.

Cleaning practices have, however, received very scant attention in
previous literature. Policy recommendations have primarily focused on how
to remediate wells in emergencies™. A few studies quantify improvements to
drinking water quality when staff from external organizations clean
wells"**"**. Most salient to our context—tubewells installed for community
use in rural Bangladesh—a pilot study in the same area showed that
scrubbing and rinsing interior surfaces with a weak, low-cost chlorine
solution improved water quality, when trained staff cleaned the wells". The

'KTH-International Groundwater Arsenic Research Group, Department of Sustainable Development, Environmental Science and Engineering, Stockholm, KTH,
Sweden. 2NGO Forum for Public Health, Dhaka, Bangladesh. *World Bank, Washington, DC, USA. “Beijer Institute for Ecological Economics, Royal Swedish
Academy of Sciences, Stockholm, Sweden. ®Institute for International Economic Studies, Stockholm University, Stockholm, Sweden.

e-mail: anna.tompsett@iies.su.se

npj Clean Water| (2024)7:110


http://crossmark.crossref.org/dialog/?doi=10.1038/s41545-024-00401-x&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41545-024-00401-x&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41545-024-00401-x&domain=pdf
http://orcid.org/0000-0001-8844-5001
http://orcid.org/0000-0001-8844-5001
http://orcid.org/0000-0001-8844-5001
http://orcid.org/0000-0001-8844-5001
http://orcid.org/0000-0001-8844-5001
http://orcid.org/0000-0002-8488-7950
http://orcid.org/0000-0002-8488-7950
http://orcid.org/0000-0002-8488-7950
http://orcid.org/0000-0002-8488-7950
http://orcid.org/0000-0002-8488-7950
http://orcid.org/0000-0003-4350-9950
http://orcid.org/0000-0003-4350-9950
http://orcid.org/0000-0003-4350-9950
http://orcid.org/0000-0003-4350-9950
http://orcid.org/0000-0003-4350-9950
http://orcid.org/0000-0002-5415-6583
http://orcid.org/0000-0002-5415-6583
http://orcid.org/0000-0002-5415-6583
http://orcid.org/0000-0002-5415-6583
http://orcid.org/0000-0002-5415-6583
mailto:anna.tompsett@iies.su.se
www.nature.com/npjcleanwater

https://doi.org/10.1038/s41545-024-00401-x

Article

same study showed that when well caretakers cleaned the wells, their
standard practice was to limit their attention to the well’s external surfaces
and the well platform, with no consequent improvement in water quality'’.
Whether well caretakers—who are unpaid and face many competing
demands on their time and attention—could or would adopt a more
effective approach was unknown.

We use a randomized experiment to evaluate whether community well
water quality improves after well caretakers receive training in how to more
effectively clean wells. Randomizing the offer of training allows us to esti-
mate the causal effect of training”**. Randomization ensures that wells with
caretakers that are offered training are observationally equivalent to wells in
the control group, whose caretakers are not offered training. This would not
be the case if, for example, we had simply offered training to caretakers on a
voluntary basis and compared water quality in wells whose caretakers opted
in and wells whose caretakers opted out. Caretakers who opted in to training
might differ in a host of other respects that could also affect water quality in
the wells they look after, biasing comparisons between the two groups.
Comparing how contamination evolves in wells whose caretakers were and
were not offered training also allows us to separate the impacts of the
intervention from changes in contamination that occur naturally over time,
for example, in response to changes in weather.

Thirteen to seventeen months after the training workshops, wells with
caretakers assigned to receive training were almost free of contamination
with Escherichia coli. The rate of contamination with any coliform bacteria
was almost halved, compared with control wells whose caretakers received

no training. The cost of preventing exposure to coliform bacteria in drinking
water was about US$0.89 per person. Modeling the potential reduction in
child mortality, we calculate that each US$2,376 spent on the intervention
would save one child’s life, equivalent to one DALY saved per US$29 spent,
ranking this among the most cost-effective interventions in improving
infant health™.

Results

The training intervention

The intervention we evaluate is a single two and half hour training workshop
delivered to the caretakers of community wells in December 2021 (Fig. 1).
The wells were installed between 2015 and 2017 in communities of 50 to 250
households in North-Eastern Bangladesh (Fig. 2), as part of several previous
research projects'***”".

The study wells are deep tubewells that draw water from aquifers
approximately 100 to 250 m underground. These relatively deep aquifers are
isolated from surface sources of fecal contamination. For the vast majority of
the study wells, communities chose where to install the wells by consensus at
a meeting with representation requirements for women and the poor”’, an
approach shown previously to increase impact in similar contexts™. Field
staff ensured that all wells were installed on adequately-drained sites at
sufficient distance from potential sources of contamination, such as pit
latrines.

Each well had one male and one female caretaker, selected by con-
sensus at a meeting of self-identified well users after installation. Compared

Fig. 1 | Study timeline. Timeline for key study
events.
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Fig. 3 | Presence of E. coli and coliform bacteria in
samples of tubewell water. a-d show share of wells
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to other households in their communities, households with caretakers had
worse water quality before the intervention (Supplementary Fig. 1),
reflecting how communities located wells in parts of the communities with
lower access to safe drinking water” and that caretakers typically lived closer
to the installed wells (Supplementary Fig. 2). The selected caretakers live in
households that are also wealthier, better educated, and more socially
connected and influential than other households living in the same com-
munities (Supplementary Fig. 1).

The training intervention was delivered by a partner NGO, NGO
Forum for Public Health, which also implemented the well installation
projects in the same communities. Trained facilitators led each workshop.
Each workshop began with a general overview of WASH best practices
before a physical demonstration of how to clean a tubewell effectively.
Facilitators demonstrated how to dismantle the well, scrub the exterior and
accessible interior surfaces of the pump, and rinse all surfaces with a weak
chlorine solution. Facilitators emphasized the importance of removing all
deposits that could potentially harbor bacteria and of pumping the well for
10 min after reinstallation to remove residual chlorine from the tubewell
body. Facilitators also explained results from a pilot study that showed that
local cleaning practices did not improve water quality but that the approach
taught during the workshop was effective'®. Caretakers received a packed
lunch and reimbursement for travel expenses after the workshop, though
they were not informed of this in advance. Half the caretakers of wells

assigned to receive training were also assigned to receive a year of supplies
necessary to implement the cleaning protocols as taught in the workshop.

Field staff invited caretakers to attend a scheduled training workshop
by phone 1 week in advance, visiting caretakers in person if they could not be
reached by phone. Field staff also reminded caretakers about the workshop
by phone the day before the workshop. Among caretakers assigned to
training only, field staff recorded that 83% attended a workshop. Among
caretakers assigned to training and supplies, this figure was 93%. Caretakers
later evaluated the training workshop positively, listing similar strengths
whether assigned to receive training alone or training and supplies (Sup-
plementary Fig. 3). Comprehensive accounts show that the intervention cost
US$20.5 per well for training alone and US$22.9 per well for training and
supplies, including the costs of inviting participants and other overheads
(Supplementary Table 1).

Improvements to microbial water quality

Water quality tests show that 13-17 months after training, rates of con-
tamination with E. coli and total coliform bacteria are substantially lower in
wells for which caretakers received training than in a control group of wells
whose caretakers were not offered training (Fig. 3). Thirteen months after
training, in January 2023, the share of wells that tested positive for E. coli was
2% in treated wells compared to 14% in control wells, and the share of wells
that tested positive for any coliform bacteria was 30% compared to 55% in
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Fig. 4 | Knowledge and practice. a-d show share of
caretakers reporting knowledge of and regular
practice of the labeled elements of the cleaning
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control wells. Ambient temperatures in January 2023 were low (daytime
average range 10.6 °C to 23.9 °C), below the temperatures at which coliform
bacteria thrive. Four months later, in May 2023 (daytime average range
24.4°C to 33.7 °C), the share of control wells testing positive for E. coli and
for coliform bacteria had risen to 19% and 77%, but in treated wells, these
shares were only 4% and 46%, respectively. The comparisons between the
control wells and the wells with caretakers that received training are sta-
tistically significant in all cases. Taken together, the evidence suggests that
the training intervention almost eliminated the risk of exposure to E. coli and
almost halved the risk of exposure to any coliform bacteria.

When bacteria were present, they were present at lower concentrations.
In May 2023, 17 months after training and when mean levels of con-
tamination were highest, almost all the wells that tested positive for E. coli in
the control group (4/5) had concentrations above 10 CFU/100 ml, while no
well in the training group had an E. coli concentration above 10 CFU/
100 ml. Among wells that tested positive for coliform bacteria in the control
group, 40% had concentrations above 100 CFU/100 ml, including three at
the upper detectability limit of 2419.6 CFU/100 ml, while none of the wells
in the training group exceeded 100 CFU/100 ml. The comparison between
treated and control wells is similar when we analyze concentrations of E. coli
and total coliform bacteria, using an arcsinh transformation to deal with the
skewed distribution of concentrations (Supplementary Fig. 4).

Providing supplies alongside training appeared no more effective in
improving water quality than providing training alone. Across eight com-
parisons of presence and concentration of E. coli and total coliform bacteria,
13 and 17 months after training, training and supplies in fact performed
worse than training alone in most (6/8) comparisons. However, across all 8

comparisons, we never statistically reject the null hypothesis of equal con-
tamination in wells assigned to training alone or training combined with
supplies.

One might speculate that training caretakers to better clean wells could
also affect other dimensions of well performance. All the above results apply
to the sample of wells that were still functional at the time of data collection.
Between baseline data collection and the second round of water quality
testing in May 2023, a total of eleven wells ceased to function (Fig. 2): six
control wells, four wells assigned to training and supplies, and one well
assigned to training alone. Differences in failure rates are only statistically
significant (a = 0.1) for the pairwise comparison between the control group
and the group assigned to training alone (Supplementary Tables 2 and 3).
Although these differences might suggest that improved cleaning practice
also increased well functionality, we did not adjust for multiple hypothesis
testing and it is possible that the differences arose due to chance.

Recall of and adherence to the cleaning protocol

Thirteen months after training, caretakers assigned to received training were
much more likely to correctly name the three elements of the recommended
cleaning process than caretakers of the control wells: cleaning the accessible
parts of the well with a stiff brush, scrubbing the accessible parts with
chlorine solution, and washing interior surfaces with the chlorine solution
(Fig. 4). The differences between groups attenuated slightly over time, with
some spillover of knowledge to the control group and some fading of recall
among the treated groups after 17 months. The share of caretakers reporting
that they regularly practiced elements of the cleaning process was lower than
the share recalling the elements.
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Caretakers that were also assigned to receive supplies had better recall
and were more likely to report regularly practicing elements of the cleaning
process, compared to caretakers assigned to training alone. Thirteen months
after training, caretakers assigned to training and supplies recalled on
average 2.0 of three elements, while caretakers assigned to training alone
recalled only 1.0. Caretakers assigned to training and supplies reported
regularly practicing 1.6, compared to 0.6 among caretakers assigned to
training alone. Four months later, caretakers assigned to training and
supplies recalled 1.6 and regularly practiced 0.7, and caretakers assigned to
training alone recalled 0.6 and regularly practiced on average 0.3. The dif-
ferences between caretakers assigned to receive supplies and those assigned
to training alone are larger for the elements of the process that required use
of the chlorine solution.

The decline in regular practice between 13 and 17 months is particu-
larly sharp for the elements that require use of the chlorine solution among
the caretakers assigned to training and supplies. This may reflect the
exhaustion of the supplies provided to caretakers. At 17 months, caretakers
for only seven wells had bleach powder in stock, five of whom were assigned
to receive supplies as well as training. Caretakers for only two wells reported
having bought bleach powder themselves, even though the dose required to
clean a well costs only 0.04US$'°, and the majority of caretakers reported
that it was easy or very easy to obtain bleach powder locally. At 13 months,
those who recalled an element of good practice but did not regularly practice
it mostly cited a lack of time as the main obstacle, while at 17 months, those
who recalled but did not practice elements related to use of the weak chlorine
solution cited lack of resources.

The results suggest that even moderate changes in cleaning behavior
can effectively improve drinking water quality, because we observe sub-
stantial changes in water quality even though not all caretakers exactly
followed the cleaning protocol. Moreover, water quality improved equally in
wells whose caretakers were assigned to training alone and wells whose
caretakers were assigned to receive supplies as well, despite the differences in
recall and practice between the groups. An alternative hypothetical expla-
nation for the results is that caretakers could have restricted access to the
wells to reduce opportunities for contamination®. Treated wells are
reported to have slightly fewer users 13 months after training but a slightly
greater number of users 17 months after training, and none of the differ-
ences in user numbers are statistically significant, suggesting that this
alternative explanation does not hold (Supplementary Tables 4 and 5). More
awareness of cleanliness could, however, have changed caretaker’s behavior
in other ways we did not measure, for example, by encouraging users to
avoid introducing contamination into the wells when collecting water.

Discussion

This paper shows that training caretakers of community wells to clean wells
more effectively close to eliminates contamination with E. coli and
approximately halves rates of contamination with any coliform bacteria.
Providing caretakers with cleaning supplies along with training was no more
effective in improving water quality than training alone, although it did
improve recall of and adherence to the cleaning protocol. The cost of pre-
venting exposure to coliform bacteria in drinking water was about US$0.89
per person.

Improving safe drinking water is ultimately an investment in
improving health. To compare the cost-effectiveness of the training inter-
vention to other health investments, we model the potential health con-
sequences of the observed improvement in water quality using meta-
analytic estimates that account for all the potential causal pathways between
water quality and mortality”. We estimate that if the intervention were
successfully scaled, it would avoid the death of one child for every 104 wells
whose caretakers were trained, at a cost per life saved of US$2376 and per
disability-adjusted life-year (DALY) gained of US$29 at current prices and
exchange rates, or $21 in 2010 International Dollars (as used in the WHO-
CHOICE program to evaluate cost-effectiveness).

Our cost-effectiveness estimates are conservative for several reasons.
We focus only on mortality effects, thus disregarding any additional

reduction in the disease burden. In Bangladesh, estimates of the health
burden in DALYs of diarrheal disease—closely linked with unsafe drinking
water—are 60% higher when they incorporate long-run health effects,
compared to estimates that focus only on acute effects, which primarily
reflect mortality’*>. We also assume that mortality benefits only accrue to
children under five and to well users who entirely avoid exposure to coliform
bacteria, thus disregarding the substantial reductions in concentrations of
bacteria. We also assume that effects start to decay immediately after the
17 months over which we directly observe effects. However, the persistence
of behavioral changes and impacts on water quality 17 months after the
training intervention gives cause for optimism that effects might persist over
longer time frames, a potential avenue for future research.

The estimated cost per DALY averted is around 1% of GDP per capita,
the threshold long used by the WHO to identify highly cost-effective
interventions™, and less than 10% of a more conservative opportunity cost-
based willingness-to-pay threshold™”. This cost per DALY renders the
intervention comparable to some of the most apparently cost-effective
interventions in infant, child, and maternal health”. The estimate is similar
to the cost-effectiveness of water treatment with chlorine tablets™, with the
important caveat that water treatment with chlorine tablets requires
ongoing resupply, whereas the training intervention has the potential for
persistent effects on water quality even without further interventions.

The costs of implementing the training intervention at scale would
likely differ from those incurred at the relatively small scale of this study.
Training could be conducted closer to caretakers’ homes, reducing venue
and travel costs. In general, the costs of implementing an intervention fall
when programs are scaled up because of economies of scale™.

Our study has several limitations. We did not measure the health
consequences of the training intervention directly: we did not have sufficient
funds to survey user households, nor would we expect to have the necessary
sample size to detect effects on health or mortality™. Also, the wells we study
were professionally installed deep tubewells with limited alternative chan-
nels for contamination, intended for community use, and the caretakers
who received training were from relatively wealthy and educated house-
holds. Community wells such as those in this study are of particular interest
because more than half of rural households worldwide depend on them as a
source of drinking water”’. However, the intervention might be more or less
effective in shallower wells, wells that were not professionally installed, wells
used by fewer households, or with a different population of trainees. As with
many non-medical experiments, neither participants or field staff were blind
to treatment status, although our main outcome variables—water quality
tests—are analyzed anonymously and unlikely to be susceptible to placebo
effects.

A final limitation is that the experimental study design only allows us to
causally evaluate whether or not the intervention was effective as imple-
mented. We can only provide suggestive evidence about how and why the
intervention worked. Training interventions have been studied in many
fields and disciplines, and evidence is mixed on whether and under which
circumstances they are effective™ . Three features of the intervention we
study might help explain its success. First, the training was provided by an
NGO with a multi-year presence in the study area, meaning that the care-
takers had an established and trusting relationship with the training pro-
viders. Second, the training was based on an experimental pilot study,
allowing facilitators to draw on concrete data about the effectiveness of the
recommended approach compared to standard practice. Third, the training
incorporated a practical demonstration, clarifying the steps involved in a
concrete way.

Training caretakers to clean community wells improved water quality
even though caretakers did not adhere to all the recommended elements of
the cleaning protocol. We interpret this pattern of results as suggesting that
even moderate behavior change on the part of well caretakers can lead to
substantial improvements in water quality. An avenue for future research is
to further refine cleaning protocols to maximize the impact on water quality
while remaining mindful of time and financial costs for well caretakers, who
are typically uncompensated for their efforts, for example by investigating
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how frequently caretakers need to clean wells or which elements of the
cleaning protocol are critical.

The most generalizable conclusion we draw is that cleaning has been
greatly neglected as a channel for meeting the Sustainable Development
Goal of universal access to safely managed drinking water, with the potential
to close the gap between coverage of improved and safely managed sources
of drinking water. We hope this study paves the way for future research and
policy action to realize this potential.

Methods

Sample of wells

The study sample originally consisted of 94 deep tubewells, constructed
between 2015 and 2017 in Bogra and Gaibandha districts during three prior
research projects'***”. The inclusion criterion was that wells were still
functional in mid-2021 during a round of baseline data collection and a pilot
study'®. We define functionality as being able to produce at least 7 litres of
water, the volume of a kolci, a standard vessel locally used to collect and
carry water.

Experimental design

We assigned each of the 94 wells to one of three study arms: 32 to a control
group that received no intervention, and 31 to each of two treatment arms,
which we designated “Training” and “Training and supplies”. We used a
list randomization approach to create random samples that were both
geographically balanced (Fig. 2) and balanced with respect to cleaning
processes implemented during the pilot study in 2021. We sorted the wells
by: (1) the cleaning protocol to which they were assigned during the pilot
study in 2021; (2) by union, the smallest local administrative unit, in
random order; and iii) within union, in random order. To generate the
random ordering, we used pseudo-random number generators in Stata
with a seed of 479995728. We in turn randomly generated this seed in
Microsoft Excel using a uniform distribution over all possible seed values
accepted by Stata (0 to 2°' — 1). We then assigned the thus randomly
sorted wells sequentially to the control group and the two treated groups.
Regression analyses confirm that wells in the control group and both
treatment arms were statistically comparable with respect to presence and
concentration of E. coli and total coliforms in 2021, that is, before the pilot
cleaning experiment and before the training workshop (Supplementary
Table 6a,b). We also confirm that whether and how the wells were cleaned
in 2021 had no persistent effects on water quality in 2023 (Supplementary
Table 7).

Interventions

Field staff invited caretakers of wells assigned to either of the two treatment
arms to participate in a training workshop. Additionally, field staff provided
caretakers of wells assigned to “Training and supplies” with supplies suffi-
cient for a year of cleaning, specifically, a stiff brush and 12 4g doses of
chlorine powder, pre-weighed in Ziploc bags. For each treatment arm, field
staff organized two workshops, for a total of four workshops. We invited the
caretakers of half the wells assigned to each treatment arm to each work-
shop. Caretakers only attended training workshops with other caretakers
assigned to the same treatment arm.

Compliance

Field staff recorded that 83% of caretakers of wells assigned to training
only attended a workshop and that 93% of caretakers of wells assigned to
training and supplies attended a workshop. Project attendance records
were highly consistent with what caretakers later reported retro-
spectively about workshop attendance in surveys (Supplementary Fig.
5). Among 104 caretakers asked if they attended training, survey
responses were consistent with recorded attendance in 100 cases. Three
respondents said they attended when our records said they did not, all
assigned to training and supplies. One respondent, assigned to training
only, said that they did not know if they attended when our records said
they did.

Attrition

We can only test water quality in functional wells, i.e., wells that produce a
sufficient volume of water to obtain a sample for testing. Between collecting
the baseline functionality data we use to determine eligibility for this study
(June and July 2021) and the first endline data collection (January 2023), five
wells ceased to function: 3 in the control group and 2 assigned to training
and supplies. Between the two endline data collection periods (January and
May 2023), a further 6 wells ceased to function: 3 more in the control group,
2 more assigned to training and supplies, and 1 well assigned to training
only. Of four potential pairwise comparisons between treatment arms and
the control group, we reject only the null hypothesis that functionality rates
are equal between the control group and the group assigned to treatment
only. Wereject this null hypothesis at the 10% level in both January and May
2023 (Supplementary Tables 2 and 3). If the four tests at a given date were
independent, and all null hypotheses of no difference in failure rates were
true, we would expect at least one of the four tests to reject the null
hypothesis at the naive 10% level 34% of the time (1-0.9"). There is therefore
a relatively high likelihood that the observed differences across treatment
arms occur due to chance.

Survey data

At each round of data collection, enumerators attempted to locate and
interview caretakers for all wells. Enumerators interviewed caretakers jointly
about the condition of the well and recent maintenance activities and
individually about their knowledge about the recommended cleaning
practices, their own cleaning practices, and (in the first endline only) their
experiences with the training program. In January 2023, enumerators suc-
cessfully interviewed caretakers from all functioning wells. Three wells only
had one caretaker at this time; enumerators interviewed both caretakers at
all remaining wells. However, we later lost survey data from the caretakers at
two wells—one from each training treatment arm—because the enumera-
tors did not correctly upload the completed surveys to the server. A coding
error in the form also meant that we incorrectly assigned some questions to
caretakers. In May 2023, we successfully surveyed all active caretakers from
all functioning wells; six wells only had one caretaker at this time. No data
were lost, and no survey coding errors were detected. All interviews were
carried out in Bangla. We interviewed the caretakers in their role as well
caretakers, and the interviews covered no private or sensitive information.

Water quality testing

At each round of data collection, field staff collected one 100 ml sample of
water from each well for testing. Field staff did not pump or clean the well
before collecting the sample, so that the sample was representative of normal
contamination levels in drinking water collected from the well. The sample
vessels contained sodium thiosulfate to neutralize any potential residual
chlorine and were sealed with tamper-evident shrink bands. Field staff
stored sample vessels in a clean icebox between collection and processing,
usually for less than 5 h. We used IDEXX Colilert kits to measure both total
coliforms and E. coli. Field staff added Colilert-18 reagent to each sample
vessel and then decanted the sample into a Quanti-Tray/2000 testing tray.
Field staff confirmed that they did not observe a blue flash when adding
reagent to the samples, suggesting that the samples did not contain excessive
chlorine®. Field staff then sealed testing trays and incubated them at 35 °C
for 18 h. Each testing tray has 96 compartments: 48 large and 48 small. After
incubation, field staff counted the number of large and small compartments
that had turned yellow, and the number of compartments that were both
yellow and fluorescent under ultraviolet light. Field staff entered these
counts into the IDEXX MPN Generator software in order to obtain the Most
Probable Number (MPN) of colony forming units (CFU) per 100 ml of total
coliform and E. coli respectively. We tracked samples using anonymized QR
barcodes. Field staff tracked samples from field collection to the laboratory
using one QR barcode, and tracked samples in testing trays using a second,
different QR barcode. We did not collect or test blanks, and we did not have
a reliable cold chain established to allow us to use the quality control tests
provided by the manufacturer.
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Caretaker characteristics

All wells initially had two caretakers, one male and one female. To shed light
on how caretakers compared to other members of their communities, we
use household survey data collected during one of the precedent studies”.
To describe how households with caretakers differ from other households in
the same communities, we leverage machine learning approaches to
implement a classification analysis*~**. Briefly, we repeat the following steps
100 times: (1) We divide the sample of communities randomly into training
and prediction sets. (2) We train a random forest model to predict the
likelihood that a household has a caretaker as a member in the training set.
(3) We predict the likelihood of having a caretaker in the prediction set. (4)
We compare the characteristics of households with a high predicted like-
lihood of having a caretaker household to the characteristics of households
with a low predicted likelihood of having a caretaker, in the prediction set.
We then take the median of the predicted parameters across the 100
iterations and adjust inference to account for the uncertainty generated by
the sample splitting. The results are summarized in Supplementary Fig. 1.
We also use the same data to describe how the likelihood of having a
caretaker as a member varies with distance between a household and the
nearest community well, using GPS coordinates for wells and households.
Households with caretakers were oversampled, so we use sampling weights
to adjust for sampling probability. These results are summarized in Sup-
plementary Fig. 2.

Statistical analysis

We estimate two statistical models to evaluate the effects of treatment. The
first model regresses outcome variables on indicator variables that take the
value one if the well is assigned to a training treatment arm and zero
otherwise. The second model regresses outcome variables on a single
indicator variable that takes the value one if the well is assigned to either
training treatment arm and zero otherwise. When outcome variables are
binary—as for indicators of the presence of contamination—we estimate
linear probability models. Linear probability models are consistent when
regression models are fully saturated, as is the case here. When we analyze
concentration, we use an arcsinh transformation to reduce the influence of
outliers without dropping zeroes. When we analyze data from caretaker
surveys, we weight observations by the inverse of the number of observa-
tions per well, so that each well counts equally in the analysis, consistent with
the analyses where the well is the unit of observation. Standard errors are
robust® or clustered by well when the unit of observation is a caretaker. We
summarize the results of these analyses in Figs. 3 and 4 and Supplementary
Fig. 4. For the results on water quality, we also provide full results in Sup-
plementary Tables 8a to 9b.

Cost-effectiveness of water quality improvements

The mean reduction in the presence of total coliform bacteria is 25.2 per-
centage points after 13 months and 31.3 percentage points after 17 months,
averaging 28.2 percentage points. The median caretaker reports that wells
have 25 user households after 13 months and 22 user households after
17 months, averaging 23.5. Each household has on average 3.9 members”.
Each well treated thus eliminates coliform bacteria at source for approxi-
mately 0.282 x 23.5 x 3.9 = 25.9 people, at a per person cost of US$0.89.

Cost-effectiveness of potential health impacts

To model the potential reduction in child mortality, we use results from
meta-analysis that suggest that water treatment interventions can reduce all-
cause child mortality by 24%. We consider mortality by age group: 0-1 year;
1-2 years; 2-3 years; 3—4 years; and 4-5 years. In rural Bangladesh, infant
mortality is 34 per 1000 live births and the child mortality rate is 7 per 1000
live births, for total under-five mortality of 41 per 1000 live births’. We
distribute child mortality across age groups using data from nationally-
representative surveys'’. We estimate the average number of children per
household in each age group using household survey data from the same
communities”. We assume that mortality gains only accrue to households
who actually reduce exposure to coliform bacteria in drinking water,

following recent guidance from meta-analysis that suggests that both E. coli
and coliform bacteria more generally correlate with disease”’. This assump-
tion is still conservative because the meta-analysis we draw from does not
perfectly account for compliance or the effects of water treatment interven-
tions on water quality”’. We have direct evidence that the effects persist over
17 months, and we assume that after 17 months the effects decay linearly over
the same time period, equivalent to the full effects persisting for 25.5 months.
Summing across age groups, we calculate that each well treated could avoid
the death of 0.010 children, primarily driven by a reduction in deaths among
infants (0.008). These results imply that on average treating 104 wells could
avoid one child death. Following WHO guidelines* and assuming that infant
deaths result in the loss of 81.25 disability-adjusted life years (DALYs) and
deaths at age 1 result in the loss of 80.25 DALY and so forth, we calculate that
each well treated prevents theloss of 0.78 DALYs. Taking the (slightly higher)
cost for the full program (training and supplies) yields a cost per life saved of
US$2376 and a cost per DALY loss averted of 29 US$.

Data availability
Anonymized data are available at https://doi.org/10.7910/DVN/4JTTKF.

Code availability
Replication code (STATA) is available at https://doi.org/10.7910/DVN/
4JTTKE.
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