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a b s t r a c t

Drinking water is frequently recontaminated during transport and storage when water is poured into
jerrycans. To address this issue, three strategies aiming at reducing these recontamination risks were
implemented at water kiosks in Eastern Uganda. In all three strategies, water at the kiosks was chlori-
nated to a free residual chlorine (FRC) concentration of 2 mg/L at the tap of the kiosk. In addition, water
was collected in different containers for drinking water transport: a) uncleaned jerrycans, b) cleaned
jerrycans, and c) cleaned improved containers with a wide mouth and a spigot. Water quality in the
containers was compared to that of a control group collecting unchlorinated water in uncleaned jerry-
cans. Water samples were collected at the tap of the kiosk, from the containers of 135 households after
they were filled at the tap, and from the same containers in the households after 24 h of water storage.
The samples were analysed for counts of E. coli, total coliforms, and FRC. Household interviews and
structured observations were conducted to identify confounding variables and to assess the influence of
water, sanitation, and hygiene infrastructure and practices on recontamination.

All three intervention strategies contributed to significantly lower E. coli recontamination levels after
24 h than in the control group (Median (Mdn) ¼ 9 CFU/100 mL, Interquartile Range (IQR) ¼ 25). Median
E. coli counts and mean FRC consumption were higher in uncleaned jerrycans (Median ¼ 1 CFU/100 mL,
IQR ¼ 6, DFRC ¼ 1.8 mg/L) than in cleaned jerrycans (Median ¼ 0 CFU/100 mL IQR ¼ 2, DFRC ¼ 1.6 mg/L)
and the lowest in cleaned improved containers (Median ¼ 0 CFU/100 mL, IQR ¼ 0, DFRC ¼ 1.2 mg/L). The
FRC concentration at the tap of 2 mg/L was too low to protect water from E. coli recontamination in
uncleaned jerrycans over 24 h. Cleaning the jerrycans was inconvenient due to their small openings,
therefore, sand was used. The cleaning with sand reduced recontaminationwith E. coli but did not reduce
the count of total coliforms. Improved containers with a larger opening allowed for cleaning with a brush
and showed the lowest levels of recontamination for both E. coli and total coliforms. In addition to the
intervention strategies, households receiving a higher number of WASH education visits within the
previous year had lower recontamination levels of E. coli in stored water (OR ¼ 0.54, p ¼ 0.003).
© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Sustainable Development Goal (SDG) 6.1 of the United Nations
(UN) calls for access to safe drinking water and sanitation for all by
2030. Achieving SDG 6 is a global human right and supports good
health and gender equality (WHO, 2015). Nevertheless, progress is
slow, and access to safe water for everyone has yet to be achieved.
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keeping water safe until consumption has been a challenge
(Opryszko et al., 2013).

In Eastern Uganda, themajority of people living along the shores
of Lake Victoria use untreated water from the lake as their drinking
water source. To address this issue, Eawag, the Swiss Federal
Institute of Aquatic Science and Technology, in collaboration with
an NGO, Africa Water Solutions, established five water kiosks with
gravity driven ultrafiltration membrane (GDM) technology in the
Busia and Namayingo districts. An analysis revealed that the GDM
system produces high-quality treated water (Peter et al., 2016).
However, a follow-up study to check the quality of water from the
kiosks in households showed that the water is often recontami-
nated during transport and storage in households (Meierhofer
et al., 2017).

Recontamination after collection is a frequently reported
concern (Opryszko et al., 2013; Wright et al., 2004; Mellor et al.,
2013). Previous research has identified hands, utensils for
fetching water, and transport and storage canisters as the main
sources of water deterioration (Trevett et al., 2005; Opryszko et al.,
2013; Mellor et al., 2013).

An effective, cost-efficient, and locally available method for
ensuring safe storage of drinking water even under poor hygienic
conditions is the addition of chlorine to the water. Chlorine pro-
vides protection against bacteria and viruses as long as sufficient
free residual chlorine (FRC) is present (Murphy et al., 2016). Correct
dosage is crucial to ensuring safe drinking water during storage.
The WHO recommends dosing to a concentration of 2 mg/L of FRC
for non-turbid water at the point of delivery. In stored water, a
minimum chlorine concentration of 0.2 mg/L should remain to
prevent recontamination (WHO, 2017). Container material can in-
fluence chlorine degradation. Clay pots were found to consume
more chlorine than plastic ones; more organic materials were
observed on the inner surface, and these probably consumed
chlorine (Murphy et al., 2009).

In addition to thematerial the container is made from, its design
has an impact onwater quality. Containers are often kept at ground
level, making them easily accessible to children and animals, which
could be a reason for water deterioration (Steele et al., 2008).
Hence, it is important to cover containers with lids and to store
them above floor level. Water often deteriorates during extraction
due to contact with contaminated hands, cups, and ladles (Jagals
et al., 2003). Hands can be prevented from entering by inte-
grating a spout for extraction; this solution was evaluated in a
refugee camp in Malawi (Roberts et al., 2001). Several studies have
evaluated the use of containers with narrow openings that prevent
hands from entering the canister and found better water quality
than containers with larger openings (Mintz et al., 1995; Reed et al.,
2011; Mellor et al., 2013). Levy et al. (2014) found higher contam-
ination levels in containers with openings larger than 8 cm.
Although narrow openings impede contact with possible contam-
ination sources, they also hinder systematic cleaning with a brush.
The regular use of drinking water containers without proper
cleaning leads to the formation of a biofilm on the container’s inner
walls. This biofilm harbours bacterial colonies, provides them with
food for growth, and protects them from disinfection, thus
increasing the risk of contaminating water that is poured into the
containers (Harris et al., 2013; Budeli et al., 2018; Jagals et al., 2003;
Mellor et al., 2013). Hence, thorough cleaning of the containers may
be a method for eliminating this source of recontamination.

Methods applied to remove the biofilm from the walls of con-
tainers with a narrow opening include scouring with sand and
stones and disinfection with chlorine (Steele et al., 2008). Scouring
with sand and stones, however, entails the risk of scratching the
walls of the container, which would offer a niche for bacteria to
grow (Van Der Merwe et al., 2012), whereas disinfection with
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chlorine supports the prevention of recontamination when the
container is filled. However, relying solely on disinfecting the
containers with chlorine was found to be insufficient to protecting
the water during transport and storage (Steele et al., 2008).

As mentioned above, elements of poor household hygiene, such
as contaminated hands, utensils, and containers, play a major role
in recontamination pathways. Therefore, household factors, such as
water handling and hygiene conditions, may increase the risk of
recontaminating drinking water during storage in the household. A
study in Ghana found that increased education was not related to
improved drinking water quality and attributed this to a lack of
water, sanitation and hygiene (WASH) training (Opryszko et al.,
2013). A study in India failed to find any statistically significant
correlation between recontamination of drinking water in house-
holds and demographics, sanitation, or household practices of
water handling and hygiene, but it detected a slight correlation
between increased contamination and a higher number of house-
hold members with lower average ages (Eshcol et al., 2008).
Another study in Kenya linked a higher frequency of users cleaning
the storage container to a higher water quality (Meierhofer et al.,
2019). However, the practice of transferring water from smaller
transport containers to larger storage containers was found to add
another source of contamination (Opryszko et al., 2013).

The goal of this study was to evaluate whether systematic
cleaning of water containers prior to filling them and the use of
improved containers with a wide mouth and a spigot in addition to
chlorinating water at the point of distribution can further reduce
the recontamination risk while storing the water over 24 h in
households. The study also assessed the impact of container
handling and hygiene conditions in households on water quality
changes during storage.

2. Methods

2.1. Study design

The study was implemented using a quasi-experimental design
with the inclusion of intervention randomization at three sites
where community-scale water treatment systems using GDM
filtration provide water to the local communities through water
kiosks: Lugala, Bulundira, and Bumeru in Eastern Uganda. Due to
the small number of only five water kiosks in the area, a random
selection of sites was not possible. A matching approach was
applied to select three sites and reduce the potential confounding
due to non-randomization. Variables defining the socio-economic
conditions, water handling and hygiene conditions in the control
and intervention sites were assessed and variables with statistically
significant differences between the sites identified. During analysis,
these potential confounders were included in the multivariate
regression model to control for a potential bias. Details of the sites
and analysis of difference are presented in Table A of the supple-
mentary materials.

For all three sites, the water is sourced from Lake Victoria and
pumped through pipelines to the water treatment system in the
community. The treated water is provided to the local schools and
can be purchased by households living in the community. Cus-
tomers collect the water purchased at the kiosk’s taps in their own
containers for a price of 0.026 USD per 20 L container. Each of the
kiosks is run by a local operator, who is supported by a water
management committee (Peter-Varbanets et al., 2017).

Three intervention strategies were implemented to reduce
recontamination risks in stored drinking water. Water in the safe
water tank of the kiosk was manually chlorinated each day under
supervision of the research team with sodium hypochlorite to
obtain a concentration of 2 mg/L of FRC at the tap at all sites except
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the control site. Different containers were used to collect and
transport the drinking water at the intervention sites. Customers at
the control site where water was not chlorinated used uncleaned
common jerrycans. At site 1, customers used the same type of un-
cleaned jerrycans (strategy 1) while water was chlorinated at the
water kiosk. Half of the customers at site 2 used cleaned jerrycans
(strategy 2), and the other half used cleaned improved containers
(strategy 3). At site 2 (strategy 2 and 3) all containers (jerrycans and
improved containers) used by the customers were cleaned by the
kiosk operator before filling them with water at the kiosk. The
improved container had a larger opening to facilitate easy cleaning,
a tap for drawing water during storage, and two handles for car-
rying (Fig. 1). The jerrycans were cleaned by introducing a handful
of sand and some water into the jerrycans and shaking them for
about 1 min. Afterwards, the sand was rinsed out with about 10 L of
water. Then, the jerrycans were filled with 5 L of water mixed with
liquid soap, shaken, and rinsed again with water. The improved
containers were cleaned by inserting liquid soap and about 2 L of
water and using a brush to remove the biofilm. Afterwards, they
were rinsed with about 5 L of water. Chlorinated water from the
water kiosk was used for all cleaning processes. There was no need
to clean the improved containers with sand, because the larger
opening allowed for a brush to enter and remove the biofilm from
the inner walls. The jerrycans and improved containers were al-
ways washed by the same individuals to ensure homogenous
washing practice. After cleaning, the improved containers were
filled, and the people were instructed to release water only through
the tap.

The improved containers were purchased from the market in
Kampala after a market survey for containers with a large mouth
and spigot was done and were distributed to households a few
months prior to the start of the study.

Improved containers were distributed to about half of the ki-
osk’s customers in site 2 after randomly selecting the names of
recipients from a lottery box containing the names of all customers.
Households at site 3, where water was not chlorinated at the kiosk
tap, used uncleaned jerrycans and served as a control group.

The common jerrycans used in the study were reused vegetable
oil canisters that arewidely used in East Africa for the transport and
storage of drinking water. Vegetable oil residuals in these con-
tainers might support bacterial growth and increase
Fig. 1. Commonly used jerrycan, inside of

3

recontamination (Jagals et al., 2003). The jerrycans were of
different ages and in different conditions. We were not able to
quantify the age of the jerrycans used and some of the containers
used could have been significantly older than the improved con-
tainers, which had been in use for fivemonths. To reduce the bias of
comparing very old jerrycans with newer containers, the con-
tainers were visibly inspected and heavily scratched, soiled and
damaged jerrycans were excluded from the study.

Data were collected from November to December 2018 from a
total of 135 households: 46 households using an uncleaned jerry-
can at Site 1, 23 households using cleaned jerrycans and 23
households using cleaned improved containers at Site 2, and 43
households in the control group at Site 3. Nearly all customers of
the water kiosks at the three sites were involved in the study. All
customers that came to the kiosk for water collection during the
days of data collection were invited to participate. The person
mainly responsible for water handling in the household was
informed about the goal, purpose, and methodology of the study
and asked for informed consent. The study protocol was reviewed
and approved by the Ethics Committee of Makerere University on
July 18, 2018, the Uganda Nation Council for Science and Technol-
ogy, and the Ethical Committee of Eawag, the Swiss Federal Insti-
tute of Aquatic Science and Technology on June 6, 2018.

During microbial water quality analysis, contamination levels
with E. coli and total coliforms were assessed to evaluate the impact
of the intervention strategies on recontamination. E. coli is
commonly used as an indicator of faecal contamination, and total
coliforms served as another indicator of recontamination (WHO,
2019; WHO, 2017). Water samples were taken daily during the
days of data collection in the field from the kiosk tap, from the
freshly filled containers of 135 participants, and from the same
containers after 24 h of water storage in the households. Before
samples were taken at the kiosk tap, water was left running for
about 3 s. After the first sample was taken, the containers were
marked and the participants’ name was documented. Then, the
participants were accompanied to their homes and instructed to
leave some water in the container for the household visit the next
day. Twenty-four hours later, the same households were revisited,
and samples were taken from the marked containers. Before the
samples were taken, the containers were shaken well for around
10 s. Water samples of 100 mL were poured directly from the
a jerrycan, and improved container.
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containers into sterile NascoWhirlepak Thio bags and stored on ice
in cooler boxes for about 6 h prior to lab analysis. Samples were
vacuum-filtered through 0.45 mm millipore cellulose membrane
filters using sterilized filtration equipment and then placed on
Nissui Pharmaceutical compact dry coli-scan plates. The dry plates
were incubated at 35þ/� 2 �C for 24 h. Due to occasional electricity
cuts, body incubation was also used: Instead of storing the dry
plates in the incubator, they were kept in a bumbag close to the
body. The temperature was monitored with a thermometer and
was constantly kept at around 34e35 �C. After the incubation
period, E. coli and total coliform colonies were counted visually up
to 300 colony forming units (CFUs). A negative control using boiled
water as field blank and a duplicate sample were analysed every
16th sample.

In all samples collected except in those from the control group,
FRC concentrations were measured 30 min after collection with
DPD Nr.1 tablets and a colorimeter from LaMotte or a pooltester
(WHO, 2017).

During the second household visit after 24 h, structured,
quantitative interviews were conducted with the person mainly
responsible for water management to identify confounding vari-
ables and assess the influence of water, sanitation, and hygiene
infrastructure and practice on recontamination. The questionnaire
contained pretested questions, coded in ODK on tablets. Interviews
were conducted in the local languages, Samia and Luganda, by two
trained interviewers. The questionnaire comprised structured
questions, most with categorical and Likert-scale answer cate-
gories, on household demographics, access to water, water
handling practice, hygiene behaviour, and wealth indicators. In
addition to questions, structured observations in the household
gathered information on the condition and existence of storage and
transport containers, hand-washing and sanitation facilities, and
water treatment methods available in the household.

2.2. Data analysis

The data was analysed using IBM SPSS Version 25. Differences
were calculated (i) between water quality at the tap and water
quality after filling the container and (ii) between water quality at
the tap and water quality after 24 h of storage to obtain information
about the degree of recontamination. To improve visualization,
recontamination was log-transformed, and for all zero recontami-
nation values, 0.5 was added to allow logarithmic transformations.
Descriptive statistics were calculated to assess central tendencies.
Since the distribution of coliform counts was not normal,
nonparametric Kruskal-Wallis and Mann-Whitney tests were con-
ducted to assess differences between intervention strategies. A
Bonferroni correction was applied, and the results are reported at a
0.0083 level of significance. To aid interpretation, the effect size of
the ManneWhitney test was calculated (Rosenthal, 1991).

The difference between the FRC concentration at filling and after
24 h of storage was calculated to obtain the FRC degradation. Then,
t-tests were applied to compare the differences between FRC in
uncleaned and cleaned jerrycans and between cleaned jerrycans
and cleaned improved containers.

To investigate the impact of household factors on bacterial
recontamination, univariate and multivariate logistic regression
models were calculated. A dichotomous variable was formed by
classifying counts of E. coli recontamination into uncontaminated
(0 CFU/100 mL ¼ 0) and contaminated (>0 CFU/100 mL ¼ 1). The
multivariate model (n ¼ 135) was controlled for intervention
assignment by forming three dummy variables: (a) water chlori-
nated at the kiosk (differentiating between the control site (¼0) and
sites that had received chlorination at the kiosk (¼1) b) the use of a
normal jerrycan cleaned at the kiosk (¼1) versus a not cleaned
4

jerrycan or an improved container (¼0) and c) the use of a cleaned
improved container (¼1) versus a not cleaned jerrycan or a cleaned
jerrycan (¼0); water handling and hygiene factors that were
significantly different between the intervention sites, factors
known from literature to impact water quality during handling and
factors that were significant at a p-value � 0.2 during univariate
analysis. The final model was then obtained using backward se-
lection with the same level of 0.2. Associations were considered as
statistically significant if p-values were <.05. The multivariate
model included 11 predictors relying on Vittinghoff’s rule of thumb
that the number of predictors in multiple logistic regression should
not exceed a case number of 10 per predictor (Vittinghoff et al.,
2005). Values of the Variance Inflating Factor (VIF) of all pre-
dictors were between 1.135 and 2.246 and Tolerance was between
0.445 and 0.881 confirming the validity of model assumptions for
multi-collinearity. Chi-square and Spearman’s rho were used to
assess correlations between predictors included in the model.

A wealth index, hand-washing index and toilet index were
calculated using principal component analysis with orthogonal
rotation (varimax). The wealth index was compiled in accordance
with previously described procedures from educational level,
money spent per week, and possessions available in the household:
solar panel, radio, TV, phone, bicycle, motorbike, car, fridge, watch,
fuel type, owning the house, number of rooms, wall, roof and floor
type of the house (Rutstein, 2008; Krishnan, 2010). The hand-
washing index included the presence of a handewashing facility,
the condition of the facility, and the availability of soap andwater at
the handwashing facility. The toilet index was formed on the basis
of the toilet type and the cleanliness of the toilet in the household.

3. Results and discussion

3.1. Household demographics and water handling

Households across all study sites consisted on average of seven
people (SD ¼ 3), among them four children (SD ¼ 3), of whom two
were under the age of 5 (SD ¼ 1). Seventy percent of the re-
spondents reported having completed primary school, 16% had
completed secondary school, and 14% were illiterate. The majority
of respondents (96%) lived in their own house with an average of
two rooms (SD ¼ 1), and they worked in agriculture (92%). None of
the respondents had an electricity connection in the home, but 55%
used solar panels for light and charging their phones. The median
expenditure per week and household was 150000 UGX (~4 USD;
IQR ¼ 200000 UGX).

The average distance to the water kiosk was about 600 m
(SD ¼ 400 m), and the average time to collect water per day,
including waiting time, was 130 min per person (SD ¼ 113 min).
Thirty-three percent of the respondents stated that they used other
sources in addition to the water kiosk, with the lake being the main
additional source (72%). The customers of the kiosk ranked the
water quality at the kiosk as safe (77%) and perceived the taste of
the water to be good (67%). This was reflected in the low number of
additional household water treatment products in the households
(11%) and shows that people are not aware of the risks of recon-
tamination. The most commonly used method for household water
treatment was filtration with a cloth (4.4%). The respondents re-
ported cleaning their water transport container every second to
third day on average. The majority used soap (63%) and a sponge
(63%). Fifty-six percent stated that they used different containers
for transport and storage. The use of an additional container for
water storage bears the risk of further recontamination, as Harris
et al. (2013) documented. The most common storage containers
in use were clay pots. This study did not investigate the impact of
transferring water into storage containers but only tested water
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quality changes if water was stored in the same container over 24 h.
Forty percent of the households had received an educational

visit in the last year, providing information on WASH. Forty-five
percent of households took part on average in two community
meetings during the last year where WASH training was provided
(SD ¼ 2). Seventy-seven percent of the respondents lacked hand-
washing facilities in the household and in only 32% of the house-
holds with handwashing facilities was soap present. Fifty-six
percent of the respondents owned private pit latrines, and 29%
shared pit latrines with neighbours. Twelve percent lacked sani-
tation facilities and practiced open defecation instead. Further de-
tails about the socio-economic conditions, water handling and
hygiene at the three sites are presented in Table A of the supple-
mentary materials.

3.2. The influence of the interventions on bacterial recontamination

Water quality tests revealed that none of the samples taken at
the kiosk tap at any site, including the control site, contained E. coli.
Total coliforms were detected at the control site (Median ¼ 11 CFU/
100 mL, Interquartile Range (IQR) ¼ 9 CFU/100 mL). The kiosk taps
at the intervention sites providing chlorinated water did not
contain any total coliforms.

The presence of chlorine protected the water in all three in-
terventions after filling the jerrycans, resulting in a median of zero
E. coli and total coliforms. In the control group 74.4% of the con-
tainers contained E. coli immediately after filling, corresponding to
a Median of 2 CFU/100 mL (IQR ¼ 10) E. coli counts. This was
significantly different from the three intervention groups, with
Mann-Whitney U ¼ 253, p < 0.0083, r ¼ �0.61 for uncleaned jer-
rycans, U ¼ 127, p < 0.0083, r ¼ �0.46 for cleaned jerrycans, and
U¼ 135, p < 0.0083, r¼�0.45 for cleaned improved containers (see
Fig. 2a). Similarly, the control group also contained a significantly
higher recontamination level of total coliforms after container
filling (Median¼ 169 CFU/100mL, IQR¼ 260) than the intervention
groups, with Mann-Whitney U ¼ 213, p < 0.0083, r ¼ �0.56 for
uncleaned jerrycans, U ¼ 100, p < 0.0083, r ¼ �0.46 for cleaned
jerrycans, and U ¼ 104, p < 0.0083, r ¼ �0.46 for cleaned improved
containers (see Fig. 2b).

After 24 h of storage, E. coliwas detected in 86% of the containers
of the control group (Median¼ 9 CFU/100mL, IQR¼ 25), 54% of the
uncleaned jerrycans (Median ¼ 1 CFU/100 mL, IQR ¼ 6), 30% of the
cleaned jerrycans (Median¼ 0 CFU/100mL, IQR¼ 2) and 13% of the
cleaned improved containers (Median ¼ 0 CFU/100 mL, IQR ¼ 0).
The E. coli recontamination, calculated as the change in CFU/100mL
between the kiosk’s tap and 24 h storage in the container, in all
three intervention groups differed significantly from that in the
control group (Mann-Whitney U ¼ 539, p < 0.0083, r ¼ �0.32 for
Fig. 2. a) Recontamination with E. coli between tap and container filling b) Recontaminatio
container) (Detection limit: 0 Log; �0.3 log ¼ non-detects).
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uncleaned jerrycans, Mann-Whitney U¼ 167, p < 0.0083, r¼�0.39
for cleaned jerrycans and Mann-Whitney U ¼ 100, p < 0.0083,
r ¼ �0.47 for improved cleaned containers (see Fig. 3a). Fewer
samples recontaminated with E. coli were found if the jerrycans
were cleaned, but the difference from uncleaned jerrycans was not
statistically significant (U ¼ 400, ns, r ¼ �0.15). The use of cleaned
improved containers reduced recontamination the most, but the
difference from cleaned jerrycans was not statistically significant
(U ¼ 215, ns, r ¼ �0.13). A significant difference in recontamination
with E. coli was found between uncleaned jerrycans and cleaned
improved containers, with Mann-Whitney U ¼ 300, p < 0.0083,
r ¼ 0.28.

Total coliform contamination after 24 h of storage was detected
in 93% of the containers of the control group (Median ¼ 287 CFU/
100 mL, IQR ¼ 104), 96% of the uncleaned jerrycans
(Median¼ 23 CFU/100mL, IQR¼ 282), 96% of the cleaned jerrycans
(Median ¼ 26 CFU/100 mL, IQR ¼ 298), and 65% of the cleaned
improved containers (Median ¼ 1 CFU/100 mL, IQR ¼ 5). Recon-
tamination with total coliforms in the control group did not
significantly differ from levels in both uncleaned and cleaned jer-
rycans (Mann-Whitney U ¼ 686, ns, r ¼ �0.22 and Mann-Whitney
U¼ 381, ns, r¼�0.14 respectively). This may be due to the effect of
cleaning jerrycans with sand as the narrow neck of the jerrycans
impedes cleaning with a brush. This procedure could have rein-
troduced total coliforms which also multiply in soil environments
(WHO, 2017) into the container. Cleaning with sand also increases
the risk of scratching the inner walls of containers and thus offering
a niche for bacteria to grow (Van Der Merwe et al., 2012).

Only the improved containers that were cleaned with brushes
instead of sand had significantly lower recontamination counts
with total coliforms than the control group (U ¼ 109, p < 0.0083,
r ¼ �0.46, see Fig. 3b). The cleaned improved containers also had
significantly lower counts of total coliforms than uncleaned jerry-
cans and jerrycans cleaned with sand (U ¼ 201; p < 0.0083;
r ¼ �0.0.36 and U ¼ 118; p < 0.0083; r ¼ �0.0.28). In addition to
enhanced cleaning of the improved container, water extraction
through the tap, instead of pouring water out from the opening in
the case of the jerrycan, could also have contributed to a reduction
of recontamination.

Ninety-six percent of the people who had received an improved
container preferred it to a common jerrycan. The following reasons
were given: the improved containers are easier to clean, they have a
good cover and tap, and they can be used to fetch water from the
lake. The last reason does not serve the purpose of the containers
because lake water samples contained E. coli counts in the high-risk
category (>100 CFU/100 mL), and improved containers should not
facilitate access to lake water (WHO, 2017).

It was observed that after only five months of use, some of the
n with total coliforms between tap and container filling (JC ¼ jerrycan; IC ¼ improved



Fig. 3. a) Recontamination with E. coli between tap and 24 h of storage in household b) Recontamination with total coliforms between tap and 24 h storage in household
(JC ¼ jerrycan; IC ¼ improved container) (Detection limit: 0 Log; �0.3 log ¼ non-detects).
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improved containers were already broken. Leaking taps and broken
handles and lids were observed. The tap with its exposed position
near the bottom of the container is very vulnerable to damage and
contamination during transport. The study demonstrated the
positive effect improved containers with an opening that facilitates
proper cleaning had on reducing recontamination, which suggests
that a more robust container with such a design should be devel-
oped. A robust design that facilitates the daily use of containers was
also highlighted by Reed et al. (2011).

3.3. The influence of container cleaning on FRC degradation

Recontamination of E. coli and total coliforms was significantly
associated with the provision of chlorination at the water kiosk
after membrane filtration (OR¼ 0.101; p¼ 0.001) (see Table 1). FRC
concentrations measured immediately after filling the containers
were on average 1.9 mg/L in uncleaned jerrycans (Standard Devi-
ation (SD)¼ 0.3 mg/L), 2 mg/L in cleaned jerrycans (SD¼ 0.3 mg/L),
and 2 mg/L (SD ¼ 0.2 mg/L) in cleaned improved containers. The
FRC degradation over 24 h in cleaned jerrycans (Mean of
degradation ¼ 1.6 mg/L, SD ¼ 0.4 mg/L) was significantly less than
in uncleaned jerrycans (Mean of degradation ¼ 1.8 mg/L,
SD ¼ 0.3 mg/L, t(34) ¼ 2.466, p < 0.05, r ¼ 0.39). The lowest FRC
degradation values over 24 h were found in cleaned improved
containers (Mean of degradation ¼ 1.2 mg/L, SD ¼ 0.3 mg/L). They
differed significantly from cleaned jerrycans (t(44) ¼ 3.501,
p < 0.05, r ¼ 0.47; see Fig. 4).

These results highlight that a thorough cleaning process is
effective in removing organic material from the containers, thus
contributing to the stabilization of FRC in the water that is kept in
the containers.

After 24 h, none of the uncleaned jerrycans contained FRC
concentrations above 0.4 mg/L (mean ¼ 0.2 mg/L, SD ¼ 0.1 mg/L),
cleaned jerrycans contained concentrations up to 1 mg/L
(mean ¼ 0.4 mg/L, SD ¼ 0.2 mg/L), and cleaned improved con-
tainers had FRC concentrations up to 1.4 mg/L (mean ¼ 0.7 mg/L,
SD ¼ 0.3 mg/L). Water quality in all jerrycans or containers con-
taining FRC concentrations above 0.4 mg/L after 24 h of storage met
WHO guidelines (zero E. coli CFU/100 mL) (WHO, 2017) (Fig. 5).
Contrary to earlier recommendations, our findings suggest that FRC
concentrations above 0.2 mg/L may be required to ensure that
water from Lake Victoria is safe to drink water after 24 h of storage
(WHO, 2017; Lantagne, 2008). Most of the samples in uncleaned
jerrycans were recontaminated after 24 h, indicating that chlori-
nation of about 2 mg/L was not sufficient to prevent recontami-
nation in uncleaned jerrycans during 24 h of storage, while most
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households using cleaned jerrycans and improved cleaned con-
tainers still had water free of E. coli after 24 h of storage. A possible
solution to prevent recontamination irrespective of the container
used would be a higher chlorine dosage. However, higher concen-
trations of chlorine change the taste of treatedwater and thus could
lead to its rejection by the user (Crider et al., 2018). A higher
chlorine demand indicates higher concentrations of organic matter
in the water, which could increase the risk of forming carcinogenic
byproducts, such as trihalomethanes (Crittenden et al., 2012). The
authors recommend that chlorination be combined with another
intervention strategy, such as the use of properly cleaned con-
tainers, to reduce the amount of organic matter in the jerrycans.
3.4. Factors associated with the recontamination of water

Univariate and multivariate logistic regressions with presence
or absence of E. coli recontamination in water stored for 24 h
revealed that most water-handling and hygiene-related household
factors did not significantly influence water quality. The results of
the regression models using E. coli recontamination are presented
in Table 1. Multivariate regression revealed that water chlorination
after membrane filtration at the kiosk was significantly associated
with lower E. coli recontamination (OR ¼ 0.105, p ¼ 0.003) after
24 h. Cleaning of the containers by the kiosk operator before filling
them significantly reduced the risk of recontamination with E. coli
(OR ¼ 0.180, p ¼ 0.009). Also, the use of improved containers
significantly reduced the recontamination risk of E. coli
(OR¼ 0.094, p¼ 0.002). These results correspond with the findings
in section 3.2.

In addition to intervention strategies, the number of WASH
education visits received by the household was associated with
lower E. coli recontamination (OR ¼ 0.54, p ¼ 0.003). This is inter-
esting as the number of WASH education visits received by the
household was significantly correlated with the handwashing fa-
cility index (rs ¼ 0.201; p ¼ 0.019), the toilet index (rs ¼ 0.223;
p ¼ 0.009) and with the use of sand to individually clean the con-
tainers at household level (rs ¼ 0.290; p ¼ 0.001). The effects of
these correlations, however, are all quite small and did not violate
the assumption of multi-collinearity in the regression model. A
possible explanation for the association between the number of
WASH education visits and recontamination in stored drinking
water is that the WASH training may have improved the consis-
tency of hygiene practices e a factor which is not captured in the
data e and may therefore have improved general household
hygiene.



Table 1
Univariate and multivariate logistic regression of factors related with E.coli recontamination* in water stored for 24 h.

Recontamination [N (cases) ¼ 135] Univariate logistic regressiona Multivariate logistic regressionb

n(0 CFU/100 mL) ¼ 63; n(>0 CFU/100 mL) ¼ 72 OR 95% CI p-value OR 95% CI p-value

Intervention assignment
Water chlorinated at kiosk 0.100 0.04e0.26 <0.001 0.105 0.02e0.47 0.003
Cleaned normal jerrycan 0.316 0.12e0.83 0.019 0.180 0.05e0.66 0.009
Cleaned improved container 0.093 0.03e0.33 <0.001 0.094 0.02e0.43 0.002

Wealth index 1.001 0.99e1.01 0.880
Education level 0.943 0.51e1.73 0.851 0.706 0.30e1.66 0.424
Employed in agriculturec 2.370 0.42e13.42 0.328
Distance to water kiosk 0.999 0.99e1.01 0.080 0.999 0.99e1.00 0.431
Additional use of other drinking water source 0.590 0.28e1.20 0.145 0.845 0.32e2.23 0.734
Frequency of cleaning the container at home 1.020 0.76e1.37 0.888
Materials used to clean the container at home
Soap 0.437 0.21e0.90 0.025 1.316 0.46e3.74 0.607
Sand 2.970 1.47e5.99 0.002 1.599 0.59e4.27 0.349
Lantana kamara leaves 1.350 0.57e3.18 0.491
Sponge 0.960 0.48e1.93 0.905

Hand-Hygiene at household
Freq. hands washed yesterday with soap 1.060 0.89e1.26 0.500
Handwashing facility available 1.082 0.48e2.42 0.848
Handwashing facility with soap & water 1.341 0.36e4.48 0.661
Handwashing facility index 1.000 0.98e1.01 0.969 0.992 0.98e1.01 0.399

Sanitation
Toilet is clean 0.954 0.45e1.99 0.900
Household has no toilet 1.532 0.52e4.49 0.436
Household uses a shared toilet 1.600 0.75e3.42 0.225
Household has a private Pit-latrine 0.651 0.33e1.29 0.220
Toilet index 0.772 0.53e1.11 0.166 0.722 0.41e1.26 0.253

HH visit received 1.409 0.70e2.83 0.335
Nr of HH visits received 0.862 0.68e1.09 0.223 0.535 0.35e0.81 0.003

* Recontamination included the absence (0 CFU/100 ml) or presence (>0 CFU/100 ml) of change in E.coli counts between source and 24 h of water storage.
a Odds ratios (OR) and p-values are based on the likelihood ratio test. Significant odds rations and corresponding p-values are indicated bold. CI¼ Confidence Interval.
b Model c2 (11) ¼ 62.12, p < 0.001; Cox & Snell R2 ¼ 0.37; Nagelkerke R2 ¼ 0.49.
Tolerance ¼ 0.445e0.881; Variance Inflating Factor (VIF) ¼ 1.135e2.246.
c All binary categorical variables were coded as present ¼ 1/ absent ¼ 0.

Fig. 4. FRC degradation over 24 h in uncleaned and cleaned jerrycans (JC) and in
improved containers (IC). Fig. 5. Logetransformed counts of E. coli versus FRC (Detection limit: 0 Log; �0.3

log ¼ non-detects).
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4. Conclusions

Recontamination of drinkingwater provided at the tap of a kiosk
treating water from Lake Victoria was observed after filling the
jerrycan and during transport and storage. All three intervention
strategies, comprising of chlorinating water at the tap after treating
water from Lake Victoria with ultrafiltration, in combination with
uncleaned jerrycans, cleaned jerrycans, or cleaned improved con-
tainers, significantly reduced E. coli recontamination during trans-
port and storage over 24 h compared to the control group.
Containers with FRC residuals of at least 0.4 mg/L after 24 h of
7

storage did not exhibit recontamination with E. coli. An FRC con-
centration of 2 mg/L at the kiosk’s tap was not sufficient to obtain
more than 0.4mg/L FRC in uncleaned jerrycans after 24 h of storage.
Cleaning the conventional jerrycans reduced the recontamination
risks of E. coli but was inconvenient due to their having a small
opening. The wider opening of improved containers enabled their
cleaning with a brush and soap. Improved containers had the
lowest recontamination levels for both E. coli and total coliforms
after 24 h. Although former studies recommend small container
openings to prevent recontamination (Levy et al., 2014), this study
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demonstrated a reduction of recontamination risks in containers
with a wide opening that facilitated proper cleaning of the con-
tainer’s inner walls.

In addition to the intervention strategies, higher numbers of
household visits providingWASH educationwere associated with a
lower risk of bacterial recontamination in stored drinking water,
indicating the importance of adequate hygiene practices during
safe water storage.
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