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Abstract. Safe water supply, sanitation, and hygiene (WaSH) are among key components to prevent and control
waterborne diseases such as cholera, schistosomiasis, and other gastrointestinal morbidities in the community. In 2018,
there was cholera outbreak in Ngorongoro district that was fueled by inadequate and unsafe water as well as poor
sanitation and hygiene. We used an analytical cross-sectional study first to determine the proportion of households with
access to WaSH and second to assess factors associated with coverage of household’s access to WaSH. Methods
included interviewingheadsof the household to assess the availability of safe drinkingwater, use of unshared toilet/latrine
by household members only, and the availability of functional handwashing facility. Eight percent of households had
access toWaSH.Access tohousehold’sWaSHwaspositively associatedwithhousehold’smonthly income, educationof
heads of the household, and water use per person per week. To control water-related morbidities, there is a need to
improve access to reliable safe drinking water, expand alternatives of households to earn more incomes, and enhance
proper sanitation and hygiene services to rural areas andmarginalized groups like theMaasai of Ngorongoro in Tanzania.

INTRODUCTION

Safe water supply, sanitation, and hygiene (WaSH) have a
great role in public health, especially for the prevention and
control of diarrheal diseases. The United Nation’s sixth Sus-
tainable Development Goal seeks to ensure availability and
sustainable management of water and sanitation for all.1 Al-
though a big proportion of the global population has access to
water, the quality of water in terms of safety is still uncertain.2

By 2017, less than 30% of the population in sub-Saharan
Africa had access to safe drinking water, less than 20% san-
itation services, and less than 25%had handwashing facilities
at homes.3 Erratic availability of safe drinking water leads to
extended storageperiods ofwater, and eventually, it becomes
contaminated.4

Major health consequences of lack of access to adequate
safe drinking water, basic sanitation, and hand hygiene are
diverse, but they mainly relate to waterborne diseases.5–8

Water treatment is among major steps to enhance water
quality. Household water treatment in many countries has
shown some promising positive results in improving water
quality and reducing the prevalence of diarrhea.9 In many of
the sub-Sahara African countries, safe drinking water is gen-
erally affected by high fecal contamination because of open
defection.10 In resource-limited countries, one of the easiest
ways to remove contamination is water treatment by boiling
and letting it cool down before storing in a clean container for
subsequent use.
Tanzania experienced several cholera outbreaks since the

fourth quarter of the last century.11 Among the epicenters for
the cholera epidemic in Tanzania was Ngorongoro district. To
respond to the outbreak, one of the interventions was to en-
gage the community in the WaSH campaign. Throughout the
campaign period, the community was sensitized on the ap-
plication of safe excreta disposal, availability, and use of safe
drinking water and handwashing practices. Although the

outbreak was controlled, it is not clear whether or not
households in Ngorongoro district have consistently adhered
to intervention guidelines and changed their practices to
positive healthy WaSH behavior. Using a cross-sectional
study, we aimed to assess coverage of household’s WaSH
and to examine factors associated with access to WaSH in
Ngorongoro district.

METHODS

Studydesignandsettings.Thestudywascross-sectional.
It was conducted between March and May 2019 in four of the
10 villages of Ngorongoro district in Tanzania. The 10 villages
were mostly hit with the 2018 cholera epidemic. Tribes in the
area aremainly theMaasai, with fewWatemi. According to the
2012 National Census, the district had a total population of
about 175,000 of which 20.2% were children younger than 5
years.12 Administratively, the district has 28 wards, 42 vil-
lages, and 36,310 households. The district has inadequate
supply of clean and safe water, whereby less than 40% of the
population has access to cleanwaterwithin a radius of 5 km.13

Study population. The study population included heads of
households in the targeted Maasai and Watemi villages. The
two tribes constitute the majority of the Ngorongoro pop-
ulation inwhichmore than80%of thepopulation is engaged in
seminomadic and pastoral lifestyle raising cattle and goats.
These tribes build their homes using clusters of cow dung that
last for temporary periods. Therefore, even the standards of
the toilets/latrines would match to their living homes. Cultur-
ally, the Maasai diet consists of milk and blood from their
cattle. However, this way of life is slowly changing to modern
settlements and sedentary lifestyle of farming.14

Sample size estimation and sampling procedure. We
estimated a sample of 410 heads of the household using
Kish’s sample size formula for single proportion.15 The input
parameters included the estimated proportion of households
with sanitation facilities (20%).16 This proportion was con-
sidered to yield aminimum required sample size even for other
parameters, households with safe drinking water, and those
with acceptable hygiene. We also used a 95% level of confi-
dence and a 5% absolute precision. We further adjusted for
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the effect of clustering using a design effect of 1.5 and an
anticipated nonresponse rate of 10%. We used a two-stage
cluster sampling strategy to select the study participants. In
the first stage, we randomly selected four villages from a list of
10 most cholera-affected villages. Selected villages were
Endulen, Esere, Kesile, and Meshili. In the second stage, we
selected heads of the household using probability pro-
portional to size cluster sampling.17

Data collection tools and procedure. We used two data
collection tools, a face-to-face interview form and an obser-
vation checklist. We developed both tools guided by the ob-
jectives and experience in the field. Furthermore, before the
final version of the tools, we benchmarked the developeddraft
tools with that of UNICEF (Core on drinking water, sanitation
and hygiene for household surveys: 2018 update).18

The face-to-face interview form included information on
background characteristics of heads of household, type of
sources to household water, water treatment, and house-
hold’s sanitation. The observation checklist included 1) ac-
cess to water (type and quality of vessels to draw water for
drinking), 2) household sanitation (availability of latrine facility
and the distance from the main dwelling, access, users, and
quality of latrine and fecal matter around the dwelling’s sur-
roundings), and 3) household hygiene (availability and quality
of a handwashing facility). Initially, wedevelopedquestions for
the interviews in English. The form was later translated into
Kiswahili, a language widely spoken by the majority.
Data collection personnel consisted of an epidemiologist

and three trainedCholeraRapidResponse Teammembers. At
least one of the team members was supposed to be fluent in
Maa and Kisonjo languages in case some heads of house-
holds could not communicate well in Kiswahili. To assess the
format, clarity, and order of questions, wepretestedboth tools
in Piyaya, a village that was not earmarked for the main study.
Study participants were heads of households who had stayed
in the village for at least 6months before the date of the study.
Measures. The dependent variable was access to house-

hold’s WaSH. We defined a household having access to
household’s WaSH if it had recommended components of
WaSH: 1) safe drinking water, 2) a household toilet/latrine un-
shared by members other household(s), and 3) a functional
handwashing facility. The WHO and UNICEF developed the
WaSH tool for assessingwhether awater sourcewas improved
or not.19 However, the water source indicator was used to
gauge water safety between different countries, rather than for
intranational comparisons.20 The recommended robust and
vibrant measure at microlevel was safe drinking water.21,22

To assess safe drinking water, we asked the respondent
aboutwater treatment after acquiringwater from the source. A
household with safe drinking water was supposed to have
boiled water, added bleach/chlorine/aqua table, sieved it
through a cloth or used water filter, and let it stand. We used a
checklist to assess whether the household had a toilet/latrine
thatwasunsharedbymembers fromneighboring households;
a latrine had a slab, a ventilated pit latrine, flush toilet, or a
composite toilet. In addition, a household was not supposed
to practice open defecation. Furthermore, we used a checklist
to mark the availability of a functional handwashing facility.
The main independent variables included background char-
acteristics of the respondents and of the household.
Data analysis.We summarized categorical variables using

frequency tables. We assessed the association of access to

household’sWaSHwith selected independent variables using
Pearson’s Chi-square test. In the multivariable analysis, we
used logistic regression analysis to examine independent
factors associated with access to household’s WaSH. The
measure of association was odds ratio. We used 95% CIs to
measure the strength of association. In addition, we used ro-
bust adjustment to account for clustering of the outcome
within a village. The level of significance was set at 5%.
Ethical consideration and permission to conduct the

study. TheMuhimbili University of Health and Allied Sciences
Research Ethical Committee approved the study protocol
(DA.287/298/01.A/08.) The regional administrative secretary,
the district executive director through the district medical of-
ficer, and leaders of the selected villages granted permission
to conduct the study. Participants were informed about the
study and their rights to participate or to withdraw at any time
during the interview process if they wished so. Wemaintained
confidentiality and anonymity during the interviews and data
analysis, respectively. All selected heads of the household
signed an informed consent form or provided thumbprint as
proof that they voluntarily participated in the study.

RESULTS

Description of the studyparticipants.A total of 410 heads
of the households participated in the study. Their mean age
was 36.3 (SD = 10.4) years. Women headed most of the
households (307; 74.9%). The majority (306; 74.6%) of the
study participants never had formal education. The average
household size was 5.6 (SD = 2.5), and the self-reported me-
dian household monthly income was TSh 55,500 (IQR =
80,000; [US$ 24.1, SD = 34.8]) (Table 1).
Access to households’ safe WaSH. Among the house-

holds, 250 (61.0%) heads of the households reported treating
water for drinking purposes. Treatment included boiling, fil-
tering, or adding treatment chemicals. Although 349 (85.1%)
households have latrines, only 154 (37.6%) of these latrines
were improved and unshared by members of the neighboring

TABLE 1
Background characteristics of households (n = 410)

Characteristic* Number (%)

Gender of heads of the household
Male 103 (25.1)
Female 307 (74.9)

Age (years), mean (SD)* 36.3 (10.4)
Less than 30 101 (28.0)
30–39 136 (37.8)
40+ 123 (34.2)

Education level
Never in school 306 (74.6)
Primary (incomplete or complete) 83 (20.2)
Above primary 21 (5.1)

Size of household, mean (SD)* 5.7 (2.5)
1–3 69 (17.3)
4–8 285 (71.3)
9+ 46 (11.5)

Household’s monthly income (TSh);
median (IQR)*†

55,500 (80,000)

1,000–28,000 120 (31.6)
28,001–85,819 132 (34.7)
85,820+ 128 (33.7)

*Numbers do not add up to 410 because of missing responses.
†TSh 2,300 = USD 1 (year: 2019).
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households. Furthermore, households with washing facilities
were 125 (30.5%). Only 28 (6.8%) households had hand-
washing facilities, water, and soap/detergent/ash on site. The
overall proportion of householdswith access toWaSHwas 32
(8.0%) (95% CI: 5.6–11.1). In Figure 1, we present details of
available households’ WaSH components surveyed in the
district.
Factors associated with access to household’s safe

drinking water, sanitation, and hygiene in Ngorongoro
district, Tanzania. As indicated in Table 2, the level of edu-
cation among the selected background characteristics for the
heads of the households was positively associated with ac-
cess to WaSH. Heads of the households who attained more
than a primary education level had 4.2 times odds of
accessing WaSH as compared with those never attended
school (OR = 4.2, 95% CI: 1.2–14.9). With respect to house-
hold’s characteristics, monthly income and water per capita
use were both independently and positively associated with
access to WaSH. The households with a monthly average
income of at least TSh 55,500 (about US$ 24) had 14 times
odds of access to WaSH as compared with households with
lower monthly income (OR = 14.0, 95% CI: 3.8–50.7). Simi-
larly, thehouseholdsusingat least 20Lofwater per personper
day had 5.3 times odds of access toWaSH as compared with
households using less quantity of water (OR = 5.3, 95% CI:
2.0–14.5).

DISCUSSION

We conducted a study in Ngorongoro district among the
seminomadic and pastoralist Maasai of northern Tanzania to
determine the proportion of households accessing WaSH
services and to assess factors associated with access. Ac-
cess to household’s safe WaSH is among the important indi-
cators that are used when controlling and protecting
communities against waterborne and sanitation-related dis-
eases such as cholera.23,24 Although there have been reports
about great achievements in access to safe drinking water,
improved sanitation, and hygiene facilities during the past few
decades, differences in the achievements and levels of cov-
erage between andwithin countries such as in rural and urban
exist (UNICEF). Tanzania is not exceptional to this.25 The
proportion of households accessingWaSH in theNgorongoro
community is only 8.0%. Independent factors associatedwith
access to WaSH are formal education status of heads of the

households, the quantity of water use per capita per day, and
average household’s monthly income.
In 2018, before the cholera outbreak in Ngorongoro district,

the proportion of households with access to clean water was
less than40%.On theonehand, in this study, theproportionof
households reporting having safe drinking water has signifi-
cantly increased to more than 60%. Based on our study de-
sign and possible differences of the study tools, it is difficult to
ascertain this increase. On the other hand, the proportions of
households having improved sanitation facilities and of those
practicing open defecation are very low (1.0% and 7.3%, re-
spectively). Globally, the majority of the rural population
practice open defecation.26 Sarah and Graham27 found an
association between open defecation and livestock keeping
among the Ngorongoro neighbors in Kiteto. Furthermore,
culturally, theMaasai do not use latrines.28,29 They even claim
that they cannot construct a “house” for feces.30 Although
some of theMaasai know the importance of using latrines and
refraining from open defecation, many would opt to stick to
their culture. In addition the Maasai like any society, changing
culture may be a difficult endeavor.31

In this study, a household’s monthly average income is posi-
tively associated with access to WaSH. In 2010, the WHO/
UNICEF reported a similar tendency of a positive association
between household’s income and access to WaSH in sub-
SaharanAfrica.32 InAbidjan, IvoryCoast, householdswith higher
incomes were more likely to access improved water, especially
during shortages, by purchasing water through alternative
sources.33 A previous research in some regions of Tanzania
concluded that there is a correlation between poverty andwater,
sanitation, and hygiene services.34 Likewise, in the current study
area, access to household’s WaSH is positively associated with
household’s monthly income. This finding may suggest that
despite of cultural barriers, households with better incomes are
more likely to construct their own improved latrines or toilets and
havebetter access to safe drinkingwater than their counterparts.
Furthermore, formal education of heads of the households

is positively associated with access to WaSH. Although
studies on sociodemographic factors associated with WaSH
are scanty, some reports suggest education of heads of the
households is associated with separate components of
WaSH like handwashing, hygiene, and water treatment.35–38

This may suggest that education is one of the fundamental
elements in the process for acquiring knowledge, specifically
for accessing WaSH. Therefore, although the indigenous

FIGURE 1. Coverage (percent) of access to household’s WaSH in Ngorongoro District.
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communities in Ngorongoro have a self-perceived unique
identity and authoritarian culture, one way to improve access
to WaSH is to provide them with formal education.
In 2006, theWHOandUNICEFpresented core questions on

drinking water, sanitation, and hygiene potentially for use in
the national household surveys.18 This tool and its update of
2018 are recommended as core household WaSH questions
and indicators for use, specifically at a national level house-
hold survey. Therefore, results from this study would be un-
derestimates as compared with results from the Joint
Monitoring Programe for the national WaSH using the 2018
householdWaSH indicators developed by theWHO/UNICEF.
In this study, there are several methodological limitations.

First, being a cross-sectional study, it may be difficult to as-
sess the cause and effect when determining the predictors of
household’s WaSH. Second, although we intensively trained
interviewers, there is a possibility of respondents offering
socially desirable answers causing desirability bias as a result
of using interviews, rather than a self-administered tool that
was not possible because of the low literacy level of study
participants. Third, these data are based on self-reports.
Therefore, we were not able to control the possibility of over-
or underestimates of household’s WaSH parameters due to
recall bias. Fourth, the tool that was used to assess compo-
nents of household’s WaSH may have not covered all pre-
determined possible factors. For example, we did not include
cultural and traditional beliefs and social factors that may be
paramount when assessing water sanitation, waste disposal,
and other hygienic practices.39,40

CONCLUSION

Despite having experienced a cholera epidemic in 2018 and
the intervention to improve access toWaSH that followed, the
proportionof households accessingall componentsof access
to safe water, sanitation, and hygiene among the indigenous
community in Ngorongoro is still low. Furthermore, access to

household’s WaSH is associated with household’s monthly
income, the amount of water use per person per day, and the
formal education status of the head of household. These
findings suggest a need for the community and for the gov-
ernment leaders to expand ways for having more reliable op-
tions of accessing WaSH and to explore alternative means of
earning additional income in rural areas, especially for mar-
ginalized groups like the Maasai and Watemi of Tanzania.
Without these efforts, these communities will remain at a
greater risk of water-related morbidities.
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