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The impact of hygiene and localised treatment on the quality
of drinking water in Masaka, Rwanda
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The worldwide prevalence of waterborne diseases has been attributed to the lack of safe water, inadequate sanitation and hygiene. This
study evaluated socio-demographic factors, microbiological quality of water at source and point of use (POU) at households, water
handling and sanitation practices in a rural Rwandan community. Thirty five water samples from the source, Nyabarongo River, and
water at point of use (POU) treated with the Slow Sand Filter (SSF) and Stir’Eau methods, were analysed for total coliform and faecal
coliform counts. Turbidity was measured in household samples. A structured questionnaire regarding water collection, storage, usage
and waterborne disease awareness was administered to 324 women. Despite the significant reduction in coliforms and faecal coliforms
from the Nyabarongo River following treatment using either SSF or Stir’Eau, the water at point of use was found to be unsafe for
human consumption. The frequency of diarrheal diseases were significantly higher among people who did not wash hands before food
preparation (P = 0.002) and after using a toilet (P = 0.007) than among those who did. There was a statistically significant association
between education levels and water treatment practices at the households (P < 0.05). Participants had limited knowledge regarding
water storage practices for prevention of household water contamination. A combination of treatment methods with appropriate

water handling should be considered. In addition, education is a fundamental precursor to advocating water treatment at POU.

Keywords: Microbiological water quality, waterborne diseases, SSF, Stur’Eau.

Introduction

Every year, contaminated drinking water contributes to the
death of millions of the poorest people of the world from
diseases related to waterborne illnesses.['l Two million chil-
dren are reported to die annually from waterborne dis-
eases.’l The Millenium Development Goal (MDG) 4 aims
to reduce the under-five mortality by two-thirds between
1990 and 2015. This is particularly critical for Rwanda,
which has one of the highest under-five mortality rates
in the world; one in 10 children die before reaching the
age of five.[¥l Children are particularly susceptible to wa-
terborne diseases and an inadequate water supply coupled
with poor water hygiene and sanitation may contribute to
the high mortality rate. A report released in 2010 stated
that just 30% of the rural population and 43% of the urban
population in Rwanda have access to an improved water
source.

In addition, nearly one third of all households consume
unsafe water from unprotected sources.! Rwanda has a
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target of providing safe water and sanitation to all its citi-
zens by 2020.5) However, the country still has a long way to
go as many rural areas have insufficient water to meet the
most basic drinking and household needs. Lack of access
to safe water and sanitation has significant health impacts
and may contribute to the spread of waterborne diseases
such as cholera, dysentery, hepatitis A and E, giardiasis,
and Haemolytic Uremic Syndrome.!

Interventions to improve microbiological quality of
drinking water at POU in developing countries such as
Zambia, Bolivia and South Africa have been effective to
an extent. Treatment methods used included boiling, sedi-
mentation, filtration, exposure to ultraviolet radiation from
sunlight and disinfection with sodium hypochlorite solu-
tions coupled with safe storage and community educa-
tion.[”°1 Although some studies have reported that the use
of chlorine-based solutions improved the microbiological
quality of drinking water and reduced the risk of diarrheal
disease, others have reported inconclusive results on the
effectiveness of such methods. [7:810-121

The source and turbidity of raw water may impact on
the efficacy of these methods. Furthermore, knowledge, at-
titude and practices of communities regarding water han-
dling, storage and purification are important variables to
consider in any intervention strategy. People living in the
rural Masaka Sector of Rwanda are given two options to
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treat raw water; the SSF (Slow Sand Filtration) and a lo-
cally distributed chlorine-based solution locally known as
Str’Eau. Even though the Stir’Eau treatment has been mar-
keted extensively throughout Rwanda, uptake in rural areas
has been limited.!'*! The purpose of this study was to eval-
uate socio-demographic factors, microbiological quality of
water at source and POU at households, water handling
and sanitation practices in a rural Rwandan community.

Materials and methods

Study area and population

This study was approved by the Durban University of Tech-
nology (DUT) research committee. Permission to conduct
the study was obtained from the Department of Health and
local authorities of Kicukiro District and Masaka Health
Centre in Rwanda. Informed consent was signed by all
participants. The study was carried out in two communi-
ties (Rusheshe and Ayabaraya) which are located in rural
Masaka Sector, Kicukiro District in Rwanda. Rusheshe and
Ayabaraya are rural communities with 1095 households
and a total of 7,774 residents. These two cells are situated
along Nyabarongo River and are occupied by informal set-
tlements. The Nyabarongo River is used as a source of
water for drinking, cooking and bathing by residents.[!]

A total of 324 households were systematically sampled.
One hundred and ninety three (193) households represent-
ing 60% of the population in Rusheshe and 131 (40%) in
Ayabaraya were selected. The first household of each day
of data collection was chosen randomly, thereafter every
third household was selected. Women aged between 18 and
55 years old were invited to participate. Women are the pri-
mary caregivers involved in domestic duties such as fetching
water, cooking, hygiene and sanitation.

Data collection

Triplicate samples of water were collected during January
2011 from five sites on the Nyabarongo River for microbi-
ological examination. These sites were located at approx-
imately 2 km from each other and included 3 areas, up-
stream and downstream of the water collection point and
at the point of water collection. Twenty water samples were
collected for microbiological and turbidity analysis from
10 randomly selected households. At each household, sam-
ples were collected on two different days of the week. Of the
20 water samples collected at POU, 8 samples of Stur’Eau
treated water and 12 samples of water treated by SSF were
collected. Water samples were analysed at the Kigali Water
Laboratory (KWL) in Rwanda.

Data for the women’s knowledge, attitude and practices
regarding water usage was collected using a questionnaire.
Interviewers administered structured questionnaires to one
adult female in each household. Information collected in-

cluded basic demographic details, treatment methods for
drinking water, storage and handling practices, sanitation
and knowledge regarding causes of diarrhoea.

Water quality analysis

Total coliforms and faecal coliforms were used as indicator
organisms to assess the microbiological quality of river and
household water samples. Water samples were analysed in
triplicate using the most probable number of colony form-
ing units (CFU) per 100 mL for total coliform (TC) and
faecal coliform (FC). The turbidity of each household water
sample was determined in Nephelometric Turbidity Units
(NTUs) using a portable H193703 Microprocessor turbid-
ity meter (HANNA Instruments, Ann Arbor, MI, USA).

Data analysis

Statistical analysis was performed using SPSS Predictive
Analytic Software (PASW) Statistics version 18.0 (IBM,
Somers, NY, USA) and STATA (Version 11.0, College Sta-
tion, TX, USA). Descriptive statistics were used to sum-
marise and compare the quality of water from different
sampling points. The Student’s ¢-test and the One-way
Analysis of Variance (ANOVA) tests were used to compare
the means of microbial counts.

Data from the questionnaire describing water handling,
hygiene and sanitation practices and waterborne disease
awareness at the household level was summarised using
frequency distributions, proportions and cross-tabulations.
The Pearson’s chi-square test was used to evaluate bi-
variate associations between independent variables (water
treatment practices, storage container cleaning and ways
of cleaning the storage container, hand-washing practices)
and dependent variables (diarrhoea, practice of washing
hands). Logistic regression models were used to determine
the relationship between binary outcome variables ad-
justed for relevant covariates. Statistical significance was
set at 0.05.

Results and discussion

Demographics of the study population are shown in
Table 1. Women were aged between 18-55 years, with 42%
between the ages of 26-35 years. The majority of partici-
pants (64%) had some level of primary schooling as their
highest education, while only 2% had some secondary edu-
cation. A total of 1570 people lived in the 324 interviewed
households and the average number of people per house-
hold was 4.8. In these households, children below 5 years
accounted for 18% of the study population. The commu-
nity’s main source of water was the Nyabarongo River and
most participants had to walk a long distance to collect wa-
ter from the river. Approximately one third of participants
walked between 100-500 m to the river.
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Table 1. Summary of household characteristics in rural areas of
Masaka (n = 324).

Characteristic N (%)
Participant age (n = 324)
18-25 yrs 43 (13)
26-35 yrs 135 (42)
36-45 yrs 97 (30)
46-55 yrs 49 (15)
Educational level (n = 324)
No schooling 46 (14)
Some primary school 208 (64)
Standard 6-9 64 (20)
High school graduate 6(2)
Age of people living in households
<Syrs 278 (18)
6-10 yrs 279 (18)
11-18 yrs 301 (19)
> 18 yrs 712 (45)
Water source:
Nyabarongo River 254 (78)
Public tap 52 (16)
Other 18 (6)
Distance travelled to water source
Nyabarongo River
<50 m 8(3)
50-100 m 102 (32)
100-500 m 115 (36)
Public tap
<50 m 0(0)
50-100 m 3(D)
100-500 m 4 (1)
Diarrheal symptoms experienced by
participant or family member in the
previous 6 months
Watery stool 89 (28)
Bloody stool 9(3)
Vomiting 27 (8)
More than 4 loose stools within 24 h 52 (16)
Drinking water treatment
Boiling 46 (14)
Str’Eau 92 (29)
Filtration (SSF) 65 (20)
No treatment 121 (37)

This is particularly relevant as water transported man-
ually over long distances is prone to increased contamina-
tion.[' One hundred and twelve women (35%) reported
diarrheal symptoms in their households in the 6 mo prior
to the interview. Of these, 75 cases were children under the
age of 5. Treatment at the local clinic was only sought for
55% of these episodes, while the others (39%) preferred to
treat themselves at home or use a traditional healer (6%).

Water quality

Faecal coliform (FC) counts were used in this study to
indicate the presence of potential pathogenic microorgan-
isms that is transmitted through the faecal-oral route.[']

Uwimpuhwe et al.

High faecal coliform counts in river water samples in-
dicate contamination due to direct faecal contamination
from animals/humans and runoff from human settlements
lacking proper sanitation.'! Total coliforms (TC) com-
prise of a heterogeneous group of bacteria from the genera
Escherichia, Citrobacter, Enterobacter, Klebsiella, Serratia
and Rahnella, some of which are of faecal origin.!'”]

High total coliform counts in water increases the health
risk associated with waterborne diseases such as gastroen-
teritis, dysentery, cholera, typhoid fever and salmonel-
losis.[' The high FC and TC counts in water samples from
the Nyabarongo River and household storage containers
indicated that the water was not fit for drinking (Table 2).
TC in excess of 100/100 mL and FC in excess of 20/100 mL
are associated with a significant and increased risk of in-
fectious disease transmission.!!>17]

There were no statistically significant differences between
means for counts of TC and FC[P =0.51 (TC)and P=0.78
(FQ)] for samples taken from different sampling points on
Nyabarongo River. There are many rural settlements along
the Nyabarongo River, and it is likely that domestic activity
such as washing, bathing and defecation may contribute to
the high bacterial loads in this river.

Water treatment at POU

To our knowledge, this is the first study to document the
effectiveness of household treatments (Stir’Eau and SSF)
with highly turbid raw water in rural Rwanda. These meth-
ods are two of the most common, low-cost and easily main-
tained water treatment systems for surface water usage in
developing countries.'¥! Previous studies have shown that
sodium hypochlorite solutions effectively reduced the num-
bers of indicator microorganisms to undetectable counts in
drinking water.>1*2% Unlike other technologies, chlorine
disinfection has a residual effect which prevents recontam-
ination of water over a period of time.[*!-??]

Sur’Eau (0.5% sodium hypochlorite) has been available
in Rwanda since 2002, and is currently sold through health
centres and commercial outlets throughout the country.
However, its use in rural areas of the country is limited.['3!
An important finding was that 37% of participants did not
treat their water at all. About 60% of participants who did
not treat their water had no schooling. It should be noted
that only 49% of all participants adopted either SSF or
Str’Eau as treatment methods for their water while 14%
preferred boiling water before use (Table 1).

Table 3 shows the distribution of bacterial contamina-
tion in ready to drink water from households. Mean TC
counts were 284 CFU/100 mL for household filtered wa-
ter (SSF) and 329 CFU/100 mL for Stir’Eau treated water,
while mean FC counts were 75 CFU/100 mL for household
filtered water and 122 CFU/100 mL for Str’Eau treated
water. Although both Stir’Eau and SSF treatments showed
a significant reduction of TC and FC colonies in POU wa-
ter samples compared to river water, [P < 0.05 (TC) and
P = 0.004 (FC)], treated water was still not suitable for
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Table 2. Mean values (95% confidence intervals) for microbiological indicators in water samples collected from the Nyabarongo

River.
Point of sampling on Nyabarongo River*
Indicator Before At After Average
Total coliforms Max 1 x 104 2 x 10* 1 x 10* 2 x 10*
(CFU/100 mL) Min 2 x 103 3 x 103 3 x 103 2% 103
Std. dev 2864 7190 3082 4567
Mean 5.8 x 103 8.2 x 10° 7 x 103 7 x 103
Faecal coliforms! Max 5% 103 6 x 103 5% 103 6 x 103
(CFU/100 mL) Min 20 1 x 10? 60 20
Std. dev 2152 2724 2120 2288
Mean 1164 2660 1232 1685

*n = 5 samples were taken at each sampling point; water samples were taken before, at and after the point of water collection.

human consumption. Ineffective disinfection may be, in
part, due to high turbidity levels.

Filtered water had a mean turbidity value of 18 NTU,
while Stur’Eau treated water had a mean turbidity value
of 191 NTU. The observed turbidity mean values for both
filtered water and Stir’Eau treated water in the study com-
munities were well above the recommended upper limit
guideline value of 5 NTU for drinking water.*?) Turbid-
ity in excess of 5 NTU may protect microorganisms from
the effects of disinfection, stimulate the growth of bacte-
ria, and increase chlorine demand.*3! Pathogens may be
encapsulated within flocs or particles in turbid water which
decreases the efficiency of disinfection. A study in South
Africa found that increased turbidity levels significantly
decreased the efficiency of a sodium hypochlorite (3.5%)
solution in the reduction of TC and FC.]

SSF was significantly more effective in reducing turbidity
than Str’Eau (P < 0.05). A pre-treatment is thus imperative
to remove large particles before adding Stir’Eau. It has been

reported that sedimentation or flocculation before chlori-
nation leads to significantly higher free chorine residuals in
stored water 24 h after treatment.>*?’] Treatment at POU
of highly turbid water in this area would be improved by
adopting a multifaceted approach which incorporates both
aflocculation/sedimentation step followed by filtration and
chlorination. Participants indicated that they either used
SSF or Str’Eau, none of the households used these meth-
ods in combination. In addition, they poured the source
water directly onto the filter, without allowing any time for
sedimentation or settling. This indicated lack of knowledge
regarding disinfection process.

Knowledge, attitude and practices regarding water storage
and handling

The positive health impact of water quality improvements
at POU through household water treatment and safe stor-
age has been documented.?! These strategies are regarded
as an interim solution till reliable and improved water

Table 3. Mean values for microbiological indicators and turbidity values for water samples collected from household treated water

(POU).

Type of water treatment

Filtered water using

Water treated with

Water quality parameter SSF(n=12) Sur’Eau (n=38) Rwandan standards’
Total coliforms Max 1 x 103 1 x 103 0 CFU/100 mL
(CFU/100 mL) Min 10 1
Std. dev 348 433.4
Mean 284 329
Fecal coliforms? Max 7 x 102 4 x 10? 0 CFU/100 mL
(CFU/100 mL) Min 1 1
Std. dev 111.8 237.7
Mean 75 122
Turbidity (NTU) Max 52.1 426 0.1 NTU
Min 5.24 4.45
Std. dev 15.5 171.9
Mean 18 191*

IRBS 13 Results of <1 treated as 1 for calculation purposes.
*P < 0.05.
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Table 4. Practices regarding water storage and sanitation and
knowledge of diarrheal diseases (n = 324).

Data N (%)
Container storage conditions

Open 216 (67)

Closed 108 (33)
Storage of water container

Outdoors 14 (4)

Indoors 310 (96)
How water is obtained from the storage

container

Mug 297 (92)

Tap 0(0)

other 27 (8)
Number of times the storage container is

cleaned

Daily 28 (9)

Weekly 74 (23)

Monthly 137 (42)

Rarely or not all 85 (26)
Separate container for drinking water

Yes 265 (82)

No 59 (18)
Importance of washing hands

To be clean 260 (80)

To prevent diseases 148 (46)

To be healthy 96 (30)
Hand washing practices**

Before eating 315(97)

Before food preparation 65 (20)

After using a toilet 140 (43)

After waking up in the morning 93 (29)

After cleaning the baby’s buttocks 100 (31)
Causes of diarrheal episodes (N = 112)

Contaminated water 67 (60)

Eating stale food 10 (9)

Dirty hands 12 (11)

Dirty surrounding 21 (18)

Religious belief 2(2)

supplies can be provided to those who lack access to im-
proved water supplies.l”’l However, it must be accompanied
by continual health education and hygiene promotion in
order to achieve a sustained behavioural change. A sum-
mary of water storage and treatment practices is shown in
Table 4.First, 67% of participants indicated that they did
not cover their water storage containers.

Nearly all participants (96%) kept their water storage
containers indoors. In terms of the method of drawing wa-
ter from the storage container, most women (92%) used a
mug or a small container to transfer water from the storage
container. All participants dipped into the storage vessel
with a cup held in their hands. This increases the risk of
contamination by contact. The use of cups with longer han-
dles should be encouraged in this community. Only 9% of all
participants reported cleaning the water storage container
daily, while 26% rarely cleaned the storage containers. Most

Uwimpuhwe et al.

of the participants (82%) indicated that they used separate
containers for drinking purposes and for cooking, washing
hands and cleaning of kitchen utensils.

Basic hygiene practices, especially hand washing, are an
effective intervention in the reduction of waterborne dis-
eases in developing countries.”-?”?8l Human faecal contam-
ination from children and adults who do not wash their
hands after using the toilet may contribute to secondary
contamination of household stored drinking water. Several
studies have indicated that E. coli can survive for 10 min-
utes, Klebsiella spp for 2.5 hours and Shigella sonnei for up
to 3 hours on unwashed hands.”’) Almost all participants
(97%) indicated that they washed hands before eating, 43%
washed hands after using a toilet, while only 20% of women
washed hands before they prepared food (Table 4). This
lack of basic hygiene adversely affects water quality as the
women dip their hands into storage containers to access
water for household tasks.

When questioned about the possible causes of diarrhoea,
60% of participants identified contaminated water as a pos-
sible cause, while 9% believed that it was caused by eat-
ing stale food and 29% of women thought that it was re-
lated to unsanitary hands and environment. Pearson’s chi-
square tests were performed to determine whether water
handling practices, hand washing practices, knowledge of
waterborne diseases and their prevention was dependent on
educational level of participants. Table 5 shows that people
who went to school were more likely to cover their stor-
age containers than those who did not have any schooling.
There was no significant association between storage con-
tainer cleaning practices and level of education of women.
The number of participants with schooling, who washed
hands after using a toilet and after cleaning baby’s but-
tocks, was significantly higher compared with those who
did not have schooling (P < 0.05).

Similarly, results indicated that awareness of waterborne
diseases was significantly associated with the level of edu-
cation of the respondent (P < 0.05). Multivariate logistic
models indicated a significant association between levels
of schooling and diarrhoea experienced (Table 6). Partici-
pants with primary or secondary schooling reported a sig-
nificantly lower risk of diarrheal episodes than those with
no schooling [(OR = 0.35, CI: 0.15-0.85, P = 0.02); (OR
= 0.36, CI: 0.14-0.96, P = 0.04)].

It is anticipated that persons who have attended school
are aware of susceptibility to waterborne diseases and are
therefore more likely to pursue preventive measures.[*%-3"]
Rana B found that prevalence of waterborne diseases was
significantly higher among illiterate women caregivers in
rural Bangladesh (P < 0.001). A recent study in Pakistan
by Arif and Naheed *?! found no significant relationship
between a mother’s age and the occurrence of diarrhoea
among under-five children; however, the prevalence of di-
arrhoea decreased with increased education. These studies
are in agreement with the findings of this study. No signif-
icant association was found between the women’s age with
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Table 5. Water handling practices among participants stratified by level of education (n = 324).

Educational level (n = 324)

Water handling practices No schooling Primary school High school

Method of cleaning storage container

Water only 3(6.5) 21 (10.1) 4 (5.7)

Soap and water 5(10.9) 52 (25) 17 (24.3)

Sand and water 19 (41.3) 86 (41.4) 32 (45.7)

other 19 (41.3) 49 (23.6) 17 (24.3)
Method of drinking water treatment

Boiling 2 (4.35) 36 (17.3) 8 (11.4)*

Stur’Eau 3(6.5) 67 (32.2) 22 (31.4)

No treatment 28 (60.9) 68 (32.7) 25(35.7)

Filtration (SSF) 13 (28.3) 37 (17.8) 15(21.4)
Washing hands before food preparation 3(6.5) 47 (22.6) 15(21.4)*
Washing hands after using a toilet 3(6.5) 99 (47.6) 38 (54.3)*
Washing hands after waking up 16 (34.8) 56 (26.9) 21 (30)
Washing hands after cleaning the baby’s 7(15.2) 67 (32.21) 26 (37.1)*

buttocks

Wash hands to be clean 39 (84.8) 166 (79.8) 55(78.6)
Wash hands to prevent diseases 6 (13) 103 (49.5) 39 (55.7)*
Wash hands to be healthy 2(4.4) 72 (34.6) 22 (31.4)*
Awareness of diseases 36 (78.6) 198 (95.2) 69 (98.6)*
Knows how to treat diarrhea at home 7(15.2) 67 (32.21) 28 (40)*

* P value < 0.05 (chi-squared test).

the occurrence of diarrheal diseases in the study house-
holds. The number of people who washed hands after using
a toilet was significantly higher among people who attended
school (P < 0.05).

Similarly, the awareness of the importance of washing
hands, awareness of waterborne diseases and reporting of
symptoms to the clinic were significantly associated with
the level of education of the respondent (P < 0.05). This
suggests that level of education plays a major role in wa-
ter handling practices and waterborne diseases prevention
practices in rural communities. Furthermore, a “sophisti-
cated” knowledge of water treatment in terms of educating
the community about the influence of turbidity, retention
times and dosage, is essential. In Rwanda, as in other coun-

Table 6. Association of educational level and awareness of wa-
terborne diseases with diarrhoea experienced in households.

Educational Level Adj. OR 95%CI
No schooling 1.00

Primary school 0.35 0.15-0.85*
Some high school 0.36 0.14-0.96*
Awareness of diarrheal diseases Adj. OR  95%CI
No 1.00

Yes 1.01 0.36-2.87

Logistic regression models adjusted for age and how often the water
storage container was washed (daily, weekly, monthly, rarely or not at
all).

*P value < 0.05.

tries in Africa, community health care workers (CHWs)
are an essential part of the health care system. They are
trained to educate the community on diarrheal preven-
tion through water treatment, hand washing, and use of
latrines. CHWSs are well positioned, given their close rela-
tionship with the community, to promote health education
and advocate proper use of disinfection techniques.

Conclusion

Treated water at POU in this rural community was not ac-
ceptable for human consumption. In addition, a large num-
ber of participating households did not treat river water at
all before use. The limited use of water treatment, poor
handling and storage coupled with poor sanitation prac-
tices increases vulnerability to waterborne diseases in this
community. Furthermore, women had limited knowledge
regarding water storage practices, prevention of household
water contamination and diarrheal diseases.

Conventional treatments like chlorination and filtration
are inadequate to treat this highly turbid water with sig-
nificant coliform contamination. The use of a multifaceted
treatment technique, using sedimentation, followed by fil-
tration and chlorination should be explored with consider-
ation to correct application, duration and dose. However,
this approach will not succeed without appropriate educa-
tion on water storage, handling and sanitation. Educational
interventions should consider the context and the target
population. The overall effectiveness of these interventions
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will depend on acceptability to the community and feasibil-
ity in terms of implementation and cost. This should ideally
be accompanied by social marketing and community mo-
bilization to promote and sustain behavioural change.
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