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Abstract

Introduction: The present research paper aims at assessing the bacteriologi-
cal water quality in households and at provisioning points, and so factors of
water deterioration. Method: a transverse study has been conducted during
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the period starting from 11 up to 28 October 2018 within 6 Health Zones
(HZ) in Tshopo Province integrated in National Program of Schools and Sa-
nitized Villages (NPSSV). Water samples have been collected within 300 re-
serves of households and 30 water provisioning and analysed points in order
to find out water contamination factors. The frequencies and raw OR have
been estimated at (p < 0.05) valued significative. Results: fecal coliforms (80%
CI95: 75% - 85%) and total (97% CI95: 95% - 99%) were significantly present
in water reserves and the presence of Escherichia coli were at about 27%
(IC95 22% - 32%). These proportions were correspondingly at 63%, 90% and
10% at water provisioning. The fecal coliforms were the highest in water re-
serves of sanitized villages (p < 0.05) and Escherichia coli were at about three
times higher in traditional sources (17% vs 6%). The duration of water con-
servation was around 48 hours and more (OR = 4.41; IC95: 1.92 - 10.11), wa-
ter classification of sanitized risk “intermedium” and the recipients of con-
servation with bottleneck were associated with the presence of E.coli in water
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(p < 0.05). Conclusion: water from provisioning sources and household re-
serves are severely polluted and water quality is not good at consumption
point and at provisioning point. The reinforcement of safety measures at wa-
ter points, reduction of conservation length and hygienic water cleaning of
storage water recipients are necessary to assure quality of water.

Keywords

Water Quality, Households, Supplied Points, Sanitized Village, Tshopo,
Democratic Republic of Congo

1. Introduction

Access to salubrious water and the sanitary means for excrement evacuation are
versatile needs and even fundamental human rights. However, many people in
the world, especially in low-income countries, do not have access to adequate
and safe water [1].

Today, approximate one billion people, mostly living in developing countries
don’t have access to potable and adequate water [2]. In 2012, 1.9 billion of pop-
ulation has consumed either a non-sanitized source or a sanitized source of wa-
ter presenting fecal contamination [3].

In the same year (2012), it was estimated that 502,000 deaths due to diarrhoea
were caused by a lack of drinkable water [4].

A systematic study has been conducted in 2005 revealed that diarrhoeal epi-
sodes are reduced of 25% if water supply is improved and of 39% by the treat-
ment and proper conservation of water at home [5].

The essential role that relative interventions in water quality at the point of
using (household) should play is to reduce diarrheal episodes confirmed in one
review realized in 2006, reporting a reduction of diarrhoeal disease morbidity,
almost half on average with some studies reaching a reduction of 70% or more
[6].

Several studies have identified various associated factors with children’s di-
arrhea and contamination of drinking water in households.

In Mauritania, food poisoning (62.5%), poor drinking water quality (29.1%),
poor household hygiene, prolonged water conservation of 48 hours on average
(65.2%) have been identified and insufficient water chlorination (42.6%) [7].

In Abidjan, the place of preservation, the type of water storage containers and
certain risky due to bad behaviours (child eats without washing his hands), were
identified as factors associated factors with diarrhea [8].

Water storage is an important step in the contamination of water at the point
of use. Several studies have identified factors in deteriorating water quality at
home.

In Cambodia Unhygienic water storage and handling practices were found to

be strongly correlated with microbial contamination of water samples [9]. In
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Canada and Peru, households that had access to water by plunging hands or a
cup had significantly high e-levels E. coli compared to households that extracted
water through the toppling pouring; also, households with covered containers
less than those with open containers [9] [10] [11].

In Cameroon, the nature of the container, the duration of conservation, the
characterization of the water intake (extracting technique) and the transport
conditions (container and distance travelled) were strongly correlated with water
contamination [12]. After three days of water conservation, more than 80% of
the water samples analysed was of bad quality. Households which had running
water at home could not keep drinking water for a long period of time and were
less exposed to health risks than others [12].

In the DRC, a study has been conducted in South Kivu, concluded that water
quality was not generally as well as at sources [13].

With the DRC’s National Program of Sanitized Schools and Village (NPSSV),
there is currently insufficient evidence to determine whether source-based im-
provements such as protected wells, collective taps or chlorination/filtering of
community sources which systematically reduce diarrhea [6].

This study is being conducted in order to assess the bacteriological quality of
water in managed points and water supplies, as well as the factors of deteriora-
tion in quality observed at the post-certification household level.

2. Method

An analytic cross study has been conducted in Health Zones (HZ) in Tshopo
Province integrated in National Program of Sanitized Schools and villages (NPSSV)
within period covering from 11 to 28 October 2018 by sampling cascading tech-
nique in three levels. At the first level (6) Health Zones have been randomly se-
lected among (10) Health Zones integrated into process of certification of villag-
es under NPSSV program since 2014. At the second level, in each selected Health
Zone, three (3) certified villages and two (2) non-integrated villages into the cer-
tification process are randomly selected from exhaustive list of villages of these
two categories. At the third level, 22 households were selected in each village by
systematic sampling techniques after the survey housing units.

The sample size of households to be investigated was calculated by using for-

mula below:
n=2%*pq/d?.

Considering that the coverage of population in terms of water of managed
springs is one of the important indicators of the NPSSV. This coverage being es-
timated at 47% in the DRC (MICS-DRC, 2010), with the Z coefficient = 1.96, the
error is located at 0.04 and an anticipated non-response rate of 10%, the sample
size calculated for interview was 658 households.

These households were distributed in 6 HZ due to 110 per HZ and through 18
certified villages (396 households) and 12 villages not integrated in the certifica-
tion process (264 households).
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These households have been interviewed to assess the knowledge and practices
of households in terms of security management of water. Due to insufficient logis-
tic supports, the collection of water samplings for bacterial quality analysis has
been realised within 300 households randomly selected among the 658 house-
holds in terms of 10/22 households interviewed in each village among 30 ones.

However, the qualified households have been are those which have less than
one child from 0 to 59 Months.

In each village, one water point has been randomly sampled in order to collect
the water samples and bacterial analysis among water points exiting in the village.
Three samples of water have been collected in each 18 certified water points, 12
non certified water points and of 300 reserves of water in households (172 house-
holds of sanitized villages and 120 households of villages non-integrated in certifi-
cation process).

The bacteriological analysis has been carried out with the Wagtech™Potatech©
(Figure 1) in order to check and count the witness germs of fecal contamination,
especially the fecal coliforms, total coliforms and Escherichia coli.

It has been realized as follow:

e Sampling an infertile sample of water;

e Infertile culture of membrane;

e Incubation at 44°C during18 hours;

¢ Identification to the naked eye of the present bacteria forming the colonies;

e Enumeration of expressed bacteria in unity numbers forming colonies for
11ml of oozed water.

The sanitary inspection has been realized by using the technique of observa-
tion, especially around water provisioning in order to assess the following security
parameters: the presence or absence of the fence, the existence or inexistence of
protection perimeter (water divergence canal of stream), easy access of children
and goats, the presence of animals’ excrements, puddles of water around, dirty
aspects in the Zone, the presence of latrines and/or graveyard upheaval.

Data have been recorded and analysed in SPSS 20 software program and the
exported tables on Excel. The statistics focused on frequency measurement and
gross OR at the significance threshold of 0.05.

Figure 1. Mobile lab WagtechTM Potatech© used for water quality analysis.
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Limits of the Study

The present research paper did not take into account to the physic-chemical pa-
rameter analysis because it was influenced most of cases by hydro geologic con-
figuration of each area. We focused on influenceable parameters by environmental
practices and conditions of work users of water provisioning. Three major indi-
cators have been analyzed in this research paper: the fecal coliforms and total
Escherichia coli. The analysis of associated factors to water contamination has

limited with the presence of Escherichia coli in water reserves.

3. Results

This research paper found the significant presence of fecal coliforms in water re-
serves. Therefore 4 households among 5 and total coliforms almost in household
water supplies. Fecal coliforms were significantly elevated in the water reserves of
sanitized villages (p < 0.05). At waterpoints, these proportions are comparable for
total coliforms but low for fecal coliforms and E coli. The proportion of water-
points with £. coli is about three times higher in traditional sources than in ma-
naged sources, but the difference is not significant (p > 0.05) (Table 1).

In this study, about half of the water reserve of households and provisioning
water points classified “intermedium risk”, significantly different from other
categories of risk for water of reserve (p < 0.05) and non-significative for provi-
sioning of water points (p > 0.05) (Table 2).

The study shows that only the presence of protective perimeters around water
supply points is significantly different between the two categories of water points
in favor of managed water points (p > 0.05). All other safety parameters are the
same although unimproved (traditional) sources are located far from toilets and
cemeteries (Table 3).

It has been observed in this table that the length of water conservation more
than 24 hours, medium class of risk according to WHO criteria and the reci-
pients of water conservation with bottleneck are significantly associated to the

presence of E. coli in reserve of water (p < 0.05) (Table 4).

Table 1. Distribution of reserve water samples in households and sources of supply based on fecal contamination parameters.

Certified Villages (n = 172) Non-certified Villages (n = 120) Together (n = 292)

Variable Parameters p-value
Frequency % Frequency % Frequency %
o Fecal coliforms 145 84 90 75 235 80 0.048
Water contamination
parameters in household Total coliforms 169 98 115 96 284 97 0.212
water reserve. Escherichia coli 43 25 37 31 80 27 027
Developed Source (n =18) Unmanaged Source (n = 12) Together (n = 30)
Variable Parameters p-value
Frequency % Frequency % Frequency %
- Fecal coliforms 12 67 7 58 19 63 0.643
Water contamination
settings in sources of ~ Total coliforms 16 89 11 92 27 90 0.804
drinking water g perichia coli 1 6 2 17 3 10 0.320
DOI: 10.4236/jbm.2021.96004 47 Journal of Biosciences and Medicines
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Table 2. Distribution of reserve water samples in households and sources of supply by health risk categories for water according to
WHO.

Water reserve of households

Non-certified

Certified Villages (n = 172) Villages (n = 120)

Together (n = 292)

Variable Parameters p-value
Frequency % Frequency % Frequency %
Without 27 16 30 25 57 20 0.000
WHO risk Low 25 15 34 28 59 20
categories Intermediate 105 61 43 36 148 51
High 15 9 13 11 28 9
Sources of supply
Developed Source (n = 18) Unmanaged Together (n = 30)
Variable Parameters Source (n = 12) p-value
Frequency % Frequency % Frequency %
Without 1 6 2 17 3 10 0.699
Low 8 44 4 33 12 40
Intermediate 8 44 6 50 14 47
High 1 6 0 0 1 3
Table 3. Presentation of health inspection results on safety parameters at drinking water supply sites by village category.
Certified Villages (n = 172) Non-certified Villages (n = 120) Together (n = 292)
Safety parameters p-value
Frequency % Frequency % Frequency %
Closing presence 3 16.7 0 0 3 10.0 0.136
Existence of protecting perimeter 12 66.7 3 25 15 50.0 0.025
Access to small children 18 100 12 100 30 100
Defecation of animals 7 38.9 8 66.7 13 43.3 0.142
Stagnant water around 11 61.1 10 83.3 21 70.0 0.193
Unsuitable aspects 14 77.8 11 91.7 25 83.3 0.317
Latrine upstream 4 22.2 0 0.0 4 13.3 0.79
Upstream cemetery 1 5.6 0 0.0 1 3.3 0.406

Figure 2. (a) and (b): Work without evacuation chanal creates stagnation; (c) Dilapidated work.
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Table 4. Analysis of associated factors to the presence of Escherichia coliin conservation
of water within households.

Escherichia coli
Length of storage OR (IC95%) p-value
Present Absent

24 hours 7 63 4.41 (1.92 - 10.11) 0.000
>24 hours 73 149
Water treatment
Yes 17 31 0.635 (0.329 - 1.225) 0.175
No 63 181
Water access time
<30 minutes 67 191 177 (0.84 - 3.72) 0.135
>30 minutes 13 21

Class of risk according to WHO

Without risk 5 52 95.126** 0.000
Low risk 2 57

Medium risk 46 102
High risk 27 1

Types of recipients of conservation

With bottleneck 67 177 8.67** 0.013
Without bottleneck 2 1
With covers 4 1

**Chi square of Pearson.

4. Discussion

Observations in this studyshows that water supply points and especially house-
hold water supplies are frequently contaminated. The presence of fecal coli-
forms, total coliforms and Escherichia coli, with varying degrees of significance,
in water from supply points and household reserves is evidence of fecal conta-
mination (Table 1).

About half of the water reserve of households in unsanitized villages is classi-
fied as low risk (p < 0.05) and more than half of the water samples of households
in sanitized villages are classified as intermediate risk (p > 0.05). Half of the
sources of supply are classified as “low risk” and “intermediate risk” without dis-
tinction between improved and unimproved sources (p > 0.05) (Table 2).

The household water health risk category found in this study is the same as
that of the provincial Tshopo average rated “very high” for about half (48%) and
“very high” for more than half of water sources (60%) [14].

The contamination of water in provisioning points and the reserves of house-
hold is frequently reported in developing countries [9]. In Abidjann, however,
the presence of total coliforms in water of reserve within the households was
about 81% (95% CI: 78% - 84%), significantly weaker than in our reserch paper
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(97% 95% CI: 95%-99%). Therefore, the E. coli presence was significantly higher
similar in Abidjan [15] the same in Perou [11], respectively 42% (95% CI: 38% -
46%) and 43% (95% CI: 36% - 50%) in accordance with what has been observed
in this research paper (27%; 95% CI: 22% - 32%). Even among the population
who consumes water from the River are basically contaminated during a study
conducted in Botswana. It has been revealed as follows there was a new water
contamination in households, insisting on the needs of simple techiniques and
easier to water treatment in household [16]. In South Kivu (Bukavu) in the DRC,
the presence of £ coli has been observed in 49.5% in samples collected within
household [13], the presence of E. Coli has been observ, which is higher than
what is observed in the present research paper (27% IC95: 22 - 32).

It has been revealed in this research paper that the water quality seems prox-
imately to be not good in households of certified villages (fecal coliforms at 84%;
p < 0.05) although the sanitized villages are available in water points of house-
holds, the modern toilets, hands washings and a good knowledge of the key
practices favourable for the secured water management. However, the propor-
tion of water points with the presence of E. coli is about three times higher in the
traditional sources than in households’ sources (16.7% vs 5.6%) even though the
observed difference is not significant (p > 0.05).

The observed paradoxal in this resaerch paper for a high risk of contamina-
tion in the sanitized villages justified by the proximity of household water with
goats divagation without the security measures at the water provisioning points.
That is to say lack of fence and lack deviation chanal which creates stagnant wa-
ter communicating with the rain water, bad construction of infrastucture and/or
dilapidated which communicate with water from the stream while raining and
aesier access of children as compares to traditional water sources far from dwel-
lings (Figure 2).

Therefore, the observed high contamination of reserve water begins at the
supply point and continues at home with risky practices related to storage con-
ditions and less hygienic handling.

Water contamination in program in the areas of intervention was also re-
ported in Benin where the tests of quality found out evidences of fecal contamina-
tion (indicated by the presence of E. coli) in part of the drinking water at the
source and so this problem was exacerbated when water is stored in households
[17].

However, the presence of the security perimeters around provisioning water
points is significantly different between two categories of water points in favour
of certified water points (p < 0.05). All other security perimeters are the same
even though non certified sources (traditional) are installed far from the toilets
and cemetery yards (Table 3). This confirms the similarity of water quality be-
tween two types of water.

Many associated factors to the water contamination are described within this

research paper. In this paper, however, it has been shown that the duration of

DOI: 10.4236/jbm.2021.96004

50 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2021.96004

L.E. Basandja et al.

water conservation more than 24 hours (OR = 4.41; IC95: 1.92 - 10.1), the class
of inter medium risk according to the criteria given by WHO (p < 0.05), and re-
cipients of water conservation with bottleneck (p < 0.05) are significantly asso-
ciated into the presence of E. Coli in water of conservation (p < 0.05) (Table 4).

The same observation has been revealed in Mauritania where the conservation
of water during 48 hours average has been associated to contamination of water
in households and diarrhea [7].

In Cameroun, it has been found deterioration of water quality during home
transport and conservation despite the materials used for the storage [18]. More
than 80% of water samples analyzed were bad quality within three days. The
households having running water do not store for a long time their potable wa-
ter. They are not totally exposed to sanitary risk as compares with others.

The type of recipients of storage has an impact on the risk of water contami-
nation in reserve. In Peru, therefore, it has been found households with covered
recipients have presented in a clear manner a higher number of E. Co/i less than
those with opened recipients which generally collect water by prolonging the reci-
pients [11].

The manipulation practices of water at home such as “the extension of reci-
pient” have been reported in my predecessors studies as sources of water conta-
mination [9], the fact of pouring water or one container in order to get recipient
of water conservation instead of hands or an object was associated to the dimi-
nution of risk of water contamination in conservation [11].

The most used recipients of water conservation have bottleneck (Jerrica) and
the collection of water is done by water flowing. These recipients are significant-
ly associated to the presence of Escherichia coli in water of reserve (p < 0.05).
They are quoted in several studies as the most represented in households.

In Katana, South Kivu, (DRC), these recipients represented 96% of types of
used recipients [13], it is the same in rural zone of Senegal [19].

In Mauritania, as found within this research paper, these recipients have been
associated at 68.5% to water contamination during conservation [20]. The high
risk of water contamination associated with this type of recipient was on insuffi-
ciency of hygienic measures of these recipients. The internal part of bottleneck is
sometimes inaccessible to brooch during cleaning.

Therefore, these recipients are majority made of plastic and not accessible to
cleanse and they are frequently germs supports. The users should learn rigorous
measures of cleaning recipients in order to minimize the risk of water contami-
nation in households related to the type of this recipient.

Lack of water treatment and access time of water are not identified in this re-
search paper as factors of water contamination. Therefore, the improvement of
water access is generally analysed as health and life determinant of a child [21]
and some authors proposed to analyse water access in terms of available quanti-
ty, distance from water point and budget related to water purchase. In our site,

the geographical accessibility less than 30 minutes is better (88%).
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5. Conclusions

Water from provisioning sources and the reserves of households are highly pol-
luted. The quality of water is better in consumption point than in provisioning
point. This research paper does not put in evidence added value of National
Program for Sanitized School and Villages in households’ practices and so is wa-
ter quality in households and at provisioning points.

Lack of sufficient security measures around the water provisioning points and
some practices of risk of users play an important role in the chain of drinking
water contamination.

The NPSSV has to insist on the reinforcement of the security measures around
water provisioning points, sensitize the users to rigorous measures of the reci-
pients cleaning of conservation and reduction of water storage less than 48

hours.
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