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Editorial

Uranium Epidemiology

Christopher Busby

If the illumination of epidemiology is there to identify threats and save lives it is high time its searchlight beam was seriously directed at

the element Uranium and its health effects. Uranium is a common element in the Earth’s crust, and has been locked up as insoluble ores in

most rocks and soils throughout evolutionary history. But after the discovery of radioactivity, the initial rush to extract Radium, and then

later the bombs and the energy, a Uranium economy developed. After the 1950s, because of nuclear weapons tests and nuclear energy the

quantities of the material released into the biosphere increased enormously.
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Editorial

Inflammation, Infectious Burden and Cancer: an Epidemiological Paradox

Ashok K. Vijh Ph.D., D.Sc., F.R.S. Canada

There is considerable literature on fundamental studies on the connection between inflammation and cancer. Many cancers are believed to

arise from sites of infection, chronic irritation and inflammation. Epidemiological data, however, appear to be difficult to reconcile with

these studies on the biology of inflammation and cancer.In most developing countries such as India, populations are subjected to heavy

infectious burdens owing to poverty, over-crowding, lack of sanitary facilities and hygienic environment, limited access (specially in the

rural areas) to clean water, etc.; the evidence for this is infantile mortality at alarming rates.
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Editorial

Ensuring Smoke-free Schools: a collective responsibility

Olubode A Olufajo , Adeyinka Adejumo, Nnaemeka E Onyeakusi

Smoking is the number one cause of preventable death in the United States and leads to nearly 6 million annual deaths globally. It is

associated with numerous disease conditions including various malignancies, respiratory conditions, and heart disease. Youth are highly

susceptible to initiation of smoking because they are at experimental stages of their lives and can easily be influenced by societal norms. It

is therefore important to protect them and ensure they can exist in environments free from pro-tobacco influences.
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Editorial

Minority Populations Remain Vulnerable to Adverse Health Outcomes

Evelio Velis , Graham Shaw

In this editorial we address the connection between the socioeconomic indicators education and poverty, and adverse health outcomes

specifically two of the most significant public health concerns currently facing the United States; adverse birth outcomes and obesity. It is

evident that there are significant health gaps among racial and ethnic groups and our minority populations are at increased risk of both

adverse health outcomes.
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Research Article

Infant and Perinatal Mortality and Stillbirths near Hinkley Point Nuclear Power Station in Somerset,
2005-1993; an Epidemiological Investigation of Causation

Christopher Busby , Mireille de Messieres, Saoirse Morgan

Data from the UK Office for National Statistics for 1993-2005 was employed to examine infant and perinatal mortality, birth sex-ratio and

breast cancer mortality rate as indicators of genotoxic effects in populations living both downwind of the Hinkley Point nuclear power

station in Somerset UK and adjacent to coastal estuary mud flats which accumulate radioactivity from historic releases of radioactivity. We

defined the center of the local contaminated mud bank, as the source of risk. For 1993-98, Trend in Relative Risks (33 infant deaths in 29

wards in 6km rings to 18km from the source) were 1.9, 1.54, 0.81 compared with 0.9 in the rest of 103 wards in the study area. Using

Poisson regression with both Distance and Deprivation as covariates, Distance was significant (p = 0.015) but not Deprivation (p = 0.3).
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Editorial

Ebola virus Epidemiology in West Africa

Maria Teresa Mascellino , De Angelis M, Borgese L

The outbreak of Ebola virus (EBOV) first identified in the forested southeast in Guinea in mid-March 2014 and then spread to the capital

Konakry, was first described by Chandler C. who affirmed that up to April of the same year more than 80 people have died. Following these

early  observations,  the  scientists  tried  to  understand  the  mechanism of  the  onset  of  emerging  infectious  diseases  in  general  and

specifically of the present zoonosis that was devastating wide regions of West Africa.
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Research Article

Reduced Fertility in Schizophrenia. A Consequence of the Disorder, of Premorbid Personality or Other
Factors?

Heinz Häfner , Peter Propping, Wolfram an der Heiden, Daniel Ropeter

We conducted three subsequent studies in the same semi-urban, semi-rural German population using the same unchanged diagnostic

definitions. The overall period covered was about 50 years. Study 1 relied on retrospectively collected data for 1949-50 and follow-up data

for 1962-1963, Study 2 on data for 1965-67 and a follow-up in 1978-80 and Study 3 on data for 1987-89 and a follow-up in 1999-2002.

At each wave, patients were compared with age- and sex-matched population controls from the study area. In Study 3, based on a

population-based sample of first illness episodes of schizophrenia, we also studied at which stage of illness patients’ fertility changed and

how their reproductive wishes developed compared with healthy controls.
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Research Article

Factors Associated with the Quality of Drinking Water in the Commune of Adjarra in Benin, 2014

E-M Ouendo , C Degbey, M Amadou, J Saizonou, M Makoutode

Water is a vital element to the life of living things, especially to that of human being. Its use for food and body hygiene purposes requires

that it meets the norms of physicochemical and microbiological quality recommended by the World Health Organization. The aim of this

work was to  study the factors associated with the quality of  drinking water in  the commune of Adjarra in Benin in  2014. It  was a

descriptive and analytical cross-sectional study of the factors associated with the quality of drinking water in the commune of Adjarra in

2014. The population studied is made of two targets which are the primary targets (drinking water) and the secondary targets (the heads

of households or their representative, hygiene and sanitation officials of the health center and the commune, the official of SONEB, the

women’s groups and the chiefs of villages).
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Abstract

Water is a vital element to the life of living things, especially to that of human being. Its use for food and body hygiene pur-
poses requires that it meets the norms of physicochemical and microbiological quality recommended by the World Health 
Organization. The aim of this work was to study the factors associated with the quality of drinking water in the commune of 
Adjarra in Benin in 2014. It was a descriptive and analytical cross-sectional study of the factors associated with the quality 
of drinking water in the commune of Adjarra in 2014. The population studied is made of two targets which are the primary 
targets (drinking water) and the secondary targets (the heads of households or their representative, hygiene and sanitation 
officials of the health center and the commune, the official of SONEB, the women’s groups and the chiefs of villages). The 
non-probabilistic method and techniques of reasoned choice and comprehensiveness were used respectively for hygiene 
and sanitation officials of the health center, of the commune, the official of the National Water Company of Benin, the wom-
en’s groups, the chiefs of villages and the six districts of the commune of Adjarra. The bacteriological analysis reveals that 
9 out of 10 waters collected at the level of the supplying sources and 87.76% at the level of the storage containers are con-
taminated. The germs indicating pollution identified are fecal coliforms, Escherichia coli and ordinary germs. Autonomous 
and private wells and water points show a high degree of fecal coliforms and Escherichia coli. The study highlighted the link 
between the ownership status of the container used to fetch water and the quality of the drinking water (p = 0.045). The 
risk of contaminating the water is 7.32 times higher among households that use a dirty container to fetch water than among 
those who use a clean container. The factors associated with the quality of drinking water are the hygiene status of the water 
container and the type of water supplying source. Solving this problem requires a good communication to change the behav-
ior of the community and a reinforcement of the drinking water supply infrastructure.

Keywords: Drinking Water; Bacteria; Contamination Index; Drinking Water Supply; Communication to Change Behavior; 
Benin 



Introduction

Water is a vital element to the life of living things, especial-
ly to that of human being. Its use for food and body hygiene 
purposes requires that it meets the standards of physicochem-
ical and microbiological quality recommended by the World 
Health Organization (WHO). Water, recognized as a source of 
life sometimes vehicles many microorganisms (bacteria, virus-
es, parasites and fungi) which can cause illnesses when they 
are ingested by human being. In developing countries close 
to 1.1 billion people do not have access to an improved water 
source. This situation remains the cause of death of 1.6 million 
people from diarrheal diseases every year of whom 90% are 
children under 5 [1]. In sub- Saharan Africa, in spite of efforts 
to ensure that disadvantaged groups have access to drinking 
water, 40% of the population still don’t have access to good 
quality water. Thus, the most recurrent pathologies (malaria, 
cholera, fecal peril diseases...) are a heavy burden for vulner-
able populations (children under 5, pregnant women and the 
elderly) [2]. In Benin, 78.4% of households use as drinking 
water the one that comes from an improved source of which 
86.4% in urban areas and 72.1% in rural areas [3]. In 2012, 
waterborne diseases recorded represented 51% of all the dis-
eases with 2,431 deaths [4]. National and regional offices in 
charge of energy and water in Benin are pursuing a series of 
capacity building actions designed to protect the health of the 
consumers. These include the implementation of the national 
water policy, of the national and regional strategies in terms 
of access to drinking water, the legislation, regulation and the 
norms regarding drinking water as well as the water code [5]. 
The government has also made efforts to meet the needs of 
the population by raising the coverage rate to 63.7% in ru-
ral areas against 67.3% for the millennium goal. Despite this 
achievement, a large part of this population doesn’t still have 
access to drinking water. Diarrheal diseases (cholera, gastro-
enteritis, shigellosis, typhoid and giardiases) remain the lead-
ing causes of morbidity and mortality (178 deaths have been 
recorded for 360,006 cases in 2012), [6, 3]. In the commune 
of Adjarra, hygiene and sanitation conditions are precarious. 
Sewage and garbage are thrown in the yard, in the vicinity of 
the concessions and near water points. People defecate in the 
open air and animals roam in the concessions and around the 
water points. Underground and surface waters are exposed to 
agricultural and urban pollution. The hydro-geological nature 
show a high permeability of the soil, which favors quite rapid 
pollution of the water table. In this commune, drinking water 
coverage rate remains low (36%). In 2012, the incidence rate 
of gastrointestinal diseases was estimated at 35.4% [7]. The 
low coverage of drinking water, poor hygiene of the environ-
ment and the risky behaviors of the populations would be the 
cause of these disorders. The aim of this work was to study 
the factors associated with the quality of drinking water in the 
commune of Adjarra, in Benin.
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Material and Method

The commune of Adjarra is located in the Department of 
Oueme, in south-east of the Republic of Benin. It is subdivided 
into six (06) districts and includes 48 villages and city neigh-
borhoods districts with a population estimated at 88,687 in-
habitants in 2014. The households of the commune of Adjarra 
are regularly supplied with water by five sources of supply. 
These are the traditional wells that exist everywhere, the net-
work of the National Water Company of Benin (SONEB), water 
kiosks, rain water and undeveloped lakes [8].

•	 It was a descriptive and analytical cross-sectional study of 
the factors associated with the quality of drinking water in 
the commune of Adjarra in 2014.

•	 The population studied is made of two targets: the prima-
ry target which is drinking water; the secondary targets 
which are the heads of households or their representative, 
hygiene and sanitation officials of hygiene and sanitation 
of the health center and the commune, the official of the 
SONEB, women’s groups and the chiefs of villages.

Are included in the sample, the traditional wells, the bore-
holes, the water of the SONEB, the autonomous and private 
water points, the public drinking fountains, the particular con-
nections and drinking water stored at households level.   

•	 The non-probabilistic method and the comprehensive se-
lection of the six districts which form the commune of Ad-
jarra have been used. Regarding the choice of households, 
we used the probabilistic method and the technique of 
three-degree random sampling.

First degree: in the six districts, we simply chose at random 
(without replacement) 1/10 of the 48 villages that form the 
commune, so 4.8 villages (rounded to 5 villages).

Second degree: at the level of each village, for the selection of 
the concessions, we went to the center and turned a pen that 
showed us the direction to follow. In this direction, we ran-
domly selected (simple random selection) the first concession 
to investigate.

Third degree: in concessions where there were many house-
holds, numbers have been given to each household and one 
household was randomly selected.

Then one out of two concession has been investigated until the 
size calculated per village is reached.

The non-probabilistic method and the technique of reasoned 
selection have been used for the choice of hygiene and sani-
tation officials of the health center and the mayor office of the 
commune, the official of the SONEB, women’s groups and the 
chiefs of villages.



	Techniques and data collection tools have been the use of 
documents for consultation registers, the programming do-
cument for water supply; individual interview for the official 
of the SONEB, the hygiene and sanitation official of the health 
center, water, hygiene and sanitation officer of the mayor of-
fice and the chiefs of villages;  the focus group for the women 
of the villages; observation of the environment of the house-
holds.

Table I. Operational aspects of a few independent variables which 
influence the quality of drinking water in the commune of Adjarra in 
2014 and which deserve to be specified.	

Variables Modalities
 Monthly income

Cost of water (Daily ex-
pense for water)

Type of source of drinking 
water supply 

Treatment of drinking wa-
ter

Characteristics of wells

Hygiene around the water 
point

<10  000 CFA francs  ; 10  000-
30000 CFA francs  ; >30000 
CFA francs

Less than 100 CFA francs  ; 
More than 100 CFA francs

Village water conveyance/
tape ; Traditional well;

Autonomous and private 
point; SONEB ; Borehole; Pub-
lic drinking fountain; River; 
Water tank; others

Boiling; Filtering;  Bleach; 
Aquatab ; others

Closed; Open; Edge <1.5m  ; 
Edge >1.5m

Presence of garbage around 
water point; Presence of la-
trines/faeces around water 
point; Distance between la-
trines and water point; Pres-
ence of sewage around water 
point

The size of the sample has been calculated by using the SCHAR-
WTZ formula: *n= Zα² p q /i² for one risk of error α = 0.05 (CI 
= 95%); a rate of drinking water supply of the commune of Ad-
jarra of 36% according to the 2013 municipal water program-
ming document, and a desired statistical precision of 10%. The 
size of the sample obtained is n = 89 households. In anticipa-
tion of non-respondents, the size is increased by 10% and the 
final size of our sample is 98 households.

We conducted a proportional allocation of the size of the sam-
ple on the five villages to investigate according to the number 
of households per village.

Moreover, the five chiefs of village, the five groups of women 
of the villages (for focus groups), the two hygiene and sanita-
tion officials from the health center and the mayor office of the 
commune of Adjarra and the official of the SONEB of the said 
commune have been interviewed. Ten water supply sources 
(two per village) of the households have been selected, as well 
as 98 water stocks in the households have been collected for 
analysis.

•	 The dependent variable is the quality of the drink-
ing water. It has two modalities: good or bad. 

•	 Independent variables were demographic factors 
(gender, age, size of household, profession, level of 
education, monthly revenue, cost of water)  ; envi-
ronmental factors (distance between the water point 
and the household, hygiene around the water point) ; 
behavioral factors (type of drinking water supply 
source, treatment of drinking water, hand washing, 
knowledge of their link between water and disease, 
hygiene status of the container used to fetch drinking 
water, protection of water during transport, protec-
tion of drinking water during storage); factors related 
to health system (treatment of the wells, education of 
the population about water, hygiene and sanitation).  

•	 Operational aspects of the variables

The dependent variable which is the quality of drink-
ing water has been operationalized as follows:

- samples of drinking water have been collected at the 
level of storage containers and analyzed in laboratory;

- any water which has presented nitrite, nitrates 
and fecal coliforms (Escherichia coli) contents which 
doesn’t meet the norms recommended by the WHO is 
considered as of poor quality.
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	

	Collection and conservation of drinking water samples; 

The samples were collected with all the necessary aseptic con-
ditions into sterile glass flasks with wide opening, of about 
500 ml of capacity, by leaving an air space of at least 2.5 cm. 
At the level of wells and autonomous and private water points, 
collection was done in sterile flasks to which was attached a 
string allowing them to go down. The water was collected from 
about 50 cm from the free surface. Water from village water 
conveyance with a tap, cleaning with alcohol and cotton was 
first done, then a sterilization with a Bunsen burner. Before the 
takink of samples, we left water flow for 3 minutes.

The water samples collected were kept for on average 4 hours 
in a refrigerated cooler and were sent to the laboratory for Wa-
ter and Food analysis of the Direction of Health of the Atlantic 
and Littoral in Cotonou. 

•	 Operating method

	Analysis of physico chemical paramètres:

- physical parameters, namely temperature, hydrogen poten-
tial (pH), electrical conductivity (Cs) and the total of dissolved 
solids were measured in situ by using a WTW 350i-brand lap-
top with multiple parameters provided by VWR with a relative 
accuracy of ± 0.004 / ± 0.01pour pH and ± 0.5% for conduc-
tivity;

- nitrates (NO3-), nitrites (NO2 -), ammonia nitrogen (NH4 +) 
are determined by colorimetric dose using a spectrophotome-
ter (DR/2800) with wavelength raging from 340-900 nm with 
an accuracy of ± 1.5 nm and a range of photometric measure-
ment of ± 3 absorbance. The reagents used are HACH kits. The 
chemical reactions involved are the following: the diazotization 
method through Nitri Ver 3 for nitrites with a detection limit of 
0.002 mg/L, the cadmium reduction method using the Nitra 
Ver 5 for nitrates of 0.1 mg/L as detection limit, the NESSLER 
method for ammonium with a limit below 0.002 mg/L [9, 10]. 

 
Bacteriological parameters analysis

It has been done in three stages:

1-Membrane filtration which consisted in passing 100 ml of 
water through a cellulosic membrane which has pores of uni-
form diameter equal to 0.45 micron. After filtration, this sterile 
membrane is put in a petri dish containing a culture medium. 
Two culture media were used to search the germs: the Rapid 
-E. coli (REC) medium for the coliforms and the Plate Count 
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Agar (PCA) medium for the common germs.

2-Colony count with a binocular microscope after incubation 
of the Petri dishes for 24 to 48 hours. This count is done af-
ter laying on the stage the seeded Petri dish, and counted at a 
magnification of 45x using a hemoleucometer while identify-
ing with a felt-tip pen the colonies in order to avoid forgetting 
or counting twice some colonies [11, 12]. 

3-Bacteria identification was done by the gallery API 20E (bio 
Mérieux sa 69280 Marcy-l’Etoile/France) made of 20 micro-
tubes ready to be used and which help conduct 23 biochemical 
tests to identify Gram bacilli -, belonging to the family of the 
Enterobacteriaceae or not. This method consists in collecting 
a well isolated suspect colony to make it the inoculum from 
sterile distilled water. The inoculum is distributed in the mi-
crotubes containing dehydrated substrates of the API 20 E 
gallery. This gallery is incubated in an incubator at 37° C for 
24 hours. The reactions occurred during the incubation period 
are translated by spontaneous or revealed changes in colors 
reagents (tryptophan deaminase: TDA, JAMES for indole, VP1 
+ VP2 for sodium pyruvate) are added. Reading is done using 
a reading table and identification is obtained by an analytical 
catalogue.							     
		

	 Data analyses and treatment 

Data have been analyzed using the software Stata 11. The 
quantitative variables were described by their frequency, their 
average, + or - standard deviation if the distribution is normal. 
The qualitative variables were described according to their 
frequency and proportion. We have conducted a uni-variate 
analysis to look for the existence of an association between the 
qualitative dichotomous dependent variable and the indepen-
dent variables. The association was considered significant for 
the independent variables with a value of p value ≤ 0.05.

To assess the strength of this association, we used the Odds 
Ratio (OR). The variables that showed an association with 
a p-value ≤20% were included in the multivariate model. In 
the multivariate analysis, we used the modeling strategy “de-
scending step by step” where we eliminated the independent 
variables with a p value higher that the significance threshold 
set at 5% in order to get the final model. The adequacy of the 
logistic model has been tested using the Hosmer-Lemeshow 
test. 							     
	

	 Ethical aspect 

An authorization to conduct the survey has been obtained 
from the municipal authorities and those of the Departmental 
Direction of Health of Oueme/Plateau and from the institu-
tional ethics committee.



Table III. Results of the physical analysis of the waters collect-
ed at the level of the respondents’ storage containers in the com-
mune of Adjarra in Benin in 2014 (n=98).			    

Physical 
parameters

WHO 
norms

Modali-
ties

n Ave-
rage

+/- SD

Median

(Q1-Q3)

Tempera-
ture (°C)

25 ≤25

>25

0

98

30.43 
+/-0.76

pH (pH 
unit)

6.5-8.5 <6.5

6.5-8.5

>8.5

33

65

0

6.23+/-
0.55

Conducti-
vity (µS/
cm)

2000 ≤2000

>2000

98

0

54.40

(35.00-
105.50)

Total of 
dissolved 
solids 
(mg/L)

<600 <600

≥600

98

0

27.10

(17.20-48.80)

Legends : SD= Standard Deviation, Q1= quartile 1,   Q3= quartile 3,  n=-
size

 

Table IV: Results of the chemical analysis of the waters collected at 
the level of the supply sources of the respondents in the commune of 
Adjarra in Benin in 2014 (n=10).	

Chemical 
parameters

WHO 
norms

Modali-
ties

n Average

+/- SD
Nitrates 
(mg/L)

45 ≤45

>45

10

0

7.07+/-3.23

Nitrites 
(mg/L)

0.1 ≤0.1

>0.1

10

0

0.03 +/-0.03

Ammonium 
(mg/L)

0.5 ≤0.5

>0.5

10

0

0.14 +/-0.06

Legends : SD= Standard Deviation,   n= size

 

Free and informed consent was required from all the people 
surveyed after they have been informed about the nature and 
objectives of the survey. Moreover, confidentiality and ano-
nymity have been respected.

 
Results 

Types of drinking water supply source of the households

Of the 98 households surveyed, 9.18% use water supply as drink-
ing water; 21.43% use taps and autonomous water points and 
69.39% use the traditional wells.				     
 
Education background of people surveyed in the 
households (n=98)

According to the distribution, 23.47% of the respondents are 
of primary education level, 36.73% of secondary level, 4.08% 
of higher level and 35.71% have not been to school.

Profession of people surveyed in the households (n=98)

Among the people surveyed in the households, 11.22% were 
civil servants, 5.10% were farmers, 23.47% were artisans, 
38.78% were sellers, 16.33% were unemployed and 5.10% 
others.

Table II. Results of the physical analysis of the waters collected at the 
level of the supply sources of the respondents in the commune of Ad-
jarra in Benin in 2014 (n=10).

	

Physical  
parameters

WHO 
norms 

Modalities n Average

+/- SD
Temperature  
(°C)

25 ≤25

>25

0

10

30.00 +/-0.87

pH (pH Unit) 6.5-8.5 <6.5

6.5-8.5

>8.5

4

6

0

6.55 +/-1.71

Conductivity  
(µS/cm)

2000 ≤2000

>2000

10

0

150.72 +/-
31.73

Total of dis-
solved solids 
(mg/L)

<600 <600

≥600

10

0

73.80 +/-18.79

Legends:  SD= standard deviation       n= size
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Table V: Results of the chemical analysis of the waters collect-
ed at the level of the respondents’ storage containers in the com-
mune of Adjarra in Benin in 2014 (n=98).			    

Chemical 
parameters

WHO 
norms

Modali-
ties

n Average

+/- SD
Nitrates 
(mg/L)

45 ≤45

>45

98

0

2.95 +/-2.31

Nitrites 
(mg/L)

0.1 ≤0.1

>0.1

98

0

0.02 +/-0.01

Ammonium 
(mg/L)

0.5 ≤0.5

>0.5

98

0

0.11 +/-0.042

Legends : SD= Standard Deviation, n=size

 

Table VI: Results of the bacteriological analysis of waters 
collected at the level of the supply sources of the respon-
dents in the commune of Adjarra in Benin in 2014 (n=10).	  

Bacteriological 
parameters

WHO 
normes

Modali-
ties

n Median

(Q1-Q3)
Common germs 50/ml ≤50

>50

10

0

336.00

(284-17680)
Fecal coliforms  ≤0

>0

1

9

255.00

(192.50-120128.00)
Escherichia coli ≤0

>0

1

9

20.00

(8-390)

Legends: Q1= quartile 1,    Q3= quartile 3,   n= size

 
Table VII below summarizes the results of the bacteriological 
analysis of waters collected at the level of the respondents’ 
storage containers.

All the water samples collected at the level of the households’ 
storage containers showed a count of common germs higher 
than the one recommended by the WHO, which is 50 / ml.

Table VII: Results of the bacteriological analysis of waters collect-
ed at the level of the supply sources of the respondents in the com-
mune of Adjarra in Benin in 2014 (n=98).			    

Bacteriological 
parameters 

WHO 
norms

Modali-
ties

n Median

(Q1-Q3)
Common germs 50/ml ≤50

>50

0

98

4587.10 (450-
10001)

Fecal coliforms 0/100ml ≤0

>0

12

86

720.00 (480.00-
1630.00)

Escherichia coli 0/100ml ≤0

>0

12

86

20.00 (8.00-390.00)

Legends: Q1= quartile 1,   Q3= quartile 3, n =size

Of the 98 water samples, 86 showed a fecal coliforms count 
higher than the norm recommended by the WHO, which is 
0/100ml.

Of the 98 water samples, 86 showed a count of Escherichia 
coli higher than the norm recommended by the WHO, which 
is 0/100ml.

	Uni-variate analysis

The factors associated with the quality of water in uni-variate 
analysis are presented in the table VIII below:

	Multi-variate analysis

At the end of the uni-variate analysis, variables that 
presented an association with one p-value ≤20% and 
which have been included in the multivariate model 
are: the level of education, the type of source of wa-
ter supply, the hygienic status of the container used 
to fetch water, hand washing, monthly income, aware-
ness raising.

The result of the multivariate analysis gives the fol-
lowing table.
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Independent variables
 

Quality of 
drinking 
water

  OR CI 95% p-value

Bad 
(n=86) % Good (n=12) %      

Sex              
Male 22 25.6 3 25 1    
Female 64 74.4 9 75 0.96 0.24-3.90 0.965
Ages            

18-25 years old 16 18.6 3 25 1    

26-60 years old 62 72.1 8 66.7 1.45 0.35-6.11 0.610

60 years old and above 8 9.3 1 8.3 1.5 0.13-16.81 0.742

Height             
≤ 6 66 76.7 9 75 1    

> 6 20 23.3 3 25 0.91 10.01-13.83 0.894

Occupation            

Farmer 1 1.2 4 33.4 1    

Civil servant 10 11.6 1 8.3 2.5 0.12-50.44 0.550

Artisan 20 23.3 3 25 1.67 0.14-20.40 0.689
Seller 33 38.4 2 16.7 1.65 0.15-17.91 0.681

Unemployed 15 17.4 1 8.3 3.75 0.19-74.064 0.385

Others 7 8.1 1 8.3 1 0.05-22.18 1.000

Level of education            

Primary 18 21 5 41.6 1
Secondary 34 39.5 2 16.7 4.72 0.83-26.81 0.080
University 2 2.3 2 16.7 0.28 0.31-2.50 0.253
Illiterate 32 37.2 3 25 2.96  0.63-13.87  0.168

Type of drinking water 
supply  source            
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Table VIII: Association between the quality of drinking water and the socio-demographic, environmental, behavioral factors, and those related 
to the health system in the commune of Adjarra in 2014.



Village water supply 1 1.2 8 66.7 1

Traditional wells 65 75.5 3 25 173.33 16.05- 1871.60 0.000

Autonomous and  private 
water points 20 23.3 1 8.3 160 8.89-2280.46   0.001

Distance between wa-
ter supply sources and 
households

           

≤ 1km 72 83.7 10 83.3 1
> 1km 14 16.3 2 16.7 0.97  0.19-4.93  0.973
             

Water container hygiene            

Clean  25 29.1 9 75 1
Dirty  61 70.9 3 25 7.32 1.93-29.30  0.005 
Knowledge of link 
between water and 
disease 

           

Yes  43 50 8 66.7 1
No 43 50 4 33.3 2  0.56-7.13  0.286

Protection of container 
used for water conser-
vation 

           

Closed 10 11.6 10 83.3 1
Open 76 88.4 2 16.7 1.52  0.29-7.96 0.62 

Water treatment            
Yes 8 9.3 1 8.3 1
No 78 90.7 11 91.7 0.88  0.10-7.78  0.913

Hand washing            
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- The factors associated with the quality of drinking water.

Probabilistic sampling technique was used for the selection of 
households, ensuring the representativeness for inference in 
the community. Data collection tools were in accordance with 
the study design.

To reduce the language barrier, we conducted training for enu-

Yes 21 24.4 8 66.7 1
No 65 75.6 4 33.3 6.19  1.69-22.64  0.006

Water cost            
Low 6 7 1 8.3 1
High 80 93 11 91.7 1.21  0.13-11.04  0.864

Monthly income            
<10 000 35 40.7 1 8.3 1

10 000-30 000 24 27.9 3 25 0.23 0.22-2.33 0.213

>30 000 27 31.4 8 66.7 0.1  0.01-0.82  0.032

Awareness raising            

Yes 22 25.6 8 66.7 1
No 64 74.4 4 33.3 5,81  1,59-21,23  0.008

Discussion 

The techniques used for data collection tools, allowed us to de-
termine:

- The types of source of water supply in Adjarra;

- The quality of drinking water in households and sources of 
supply;
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Table IX: Factors associated with the quality of drinking water in Commune of Adjarra, (final model), Benin 2014

 

Table IX: Factors associated with the quality of drinking water in Commune of Adjarra, 

(final model), Benin 2014 

 

  
Quality of drinking water 

  
     CI 95 % p-value   OR   

    
Independent variables Bad 

      % 
Good 

       % 
  

      (n=86) (n=12)   
        
Hygienic status of drinking 
water handling vessel               

 Clean  25 29 9 75 1     
Not clean 61 71 3 25 9.94  1.05- 94.22 0.045 
Type of water supply source               
Village water supply (tap) 1 1.2 8 66.7 1     
Traditional wells 65 75.6 3 25 207.68  13.07- 3284.22 0.000 
Autonomous water points 20 23.2 1 8.3 234.29   8.75-6274.95 0.001 

 

 

 



similar to those found by Abdelrahman et al. in Sudan in 2011, 
Belghiti et al. in Morocco in 2013, Chouki WK in Benin in 2007 
with 141/100ml for Escherichia coli, Degbey C et al. in Benin 
in 2011 and Ahoussi KE et al. in 2013 in Côte d’Ivoire with a 
degree of 500/100 ml for Escherichia coli [16, 17, 18, 19, 20].  

Following factors could explain this bacteriological pollution 
of water withdrawn:

- Factors related to the environment and behavior of the pop-
ulation due to the absence of a system of collection, treatment 
and disposal of wastewater;

- Factors associated to the system of collection, evacuation ant 
treatment of houseware garbage.  Water collected at the level 
of the village water supply (tap), source of supply for some 
households, did not show any germ but suffered from a conta-
mination during storage in the households. The results are 
identical to those of Harris AR et al. in 2013 in Tanzania where 
water which is potable at source got contaminated when using 
the container to fetch water and after filling of the storage 
container. This contamination could be explained by the poor 
hygiene of the containers used to collect water. The common 
germs exist in all the samples of water collected. These results 
are identical to the one obtained in 2008 by Degbey C et al. 
in the commune of Abomey-Calavi in ​​Benin [13]. The respon-
dents (68.37%) use a dirty container to collect water and this 
is not without consequences on the quality of the water. So, wa-
ter can be potable at source and get polluted during transpor-
tation or storage. Our study highlighted the link between the 
cleanness status of the container used to fetch water and the 
quality of the drinking water (p= 0.045). The likelihood of con-
taminating water is 7. 32 times higher in households that use 
a dirty container to fetch water than in those who use a clean 
container. Our results are consistent with a study conducted 
in 2011 by Abdelrahaman et al. in Tanzania which found that 
drinking water collected at source by the population is conta-
minated during its storage and its handling at home. Our study 
also showed a statistically significant relationship between the 
type of source of water supply used (p = 0.000), the monthly 
income (p = 0.017), the education of the population about wa-
ter, hygiene and Sanitation (0.041) and the quality of drinking 
water consumed in the households. Similar results were ob-
tained in a study conducted in 2011 in a rural commune of ​​
Senegal by Faye A et al. with a p <0.05 [22]. The risk of water 
contamination is 173.33 times higher among households that 
use traditional wells than among those which use tap water. 
The risk of water contamination decreases by 10 times among 
people who have a high income compared to those with low 
income. The risk of water contamination is 5.81 times higher 
among people who are not sensitized compared to those who 
are sensitized. Hand washing after defecation is not practiced 
among 70.41% of the households. Our study highlighted a sta-
tistically associative link between the fact of not washing hand 
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merators and pre-tested tools in other town by checking the 
answerability and the appropriateness of questions. The result 
of the pre-test informed the investigator on the required ad-
justments in the questionnaire. Regular supervision of respon-
dents, observation and control of the data collected helped 
ensure quality.

The lack of means of verification of certain information men-
tioned by householders like hand washing after defecation 
and treatment of drinking water, may result in limitation of 
the  present study.					      
 
In our study, the temperatures of waters collected at the le-
vel of the 10 sources of water supply and the 98 households 
vary from 29.5 ° C to 31.6° C with an average of 30° C and are 
beyond the norm of 25° C recommended by the WHO. These 
results are close to those found by Degbey C et al. in 2008 in 
the commune of Abomey Calavi in ​​Benin, where temperatures 
varied between 28.3 and 29.9° C with an average of 28.56° C 
[13]. These high temperatures could be explained by the in-
fluence of ambient heat on the water withdrawn and also by 
the geothermal gradient in the study area. It should be import-
ant to mention that water whose temperature is between 25 
and 28° C is an adequate for microorganisms’ multiplication, 
which means that the rise in temperature of water withdrawn 
creates favorable conditions for water pollution in the tropi-
cal. More than half of the waters collected (66.33%) have a pH 
consistent with the norm recommended by the WHO (6.5-8.5) 
with an average pH of 6.5. This result is close to that of a stu-
dy conducted by Mek OC et al. in 2011 in Mauritania where 
the pH are close to neutrality [14]. Waters are poorly minera-
lized with an average electrical conductivity of 150.72μS/cm. 
The results are below the norm recommended by the WHO 
(2000μS/cm) and are consistent with those found by Ahoussi 
KE et al. in 2013 in the village of Mangouin-Yrongouin in Côte 
d’Ivoire where the average conductivity is 152.90μS/cm [15].

The results of the chemical analysis of the waters collected 
reveal the presence of chemical elements such as nitrites, ni-
trates and ammonium below the norms of the WHO (0.1 mg/L, 
45mg/L and 0.5mg/L) with respectively average values ​​of 0.02 
mg/L, 2.95mg/L and 0.11 mg/L. Similar results were reported 
by Mek OC et al. during a study conducted in 2011 in Maurita-
nia [14]. The presence of nitrates in drinking water could have 
an origin related to human activities (agriculture with the use 
of manure) or a natural origin resulting from the processing 
of nitrogen in waters and soils. The bacteriological analysis 
reveals that 9/10 of the waters collected at the sources of wa-
ter supply and 87.76% of the storage containers are contami-
nated. The germs indicating pollution that have been identi-
fied are fecal coliforms, Escherichia coli and common germs. 
Wells and autonomous and private water points show a high 
degree of fecal coliforms and Escherichia coli, with an average 
of 255/100ml and 20/100ml, respectively. These results are 



and the quality of drinking water (p = 0.006). This result is 
consistent with that of a study in the Mekong Delta in southern 
Vietnam by Herbst S et al. in 2009, which showed that hygienic 
measures such as hand washing are not put into practice in an 
inopportune manner due to a misconception of risks and/or 
a lack of knowledge of the relationships between water and 
disease as well as anchored habits. 

The risk of water contaminating among people who do not 
wash their hands after defecation is 6.19 times higher than 
among those who wash their hands. Many other factors could 
explain a water contamination. This includes among other 
things the lack of a system to collect, treat and dispose of gar-
bage and sewage, defecation in the open air, the shallowness of 
the water table (6 to 15m according villages).

The presence of fecal coliforms (Escherichia coli) denotes fecal 
contamination and remedial actions must be taken immedia-
tely. The size of the household is not statistically associated 
with the quality of the drinking water. This result is contrary 
to a study conducted in the commune of Klouékanme in Benin 
by Agossou Y and Mc Garvey et al. in 2008 in Ghana [24, 25]. 
This difference could be explained by the size of our sample 
which is smaller than that of his study. The level of education 
is not statistically associated with the quality of the drinking 
water. This result is contrary to the one obtained by Faye A et 
al. during a study conducted in a rural community in Senegal 
in 2011. In our study, treatment of the drinking water is not 
statistically significant to the quality of the water. Its absence 
could be a favorable condition to maintain alive pathogenic 
germs that cause diseases.

Conclusion	

our study revealed that in 2014, in the commune of Adjarra, 
87.76% of the households have water of poor quality. Also, out 
of the households’ 10 sources of water supply collected, 9 are 
contaminated. The factors associated with the quality of the 
drinking water are the hygienic status of the container used to 
handle water and the type of source of water supply. The solu-
tion to this problem requires a good communication in order 
to change the behavior of the community and a reinforcement 
of the drinking water supply infrastructure.

Recommendations

Based on our findings and according to the discussion we make 
the following recommendations:

-Improve the drinking water supply policy, waste manage-
ment, agriculture and general sanitation (latrines);

-On the basis of a structural complementary study, develop a 
five year plan for water supply with the active participation of 
the population;

-Implement the five-year plan in collaboration with the popu-
lation through operational plan.

The main lines of action are the following:

-Ensure drinking water through a systematic and periodic 
treatment of water collected using the required amount of 
chlorine dosing to provide effective residual chlorine;

-Organizing monitoring of water quality through sampling and 
chemical and bacteriological analysis;

-Avoid water contamination by adopting structural measures 
that eliminate factors of contamination.
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