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Abstract- The association between water, sanitation, hygiene and health are well known. Many diseases are associated with
contaminated water which man consume directly or indirectly through cooking, washing utensils, bathing, etc. Such circumstances
results in various infections and diarrheal diseases. The aim of the research was to determine the relationship between hygiene
practices and microbiological qualities of household drinking water in some parts of Kano, Nigeria. Coliforms were isolated by using
membrane filter method with subsequent cultivation on differential and selective media. A total of 212 water samples were collected
and 167 questionnaires were administered to each participating household. Of these 212, 83.0% of water samples used had coliform
bacteria. A total of 143 (67.5%) households store their drinking water while only 69 (32.5%) collect and use their water without
storage. Post-collection contamination was found to vary according to certain parameters like container used in collection and storage
of the water, storage duration, number of children and wives and mode of collection.
Index Terms- Coliforms, Contamination, Drinking water, Households, Hygiene.
I. INTRODUCTION
Water is essential to life and health; however, over one billion people worldwide do not have access to safe drinking water (WHO,
2000). Waterborne diseases have been estimated to cause more than two million deaths and four billion cases of diarrhea disease
annually (WHO, 2000). Infectious diarrhea is responsible for the greatest burden of this morbidity and mortality (Pruss et al., 2002)
and children less than five years of age are the most severely affected (WHO, 2000). In 2001, infectious diseases accounted for an
estimated 26% of deaths worldwide (Kindhauser, 2003). Gastro - intestinal water – borne infections are among the most emerging and
re-emerging infectious diseases throughout the world. They are infections that affect mainly the stomach and the gastrointestinal tract.
They are mostly endemic with a worldwide distribution and they have a heterogeneous aetiology (Onyango and Angienda, 2010). In
Africa, it has been estimated that every child has five episodes of diarrhea per year and that 800,000 children die each year from
diarrhea and dehydration. According to Wittenberg (1998), infective diarrhea is predominantly a disease of poverty, overcrowding and
environmental contamination. He noted that within the southern African subcontinent, large-scale epidemics involving Shigella
dysenteriae type 1 and Vibrio cholerae have occurred. In Nigeria, contaminations of drinking water with pathogens have also been
reported in several towns (Biu et al., 2009; Adekunle et al., 2007; Ibrahim et al., 2000). Waterborne outbreaks of enteric disease have
occurred either when public drinking water supplies were not adequately treated after contamination with surface water or when
surface waters contaminated with enteric pathogens have been used for recreational purpose (Johnson et al., 2003). One of the major
strategies for tackling this problem is the installation of protected sources such as boreholes, standpipes or wells to provide water of
better quality. However, such communal facilities are located some distance from the home, requiring collection and transport from
the source and subsequent storage of water within the household. It has frequently been observed that the microbiological quality of
water in vessels in the home is lower than that at the source, suggesting that contamination is widespread during collection, transport,
storage and drawing of water (Van Zijl 1966; Lindskog & Lindskog 1988). Clearly, point-of-use water quality is a critical public
health indicator (Trevett, et al., 2005; Gundry, et al; 2004). Boiling of drinking water is an intervention in the “domestic domain” of
infectious disease transmission.
Ideally, drinking water should not contain any microorganism known to be pathogenic or any bacteria indicative of fecal pollution,
since the presence of these microorganisms has been traditionally seen as an indicator of fecal contamination, tests are useful for
monitoring the microbiological quality of water used for consumption. Recognition that water is source of pathogenic
microorganisms dates back to 1800 A. D. (Doestch, 1960). Because it is very expensive and time consuming to test for
all pathogens, it is suggested that a single group of microorganisms that come from the same source as human
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pathogens can be used to indicate the presence of pathogens (Wyn, et al., 2000).

II.

MATERIALS AND METHODS

1.1. Study area
The study was conducted in four local government areas of Kano State viz: Dala, Gwale, Kumbotso and Ungogo within Kano
metropolis.

Figure 1: map of Kano metropolis showing study areas.
1.2. Sample size
A total of 212 water samples were collected and 167 questionnaires were administered for the study. Collection of the samples was
done in four local governments and in each selected local government; communities were visited very early in the morning before
households left the houses.
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1.3. Sample collection
Standard method described by American Public Health Association (APHA, 1999) was used for the collection of samples. During
collection of samples, in each targeted house, 300ml of water was poured aseptically in to 300ml sterilized bottles. For tap water and
borehole, the samples were collected by allowing the water to run to waste for 2 or 3 minutes and then aseptically collected in sterile
bottles. Water from wells was collected by means of a sterilized bottle fitted with a weight at the base. All samples collected were then
labeled with sample number, date of collection, and sample source for analysis purposes, and then sealed. After sampling, a structured
questionnaire was administered to each participating household. The questionnaire included variables such as family size, location of
the source of water within the house, method of collection, devices used to collect and store water, storage duration and water
treatment. Samples collected were then transported to the laboratory in an iced cooler for storage as soon as possible.
1.4. Sample filtration
Membrane filter assembly was set up by inserting the glass funnel bottom in to the opening of arm jar flask. At the side of the flask,
there is narrow opening; this was then connected to the vacuum pump machine through rubber tubing. During filtration, membrane
filter was placed in to the funnel using sterile forcep. Sample was shaken vigorously at least 25 times up and down to mix the sample
and then 100ml of sample for coliforms was poured in to the funnel and the vacuum pump was then turned on to drain the sample
through the sterile 47mm, and 0.45μm membrane filters (Whatman, Maidstone, Japan). After filtering the sample, the funnel walls
were rinsed three times with 20-30ml of sterile peptone water, then the vacuum pump was turned off and the funnel top was lifted up
to remove the membrane filter using sterile forcep and the filter was placed on MacConkey agar, followed by incubation at 35 0C for
24hours (APHA, 1999).
1.5. Microbial enumeration
Bacterial colonies from membrane filter on MacConkey (Applichem Biochemica. Germany) agar were counted based on lactose
fermentation (APHA, 1999).
1.6. Isolation and identification of bacteria
After incubation at 35oC for 24hours, colonies were counted based on lactose fermentation. The colonies that appear pink in color
were sub cultured by using straight wire loop on to lactose broth as a presumptive test. Colonies that produce gas in the Durham tubes
were sub cultured on to Brilliant green lactose bile broth (BGLB) to confirm the presence of coliforms because it suppresses the
growth of anaerobic lactose farmenters like Clostridium perfringens which may give rise to false positive on MacConkey (APHA,
1999). Colonies that produce gas on BGLB were subjected to biochemical tests to identify the species. Motility-Indole-Ornithine
medium was used to detect motility, indole and ornithine production (Macfaddin, 1980). Other biochemical tests such as triple sugar
iron agar, Voges – proskauer, citrate, urease and methyl red were also used to differentiate coliforms.

III. RESULTS
Of 167 households studied, 8 (4.79%) had no wife and only 4 (2.4%) had the highest number of wives, that is 4 wives (Table 1). From
this table, those with highest number of wives 4 (2.4%) reported the highest level of coliforms contamination 4 (100%) than those
with no with no wife 4 (50%). On the basis of the number of children, out of the 167 households examined, 61 (38.4%) had 0-5
children while only 8 (5.0%) had the highest number of children that is ranging from 21-25. Of the 61 households that have 0-5
children, 32 (52.5%) were contaminated with coliforms while for those with 21-25, out of those 8, only 1 (12.5%) did not report
contamination, the rest of the 7 (87.5%) were contaminated (Table 2). In case of location of the source of water within the households,
only 72 households had their own private water supply. Of these, 54 (75%) of the sources are some meters away from the source of
contamination and 18 (25%) are few meters away from the source of contamination, and out of these, those that are few meters away
reported the highest the highest level of contamination 15 (83.3%) than those some meters away 35 (64.8%) (Table 3).
For mode of collection, of the 167 households examined, water collected by children were more contaminated than those collected by
self and vendors. In this, out of 65 (38.9%) collected by children, 58 (82.2%) were found to contain coliforms (Table 3). In terms of
collection devices, water collected using buckets were found to be less suitable for drinking than those collected using basins and jerry
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cans in which out of 91 (54.49%), 62 (68.1%) were found to contain coliforms (Table 4). With regards to storage facilities, water
stored using buckets reported the highest level of contamination followed by those of clay pots. In this, out of 48 (28.7%) and 51
(30.5%) of those that are stored in buckets and clay pots, 45 (93.8%) and 39 (76.5%) were contaminated with coliforms respectively
(Table 5). With respect to storage duration, those that store water within the range of 2 days and above, reported the highest
contamination 42 (77.8%) (Table 6).
Table 1. Level of coliforms contamination based on number of wives.
Microorganism
Ps
%

Coliforms

Single
As
%

4
(50)

Ps
%

4 (50)

1 Wife
As
%

37
(42.5)

50
(57.5)

No. of houses (167)
2 Wives
3Wives
Ps
As
Ps
As
%
%
%
%

Ps
%

39
(70.9)

4
(100)

16
(29.1)

8
(61.5)

5
(38.5)

4Wives
As
%

0 (0)

Key: Ps = present, As = absent, % = percentage

Table 2: level of coliforms contamination based on number of children.
Microorganisms

No of houses (167)
0-5

Coliforms

6-10

11-15

16-20

21-25

Ps

As

Ps

As

Ps

As

Ps

As

Ps

As

(%)

(%)

(%)

(%)

(%)

(%)

(%)

(%)

(%)

(%)

32
(52.5)

29
(52.5)

30
(47.6)

33
(52.4)

13
(65.0)

7
(35.0)

5
(71.4)

2
(28.6)

7
(87.5)

1
(12.5)

Table 3. Occurrence of coliforms in relation to location of the source water in houses and mode of collection.
Macroorganisms

Coliforms

Locations (n=72)

Mode of collection (N=167)

S. meters (%)

F. meters (%)

Self (%)

Ps

As

Ps

As

Ps

35
(64.8)

19 (35.2)

15
(83.3)

3
(16.7)

32(72.7)

Children (%)

Vendors (%)

As

Ps

As

Ps

As

12
(27.3)

58 (89.2)

7 (10.8)

43(74.1)

15
(25.9)

Key: n = number of households with private water supply.
N = Total number of houses, S. meters = some meters away from the source of contamination only within the household
F. meters = few meters away from the source of contamination only within the household
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Table 4. Occurrence of coliforms in relation to collection facilities.
Microorganisms

Devices for collection (N = 167)
Bs

Bk

Jr

Ps %
As %
Ps %
As %
Ps %
62 (68.1)
29 (31.9)
2 (20)
8 (80)
40 (60.6)
Coliforms
Key: Bk = Bucket, Bs=Basin, Jr=Jerry can, N = Total number of houses.

As %
26(39.4)

Table 5. Occurrence of coliforms in relation to storage facilities.
Microorganisms

Devices for storage (N=167)
Ct

Cp

Br

Bk

Jr

Nn

Ps
As
Ps
As
Ps
As
Ps
As
Ps
As
Ps
As
%
%
%
%
%
%
%
%
%
%
%
%
3
1
39
12
14
5
45
3 (6.3)
15
6
7
17
Coliforms
(75)
(25)
(76.5)
(23.5) (73.7) (26.3) (93.8)
(71.4)
(28.6)
(29.2)
(70.8)
Key: Ct = Cistern, Cp=Clay pot, Br = Barrel, Bk = Bucket, Bs=Basin, Jr=Jerry can, Nn = none, N = Total number of houses.

Table 6: Occurrence of coliforms in relation to storage duration.
Microorganisms

Number of households that store water (n=143)
<24 Hours

Coliforms

24 hours

<or>2 days

<1 week

Ps (%)

As (%)

Ps (%)

As (%)

Ps (%)

As (%)

Ps (%)

As (%)

2 (66.7)

1 (33.3)

40 (61.5)

25 (38.5)

42 (77.8)

12 (22.2)

18 (85.7)

3 (14.3)

Key: n = number of households that store their water
< = lessthan,

> = greater than

IV. DISCUSSION
In this study, 167 households were examined for the presence of coliforms based on the number of population and their level of
hygiene practices and sanitation. From this study, household population had significant influence on the occurrence of microorganisms
in drinking water, in that, for household that had highest number of wives (3 and 4) reported the highest level of contamination, this is
because all of the four households that had 4 wives reported the occurrence of coliforms and eight out of thirteen households with 3
wives reported the occurrence of coliforms in their drinking water. Number of children also influences the occurrence of
microorganisms in drinking water for the fact that as the number of children increases also the occurrence of coliforms increases. This
might be associated to the chances for the children to contaminate the drinking water more frequently through their dirty hands.
However, there was no significant difference in the quality of water between number of children and wives (p=0.7791).
In case of location of the source of water within the household, there was statistically significant difference between
sources that are some meters and few meters away from the source of contamination, in that sources that are few meters
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away from the source of contamination were more contaminated than those some meters away from the source of
contamination (p=0.0059). This might be due to the infiltration of contaminated water (sewage) through cross
connection, leakage points and back siphonage. However, some studies have associated the occurrence coliform
bacteria with rainfall events (Stukel et al., 1990). This results was not in agreement with the work conducted by
Nguendo – yongsi, (2011) in which he reported no significant difference between improve and non improve water
sources.
From the results, water collected by children were more contaminated than those collected by households and vendors
with significant increase in the occurrence of microorganisms (p=0.0427), this could be attributed to the chances of
children to contaminate the water with their dirty hands either during collection or on their way to home. The results
show that collection devices had significant influence on the quality of water used for drinking. This might be becaus e
when comparing water collected using buckets and jerry cans, those collected using buckets were more contaminated
than those collected using jerry cans(p=0.01). This shows that container type is also a strong predictor of fecal
contamination. Water is safer from contamination in containers with a small opening than in those with a wide opening
(Vanderslice and Briscore 1993; Jensen et al., 2002; Roverts et al., 2001; Trevett et al., 2004; Deb et al., 1986; Yeager
et al., 1991). Fecal contamination increased as water was followed from its sources to drinking water storage containers.
In addition, longer storage time implies more opportunity for contamination, because hands and the handle or outer surface of
collecting devices frequently carry fecal pathogens. Also Use of uncovered water containers is likely to increase water contamination
between source and point-of-use as hands are dipped into vessels to scoop a cupful of water (Chidavaenzi et al., 1998). Furthermore,
the decline in water quality between source and household has been shown to be greater when source water is clean (Wright et al.,
2004). In comparisons of health impacts due to water source and household level interventions such post -source
contamination has been shown to increase diarrhea risk (Clasen et al., 2006). This highlight the need for improved
personal and domestic hygiene practices. The detection of these microorganisms might be mainly associated with post
treatment contamination from outside sources or from microorganisms growing within biofilms or other materials in the
distribution of system (in the case of tap water), or the contamination was from the source. Detection of these organisms
could be possible because majority of the households do not treat their drinking water; in fact only one household out of
167 was treating his drinking water after collection. Ideally, in-house water connections would provide chlorinated
water directly from the tap to the drinker, eliminating the need for storage. However, as long as water storage remains a
fact of life in communities like these; interim measures will be needed to address these problems. In addition, long
storage time implies more opportunity for contamination.

V. CONCLUSION AND RECOMMENDATIONS
These results enabled us to understand the relationship between sanitation, hygiene practices and water quality and also show that
fecal contamination is becoming common in some part of Kano state, Nigeria. In general, the quality of household water examined
was poor and this is an indication that whenever basic sanitation and hygiene are lacking, there is more likely hood of indicator
bacteria from feces to be introduced in to stored water. On the basis of these results, the following recommendations are necessary.
People should ensure that their source of water is not close to source of contamination (pit latrines or septic tanks); they
should ensure effective post collection and storage treatment which will help to reduce significantly the risk of
waterborne diseases, there should be effective hygiene and sanitation, when collecting water, effective precautions
should be taken in order not to contaminate the water, collection and storage devices should have proper coverings to
avoid contamination by wind, and lastly government should intervene in creating awareness to people regarding the
dangers associated with waterborne diseases.
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