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ABSTRACT

This study examined characterization of bacteria pathogens associated with domestic water
contamination in Owerri area. Ten samples of water were collected from various sources of water
in Owerri and were bacteriologically analyzed. Using the Pour-plate method on nutrient agar,
MacConkey, and Salmonella-Shigella agar and the Most Probable Number technique, the total
heterotrophic count and the most probable number index of coliform using double and single
strength MacConkey broth as well as confirmed and completed test were determined. Result was
presented in mean * standard deviation, and Logiocfu/ml. The total heterotrophic count ranges from
7.8 +£1.06 x 105cfu/ml to 6.1 + 0.21 x 105cfu/ml, total coliform count ranges from 4.0 + 1.41 x 10*
cfu/ml to 1.5 £ 0.0 x 10%fu/ml. The Logiocfu/ml for heterotrophic count ranges from 8.7
Logiecfu/ml to 5.79 Logiocfu/ml, total coliform ranges 3.6 Logiocfu/ml to 1.9 Logiocfu/ml. Student
t - test was used in comparing the mean between total heterotrophic count and total coliform count.
The result revealed that there is a significant difference between the mean P > 0.005. Escherichia
coli, Klebsiella species, Staphylococcus aureus, Pseudomonas species, Salmonella species and
Enterobacter species were the organisms identified. Water is indispensable for human health and
wellbeing. Portable water is an essential amenity that will aid eradication of water-borne diseases
as well as improve the environmental sanitation. There should be enlightenment programs for the
communities and other concerned populace in order to educate them on the dangers of such water
sources serving for drinking or utilization for other domestic activities
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1.0. INTRODUCTION

In developing countries of the world, the main sources of
domestic water are either open waters also known as surface
waters such as rivers, streams and lakes or closed water
supply system like tap and ground water as in borehole
waters. Surface water has its unique natural sources of
contaminants such as animal wastes and dead animal. Most
microbial risks are associated with consumption of water
contaminated with animal or human faeces. Waste water
discharges into freshwater and costal seawaters are the main
source of faecal pathogens contamination. Some studies on
effect or impact of abattoir effluents into surface waters have
shown that such water bodies are grossly contaminated as a
result of the constituents of the effluent discharge into them
[1, 2, 3]. The contaminated water bodies constitute significant
environmental and health hazards as reported by Osibanjo
and Adie [4] and Emeh et al., [3]. Some other pollution

sources of rivers in Owerri and its environs include activities
of cattle-rearing, sand dredging operations, cassava
processing industries, motor servicing workshops, as well as
effluents from hospitals and paramedical establishments [3].
According to Ikem et al. [5] and Ejiogu et al. [6], dumping of
waste in open sites is subjected to infiltration of accumulated
organic and inorganic substances at the bottom of the dump
sites as water percolates through the waste. Consequently, the
contaminated water seeps through the soil into ground water.
Boreholes dug close to specific tanks can also be
contaminated by same process making it unfit for domestic
use [7].

WHO, [8] recorded that water-borne diseases are prominent
in the developing countries and affect the populace of which
greater percentage at risk are mostly children. As a matter of
fact, water-borne diseases infect millions in developing
countries and more than 1.5million children die each year
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from diarrheal diseases due to use of contaminated water [9].
Related studies are also stated that 3.4million people of which
1.4Amillion are children die each year due to water related
diseases [10, 11]. However, WHO [12] opined that mortality
of water associated diseases exceeds 5million people per year
which more than 50% are due to intestinal infection
especially due to cholera outbreaks.

Contamination of domestic water by pathogenic
microorganisms is a serious global concern. Acute diarrheal
diseases as a result of pathogenic microorganism are major
public health problem in African and Asian continents
associated with developing countries where people with
poorest hygienic facilities and very low financial resources
are mostly affected. However, microbial waterborne diseases
are also recorded in developed countries. World Health
Organization [11] reported that in the USA, it has been
estimated that about 560,000 people suffer from waterborne
diseases each year. Acute microbial diseases such as cholera,
salmonellosis, shigellosis, typhoid fever, campylobacteriosis,
and other gastroenteritis caused by bacteria, viruses and
protozoa are major public health problems in developing
nations of the world. Some of the bacterial pathogens that has
been incriminated with water pollution include; Vibrio
species, Salmonella species, Shigella species, pathogenic
Escherichia coli strains, Helicobacter pylori, Campylobacter
jejuni, Aeromonas hydrophyla, Proteus species and
Staphylococcus aureus [13, 14, 15, 16, 17, 18, 11, 3].
According to Schnabel [19], diarrhoeal illness can have a
significant impact on the economy and cause long term
damage to the development of a country due to related costs
and burden as a result of financial pressures for treatment and
medication assistance as well as physical deterioration of the
patients and absence from work. Improving water quality is
one of the United Nations eight Millennium Developmental
Goals (MDGs) targeted at having safe water by 50% by 2015
[12]. Drinking water can be graded into four categories
depending on the Most Probable Number (MPN) value.
Water with MPN of zero is excellent; MPN of 1-3 is
satisfactory; while MPN of 4-10 is suspicious and MPN
above 10 is unsatisfactory. Any water with MPN greater than
3 is not suitable for drinking water [11, 20].

Water for domestic use (drinking, cooking, bathing,
recreation etc.) should be free from microbes that might be
detrimental to human health. These bacterial pathogens from
domestic water pose high risk of infectious diseases and are
hazardous to the population when consumed or used
untreated. It is absolutely necessary therefore that water for
human drinking and other domestic use is free from any
microorganism that its presence and number will constitute
harm. Hence this work is aimed at characterizing the
bacterial pathogens associated with domestic water
contamination in Owerri as to know the health implication
with such contamination. The findings of this research will
enable policy makers to see the need for improvement of

access to safe domestic water which will have positive
significance to human health within the population.

2.0. MATERIALS AND METHODS

Brief Description of Study Area

Owverri, the study area is the capital city of Imo State, Nigeria
and consists of three local government areas namely; Owerri
Municipal, Owerri North and Owerri West. The city is
approximately 100 square kilometers in area and lies between
Latitude 5.4°N and Longitude 7.03°E with an estimated
population of 401,873 according to 2006 census [21]. Owerri
is bordered by Otamiri River to the East and Nworie River to
the South [22]. These water bodies are used for domestic
activities including drinking, cooking, washing, processing of
food such as cassava; swimming and other recreational
purposes. Apart from domestic use, they also serve local
industrial needs as well as sites for abattoir effluent discharge
[3]. For instance, the Otamiri River was the major source of
water for Owerri Municipal public water supply before the
inception of boreholes. Owerri is majorly an urban setting
where different higher education institutions and high density
centers of relaxation are situated.

Sample Collection

Samples of Borehole water and Tap borne water were
aseptically collected in triplicates from each of the three local
government areas (Owerri Municipal, Owerri North and
Owerri West). The Borehole and Tap water were allowed to
flow for two minutes before samples were collected using
sterile sample bottles.

The sampling method used for the rivers water collection was
the grab method as described by Nafarnda et al., [1] using
wide mouthed 500ml sterilized Pyrex glass bottles with tight
screw dust proof stoppers; a top space of about 2.5cm was left
as the bottles were filled. The river water samples were
collected in triplicates from different sampling points;
downstream, middle stream and upstream. The samples were
labeled appropriately and transported without delay in
icepacks to the Microbiology laboratory of Imo State
University Owerri, for immediate analysis.

Bacteriological Analysis

The media used in this study which include; MacConkey
broth, MacConkey agar, Nutrient agar, Salmonella-Shigella
agar (SSA), Simmons citrate agar, Triple Sugar Iron Agar
(TSIA) and Eosin-Methylene Blue (EMB) agar were
prepared according to manufacturer’s instructions. For
enumeration of total aerobic heterotrophic bacteria, an aliquot
(0.1ml) of ten-fold serial dilution of each of the samples were
introduced into corresponding labeled sterile duplicate plates.
Then freshly prepared agars of Nutrient, MacConkey and
Salmonella-Shigella were aseptically poured and carefully
agitated for proper mixing and allowed to solidify. Thereafter
the plates were incubated at 37°C for 24hours. The plates that
yielded bacterial growth within 30-300 colonies were counted
and the average of each sample growth was recorded as the
THC of the sample [23].
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The enumeration of the faecal coliform was carried out by
one-step tube Most Probable Number (MPN) technique using
MacConkey broth containing bromocresol purple indicator
and inverted Durham’s tube. 10ml, 1ml and 0.1ml aliquot of
each water sample were added to single or double strength
medium appropriately and incubated at 44°C for 24hours. The
tubes recorded as positive showed growth and gas production
after 24hours incubation. The positive tubes were subjected
to confirmed coliform test by further culturing them on Eosin
Methylene Blue (EMB) agar plates [24] which appeared as
small metallic sheen colonies. Thereafter subjected to
completed test [16]. The positive results were counted and the
number determined in MPN 100ml by using statistical MPN
tables.

Identification of Isolates

The bacteria isolated from each of the water samples were
screened and their morphological, physiological and
biochemical properties were used as to identify them [23, 24,
25].

3.0. RESULTS

Table 1 shows the mean + standard deviation of total
heterotrophic bacteria count (THBC) and total coliform count
(TCC) of the water samples. The THBC of the surface waters
ranged from 6.6 x 105cfu/ml to 8.7 x 105cfu/ml while that of
the borehole water samples ranged from mean value of 6.8 x
10%cfu/ml to 7.1 x 105cfu/ml; whereas the tap water had mean
value ranging from 6.1 x 10°cfu/ml to 7.5 x 105cfu/ml. The
result of the total coliform count unraveled that the river
water samples had mean values ranging from 1.5 x 103cfu/ml
to 3.5 x 10%cfu/ml; the borehole water TCC ranged from 1.7
x 10%cfu/ml to 4.0 x 103cfu/ml and the tap water samples had
mean TCC ranging from 0 to 3.0 x 103cfu/ml.

Table 1: Mean * Standard deviation of THBC and TCC

Figure 1 is a Bar chart representing the mean distribution of
both heterotrophic bacteria count and total coliform count
recorded from the domestic water sources.

Table 2 revealed the Logiocfu/ml of the water samples THBC
and TCC which ranged from 5.82 Logiecfu/ml for Oramiri-
Ukwa to 7.0 Logiocfu/ml for Otamiri River. That of
Boreholes ranged from 5.83Logiccfu/ml for Borehole 3 to
5.85L0g1ocfu/ml for Borehole 2. Whereas Tap waterl had the
highest THBC of 5.88Logiocfu/ml while Tap water2 and 3
had same 5.79Logiocfu/ml. the total Logiecfu/ml of TCC of
the water samples showed that Oramiri-Ukwa had the
highest,  3.54Logiccfu/ml  followed by  Otamiri,
3.39Logiocfu/ml;  Okitankwo, 3.27Logiecfu/ml;  Nworie
River, 3.17Logicfu/ml for the surface water samples. While
for the borehole waters, 3.60Logiocfu/ml was recorded for
borehole 1; 3.34Logiecfu/ml for borehole 2 and
3.3Logiocfu/ml for borehole 3. However, the tap water
samples 3 and 2 had the highest Logiocfu/ml of 5.79; while
sample 1 had 3.47Logiecfu/ml.

Figure 2 shows the Bar chart distribution for Logiocfu/ml of
total heterotrophic bacteria count and total coliform count.
Table 3 and Table 4 revealed the most probable number test
result for surface water samples (A- D) and that of samples
from borehole and tap water (E - J) respectively. All the
samples (A - D) sources were contaminated whereas table 4
showed that borehole samples showed positive confirmatory
test while tap waters were negative. Only borehole 1 water
sample showed positive completed test whereas others were
negative indicating absence of Escherichia coli.

Table 5 revealed the identity of the isolates based on their
colonial, cellular, morphological and biochemical
characteristics. Whereas table 6 unraveled specific sources of
bacterial isolates from the water samples. From the results, t-
test shows that there is a significant difference i.e. P>0.005.

Samples THBC x 10°cfu/ml TCC x 10%cfu/ml
Nworie 78+1.6 1.5+0.0
Otamiri 7.0+1.41 25+0.70
Okitankwo 8.7+0.70 1.9 +£0.07
Oramiri-Ukwa 6.6 + 0.35 3.5+0.70
Borehole 1 6.9+0.21 40+141
Borehole 2 7.1+£0.28 2.2+0.49
Borehole 3 6.8 +1.06 1.7+0.26
Tap water 1 75+0.21 3.0+141
Tap water 2 6.2+0.84 -

Tap water 3 6.1+0.21 -

Key: THBC = Total Heterotrophic Bacterial Count
TCC = Total Coliform Count
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Figure 1: Bar chart distribution of mean for THBC and TCC for Various Water Sources

Table 2: Logicfu/ml of THBC and TCC

Samples THBC Logiocfu/ml TCC Logioecfu/ml
Nworie 5.89 3.17
Otamiri 7.0 3.39
Okitankwo 8.7 1.9
Oramiri Ukwa 5.82 3.54
Borehole 1 5.84 3.60
Borehole 2 5.85 3.34
Borehole 3 5.83 3.23
Tap water 1 5.88 3.47
Tap water 2 5.79 -
Tap water 3 5.79 -

Key: THBC = Total Heterotrophic Bacterial Count; TCC = Total coliform count; cfu = colony forming unit; mi =
milliliter
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Figure 2: Bar chart distribution of Logiocfu/ml of THBC and TCC

Table 3: The Most Probable Number Test Result for Surface Water Samples (A - D)

Media MACCONKEY BROTH Number The Most | Confirmatory | Completed
of Positive | Probable Test Test
Tubes Number
index/100ml
Strength Double Strength Single
Quantity of | 10ml Iml 0.1mli 111|0
water 0 1
innoculated
Number of | 1 5(1|2(3| 4 1/2{3|4|5|5 |5]|5
tubes
A +| +| +| + | +| +| +H| +H| + +|-|-|-]+1|5 512 5|5 0 + +
Nworie
River
B o I I T R S I S s +| +| +|+|-|5 4|4 |3]|5 0 + +
Otamiri
River
C + +| +| + | +| +| +| +H]| - +| +| +| +| +|5 35 215 0 + +
Okitankwo
River
D +| +| +| + |+ +| - -]+ -|-]-|+|++|5 |2]|3 112 |0 |+ +
Oramiri-
Ukwa River

Key: + = Present/Positive; - = Absent/ Negative
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Table 4: The Most Probable Number Test Result for Borehole and Tap Water Samples (E - J)

Media MACCONKEY BROTH Number  of | The Most | Confirmatory Complete
Positive Probable Test d Test
Tubes Number
index/100ml
Strength Double Strength Single
Strength
Quantity of | 50m | 10ml Iml 50 |10 |1
water
innoculated
Number  of 1/2(3|4/5 |12 (3|4 |5 (1 |5 |5
tubes
E + |+ |+ +] + - - + + - 1 5 2 50 + +
Borehole 1
F + |+ 4+ +] + + | - - - - 1 5 1 35 + -
Borehole 2
G +l+ |+ +]- |+ + |- |- |- 1 4 2 120 + -
Borehole 3
H S I e e e e N e 1 3 |0 |8 - -
Tap water 1
I + - --1- |+]+|-1]- - 1 1 2 |7 - -
Tap water 2
J SO I R N B I B S R A 1 0 (2 |4 - -
Tap water 3
Key: + = Present/Positive; - = Absent/ Negative
Table 5: Colonial, Morphology and Biochemical Characteristics of the Bacterial Isolates
Colonial Cell Morphology
g Appearance c % %
% 3 ge] < ©
2 c = S ] x o =
g A I A = R
5 2|8 |S|5|g s ElZ 2 =5lS|3/ S| E 8 8|2 |E|¢g|%F
3| © & 2 S| o £ & C| 8| o 8| X T 2 E| o = & < S 8
210 |w |W|x|oLs Ol 2|0l OlO[E[Z3[O][>10O0 | d |2 | & |a
1 |C R Ra | + |- | Single - + |- |+ |- + |+ - |- |A A |A - Escherichia
G G coli
2 Y |Ci |Co]- + | Clusters |+ |- |+ |+ |- - |+ |- |+ |A |Al | Al | Al | Staphylococcus
G G G G aureus
3 Ci |F + | - | Single - S R I - - |+ A A A A Klebsiella
G species
4 |Cb |[Ci |Ra |+ |- |Single - + |- |+ |+ [+ |+ |+ |- A |- Al | A Salmonella
G G species
5 |G Ir F |+ |- | Chain - + - |+ |+ |- |- |+]- 1A - - - Pseudomonas
species
6 |C Ci |F |+ |- | Chain - + |- |- |- - -+ |+ A A A A Enterobacter
G species

Key: C = Cream; Y = Yellow; G = Green; Cb = Courlorless with black center; R = Round; Ci = Circular; Ir = Irregular;
Ra = Raised; Co = Convex; F = Flat; + = Positive; - = Negative; A/G = Acid and Gas production; A= Acid production
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Table 6: Bacterial Isolates from Specific Sources of the Samples

S/NO | Isolates Nwori | Otamir | Okitankw | Oramiri | Borehol | Borehol | Borehol | Tap | Tap | Tap
e River | iRiver |0 -Ukwa |el e2 e3d wate | wate | wate
River River ri r2 r3

1 Escherichia + + + + - - - - - -
coli

2 Klebsiella + + + - + - - - - -
species

3 Staphylococcu | + + + + + + + T T T
s aureus

4 Salmonella + + + + - - - - - -
species

5 Pseudomonas | + + + + - - - + B B
species

6 Enterobacter + + + - + - - - - -
species

Key: + = Present/Positive; - = Absent/ Negative

4.0. DISCUSSION

The result of this study (Table 1 and Figure 1), revealed that
the heterotrophic bacteria count of all the samples were
generally high exceeding the standard permissible limit of 1.0
x 10%cfu/ml for drinking water [20, 12, 26, 27]. The resulting
high heterotrophic counts may be attributed to runoffs,
sewage from abattoir, agricultural wastes which are high in
organic matter and nutrients [28, 29, 30, 31, 3]. The World
Health Organization and UNICEF reported that 68% of the
global population had no access to improved sanitation
facilities. This implies that about 2.4billion of the global
population do not have improved sanitation and 15% do not
have any form of sanitation thereby practicing open
defecation [32]. The findings of this study is in agreement
with certain similar studies by Ibe and Okplenye and [33],
Uzoigwe and Agwa, [34] who stated that the sources of
heterotrophic bacteria in water are human and animal wastes.
In addition, Taiwo et al. [31] and Emeh et al. [3] reported that
abattoir effluent is the major contributor of microbial
contaminants to rivers into which the effluents discharge.
Whereas the borehole that are situated close to dumpsites are
contaminated due to seepage of contaminated water into the
water level of underground water [35, 34, 29, 33, 36, 37].
The higher number of bacterial count recorded in river water
samples (Table 1, Figure 2, Table 2 and Figure 2) could also
be as a result of increased surface area which exposes the
water to contaminants as well as human activities such as
swimming, dipping of dirty hands, legs and cans into the river
while fetching water. The absence of coliform in tap water
samples 1 and 2 is a clear indication that the tap waters
received some level of treatment and complied with the
World Health Organization standard of water for human use.
The presence of bacteria such as Salmonella species,
Escherichia coli, Pseudomonas species, Staphylococcus
species, Enterobacter species and Klebsiella species (Tables
5 and 6) from the various sources of water in Owerri area is
of public health significance in terms of human use and other

activities [12, 20, 38, 39, 40, 3, 26]. It is a known fact that
Escherichia coli being an indicator organism signifies fecal
contamination of any water source in which it is found. In
addition, the presence of Klebsiella species, Enterobacter
species and Salmonella species belonging to the family of
Enterobacteriaceae is a strong indication that the water
sources from which they were isolated have fecal matter
pollution. Sewage containing human excreta is the worst
material that pollutes water.

Some of these isolated bacteria cause diseases, for example,
enteropathogenic Escherichia coli and Salmonella species
cause acute enteritis [27, 41]; Salmonella typhi causes
typhoid fever [42]. Staphylococcus aureus is a common
human microflora but its ability to penetrate the tissue,
multiply and spread can result to boils, skin sepsis, enteric
infections, septicaemia, endocarditis, osteomyelitis and
pneumonia [10, 43].

There can be no life on earth without water. In fact, the human
body is composed of 70% water. However, that same water
can cause harm to the body if not purified. From the results
of the Most Probable Number for surface water, borehole and
tap water samples (Table 3 and Table 4), the domestic water
are unfit for drinking unless special treatment is administered
as stated by WHO [8]. Water is an indispensable amenity;
therefore, the provision of portable water will enhance the
eradication of water-borne diseases from the population
concerned.

CONCLUSION

The domestic water sources especially those from surface
water investigated in this study contain some pathogenic
bacteria contaminants, thus making them unfit for human
consumption if not adequately treated. The water from these
sources should undergo a number of treatments to make them
potable as exemplified by World Health Organization water
treatment. Portable water is an essential amenity that will aid
reduction of water-borne diseases as well as improve the
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environmental sanitation. Therefore, there should be
enlightenment programs for the communities and other
populace in order to educate them on the dangers of such
water sources serving for drinking or utilized for other
domestic activities.
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