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Abstract

The Vulnerability of the selected boreholes to bacteriological indicators in Parts of Owerri West of Southeastern
Nigeria was determined using Vulnerability Index (VI). Distances between the selected boreholes and anthropogenic
activities were measured. Sampled Borehole (SBH) 3, 5, 8 did not meet the 30 m WHO STD, while defecation,
bathing and washing of clothes were found within the circumference of SBH 6, 9 and 10 respectively. Total bacteria,
total coliform and faecal counts were evaluated using the standard plate count method and the Most Probable
Number (MPN) technique, respectively. The mean total bacteria count of the selected bore water samples ranged
from 0.08-2.73 × 102 CFU that constituted between 0.59-20.31%, with the mean value of 1.34 × 102 CFU/ml, Total
coliform count ranged from 6-19 MPN/100 ml constituting 4.72-14.96%, with the mean value of 12.7 MPN/100 ml
and Faecal coliform count ranged from 9-21 CFU/ml constituting 7.09-14.69% with the mean value of 14.3 (CFU/100
ml) all above the WHO STD respectively [1]. The isolated and identified bacteria include: Enterobacter sp.,
Alcaligenes sp., Escherichia coli, Proteus sp., Klebsiella sp., Pseudomonas aeruginosa, Acinetobacter sp.,
Staphylococcus aureus and Bacillus sp. accordingly. From the result of Vulnerability Index (VI) calculated and rated,
the selected boreholes are highly affected by faecal count rated 0.21 within the rating of 0 signifying highly
vulnerable. Furthermore, results of total bacteria a, total coliform and overall result of bacteriology using VI rating
recorded 1.98, 1.02, 1.07 respectively, indicating highly resilient in rating. The vulnerability of the selected boreholes
to bacteria means that, water resources in this area is not suitable for human consumption, hence water borne
diseases.

Keywords: Vulnerability index; Water resources bacteria; Indicator;
Borehole water quality

Introduction
Community water supplies are recognized internationally as an

issue critical to public health [2]. The operation and management of
small water supplies may be inadequate due to the limited resources
and lack of awareness of factors affecting water quality. The principal
public health concern is the use of vulnerable groundwater aquifers
without water purification or disinfection measures for drinking
purposes. At vulnerable drinking water supplies, the deficiencies in
multi-barrier approach increase the risk of drinking water
contamination [3].

In many developing countries, availability of water has become a
critical and urgent problem and it is a matter of great concern to
families and communities depending on non-public water supply
system [4]. Increase in human population has exerted an enormous
pressure on the provision of safe drinking water especially in
developing countries [5]. Unsafe water is a global public health threat,
placing persons at risk for a host of diarrheal and other diseases as well
as chemical intoxication [6]. Unsanitary water particularly has
devastating effects on young children in the developing world. Each
year, more than 2 million persons, mostly children less than 5 years of
age, die of diarrheal disease [7].

The potential of drinking water to transport microbial pathogens to
great numbers of people, causing subsequent illness is well
documented in different countries [8]. A total number of 1.2 million
water related cases of illness has been reported by Hunter and Syed [9],
while Pruss et al. [10] estimated that water, sanitation and hygiene
were responsible for 4.0% of all deaths and 5.7% of the total disease
burden occurring worldwide. According to Tuku and Akobundu, poor
sanitation and lack of save water makes communities vulnerable to
diseases such as shigellosis, amoebiosis, schistosomiasis, typhoid,
leptospirosis, infectious hepatitis, giardiasis and paratyphoid. This
further confirms the fact that the supply of clean and treated water
remains a challenge in developing countries especially in the rural
areas.

Nearly 90% of diarrheal-related deaths have been attributed to
unsafe or inadequate water supplies and sanitation conditions affecting
a large part of the world’s population [6]. An estimated 1.1 billion
persons (one sixth of the world’s population) lack access to clean water
and 2.6 billion to adequate sanitation [6]. A collaborative,
interdisciplinary effort to ensure global access to safe water, basic
sanitation, and improved hygiene is the foundation for ending cycle of
poverty and diseases [6]. The World Health Organization (WHO)
estimates that about 1.1 billion people globally drink unsafe water [11],
and the vast majority of diarrheal disease in the world [88%] is
attributable to unsafe water, sanitation and hygiene. According to
Obire et al. [12], poor water quality, sanitation and hygiene accounts
for 1.7 million deaths a year worldwide (3.1% of annual deaths).
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In Nigeria, only 60% of households have access to improved sources
of drinking water, a situation that affects both the rich and the poor
and even those who rely on deep bore wells cannot reliably secure
uncontaminated water [13], and pollution of groundwater stems from
different sources [14]. These include insanitary condition during
borehole construction, splashing of runoff into wells, if left uncovered,
flooding at borehole site, leachate from old buried waste pit or latrine
into the hole through cracks in aquifer and annular of the hole,
closeness of boreholes to septic tanks especially where space is a
constraint and as such boreholes are drilled at times at old garbage
landfill site formations through which the wastewater is retrieved from
the holes [15].

The use of certain bacteria as indicators of potential presence of
pathogenic micro-organisms in water is the standard means of
assessing the microbiological quality of a water body [16].
Groundwater is perceived as being intently of pristine quality [17], and
many of the rural areas in Nigeria are supplied with groundwater for
domestic use without treatment [18]. In Nigeria, many of the rural
populace do not have access to adequate water and therefore, depend
on other alternatives like wells and surface water sources for domestic
use [8]. In villages in developing countries, many boreholes are located
closer to septic tanks and latrine against the WHO recommended 30 m
away from latrine and 17 m septic tanks [19], against the background,
water resources will be vulnerable.

Vulnerability assessment is an approach used to describe the
potential for harm from a diverse range of hazards at local, regional,
national or global scales [20]. A range of biophysical, social, economic,
or cultural factors may be used as indicators of vulnerability [21].
Water-associated diseases account for approximately 10% of the global
disease burden, representing a significant source of morbidity and
mortality worldwide [22]. These infections are spread by waterborne
agents (e.g., E. coli O157:H7, Vibrio cholera O139), vectors carrying
viruses and parasites (e.g., dengue, malaria), and water contact (e.g.,
schistosomiasis). Hence, an integrated control approaches are critical
to addressing water associated diseases impacted by a range of
environmental and social factors, and there is a growing need for tools
to assess vulnerability at the water-health nexus.

Against this background, therefore there need to conduct microbial
analysis of groundwater resources in the study area, since according to
Water Act (1998), the quality of groundwater anthropogenic impacts
on water resources can be identified and remediated and so can the
water resources can be protected against deterioration through
pollution.

Materials and Methods

Study area
Owerri West Local Government Area with its headquarters at

Uumuguma is located between latitudes of 50 23’ and 50 34W and
between longitudes of 60 50’ and 70 E, and has 15 autonomous
communities namely Obinze, Avu, Nekede, Ihiagwa, Amakohia Ubi,
Ndegwu, Okuku, Eziobodo, Oforola, Ohi, Umuguwaand Orogwe,
Okolachi, Emeabiam and Irete. Oforola as a study location lies within
Latitude 50 41′N and 60 31′E and Longitude 70 34′N and 60 15′E [23].
The climate falls within the humid tropical climates. The rainfall
distribution pattern is bi-modal with peaks in July and September.
There is normally a short period of low precipitation between end of
July and early August usually termed “August break”. The rainfall

pattern gives rise to two distinct growing seasons, the early season
(April to July) and the late season (mid-August to mid-October or
November). There are four to five months of dry season part of which
is characterized by cool dry northeastern wind called harmattan. The
major occupation of the people is farming, from where they generate
income to support livelihood.

Random selection of the boreholes water sampling location
For water sampling locations, the following communities were

randomly chosen for the study with SBH1-10 indicating sampled
boreholes in Oforola: 1-Umuimika, 2- Amaku, 3- Oboagwa, 4-
Umuogidi, 5- Umuadi, 6- Umagubiam, 7- Amogi, 8- Umuezuroche, 9-
Umuchi and 10- Umeke.

Sampling borehole water technique in the study locations
Collection of Water Samples Ten water samples were collected from

ten boreholes randomly selected according to personal observation
and anthropogenic activities within and around the selected boreholes.
The samples’ locations were designated SBH signifying sampled bore
holes from Oforola village, using standard methods as described by
APHA [24] for water sampling. Each sample for analysis was collected
using a clean two liter plastic container with a screw cap which was
thoroughly washed with detergent, soaked with acid and rinsed with
distilled water. At the point of collection, the container was rinse three
times with the water sample. All the samples were stored in laboratory,
freshly refrigerated at 4°C in a cooler packed with, ice blocks prior to
analysis to avoid microbial action affecting their concentration.

Analysis of sampled borehole water for bacteriological
indicators

Total bacterial count: The total bacterial count was determined by
pour plate technique using standard methods [24]. Nutrient agar
medium was used for the enumeration of bacteria in the samples.

Total coliform count: This was determined by MPN index method
using 3-3-3 regimen. MacConkey broth was used and positive result
was indicated by acid and gas production on incubation at 37°C for 48
hours.

Faecal coliform count: Faecal coliform count was determined using
Eosin Methylene Blue medium using pour plate technique. Organisms
with greenish metallic sheen were taken as positive for E. coli. This was
further confirmed by the ability of the organism to ferment lactose at
44.5°C.

Vulnerability Index (VI)
Vulnerability is described as the condition of a system, or a

propensity to be adversely affected [25]. It encompasses exposure to
harmful environmental or social stresses, susceptibility to these
stresses, and the capacity to cope or adapt [26], often within the
context of a particular hazard [27]. The Vulnerability Index was
calculated by summing the indicator scores [28]. The index was
calculated based on water-associated diseases account for
approximately 10% of the global disease burden, representing a
significant source of morbidity and mortality worldwide [22].

This indicator is calculated as:

VI=Qmax-Qmin/Mean Equation 1.
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Where, Qmax- Highest value of indicator in the set; Qmin- Lowest
value of an indicator in the set; Mean= Summation of Q divided by Qn

Or

Susceptibility component:

X~ (x {xmin)=(xmax {min) Equation 2.

A weighting of exposure and susceptibility indicators to construct
the final index was based on contribution to overall vulnerability.
Weightings of exposure and susceptibility indicators were tested to
determine the optimal contribution of each to water borne diseases in
the study area with rating 0-1 and Vulnerability–resilience description:
0 Highly vulnerable, 0.25 Moderately vulnerable, 0.50 Threshold, 0.75
Moderately resilient and 1.00 Highly resilient.

S. No.
Sampled Borehole (SBH)
(Manpower) Code Distance (m) Sampling Area Descriptions

1 SBH 1 34.6 Pit latrine

2 SBH 2 35.3 Pit latrine

3 SBH 3 23.9 Pit latrine

4 SBH 4 45.8 Septic tank

5 SBH 5 18.9 Pit latrine

6 SBH 6 21.4 Open space for washing of clothes, defecation etc.

7 SBH 7 37.2 Degradable waste dump

8 SBH 8 32 Pit latrine

9 SBH 9 24.6 Open space for washing

10 SBH 10 28.3 Septic tank

Table 1: Distance from closest potential sources of contamination (meters).

From Table 1, the measurement taken from ten sampled boreholes
in the study area indicated that SBH 1, 2 and 8 ranged between
34.6-35.3 m from pit latrine above the 30 m stipulated by WHO, while
SBH 3, 5 (23.9 m, 18.9 m) and are below the 30 m for pit latrine
location with borehole [19]. For septic tanks, SBH 4 and 10 (45.8, 24.6
m) locations met the 17 m WHO standard expected of the septic tank
sitting. SBH 6 and 9 were located within 21.4 and 24.6 m below 30 m
WHO STD where inhabitants were found washing clothes, cars,
bathing of children and other household belongings within the radius
of the selected boreholes. Degradable wastes were also found within
SBH 7 within 37.2 m. The result further indicated that SBH 5-6 were
the closest to the pit latrine and open space where clothes, cars,
bathing and animals like goats, sheep etc. were done (Figure 1).

Figure 1: Web showing distance boreholes land uses in the study
area.

Sample Total Bacterial Count (TBC) (CFU/
100 ml)) × 102 % Total Coliform Count

(TC) (MPN/100 ml) % Faecal coliform count
(CFU/100 ml) %

SBH1 1.23 9.15 12 9.45 17 11.89

SBH2 1.95 14.51 19 14.96 15 10.49

SBH3 0.7 5.27 8 6.3 11 7.69

SBH4 1.41 10.49 14 11.02 9 6.29
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SBH5 1.41 10.49 16 12.6 18 12.59

SBH6 1.06 7.89 9 7.09 12 8.39

SBH7 2.73 20.31 19 14.96 21 14.69

SBH8 1.65 12.28 13 10.24 16 11.19

SBH9 0.08 0.59 6 4.72 14 9.79

SBH10 1.22 9.08 11 8.66 10 6.99

Total 13.44 100 127 100 143 100

Mean 1.34 - 12.7 - 14.3 -

WHO STD (1996) 0<1 0 0

Table 2: Bacteriological indicators of sampled water from the selected boreholes and comparison with the WHO minimum standards for drinking
water.

From Table 2, the result of Total Bacterial Count (TBC) in sampled
boreholes ranged 0.08-2.73 CFU × 102 that constituted between
0.59-20.31%, with the mean value of 1.34 (CFU/100 ml) × 102. This
result is above the 0<1 WHO STD (1996) for drinking water. Total
coliform count ranged from 6-19 MPN/100 ml constituting

4.72-14.96%, with the mean value of 12.7 MPN/100 ml, while Faecal
coliform count ranged from 9-21 CFU/ml constituting 7.09-14.69%
with the mean value of 14.3 (CFU/100 ml) all above the 0(MPN/100
ml), (CFU/100 ml) WHO STD (1996) respectively.

Bacterial Isolates Frequencya (%)b SBH1 SBH2 SBH3 SBH4 SBH5 SBH6 SBH7 SBH8 SBH9 SBH10

Enterobacter sp. 4 16.7 + - - - + - - + - +

Alcaligenes sp. 3 12.5 - +  + - + - - - -

E. coli 5 20.8 +  +  + + - - + +

Proteus sp. 1 4.16 - - - - - - + - - -

Klebsiella sp. 2 8.3 - + - - - - + - - -

Pseudomonas A. 2 8.3 - - + - + - - - - -

Acinetobacter sp. 2 8.3 + - - - - - - - - +

Staphylococcus A. 3 12.5 - - - + - + - - + -

Bacillus sp. 2 8.3 - - - - + - - + - -

Total  100 3 2 2 2 4 3 2 2 2 3

Table 3: Distribution of bacterial isolates from the selected borehole waters: SBH=Sampled borehole; +=Positive; -=Absent; a=frequency of
occurrence of total isolates from each sampled borehole; b=% relative frequency of occurrence of individual isolates across the sampled borehole.

Table 3 shows the occurrence and frequency of isolated bacterial
species in the selected borehole Water Samples in the area. The result
showed that ten [10] different bacteria were isolated from sampled
water from the selected boreholes, with E. coli as the dominant
bacteria having a frequency occurrence of 20.8% which is the highest
percentage that is suspected to be due to unsanitary environment
where the water sample locations were sited near houses, pit latrines,
septic tanks, bathing and other unwholesome activities. The other
bacteria isolated and percentage of their occurrences were
Enterobacter sp. with 16.7%, Alcaligenes sp. with 12.5%, Proteus sp.
recorded 4.16%, Klebsiella sp., Pseudomonas aeruginosa,
Acinetobacter sp., Bacillus sp. constituting 8.3% respectively and
Staphylococcus aureus being 12.5%. From the result, it is further

observed that sampled water from SBH 5 recorded the highest sum of
bacteria species isolated to include Enterobacter sp., E. coli,
Pseudomonas aeruginosa and Bacillus sp. attributed to the nearness of
borehole to the pit latrine in Umuadi community with distance of 18.9
m against 30 m WHO standard. The second boreholes with three
genera of the same species are SBH1 and 10 having Enterobacter sp., E.
coli and Acinetobacter sp. each and SBH6 recording Alcaligenes sp., E.
coli and Staphylococcus aureus, with other boreholes having two
genera each.

Ratin
g TB TC FC TB,TC,FC/ n

Vulnerability–resilience
description

0   0.21  Highly vulnerable
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0.25     Moderately vulnerable

0.5     Threshold

0.75     Moderately resilient

>1.00 1.98 1.02  1.07 Highly resilient

Table 4: Assessing vulnerability of water resources to water-associated
disease in Oforola: TB=Total Bacteria Count; TC=Total Coliform;
FC=Faecal Count.

Highly vulnerable is defined as hand pumped wells that are of
significant risk due to inadequate care, protection or access to essential
services like operation maintenance culture [29]. From Table 4,
vulnerability index calculated and rated indicated that the selected
boreholes (hand pump) are highly affected by faecal count rated 0.21
within the rating of 0 signifying highly venerable. Furthermore, results
of TB, TC and overall result of bacteriology using VI rating recorded
1.98, 1.02 and 1.07 respectively, indicating highly resilient in rating.

Results and Discussion
From result the measurement taken from ten sampled boreholes in

the study area indicated that some pit latrines and septic tanks did not
comply with WHO STD and villagers were found washing clothes,
cars, bathing of children and other household belongings within the
radius of the selected boreholes. Above all, animals and defecation
were also found around boreholes selected. These findings agree with
the reports of Idika et al. [30] that wells in Burkina Faso were
contaminated by seepage of a pool of water around well-head and that
the pool was contaminated by pig faeces. It has been shown that
location of wells too close to pit latrines, septic tanks or refuse dumps
could pollute ground water [31].

The results of Total Bacterial Count (TBC), Total coliform count and
faecal coliform count from the selected boreholes were above the
WHO STD respectively [1]. This result is against the observation that,
no sampled water should contain Faecal Coliform or E. coli, and
ideally there should be no Total Coliform [32]. Findings of faecal
contamination of groundwater have been reported by Boyer and Neel
[33], in rural areas, central Finland are where cattle breeding areas with
intensive farming producing large amounts of faecal material. It is also
possible that human excreta may leach into groundwater since there
are rural areas having tap water, but being in lack of sewerage
networks. Thus, private septic tanks, pit latrine, etc. may cause sewage
penetration into groundwater sources in rural areas [34]. This is the
situation in this study (Table 1).

The occurrence and frequency of isolated bacterial species in the
selected borehole Water Samples in the area showed E. coli as the
dominant bacteria suspected to be due to unsanitary environment
where the water sample locations were sited near houses, pit latrines,
septic tanks, bathing and other unwholesome activities. The other
bacteria isolated included Enterobacter sp., Alcaligenes sp., Proteus sp.,
Klebsiella sp., Pseudomonas aeuginosa, Acinetobacter sp., Bacillus sp.
and Staphylococcus aureus due to the closeness to human activities.
However, in a related study on microbial pollution of ground water in
Owerri, Imo State, it was established that the bacterial content
exceeded the maximum permissible limit allowed for drinking water
[35], due to Indiscriminate and unregulated pig husbandry pose
serious health hazards to inhabitants of rural communities [31].

Accordingly, faecal contamination has also been identified as a
major problem encountered in small groundwater supplies even
though systematic information on the extent of waterborne infections
is lacking [36]. From the result, vulnerability index of the selected
boreholes are highly affected by faecal count rated as highly venerable.
The high faecal coliform in most of the water sources studied is
indicative of possible pollution by human excreta. This agrees with
reports by Duru et al. [37] and Okechi et al. [38]. Furthermore, results
of TB, TC indicated highly resilient in rating respectively. This shows
that with proper and adequate maintenance culture and attitudinal
change water resources in the area can bounce back to microbial– free
water. Resilience relates to performance during the design life but
addresses performance during periods in which the required level of
service is not met (i.e., when subject to threats). Resilience-based
design aims to overcome failure and ensure that the system is safe to
fail [39]. Faecal pollution of water may be derived from sewage
effluents, defecation and/or shedding, livestock (cattle, sheep, etc.),
industrial processes, farming activities, domestic animals (such as
dogs) and wildlife [40]. These sources can include pathogenic
organisms that cause gastrointestinal infections following ingestion or
infections of the upper respiratory tract, ears, eyes, nasal cavity and
skin [41].

The United Nations also recognizes that improved water
management is critical to ensuring sustainable development and has
recommended building long-term resilience through stronger
institutions and investment in infrastructure [42]. However, the goal of
sustainable urban water management seems as far away as ever [43].
Several resilience frameworks do exist in the literature [44], but lack
the community participation, awareness and institutional support.

Conclusion
On the basis of the siting of water resources like boreholes in the

study area, standards in terms of locational analysis was not met
leading to their closeness to human activities that degraded water
quality in which the water supply sources are not suitable for domestic
uses and drinking due to the prevalence of bacteria. Also, pit latrines,
septic tanks are rampant, dug anywhere not considering geology and
soil types. Furthermore, there is indiscriminate and deliberate littering
of animal wastes, domestic solid wastes around water sources,
However, Total Bacteria count, Total coliform and faecal count
recorded in the sampled borehole water were above the WHO
permissible limits, and raised serious health challenges within the
community, Oforola. The presence of the bacteria isolate in all the
sampled boreholes imply that consumers of such waters are vulnerable
to the risk of infection, hence VI showing highly vulnerable, and highly
resilience of boreholes in the area. Since water quality in the area is
doubtful, treatment is recommended to remove or destroy pathogens.
This can be accomplished through filtration with native leaves [45],
boiling, white transparent clothes [29], and the use of chemical
additives like alum and chlorine thereby minimizing the risk of water
borne diseases. Proper sanitation and hygiene must be ensured by the
villagers in order to avoid microbes entering to underground water
systems.
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