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ABSTRACT
Water is essential for all life forms and the provision of safe drinking water to the populace
cannot be overemphasized. This study examined the bacteriological quality of two sources of water
supplies in Mubi, North-eastern Nigeria. A total of 72 water samples were analysed. These include 30
from 10 brands of sachet water and 42 from 21 boreholes in seven different wards of Mubi.
Heterotrophic plate count (HPC) was determined by pour plate technique and the total coliform count
was determined by 3-3-3 regimen using most probable number (MPN) technique. Escherichia coli and
other isolates were identified by standard protocols. The mean HPC for both borehole and sachet water
samples were variable and ranged from 3.3 × 102 – 4.7 × 104 cfu/ml for sachet water and 1.1 – 6.0 ×
104 cfu/ml for borehole water samples. The HPC of borehole water samples were significantly higher
than those of sachet water (P = 0.006). The results showed that the mean MPN index for sachet water
samples from brand HCM, KGN, OYM and YNS were zero (0). Brand UDS had the highest mean
MPN index (1966.7), while other brands had low mean MPN index that ranged from 3.0 -9.1. In the
same vein, the mean MPN index of borehole water samples were high, variable and ranged from 3.7 –
1750. Statistically, the mean MPN index/100ml of borehole water samples were significantly higher
than those of sachet water samples (P = 0.006). A total of 49 non-repetitive bacterial species were
isolated from the two sources of water. These include E. coli (30), Enterobacter spp (3), P. aeruginosa
(5) and Citrobacter spp (11). The distributions of bacterial isolates from the two sources of water
showed that E. coli was detected in two brands of sachet water SDK and DYJ and 20 representative
boreholes in all the locations, while other organisms were variably distributed. The presence of these
organisms constitutes public health significance.
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1. INTRODUCTION
Water is a basic necessity for life, needed by all forms of life including plants and
animals as such a good supply of drinking water must be available to all consumers [1]. Its
provision and availability is a fundamental right of every individual in a community. The
availability and accessibility of clean portable water is a major concern of people living in
developing countries despite the fact that water occupies 70% of the earth [2].
The inability of government to meet the ever increasing water demand, many peri-urban
communities and rural areas in Nigeria resort to alternative sources of water such as wells and
borehole for drinking and other domestic activities. This is imperative because pipe-borne
water is not available; where available, its supply is rather erratic. Generally speaking,
groundwater supplies were believed to be of good quality due to the natural filtering ability of
the substrata environment [3], but the quality can deteriorate due to poor resource
management and inadequate source of protection.
Currently, the available underground water sources especially in developing countries
are becoming polluted due to the increasing growth in human population, industrialization,
indiscriminate refuse dumpsites, and climate change [4]. Reports from previous research
works showed that majority of hand dug wells and borehole waters in Nigerian communities
were microbiologically poor [4-8]. Consequently, the populace are faced with the risk of
waterborne diseases.
Globally, about 80% of all diseases and death in developing countries are water-related
as a result of polluted water [9]. The numbers of water-borne disease outbreaks that have been
reported in Nigeria demonstrate that transmission of pathogens by drinking water remains a
significant cause of illness [10, 24-31].
1. 1. Status of water supplies in Mubi
In about two decades, there was no supply of pipe-borne water in Mubi. Infact, the
facilities for such, had deteriorated and are no longer in place. Hence, people in Mubi largely
depend on other sources of water for drinking and other domestic purposes. One of such water
source is borehole.
A borehole is a hydraulic structure which when properly designed and constructed
permits the economic withdrawals of water from aquifer [11]. The water serves as the major
source of drinking water not only in Mubi but also in the local population of Nigeria.
Borehole water in Mubi metropolis is virtually vended in 20-251 gallon carried on hand push
truck or open vans and water tankers. However, the major concern is that most of these
boreholes were cited in unhygienic areas, closer to refuse dump sites (Fig. 1)
Another source of drinking water in Mubi is sachet water popularly known as ‘pure
water’. The production, marketing and consumption of sachet water in Mubi have increased
tremendously over the years with several brands being marketed. The perception is that water
in sachet is pure and devoid of any contaminating indices. However, several reports showed
that majority of water in sachet were of poor microbiological quality [3, 12-14].
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Fig. 1. One of the borehole locations with huge heaps of refuse

1. 2. Standard Guidelines for drinking water
Whichever and wherever the source of the water, The WHO standards state that
drinking water should not contain any micro‑organisms known to be pathogenic or any
bacteria indicative of faecal pollution [15] or total coliform [14]. Citrobacter, Enterobacter,
Esherichia and Klebsiella are the four genera of the Enterobacteriaceae family that constitute
the coliform bacteria. From these genera, E. coli is generally used as indicator of faecal
pollution of water samples. This was based on the fact that E. coli is abundant in human and
animal faeces and is not usually found in other niches, and could be easily detected by its
ability to ferment lactose.
Therefore, this study was carried out to evaluate the bacteriological quality of two
sources (Borehole water and some sachet water) of water within Mubi and its environs and to
highlight its safety and portability based on local and international guidelines.

2. MATERIALS AND METHODS
2. 1. Study area
Mubi metropolis is a geo-political area comprising of two local government areas; Mubi
North and Mubi South. The metropolis is located between latitudes 10° 05' and 10° 30' N of
the equator and between longitude 13° 12' and 13° 19' E of the Greenwich meridian.
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The two Local government areas occupy a land area of 192,307 Km2 and support a total
population 260,009 people (National Population Census 2006). The area shares boundary
with Maiha L.G.A in the South, Hong L.G.A in the West, Michika L.G.A and Cameroon
Republic in the East. The major ethnic groups in Mubi includes; Fali, Gude, Kilba, Higgi,
Margi and Nzanyi [16].
2. 2. Sample collection
A total of 72 water samples were collected and analysed for this study. Out of these, 30
were sachet water belonging to 10 brands (replicated three times) while 42 water samples
were collected from 21 different boreholes located in seven wards in and around Mubi. These
wards include Nassarawo, Dirbishi, Vimtim, Monuva, Kolere, Wuro-patuji and Sabonlayi. In
each ward, three boreholes were chosen and their samples replicated two times.
The sachet water were coded as follows; OFR, HCM, SDK, KGN, AHS, DYJ, OYM,
UDS, RNB and YNS. Samples were labelled and transported in ice packs to the laboratory
and were analysed within 1-2 hrs after collection.
2. 3. Heterotrophic Plate Count
Total heterotrophic plate count (HPC) was obtained using the pour plate method. Ten
fold serials dilutions of water samples were prepared in sterile peptone broth (Himedia) and
0.5 ml aliquots of each dilution was inoculated into 10 ml each of molten Nutrient Agar in
universal bottles.
These were then thoroughly mixed poured into sterile Petri-dishes and incubated at 37
°C for 24 h. Petri-dishes from dilutions containing between 30 and 300 discrete colonies were
counted and the result expressed as the numbers of colony per millilitre [17].
2. 4. Determination of total coliform count and Escherichia coli
The multiple tube fermentation technique was used for enumeration of total coliform
[17]. MacConkey broth containing inverted durham tubes was used for presumptive test and
the tubes incubated at 37 °C for 24h for the estimation of total coliforms. Eosin methylene
blue (EMB) agar was used for the confirmatory test for the presence of E. coli. Organisms
with green metallic sheen with dark centres were taken as positive for E. coli. Standard
biochemical test were used to identify other organisms [18].
2. 5. Statistical analysis
Data were analyzed using IBM SPSS Statistics version 21 (Armonk, NY: IBM Corp).
Descriptive statistics were used to summarise the HPC and MPN index of all the water
samples. Continuous data were analyzed using the Mann–Whitney statistics test. An alpha
level of less than or equal to 0.05 was used to determine statistical significance for all the data
obtained.
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3. RESULTS AND DISCUSSION
3. 1. Heterotrophic plate count of water samples
The mean HPC for both borehole and sachet water samples were variable and ranged
from 3.3 × 102 – 4.7 × 104 cfu/ml for sachet water and 1.1 – 6.0 × 104 cfu/ml for borehole
water samples (Table 1 and 2). The HPC of borehole water samples were significantly higher
than those of sachet water (P = 0.006).
Table 1. Mean Heterotrophic plate count (HPC) and most probable number (MPN)
of sachet water samples

Brand Code

Mean HPC
(cfu/ml)

Mean MPN
index/100 ml

OFR

4.3 × 103

3

HCM

1.9 × 103

0

SDK

1.5 × 103

9.1

KGN

1.7 × 103

0

AHS

1.3 × 103

3

DYJ

3.3 × 102

3

OYM

3.3 × 102

0

UDS

4.7 × 104

1966.7

RNB

1.9 ×103

7.3

YNS

3.3 × 102

0

WHO

1.0 × 102

0

USEPA

1.0 × 102

0

SON

-

10

The heterotrophic group of bacteria encompass a broad range of bacteria that uses
organic carbon sources to grow. Colony counts of heterotrophic bacteria, referred to as HPC,
provide an indication of the general load of aerobic and facultative anaerobic bacteria of a
water sample. The total heterotrophic plate counts (HPC) for all the water samples (both
sachet and borehole) were generally high exceeding the limit recommended by both USEPA
and WHO (of 1.0 × 102 cfu/ml), which is the standard limit of heterotrophic count for
drinking water. Significant higher HPC in borehole water than sachet water was not
unexpected. This is because sachet water undergoes treatment processes where as borehole
water is raw from the source.
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The high HPC above the standard limit in sachet water assayed was an index that the
treatment processes was faulty, or the quality of the water source before the treatment was
microbiologically poor [19]. It may also mean that the heterotrophic bacteria are resistant to
disinfection [20]. The high HPC in borehole water may reflect poor qualities of the water
source which may be due to contamination from human activities around the area the
boreholes were cited. Higher HPC than the standard limit in sachet water calls for concern
because water in sachet has already been processed and ready for consumption, whereas
borehole water can be further processed before consumption. Although the majority of
heterotrophic organisms do not present a health risk to immunocompetent individuals, some
of the bacteria present may be opportunistic pathogens and can cause opportunistic infections
in immunocompromised individuals [20]. The fact that there is no epidemiological evidence
that higher HPC populations have any public health significance, lower HPC bacterial
populations in drinking water are more preferable than higher HPC populations.
3. 2. Mean Total coliform count (cfu/ml)
The mean MPN index/100 ml of water samples were presented in Table 1 and 2 for
sachet and borehole water samples respectively. The results showed that the mean MPN index
for sachet water samples from brand HCM, KGN, OYM and YNS were zero (0). Brand UDS
had the highest mean MPN index (1966.7), while other brands had low mean MPN index that
ranged from 3.0 -9.1. In the same vein, the mean MPN index of borehole water samples were
high, variable and ranged from 3.7 – 1750. Statistically, the mean MPN index/100 ml of
borehole water samples were significantly higher than those of sachet water samples (P =
0.006).
Table 2. Mean Heterotrophic plate count (HPC) and most probable number (MPN)
of Borehole water samples
Mean HPC (CFU/ML)

Mean MPN index/100 ml

Borehole
Location

Borehole 1

Borehole 2

Borehole 3

Borehole 1

Borehole 2

Borehole 3

Nassarawo

3.3 × 104

3.4 × 104

4.7 × 104

1203.6

1203.7

552.2

Dirbishi

3.7 × 104

3.2 × 104

1.7 × 104

13.3

26.5

23.5

Vimtim

2.7 × 104

5.7 × 104

1.1 × 104

780.0

11.5

17.0

Monuva

2.9 × 10

6.0 × 10

1.9 × 10

3.7

15.5

9.1

Kolere

2.4 × 10

5.2 × 10

2.0 × 10

555.5

65.0

122.1

W/patuji

3.5 × 10

3.5 × 10

3.5 × 10

597.5

1232

1750

Sabonlayi

4.5 × 10

4.7 × 10

2.3 × 10

236.0

596.5

52.0

WHO

1.0 × 10

1.0 × 10

1.0 × 10

2

0

0

0

USEPA

1.0 × 10

1.0 × 10

1.0 ×10

2

0

0

0

SON

-

-

-

10

10

10

4
4
4
4
2
2

4
4
4
4
2
2

4
4
4
4
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Absence of total coliform and E. coli in four brands of sachet water (HCM, KGN, OYM
and YNS) conforms to the guidelines of USEPA and WHO for drinking water [15] which
states that water meant for drinking should not contain faecal coliform or E. coli and ideally
there should be no total coliform. This implies that the batches of these brands of sachet water
analysed were of higher microbiological grade and therefore suitable for drinking. This could
be attributed to the total adherence to strict quality assurance procedures in the laboratory and
production premises of the companies concerned.
However, the non-detection of E. coli does not guarantee that these brands of sachet
water were completely safe because the water samples analysed were only a snapshot of the
water being distributed within Mubi metropolis. Moreover, E. coli and other coliforms in
general are more sensitive to disinfection than more chlorine-resistant pathogens such as
viruses and Cryptosporidium oocysts [20]; including other protozoa and helminthes which are
now increasingly transmitted through drinking water [14]. Brands of sachet water with
coliform count less than 10 and absence of E. coli (OFR, AHS and RNB) conform to the
guidelines of Standard organisation of Nigeria (SON) [21] and therefore may be suitable or fit
for drinking. However, these same brands may not be fit for drinking when international
guidelines for drinking water were applied.
The presence of E. coli in brands SDK and DYJ was a reflection of poor sanitary
condition of the water samples and also faecal contamination. Consequently, undermine the
suitability of the brands for human consumption. This may be due to ineffectiveness or
malfunctioning of the treatment process employed. According to Edberg [22], no treatment
process or method used in mass production of drinking water yields a sterile product; it only
produces a safe product devoid of pathogenic organisms. Also, detection of organism
indicator of faecal contamination in these brands of sachet water emphasize the need for
continuing implementation of the several laws promulgated by National Agency for Drug
Administration and Control (NAFDAC) in Nigeria, and continuous monitoring to increase
reduction in the sales of contaminated brands of sachet water.
The high number of total coliform bacteria and the presence of E. coli in all the
boreholes (with the exception of one borehole from Dirbishi) were indices of poor sanitary
conditions around the boreholes and possible recent contamination with faecal materials. The
finding of this study was not unexpected considering the fact that most of these boreholes
were cited in unhygienic and poor sanitary areas (see figure 1). Our findings also collaborated
with earlier report which showed that underground water is often considered as the purest
form of water. However, it’s susceptibility to contamination could be due to improper
construction, animal waste, proximity to toilet facilities, sewage, refuse dump site and various
human activities surrounding it [23]. Another factor that could have led to high coliform
count and the indicator of recent faecal contamination could be that the boreholes were used
for a very long period of time. This may lead to deterioration of the water quality because the
pipes sunk underground may have been corroded, with random cracks and perforations, which
may allow passage of contaminated water containing potential pathogens into the main water
body.
3. 3. Frequency of E. coli and other Bacterial genera
A total of 49 non-repetitive bacterial species were isolated from the two sources of
water. These include Escherichia coli (30), Enterobacter spp (3), P. aeruginosa (5) and
Citrobacter spp (11). The distributions of bacterial isolates from the two sources of water
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showed that E. coli was detected in two brands of sachet water (SDK and DYJ) and 20
representative boreholes in all the locations (Table 3).
Table 3. Distribution of bacterial species isolated from the two sources of water.
Brand
code/Borehole
location

E. coli

Enterobacter
spp

P. aeruginosa

Citrobacter
spp

OFR

-

-

1

-

HCM

-

-

-

-

SDK

1

-

1

-

KGN

-

-

-

-

AHS

-

1

-

-

DYJ

1

-

-

-

OYM

-

-

-

-

UDS

-

-

1

RNB

-

-

1

-

YNS

-

-

-

-

Nassarawo

4

1

-

1

Dirbishi

2

-

1

3

Vimtim

5

-

-

1

Monuva

3

-

1

2

Kolere

5

1

-

-

Wuro-patuji

4

-

-

2

Sabonlayi

5

-

-

1

Total

30(61.2)

3(6.1)

5(10.2)

11(22.5)

Most of the boreholes sampled are used for commercial purposes and because pipeborne water is not available, people in Mubi largely depends on this water sources for
drinking and other domestic activities. Therefore, the presence of bacterial isolates such as E.
coli, Enterobacter spp, Citrobacter spp and Pseudomonas aeruginosa in both sachet and
borehole water is of public health significance. As earlier mentioned, the presence of E. coli
in water is nearly always associated with recent faecal pollution. Faeces can also be a source
-107-

World Scientific News 111 (2018) 100-110

of pathogenic viruses, protozoa and helminthes which are associated with water-borne
diseases. All the bacterial isolates encountered are Gram negative and members of the family
Enterobacteriaceae (except P. aeruginosa). They can cause illness such as watery and bloody
diarrhoea, dysentery, urinary tract infections and when introduced into the bloodstream, they
can lead to bacteremia [1]. Moreover, taste, odour and turbidity in water are usually linked to
the presence of P. aeruginosa [14]. The presence of these bacterial species in water samples
assayed may possibly imply the presence of pathogens that may cause acute intestinal
illnesses, which are generally considered discomfort to health and could become fatal for
some vulnerable groups such as children and immunocompromised individuals. Studies have
shown that about 80% of sicknesses and deaths among children worldwide have been
associated with the consumption of unsafe water [15].

4. CONCLUSIONS
This study highlighted the bacteriological quality of both sachet and borehole water in
Mubi, North-eastern Nigeria. Although some of the sachet water were examined to meet both
local and international guidelines for drinking water, others and most borehole water fall short
of these standards. Therefore, periodic microbiological assessment of drinking with the
regulatory body to forestall and maintain good quality assurance in line with internationally
defined drinking water standards is paramount. This will go a long way to protect the health
of the public and ensure that water is safe for public use. Also, dumping of refuse around
boreholes should be discourage and citing of boreholes closer to sources of contamination
should be prohibited or discourage.
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