Scholars Academic Journal of Biosciences (SAJB)
Sch. Acad. J. Biosci., 2013; 1(1):4-13

©Scholars Academic and Scientific Publisher

(An International Publisher for Academic and Scientific Resources)
www.saspublishers.com DOI : 10.36347/sajb.2013.v01i01.002

ISSN 2347-9515 (Print) & 2321-6883 (Online)

Research Article

Microbial quality and antibiotic susceptibility profiles of bacterial isolates from

borehole water used by some schools in Ijebu-Ode, Southwestern Nigeria
Bello, Olorunjuwon O.™*, Osho, Adeleke? and Bello, Temitope K.
!Department of Microbiology, Olabisi Onabanjo University, P.M.B. 2002, Ago-Iwoye,Ogun State, Nigeria.
’Department of Biological Sciences, Redeemer’s University, Mowe, Ogun State. Nigeria.
®Department of Medical Microbiology and Parasitology, Olabisi Onabanjo University Teaching Hospital (OOUTH),
Sagamu, Ogun State, Nigeria.

Corresponding author

Bello, Olorunjuwon O.
Email: eronbellof@ yahon com

Abstract: This study was carried out to investigate the microbial quality and antibiotic susceptibility profiles of bacterial
isolates from borehole water used by some schools in Ijebu-Ode, Southwestern Nigeria. Borehole water samples were
taken from twelve secondary schools over a period of three weeks in September, 2012 and investigated for the presence
of indicator organisms such as total coliforms, faecal coliforms, enterococci, heterotrophs and enterobacteriaceae using
the spread plate technique. The membrane filtration method was adopted for the isolation pathogenic bacteria. Organisms
were further identified using standard methods. Antibiogram of isolates was determined using the Kirby-Bauer method.
Total coliform count ranged from 11 (as in sample A) to 2.88 x 102 cfu/100 ml (as in sample F). Total heterotrophic count
was least in sample A (49 cfu/100 ml) and too numerous to count (TNTC) in sample C. The incidence of faecal coliform
was lowest in sample 1 (9 cfu/100 ml) and highest in sample H (1.18 x10° cfu/100 ml). Genera of bacteria identified were
Staphylococcus aureus, E. coli, Klebsiella sp, Pseudomonas aeruginosa, Enterobacter sp, Salmonella sp. and Serratia sp.
Escherichia coli was found to be sensitive to all antibiotics but augmentin. Highest level of resistance was exhibited by
Enterobacter sp. It was concluded that the borehole water used by school children in ljebu-Ode is of poor microbial
quality. A possible follow up would be necessary to identify the sources of contamination and disinfection of water in

storage tanks before distribution through the school taps is also recommended as a short term solution.
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INTRODUCTION

Groundwater provides potable water to an estimated
1.5 hillion people worldwide daily and has proved the
most reliable resource for meeting rural water demand
in sub-Saharan Africa. Groundwater is usually assumed
to be a very good source of potable water due to
purification property of soil. However, underground
water may be subjected to pollution and may not be as
safe as is generally assumed. Groundwater begins with
precipitation that seeps into the ground. The amount of
water that seeps into the ground will vary widely from
place to place, depending on the slope of the land,
amount and intensity of rainfall, and type of land
surface. Porous, or permeable, land containing lots of
sand or gravel will allow as much as 50 percent of
precipitation to seep into the ground and become
groundwater [1]. In less permeable areas, as little as
five percent may seep in [2]. The rest becomes runoff or
evaporates. Over half of the fresh water on Earth is
stored as groundwater. As water seeps through
permeable ground, it continues downward until it
reaches a depth where water has filled all the porous
areas in the soil or rock. This is known as the saturated
zone. The top of the saturated zone is called the water
table.

ljebu-Ode is a water scarce town, and groundwater
from wells, private or public boreholes is the main
water source in many rural areas for cooking, drinking,
and other domestic activities. In some primary schools,
boreholes are used to provide drinking water to school
children and communities around the school when there
are no other water sources available. Previous studies in
some rural areas of Limpopo Province in South Africa
have reported poor quality of ground water consumed
by the population [3]. Samie et al. [2] also reported
similar result in their study of borehole water used by
schools in Greater Giyani Municipality, Mopani
District, South Africa. However, there are very little or
no published data available on microbiological
properties of water resources used in public schools in
ljebu - Ode, Northwestern Nigeria where children might
be at high risk of diarrheal diseases [4]. Elsewhere,
outbreaks of diarrhoea have been reported in rural areas
of Limpopo Province due to contaminated borehole
water [1].Groundwater provides potable water to an
estimated 1.5 billion people worldwide daily [5]. and
has proved the most reliable resource for meeting rural
water demand in sub-Saharan Africa [6].

Boreholes equipped with handpumps are a common
technology adopted by poor rural communities, and
there are currently approximately 250,000 handpumps
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in Africa [7]. In 1994, it was estimated that 40-50% of
handpumps in sub-Saharan Africa were not working
[8]. This is backed up by more recent data from Uganda
[71 and South Africa [9], which indicate similar
operational failure rates. An evaluation in Mali in 1997
found 90% of pumps inoperable just one year after
installation [10]. The primary reason for these high
failure rates, and hence low sustainability, is
insufficient attention to operation and maintenance of
the pump [11,12]. This borehole itself, however, is
sometimes the source of the problem. This study aims
to investigate cases in which it is the borehole, rather
than the pump, that has failed.

A large proportion of the World's people do not have
access to improved or microbiologically safe sources of
water for drinking and other essential purposes: IDRC
[13] has estimated that 1.1 billion people do not have
access to "improved drinking-water  sources".
Consumption of unsafe water continues to be one of the
major causes of the 2.2 million diarrheal disease deaths
occurring annually, mostly in children [2, 13]. Despite
major efforts to deliver safe, piped, community water to
the World's population, the reality is that water supplies
delivering safe water will not be available to all people
in the near term [14, 15].

The millenium declaration established as a goal
halving the proportion of the global population without
access to safe water by 2015. One reason for this is that
fecal contamination of source and treated water is a
persistent, worldwide problem. Sanitation coverage is
inadequate in many parts of the world and is likely to
persist for the foreseeable future. Fecal contamination
of source and treated water is further exacerbated by
increasing populations, urban growth and expansion,
peri-urban settlement and continued and perhaps
increasing pollutant transport into ground and surface
water due to deforestation, global climate change,
recurrent disastrous weather events (hurricanes,
cyclones, floods, tsunamis, etc.) and increasing
coverage of the earth's surface with impervious
materials [16]. Current estimates of the number of
people using microbiologically unsafe water are
probably low. This is because the assumptions about the
safety or quality of water based on its source, extent of
treatment or consumer handling do not take into
consideration several well-documented problems. One
problem is that so-called protected or improved sources,
such as boreholes and treated urban supplies, can still
be faecally contaminated and deliver microbially unsafe
water [14]. In some cities the water systems abstract
unsafe water from unprotected or contaminated sources
and deliver it to consumers with no or inadequate
treatment, yet these water systems are classified or
categorized as improved and safe. Another problem
contributing to the underestimation of the population
served by unsafe water is contamination of water during
distribution whether water is piped or carried into the
home [16].

It is important to assess the characteristics of
groundwater resources particularly in rural communities
where groundwater is used on a daily basis. The
population increase in this study area resulted in high
demand for potable water for drinking, cooking,
washing and purposes. Because of this, groundwater
became the predominant source of water for domestic
use and other purposes in the rural communities [11].
The microbiological quality of water used in these
villages has not been studied and there are no data on
the diversity and antibiotic susceptibility profiles of
bacterial isolates from these villages. Children are
generally more vulnerable to intestinal pathogens and it
has been reported that about 1.1 million children die
every year due to diarrheal diseases [2, 17, 18].

It, therefore, becomes imperative to determine the
quality, microbial diversity and antibiotic susceptibility
profiles of microbial isolates from water sources
consumed by the school children, because they are
vulnerable to different kinds of diseases since their
immune systems are still developing. In Malawi 3000
children were infected with diarrhoea in 2005 and 1000
of them died [19]. The latter study reported that 43% of
the population obtained water from wells, streams and
other unreliable water sources leaving them prone to
water related diseases including cholera. Bacteria may
manifest resistance to antibacterial drugs through a
variety of mechanisms. Some species of bacteria are
innately resistant to one class of antimicrobial agents. In
such cases, all strains of that bacterial species are
likewise resistant to all the members of those
antibacterial classes. Of greater concern are cases of
acquired resistance, where initially susceptible
populations of bacteria become resistant to an
antibacterial agent and proliferate and spread under the
selective pressure of use of that agent. Several
mechanisms of antimicrobial resistance are readily
spread to a variety of bacterial genera. The aim of this
study was to assess the total quality of borehole water
used in twelve schools in ljebu-Ode, Southwestern,
Nigeria and to determine the diversity and antibiotic
susceptibility profiles of potential bacterial pathogen
isolated from these sources.

MATERIALS AND METHODS

Study area

ljebu Ode is a Local Government Area and city
located in south-western Nigeria, close to the A121
highway with an estimated population of 222,653
(2007). The city is located 110 km by road north-east of
Lagos; it is within 100 km of the Atlantic Ocean in the
eastern part of Ogun State and possesses a warm
tropical climate. ljebu - Ode has 39 Public Primary
Schools, 14 Public Junior Secondary school, 13 public
Senior Secondary Schools, 110 approved Private
Nursery and Primary Schools and 22 approved Private
Secondary Schools. It is the second largest city in Ogun
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State after Abeokuta. Since pre-colonial times it has
been the capital of the ljebu kingdom. The LGA has an
area of 192 km2 and a population of 154,032 at the 2006
census. The postal code of the area is 120. The largest
city inhabited by the ljebus, a sub-group of the Yoruba
ethnic group who speak the ljebu dialect of Yoruba; it is
historically and culturally the headquarters of ljebuland.

Identification of schools

Different schools in ljebu-Ode were visited with a
view to formulating research questions. The questions
asked centered on the availability of boreholes in
schools, their uses, water reservoirs such as tanks, if
there was prior treatment of borehole water before use
and any other related concern within the school
community. For the purpose of the study, only twelve
schools that have and use borehole water in Ijebu-Ode
were selected for analysis using stratified random
sampling technique.

Microbiological analysis of the borehole water
samples

This was done by investigating the presence of
indicator organisms such as total coliforms, enterococci,
faecal coliform and heterotrophs, and detecting
pathogenic bacteria such as Salmonella, Shigella and
Escherichia coli.

Collection of water samples

All the sampling points were selected within the
chosen schools. Samples were collected over period of
three weeks in September, 2012. The borehole water
sources that were selected were those that were used for
drinking and for other domestic purposes such as
cleaning. 500 ml glass sampling bottles were used.
Sampling bottles were pre-sterilized in an autoclave for
field use. A burner was used to sterilize the faucet of the
borehole source and water was left to run for 4 - 6 mins
before collection. Collected samples were kept at 4°C in
the cooler box packed with ice and transported to the
laboratory for analysis within six hours [20].

Assessment of total microbial quality

Preparation of culture media

McConkey Agar was used for the isolation of
Enterobacteriaceae, m- enterococcus agar was
employed for the isolation of enterococci and m-Endo
agar for the determination of total coliform. Faecal
coliform count was determined using Eosin Methylene
Blue (EMB) agar medium employing the pour plate
technique and Plate Count Agar (PCA) was used for the
enumeration of heterotrophs. The media were prepared
a day before going to the sampling site and in
accordance with the manufacturer's instruction
depending on the volume needed. After preparation,
media were allowed to cool, and then dispersed into
Petri dishes.

Membrane filtration and culture

Microbial quality assessment was done using the
standard membrane filtration technique as described by
Ziel et al. [21]. Briefly, samples (100 ml) were filtered
through 47 mm microsep membrane filter paper of 0.45
um pore size. Using sterile forceps, the membrane
filters were removed from the filtration cup and
transferred to the Petri dishes of defined sizes
containing the appropriate media for the culture of
bacteria of interest. For total coliform, the plates were
incubated at 37°C for 24 h; for faecal coliform and
heterotrophs the plates were incubated at 37°C for 48 h;
and for enterococci, the plates were incubated at 44.5°C
for 24 h. After 24 h of incubation, number of bacterial
colonies was determined using BOECO colony counter
and expressed as colony forming units (CFU) per 100
ml. According to Klein and Bickmell [22] the
maximum number of colonies that can accurately be
counted on a plate is usually 300. Therefore, the counts
for plates with over 300 colonies were regarded as
numerous. Ten fold serial dilutions were made in order
to obtain countable plates. 1 ml of sample was added to
9 ml of sterilized distilled water. The bacterial
suspension was mixed by rotating between the hands,
and 1 ml of the suspension was transferred to 9 ml of
sterile distilled water labelled 102, The same procedure
for mixing was employed for 10 and 10. One mil of
the sample dilution was poured into appropriate agar
plate. A spread plate technique was employed. After
agar has hardened for about 5 min, the plates were
inverted and incubated at 37°C for 24 h. After
incubation, colonies were counted using colony counter.

Isolation and identification of selected pathogenic
bacteria

The membrane filtration method as described under
total microbial quality was employed. Presumptive
identification of colonies was determined on the basis
of cultural characteristics. Brown, green, yellow, pink
and cream white colonies on Salmonella-Shigella Agar
indicated Salmonella and Shigella species and pink and
cream white colonies on m-Endo Agar indicated E. coli.
Subculturing was performed in order to obtain pure
colonies by streaking into fresh plates. Pure colonies
were incubated at 37°C for 24 h [23,24].

Antibiogram determination

The Kirby-Bauer disk diffusion method was used to
determine the antimicrobial susceptibility profiles of the
bacterial isolates. Antibiotic multidisks used consisted
of Septrin (30 pg), Chloramphenicol (30 ug),
Sparfloxacin (10 pg), Ciprofloxacin (10 pg),
Amoxicillin (30 pg), Augmentin (30 pg), Gentamicin
(10 pg), Perfloxacin (30 pg), Tarivids (10 pg) and
Streptomycin (30 pug).The medium used was Mueller
Hinton (MH) agar. Pure cultures of organisms were
enriched in nutrient broth and incubated at 37°C to a
turbidity of 0.5 Macfarland standards. The MH agar
was inoculated by streaking using sterile cotton swab of
each of the cultures. The antibiotic disks were applied
using sterile forceps and sufficiently separated from

6



Bello Olorunjuwon O et al., Sch. Acad. J. Biosci., 2013; 1(1):4-13

each other in order to prevent overlapping of the zones
of inhibition. The agar plates were left on the bench for
30minutes to allow for diffusion of the antibiotics and
the plates were incubated inverted at 37°C for 24 hours.
Results were recorded by measuring the zone of
inhibition and comparing with the NCCLS interpretive
performance  standard  for  antimicrobial  disk
susceptibility testing [25,26].

RESULTS AND DISCUSSION

Table 1 summarized the results of the microbial
quality of the sampled borehole water from twelve
secondary schools in ljebu-Ode, Nigeria. Total coliform
count ranged from 11 (as in sample A) to 2.88 x 10°
cfu/100 ml (as in sample F). The counts exceeded the 5
cfu/100 ml which is the maximum recommended limit
[27]. Total heterotrophic count was also least in sample
A (49 cfu/100 ml) and highest with 3.77 x 107

represented by TNTC in sample C. The heterotrophs
counts exceeded the recommended maximum limit of
100 cfu/100 ml [27] except for borehole waters from
samples A and | which had tptal heterotrophic count of
49 and 71 respectively. The incidence of faecal
coliform was lowest in sample | (9 cfu/100 ml) and
highest in sample H (1.18 10% cfu/100 ml). However,
according to DWAF and WRC [28], the maximum limit
for no risk of faecal coliform is 0 cfu/100 ml.
Enterococci were not encountered in all samples (Table
1); this was in line with the recommended minimum
limit of O cfu/100 ml. The distribution of borehole water
quality showed that poor water quality is likely to occur
in schools which use borehole water only (ho surface
water from the bulk supply). The cluster could have
been influenced by the position of the boreholes which
were close to the pit latrines.

Table 1: The total microbial quality of borehole water sources used by schools in Ijebu-Ode, Northwestern,

Nigeria
Sampling point Dates of Total Heterotrophs Faecal Enterococci
sample coliform coliform
collection
Limit for no risk 0-5cfu/100 | 0-100 cfu/100 0 cfu/100 0 cfu/100
ml ml ml ml
A - Epic International College, Irewon | 10/09/2012 11 49 8 0
Road, ljebu-Ode
B - Christ Church High School, Sabo, | 10/09/2012 | 1.29 x 10 2.13x10° 50 0
ljebu-Ode
C - Muslim Girls> High School, | 10/09/2012 1.76 x 10° TNTC 1.07 x 10° 0
Eruwon Road, ljebu-Ode
D - Sanni Luba Comprehensive High | 10/09/2012 | 2.39 x 10° TNTC 1.02 x 10° 0
School, Eruwon Road, ljebu-Ode
E - Taiye Solarin University of | 17/09/2012 91 TNTC 64 0
Education Secondary School, Igbeba,
ljebu-Ode
F - Ansarudeen Secondary School, | 17/09/2012 | 2.88 x 10° 2.96 x 10° 36 0
Ota Street, ljebu-Ode
G - Angilcan Girls> Grammar School, | 17/09/2012 | 2.46 x 10 2.84 x10° 1.14 x 10° 0
Obalende, |jebu-Ode
H - Ifesowapo Comprehensive High | 17/09/2012 | 2.18 x 10° 2.22 x 10° 1.18 x 10° 0
School, Imodi-Imosan, ljebu-Ode
I - |ljebu-Ode Grammar School, | 24/09/2012 40 71 7 0
Abeokuta Road, ljebu-Ode
J - Molipa High School, Molipa | 24/09/2012 | 1.40 x 10° 2.0 x 10° 12 0
Exprees Road, ljebu — Ode
K - Our Lady of Apostle, Epe Garage, | 24/09/2012 23 1.38 x 107 26 ND
ljebu-Ode
L - Adetola Odutola Memorial High | 24/09/2012 42 2.19 x 10° 12 0
School, ljebu-Ode

TNTC - Too Numerous To Count
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Table 2: Morphological and biochemical characteristics of bacterial isolates from borehole water samples in
ljebu-Ode, Southwestern Nigeria

Parameters Most Probable Isolates
Staphylococc E. Klebsiell | Pseudomon | Enterobact | Salmonell | Proteu | Serrati
us aureus coli asp as ersp asp ssp asp
aeruginosa
Gram’s reaction + - + - + - - -
Catalase test + + + + - + - -
Citrate test - + + + + + - +
Oxidase test - - + + - - - -
Coagulase test + - - - - - - -
Indole test - + - - - + + -
Urease activity + - + NA NA - + -
Cellular Cocci straig rods Rods Cocci rods rods Rods
morphology ht
rods

Growth on | creamy white | circul large greenish Creamy NA NA NA
blood agar ar white
(colony)
Growth on | bright yellow | N/A N/A N/A N/A N/A N/A N/A
Mannitol  salt
agar
Growth in N/A red/ mucoid pale Pink pale pale pink/re
MacConkey pink d
agar
Glucose A AlG AlG N/A AIG AlG AIG AIG
Lactose A AlG AlG N/A AIG - - -
Sucrose A A A N/A A - - -
Mannitol A A D N/A A AlG AIG -
Maltose A A N/A N/A A Al G - -

- (No growth), + (growth), N/A (Not applicable), A (Acid), A/G (Acid and Gas)

Eight genera of bacteria were isolated from the
sampled borehole waters. These were identified as
Staphylococcus aureus, E. coli, Klebsiella sp,
Pseudomonas aeruginosa, Enterobacter sp, Salmonella
sp. and Serratia sp. (Table 2).

In this study, members of the Enterobacter were
identified in high numbers as compared to other

organisms. It was found to be present in all borehole
water samples in varying degree (Table 3). The
identification of this kind of bacteria in water justifies
the contamination of water by faecal material from
warm blooded animals (humans). This further justifies
the fact that one of the potential sources of borehole
water pollution is sewerage.

Table 3: Bacteria detected from the borehole water sources from some schools in l1jebu-Ode, Northwestern

Nigeria

Sampling point

Bacterial Isolates

A - Epic International College, Irewon Road,
ljebu-Ode

Klebsiella sp., Enterobacter sp., Proteus sp

B - Christ Church High School, Sabo, ljebu-Ode

Enterobacter sp., Proteus sp., Serratia sp

C - Muslim Girls’ High School, Eruwon Road,
ljebu-Ode

Enterobacter sp., Staphylococcus aureus

D - Sanni Luba Comprehensive High School,
Eruwon Road, ljebu-Ode

Enterobacter sp., Klebsiella sp., Salmonella sp., Serratia sp.,
Proteus sp., Staphylococcus aureus

E - Taiye Solarin University of Education
Secondary School, Igbeba, 1jebu-Ode

Serratia sp., Pseudomonas aeruginosa, Enterobacter sp.,
Proteus sp., Staphylococcus aureus

F - Ansarudeen Secondary School, Ota Street,
ljebu-Ode

Serratia sp., Enterobacter sp., Pseudomonas aeruginosa

G - Angilcan Girls’ Grammar School, Obalende,
ljebu-Ode

Klebsiella sp., Serratia sp., Enterobacter sp., Pseudomonas
aeruginosa
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H - Ifesowapo Comprehensive High School, | Serratia sp., Enterobacter sp., Pseudomonas aeruginosa,
Imodi-Imosan, ljebu-Ode Klebsiella sp
| - ljebu-Ode Grammar School, Abeokuta Road, | Serratia sp., Enterobacter sp., Pseudomonas aeruginosa,
Ijebu-Ode Klebsiella sp.

J - Molipa High School, Molipa Exprees Road, | Enterobacter sp., Klebsiella sp., Serratia sp.,
ljebu — Ode
K - Our Lady of Apostle, Epe Garage, |jebu-Ode Pseudomonas aeruginosa, Klebsiella sp., Enterobacter sp.,
Proteus sp., Staphylococcus aureus

L - Adetola Odutola Memorial High School, ljebu- | Klebsiella sp., Enterobacter sp., Proteus sp

Ode

The occurrence of Enterobacter sp constituted sp and Pseudomonas aeruginosa had same percentage
28.85% making it the most prevalent organism in this occurrence of 13.46%; followed by Staphylococcus
study. This was followed by Klebsiella sp and Serratia aureus and Salmonella sp with percentage frequency of
sp with same percentage frequency of 17.31%. Proteus 7.69% and 1.92%, respectively (Fig 1).
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Fig 1: Percentage frequency of borehole water sources from some secondary schools in ljebu-Ode, Nigeria
Enterobacter sp as shown by its resistance to six out of

Escherichia coli was found to be sensitive to septrin, ten antibiotics assayed in this study. The illustrations
chloramphenicol, sparfloxacin, ciprofloxacin, given in Table 3 indicated that most of the isolates were
amoxicillin, gentamicin, perfloxacin, tarivids and resistant while some were moderately susceptible and
Streptomycin. It is, however, resistant to augmentin. the remaining few sensitive

Highest level of resistance was exhibited by

Tables 4: The antibiotic susceptibility patterns of bacterial isolates from borehole water samples used by some
schools in ljebu-Ode, Southwestern Nigeria

Antibiotic Conc. * Mean Diameter of Inhibition Zone (in mm)
(H9)
E. coli|Klebsiella|Salmonell | Serratia |Enterobact | Proteus | Pseudomon |Staphylococcu

sp asp sp er sp sp as sp ssp
Septrin 30 15 13 13 9 0 12 11 0
Chloramphenic 30 16 13 14 12 0 14 12 7
ol
Sparfloxacin 10 18 18 17 16 0 15 16 13
Ciprofloxacin 10 17 11 17 0 10 12 14 0
Amoxicillin 30 14 16 18 0 0 0 20 15
Augmentin 30 11 13 10 0 0 13 0 5
Gentamicin 10 18 10 13 13 10 8 11 0
Perfloxacin 30 15 18 14 17 16 11 18 12
Tarivids 10 19 17 17 14 13 13 18 17
Streptomycin 30 14 10 13 10 5 10 12 9

*Data showed mean results of three observations, Key <7 - Resistance, 8-13 — Moderate , >14 — Sensitive
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Water meant for human consumption should be safe
and acceptable and must be free from all pathogenic
organisms. According to guidelines for drinking water
quality, the results of the present study indicated that all
the borehole water sources tested were of poor
microbiological quality [27]. The present study
indicated very high level of contamination of borehole
water used by school children in Ijebu-Ode,
Northwestern Nigeria as well as a high diversity of
bacterial organisms and high levels of antibiotic
resistance by the isolated organisms. This indicated that
boreholes sampled in the different schools in ljebu-Ode
were very poor as shown by high counts of bacterial
indicators.

Similar results have been described by other authors
[3,29] on studies done in different rural communities of
South Africa. However, the sources of this high
contamination in the boreholes have not been
investigated. Several sources of contamination could be
suggested and could include the possibility of
contamination from pit latrines. In fact, the construction
of boreholes in these areas does not always respect the
location regulations to make sure that these boreholes
are not situated close to pit latrines; for example, which
might be sources of contamination. Previous studies in
Zimbabwe indicated that pit latrines  were
microbiologically impacting on groundwater quality up
to 25 m lateral distance [30]. The distances of boreholes
used as sources of water in most of schools under study
did not obey the allowable distance of 100 m in sandy
soil [27]. Other schools in the region hosting boreholes
were also more or less close to pit latrines. Considering
the schools far away from the pit latrines (>100 m), the
impact of the sanitation is not likely to be highly
pronounced except if there is high hydraulic variation in
terms of groundwater level that promote high transport
of pollutants towards the borehole. However, this
hypothesis remains to be demonstrated. According to
the Water Quality Guidelines set by DWAF [27], the
results of the present study mostly exceeded the limits
of microbiological quality for all the boreholes.
Therefore, the water is not suitable for human
consumption.

Drinking water from the boreholes can pose serious
health effects to consumers; the poor microbiological
quality may be due to very many closely spaced septic
systems in a limited area [31]. For all the boreholes,
contamination may be due to lack of sewer pipe for
discharge of sanitary waste into the treatment plant.
Lack of sewer lines results in underground disposal of
sewage into the aquifer. This results in loss of
microbiological quality of groundwater. Pit latrines
located next to groundwater sources may be cause of
contamination into the underground aquifer. Lack of
sanitary education has resulted in poor microbiological
quality of groundwater. This is because the schools just
locate the pit latrines without measuring the distance

between the borehole and the pit latrines. In a study in
Kenya, water sources mainly wells close to pit latrines
(within 15 m) were found to be contaminated with all
the wells (100%) found to be containing total as well as
fecal coliforms (thermo tolerant) while tap water was
not contaminated, indicating the possibility of pit
latrines being a major source of contamination in this
case [32].

However, the authors also suggested that

contamination through surface runoff during rains was
also plausible, as indiscriminate excreta disposal
particularly by children was also common. Nyati [33]
showed that the quality of borehole water supplies in
Zimbabwe showed a seasonal fluctuation, with higher
coliform counts in the wet season from November to
March, while municipal and mining compound water
supplies were of satisfactory microbial and chemical
quality. Although, all the water sources tested in the
present study were contaminated, the sources of
contamination though speculated remains to be
confirmed.
Similar bacterial profile was described in Nigeria where
Escherichia coli, Klebsiella spp., Proteus spp.,
Enterobacter  spp.,  Pseudomonas  spp., and
Staphylococcus aureus were isolated from samples
from boreholes [34]. In a study in Finland, shallow
groundwater down to a depth of 16.2 m on average
contained more biomass and cultivable microorganisms
than did deep groundwater, except in a zone at a depth
of approximately 300 m where the average biomass and
number of cultivable microorganisms approached those
of shallow groundwater [35]. The presence of such
bacteria might result in diseases and poor health of the
children consuming that water. Y. pseudotuberculosis is
known to cause fever and acute abdominal pains disease
outbreak in school children.

The present study has indicated low levels of
antibiotic resistance among all the bacterial isolates.
However, high level of resistance shown by
Enterobacter sp, which was most prevalent in this
study, is of great concern. This is in line with studies in
Uganda which also described lower antibiotic resistance
with less than 50% resistance to ampicillin [36].
Antibiotic resistance to gentamicin was 39 and 34% to
amikacin. These resistance rates are quite high
compared to those previously described among
organisms isolated from river water where resistance to
amikacin was less than 10% and resistance to
gentamicin was less than 25% [29].

In a recent study in Poland, high resistance to
erythromycin was observed among enterococci isolated
from surface water reaching resistance level of 50%
[37]. In another study in Alice, South Africa, V.
fluvialis showed 100, 90, 70 and 80% resistances to
trimethoprim, penicillin, cotrimoxazole and
streptomycin, respectively, while 92, 82, 90 and 100%
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of cephalothin resistances were exhibited by Vibrio
vulnificus, Vibrio parahaemolyticus, V. fluvialis and
Vibrio metschnikovii respectively [38]. Increase of
antibiotic resistance has also been observed among
organisms isolated from water samples in Brazil where
high indices of resistance to Imipenem, Cephalothin and
Ampicillin were observed [39]. High numbers of
indicator and pathogenic bacteria were detected in this
study.

CONCLUSION

It was concluded in this study that the borehole water
used by school children in ljebu-Ode is of poor
microbial quality. It is recommended that a possible
follow up would be to identify the sources of
contamination and it is also recommended that storage
tanks should be disinfected before distribution through
the school taps as a short term solution. There is also
need to carry out a comprehensive epidemiological
study to determine the number of people suffering from
diseases or illnesses related to the microbial water
quality problems identified in the area of study. This
will provide information on the actual health problems
on ground as well as contribute to the use of untreated
groundwater in schools. This will lead to
recommendation of realistic remediation methods for
each specific health problem. Information obtained
would be valuable in the design and implementation of
intervention strategies if required. Hence, this will
enable the provision of data available to indicate that
groundwater in the study areas does not meet the
national guidelines of water for human consumption
unless treated before use. High numbers of indicator
and pathogenic bacteria were detected in this study.
Considering the long term impact of diarrhea in
children [40], it is imperative that actions have to be
taken in order to correct the quality of water in the
boreholes consumed by children. Interventions such as
the implementation of point of use water treatment
could be advocated as has been recommended
elsewhere.

REFERENCES

1. Bessong PO, Odiyo JO, Musekene JN and
Tessema A; Spatial Distribution of Diarrhoea
and Microbial Quality of Domestic Water
during an Outbreak of Diarrhoea in the
Tshikuwi Community in Venda, South
Africa. J. Health Popul. Nutr., 2009; 27 (6):
652-659.

2. Samie A, Makonto TE, Odiyo J, Ouaboi-
Egbenni PO, Mojapelo P and Bessong PO;
Microbial quality, diversity and antibiotic
susceptibility profiles of bacterial isolates
from borehole water used by schools in
Greater  Giyani  Municipality, Mopani
District, South Africa. African Journal of
Microbiology Research, 2011; 5(3): 198-210.

3. Potgieter N, Mudau LS and Maluleke FRS;
Microbiological quality of groundwater

10.

11.

12.

13.

14.

15.

sources used by rural communities in
Limpopo Province, South Africa. Water Sci.
Technol., 2007: 54 (2): 371-377.

Maake NT; Municipal Manager, Mopani
District Municipality, Private Bag X 9687,
Giyani, 0826, 2007; 67 — 71.

DFID; Addressing the Water Crisis:
Healthier and more productive lives for poor
people, Strategies for achieving the
international development targets.
Department for International Development:
UK. 2001; 4(3): 54 — 59.

MacDonald AM and Davies J; A Brief
Review of Groundwater for Rural Water
Supply in Sub-Saharan Africa. British
Geological Society, Nottingham, UK, 2002;
4(2): 41- 43.

HTN; Focus on Africa, a critical need.
Network for Cost-Effective Technologies in
Water Supply and Sanitation, St. Gallien,
Switzerland, 2003; 4(3): 11 — 16.

Diwi Consult and Bureau d’Ingénierie pour
le Développement Rural (BIDR); Etudes d’
Réhabilitation des Points d’ Eau Existants.
1994; 2: 20 — 24.

Hazelton D; The development of community
water supply systems using deep and shallow
well  handpumps. WRC Report No,
TT132/00, Water Research Centre, South
Africa. 2000; 7 (3): 21 — 26.

World Bank; Mali Rural Water Supply
Project. Performance Audit Report No.
16511, World Bank, Washington DC. 1997,
88 — 92.

Driscoll FG; Groundwater and Wells.
Johnson Screens, St. Paul, Minnesota, USA.
1995; 41 — 44,

Harvey PA and Reed RA; Rural Water
Supply in Africa: Building blocks for
handpump sustainability. WEDC,
Loughborough University, UK. 2004; 37 —
40.

IDRC (International Development Research
Centre); Rural Water Supply in Developing
Countries: Proceedings of a Workshop on
Training, Zomba, Malawi, Government of
Malawi. Canadian International
Development Agency, 2007; 3 (3): 42 — 44,
Agarwal A; Water, Sanitation, Health - for
AlI?: Prospects for the International Drinking
Water Supply and Sanitation Decade, 1981-
90. London, Earthscan  Publication,
International Institute for Environment and
Development, 1981; 8: 21 — 25.

Feachem RG; Interventions for the control of
diarrheal diseases among young children:
promotion of personal and domestic hygiene.
Bulletin of the World Health Organization,
2004; 62 (3): 467-476.

11



Bello Olorunjuwon O et al., Sch. Acad. J. Biosci., 2013; 1(1):4-13

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

WHO; Financial management of water
supply and sanitation. World Health
Organization. Geneva, 2005; 14 (9):67 -71.
Steiner TS, Samie A and Guerrant RL;
Infectious diarrhea: new pathogens and new
challenges in developed and developing
areas. Clin. Infect. Dis., 2006; 43 (2): 408—
410.

Shirinda EH; Plant operator. Giyani Water
Works. DWAF. Private Bag X 9677, Giyani,
0826. Limpopo Province. South Africa.
2008; 42 — 48.

Pritchard M, Mkandawire T, O’Neil JG;
Biological, chemical and physical drinking
water quality from shallow wells in Malawi:
case study of Blantyre, Chiradzulu and
Mulanje. Phys. Chem. Earth Parts, 2007,
32(2): 1167-1177.

Rice EW; Samples. In: Standard Methods for
the Examination of Water and Waste Water.
Clesceri LS, Greenburg AE and Eation AD
(eds). Published jointly by American Public
Health Association, American Water Works
Association, and Water and Environmental
Federation. United States of America, 1998;
1(1): 9-21.

Ziel CA, Hall NH, Hickey PJ, LeChevallier
MW, Nelsen BA, Starcevich JA; Mebrane
Filter Technique for Members of the
Coliform Group. In: Standard Methods for
the Examination of Water and Waste Water.
Clesceri LS, Greenburg AE and Eation AD
(eds). Published jointly by American Public
Health Association, American Water Works
Association, and Water and Environmental
Federation. United States of America,1998;
56 — 61.

Klein J and Bickmell M; Quantification of
Microorganisms. In: Microbiology
Experiments: A Health Science Perspective.
Irion MK, Schrandt LA, Timp KH, Hancock
L and Oeth MM (eds). Wm.c.Brown
Publishers, London, 1995; 61-64.

Rompre A, Servais P, Baudart J, Roubin DE
and Laurent P. Detection and enumeration of
coliforms in drinking water: current methods
and emerging approaches. J. Microb. Meth.,
2001; 49(3): 34-35.

Alam MJ, Miyoshi S and Shanoda S; Studies
on pathogenic Vibrio parahaemolyticus
during a warm weather season in the Seto
Inland Sea, Japan. Environ. Microbiol.,
2003; 5: 706-710.

National Committee for Clinical Laboratory
Standards (NCCLS); Performance standards
for antimicrobial susceptibility testing.
NCCLS approved standard M2100-S14,
Wayne, PA. USA, 2004; 2(2): 298 — 102.
Bulik CC, Fauntleroy KA, Jenkins SG,
Abuali M, LaBombardi VJ, Nicolau DP and

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Kuti JL; Comparison of Meropenem MICs
and Susceptibilities for Carbapenemase-
Producing Klebsiella pneumonia Isolates by
Various Testing Methods. J.  Clin.
Microbiol., 2010; 48(7): 2402—2406.

DWAF; Groundwater Protection Guideline
for Protecting Springs, 2004; 3(2): 2.

DWAF and WRC; Management of water
related microbiological disease. What is the
problem? - Disease characteristics, 2003; 2
(1): 17-26.

Obi CL, Bessong PO, Momba MNB,
Potgieter N, Samie A and Igumbor EO;
Profiles of antibiotic susceptibilities of
bacterial isolates and physico-chemical
quality of water supply in rural Venda
communities, South Africa. Water SA, 2004;
30 (3): 515-519.

Dzwairo B, Hoko Z, Love D and Guzha E;
Assessment of the impacts of pit latrines on
groundwater quality in rural areas: a case
study from Marondera district, Zimbabwe.
Phys. Chem. Earth. J., 2006; 31(3): 779-788.
Lyle S and Raymond JR; Groundwater
contamination, Bull. Water SA, 1998; 2: 3.
Kimani-Murage EW and Ngindu AM;
Quality of Water the Slum Dwellers Use:
The Case of a Kenyan Slum. J. Urban Health
Bull. N. Y. Acad. Med., 2007; 84 (1): 829-
838.

Nyati H; Evaluation of the microbial quality
of water supplies to municipal, mining and
squatter communities in the Bindura urban
area of Zimbabwe. Water Sci. Technol.,
2004; 50 (1): 99-103.

Ibe SN and Okplenye JI; Bacteriological
analysis of borehole water in Uli, Nigeria.
Afr. J. Appl. Zool. Environ. Biol., 2005; 7
(2): 116-119.

Pedersen K, Arlinger A, Eriksson S,
Hallbeck A, Hallbeck L and Johansson J;
Numbers, biomass and cultivable diversity of
microbial populations relate to depth and
borehole-specific conditions in groundwater
from depths of 4-450m in Olkiluoto,
Finland. The ISME J., 2008; 2(1): 760-775.
Soge OO, Michael A, Giardino AM, lana C,
Ivanova IC, Amber L and Pearson AL,
Meschke JS, Roberts MC; Low prevalence
of antibiotic-resistant gram-negative bacteria
isolated from rural southwestern Ugandan
groundwater. Water SA., 2009; 35: 343-348.
Luczkiewicz A, Jankowska K, Kurlenda J
and Ola_czuk-Neyman K; Identification and
antimicrobial resistance of Enterococcus spp.
isolated from surface water. Water Sci.
Technol., 2010; 62 (2): 466-473.

Okoh Al, Igbinosa EO; Antibiotic
susceptibility profiles of some ibrio strains
isolated from wastewater final effluents in a

12



Bello Olorunjuwon O et al., Sch. Acad. J. Biosci., 2013; 1(1):4-13

39.

rural community of the Eastern Cape
Province of South Africa. BMC Microbiol.,
2010; 14 (10): 143.

Vieira RH, Carvalho EM, Carvalho FC,
Silva CM, Sousa OV and Rodrigues DP;
Antimicrobial susceptibility of Escherichia
coli isolated from shrimp (Litopenaeus
vannamei) and pond environment in

40.

northeastern Brazil. J. Environ. Sci. Health
B., 2010; 45(3): 198-203.

Guerrant RL, Oria RB, Moore SR, Oria
MOB and Lima AAM; Malnutrition as an
enteric infectious disease with long-term
effects on child development. Nutr. Rev.,
2008; 66 (1): 487-505.

13



