Anchor University Journal of Science and Technology (AUJST)
A publication of the Faculty of Science and Science Education, Anchor University Lagos

URL: journal.aul.edu.ng

In AJOL: https://www.ajol.info/index.php/aujst

Vol. 3 No 1, December 2022, Pp. 203 - 210
ISSN: 2736-0059 (Print); 2736-0067 (Online)

Bacteriological Quality Assessment of Hand-Dug Wells in Mechanic Village Dutse,
North-West Nigeria

ABSTRACT

Background: The need to have constant access to potable water is
inevitable to meet one of the goals of the United Nations’ sustainable
development.

Objectives: This research was conducted to determine the bacterio-
logical quality of the two (2) hand-dug wells available in Dutse me-
chanic village Jigawa state.

Methods: Twelve (12) water samples were collected from the two
(2) hand-dug wells present in the village. The sampling carried out in
the morning and afternoon comprised six (6) from well A and six (6)
from well B. All the water samples were analyzed for the possible
presence and concentration of two waterborne bacteria; Escherichia
coli and Klebsiella sp. using the plate count method.

Results: E. coli (10.4x10°CFU/mL) pollution contributed to the
highest mean bacterial load detected in well A while E. coli
(7.38x10° CFU/mL) pollution was detected in well B. Having sub-
jected the generated results to statistical analysis (T-test at 95% con-
fidence level), there was a significant difference in E. coli and
Klebsiella sp. pollution across the two wells (p< 0.05). It is recom-
mended that the wells in the village should be properly given the
hygienic practice it deserves by covering them to avert contamination
by flies and waterborne pathogens.

Conclusion: E. coli and Klebsiella sp. were detected in all the water
samples assayed in both hand-dug wells. Having a well-kept fetcher
devoid of microbial loads and clearing all dump sites close to the
wells will ensure microbial-oriented pollution-free well water fit for
human consumption.
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INTRODUCTION

It i1s an undeniable fact that the existence of
mankind solely depends on the availability of
water for usage as without it, living a comfort-
able life suffers a great deal. Access to passa-
ble safe and potable water is a necessity for
communities, unfortunately, countless develop-
ing countries in the world over are currently
living without stable access to potable water
(Obikpo et al., 2022). According to several au-
thors (Cosgrove and Rijsberman, 2000; Gomez
and Nakat, 2002; UNICEF, 2016), a huge pro-
portion of the developing nations’ residents
face a whole of problems regarding access to
potable water. Strikingly, despite the huge in-
vestments that the present and past govern-
ments of Nigeria have sunk into an adequate
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supply of potable water to her citizenry,
over 52% of the population have got no
access to drinkable water (Oluwasanya,
2009). Regrettably, it has been documented
in the literature that most Africans that cur-
rently live in villages as well as those who
live in cities have no access to clean water
meant for drinking (Kassie, 2018; Amoo et
al.,2021).

Despite the sanitary borehole water provid-
ed for the artisans’ use in the mechanic vil-
lage by the Jigawa State government, the
regular supply of water got truncated as
soon as the power generating set provided
got spoilt coupled with the destruction of
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electric poles meant for supplying the public
electricity to the mechanic village a few years
back. The reality on the ground has inevitably
sprung the artisans into investing in the con-
struction of hand-dung wells to meet their wa-
ter needs. However, hand-dug wells have been
reported by Ayantobo et al. (2012) as being
more vulnerable to pollution than those classi-
fied as deeper boreholes. United Nations Inter-
national ~ Children’s  Emergency  Fund
(UNICEF) (2021) reported that 86% of Nigeri-
ans do not have access to a steady potable wa-
ter source because municipal water supply is
either out of reach or not regular, predominant-
ly in communities that are not that populated.

It has been reported by Amadi et al.
(2017); Bekuretsion et al. (2018); Adeleye et
al. (2020) that the presence of Escherichia coli
indicates the presence of waterborne pathogens
in any given water. The efficiency of subjecting
drinking water to traditional treatment
(filtration and chlorination) to remove bacterial
pathogens (Vibrio cholera, Salmonella typhi,
and Salmonella paratyphi) is well indicated
through the adoption of Escherichia coli that
has been established as faecal indicator bacte-
rium (Edberg et al, 2000; Enriquez et al.,
2001). The inevitable need to conduct a bacteri-
ological examination of water to reveal the
presence of microorganisms that might cause
health hazards has been reported by Singh and
Neelam (2011); Adeleye ef al. (2020).

According to Tya et al. (2012), World
Health Organization (WHO) has widely recom-
mended that no faecal coliform should be pre-
sent in 100 mL of water meant for human con-
sumption. These authors reported further that
potable water should be odourless, colourless,
tasteless, and free from faecal contamination
and chemicals above WHO permissible levels.
Currently, there are two hundred and twenty-
two (222) artisans in the mechanic village who
depend on the two hand-dug wells present as
their major source of water supply; 2.9% of the
artisans admittedly drink water from the wells,
58.6% of artisans utilize the water for ablution,
bathing, and other activities while 38.6% arti-
sans utilize the water for cooking and washing
of plates (Adeleye et al., 2018). Since the hand-
dug wells normally have a low water table, vul-
nerability to contamination is inevitable (Tya et
al., 2012). Owing to these submissions and
coupled with the reliance of the majority of the
artisans in the village on the two hang-dug
wells present for their water needs, this study
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was carried out to determine the bacterio-
logical quality of the water obtainable
therein to ascertain the possible presence of
E. coli and Klebsiella sp.

MATERIALS AND METHODS

Water Assay

Water samples were collected from the two
(2) wells present in the study area at two
different periods (early morning and mid-
afternoon). The first well was labeled as
‘A’ while the second well was labeled as
‘B’ respectively. Three (3) water samples
were collected from each well making a
total of six (6) samples respectively. Clean,
dry, and sterile containers were used for
collecting each sample to ensure that the
samples were devoid of extraneous contam-
inants as done by Viswanathan (2001);
FSSAI (2015).

Containers were sterilized in an autoclave
as prescribed by the United State Food and
Drug Administration (USFDA) (2018) be-
fore sample collection. Having sampled the
water in the containers, it was handled with
sterile disposable gloves; a fresh glove for
each sample. Samples were identified with
masking tape labelled legibly with perma-
nent marker. Samples were collected at the
beginning of the week as done by the Cana-
dian Food Inspection Agency (CFIA)
(2014).

Preparation of Samples

Twenty-five (25) milliliters of each water
sample was weighed using a sensitive
weighing balance machine as done by Eni
et al. (2010); Shobha (2014). The samples
were serially diluted further into six (6)
folds sterile dilution tubes to decrease the
population of the organisms sufficiently as
done by Begum ef al. (1986); Waithaka et
al. (2014). Using the sixth (6th) fold dilu-
tion, the first tube for each organism was
labeled in respect of the bacterium meant
for assessment and the original bacterial
culture (OBC), dilution factor. The tubes
were subsequently placed on a test tube
rack as prescribed by Cappuccino and Sher-
man (2014).
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Using the sixth (6th) fold dilution, the first tube
for each organism was labeled in respect of the
bacterium meant for assessment and the origi-
nal bacterial culture (OBC), dilution factor. The
tubes were subsequently placed on a test tube
rack as prescribed by Cappuccino and Sherman
(2014). Using a sterile pipette, one (1) milliliter
of the sample was subsequently inoculated into
the dilution tube by employing aseptic tech-
ni%ues and mixed thoroughly to obtain 10' to
10” serial decimal dilution range of the test
sample as reported by Prescott (2002); Gopal
and Agrawal (2010). The highest decimal dilu-
tion (10°) was then employed for the pour plate
process.

Preparation of Culture Media

The culture media used for the isolation and
identification of the bacteria were selected
based on the particular bacteria being investi-
gated. However, the plate count method (pour
plate method) and selective media were em-
ployed for the isolation and identification of
each of the two organisms being investigated as
done by Gopal and Agrawal (2010). The selec-
tive medium (MacConkey agar) was prepared
by suspending 50 grams of the powder medium
in 1000 mL of distilled water, then the medium
was heated to dissolve it at 121 C for 15
minutes. This was subsequently sterilized and
allowed cool to 45 C as reported by Gopal and
Agrawal (2010).

Weighing, Dissolution, and Sterilization of Me-
dia

A sensitive weighing balance machine was
used to measure the amount of the MacConkey
agar required for the analysis. The culture me-
dia was dissolved and prepared according to the
manufacturer's instructions. The MacConkey
agar was sterilized immediately after prepara-
tion to ensure rapid multiplication of the con-
taminating bacteria and prevent the composi-
tion from being altered as described by Yadav
(2012). MacConkey agar was sterilized in an
autoclaving machine at 121 "C for 15 minutes.

Inoculation and Incubation

Inoculation was performed in a clean culture
room. A sterile graduated pipette was used to
transfer 1 mL of the serially diluted sample to a
sterile petri dish and approximately, 10 mL of
melted agar was added and thoroughly mixed
with the sample after it cooled to room temper-
ature as done by Yadav (2012). The agar was
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allowed to set and the plates were subse-
quently inverted and incubated at 37 C for
27 hours for faecal coliform (Escherichia
coli) and 37 C for 24 hours for Kliebsella
as reported by Baveja (2013); Santra
(2014); Nishith and Chakraborty (2014).

Identification of Bacteria

Generally, MacConkey agar is the culture
medium for the identification of Enterobac-
teriaceae (Nishith and Chakraborty, 2014).
This medium is the selective, differential,
and indicator medium used for the culture
of Escherichia coli due to its ability to dis-
tinguish morphologically and biochemically
related groups of Enterobacteriaceae. The
characteristic change in the appearance of
the bacterial growth, medium surrounding
the colonies (pink coloration), and the
smooth and circular features of E. coli
growth were used as described by Cappuc-
cino and Sherman (2014); Baveja (2013);
Nishith and Chakraborty (2014) in identify-
ing the colonies of the faecal coliform.

As reported by Rashid and Ebringer
(2007), Klebsiella produces acid, which
lowers the pH of the agar below 6.8 and
resulted in the appearance of pink colonies.
Klebsiella produces mucoid colonies which
appear very moist and sticky. This phenom-
enon happens because the bacterium pro-
duces capsules.

Colony Enumeration

Having incubated the culture plates at ap-
propriate and acceptable temperature rang-
es, they were brought out to count the colo-
nies in each petri dish. Counting was done
with the help of a colony counting machine
as prescribed by Gopal and Agrawal
(2010); Eni et al. (2010). Since solid media
were used for the bacterial culture, colony
forming unit (CFU) was adopted in report-
ing the results as prescribed by Tortora et
al. (2014). Bacterial counts between 30 to
300 colonies per plate were reported as
CFU/mL. Plates with no colonies were re-
ported as <1 CFU/mL and those with colo-
nies >300 were reported as too numerous to
count (TNC) as reported by Santra (2014).

Data Analysis

Data collected from this study were ana-
lyzed using the computer Statistical
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Package for Social Scientists (SPSS) at a 95% result of fetchers used in drawing water

probability level of significance. T-test was from the well as reported by Nguz et al.
used to determine the level of significance for (2005); Adeleye et al. (2018) and might
the comparison of Escherichia coli and originate from the influence of insect vec-
Klebsiella sp. contaminations between the two tors (flies) as the wells were perpetually
hand-dug wells. opened during the conduct of this study.
RESULTS AND DISCUSSION Klebsiella species were also isolated and
The water used in this study comprised six (6) counted from the water samples analyzed in
water samples from well A and six (6) water which a water sample (A2) from well A
samples from well B. Each sample was ana- (afternoon) recorded the highest Klebsiella
lysed for the presence and concentration of count (5.5x10° CFU/mL) and the sample
Escherichia coli (faecal coliform) and Klebsiel- (A2) from well B (morning) recorded the
la species. Tables 1(a) and (b) depict the bacte- lowest Klebsiella count (2.0x10° CFU/mL).
rial counts obtained in each sample across the Also, the microbial load in well A was enu-
two wells having subjected it to bacterial analy- merated as seen in Table 2a.

sis. The results showed that well A had more
bacterial contaminations than well B due to
where the well was situated and activities oc-
curring around the well. This can also be a

Table 1a: Bacterial counts in well A (reciprocal of dilution = 10°)

Bacteria Water sampling time
Morning (CFU/mL) Afternoon (CFU/mL)
Al A2 A3 Al A2 A3
E. coli 8.0x10° 6.5x10° 7.0x10° 1.4x107 1.5x107 1.2x107
Klebsiella 3.0x10° 1.5x10° 2.5x10° 5.0x10° 5.5x10° 4.0x10°
Sp-

‘rom the results, two water samples (A2 and Al) from well A (afternoon) recorded the highest
Escherichia coli (1.5x10” CFU/mL and 1.4x107 CFU/mL) count respectively. While a sample
(B2) from well B (morning) recorded the lowest Escherichia coli (4.5 x 10° CFU/mL) count as
shown in the results.

Table 1b: Bacterial counts in well B (reciprocal of dilution = 10°)

Bacteria Water sampling time
Morning (CFU/mL) Afternoon (CFU/mL)
B1 B2 B3 Bl B2 B3
E. coli 5.0x10° 4.5x108 6.0x10° 9.0x10° 9.3x10° 10.5x10°
Klebsiella 1.5x10° 2.0x10° 8.0x10° 3.5x10° 3.0x10° 2.5x10°
Sp.

Table 2a: Loads of enteric bacteria enumerated in well A
Bacteria Minimum Maximum Range M (Mean) T Sig (P- Ren
(CFU/mL) (CFU/mL) (CFU/mL) (CFU/mL) Value value)

E. coli 1.5x10° 6.5x107 8.5x10° 10.4x10° 6.858 0.001

Klebsiella 1.5x10° 5.5x10° 4.0x10° 3.58x10° 5.736 0.002

Sp.
S= Significant
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It was discovered that E coli had a minimum
load of 1.5x10° CFU/mL and a maximum load
of 6.5x10" CFU/mL with a range (8.5x10°
CFU/mL and also E. coli had a mean load
(10.4x10° CFU/mL). Klebsiella sp. was also
enumerated from well A, in which the mini-
mum value was enumerated to be 1.5x10°
CFU/mL and 5.5x10° CFU/mL as the maxi-
mum load with a range (4.0x10° CFU/mL) to-
gether with a mean load of 3.58x10° CFU/mL
As reported by Meldrum et al. (2009), water
meant for human consumption must not present
above the recommended microbial count (>10?
CFU/mL). Taking the report of this author into
consideration, the results obtained in this cur-
rent study have clearly shown that all the water
samples analyzed in both hand-dug wells for E.
coli contamination were not satisfactory as they
presented way above that should be present in
the water meant for human consumption. As
reported by Adams and Moss (2008), and Lin-
da (1997), infection may result from ingestion
of such contamination levels if the infectious
dose falls between 2-1000 cells.

The bacterial load in well B was also enumerat-
ed as seen in Table 2b. It can be deduced from
the Table that £ coli had a minimum load
(4.5x10° CFU/mL) and a maximum load
(10.5x10” CFU/mL) with a range of 6.0x10°
CFU/mL and also E. coli had a mean load of
7.38x10° CFU/mL. Klebsiella sp. was also enu-
merated from well across both periods in which
the minimum (2.0x10°> CFU/mL) and maxi-
mum (3.50x10° CFU/mL) loads were enumer-
ated.

From Tables 2a and 2b, it can be deduced that
the bacterial load of £ coli in well A had a min-
imum, maximum and mean loads of 1.5x10’
CFU/mL, 6.5x10° CFU/mL and 10.4x10° CFU/
mL respectively can be said to be greater than
that of well B. Also, the bacterial load of
Klebsiella sp. in well A had more minimum
(1.5x10° CFU/mL), maximum (5.5x10° CFU/
mL), range (4.0x10° CFU/mL) and mean
(1.91x10° CFU/mL) loads than that of well B,
thereby making well A more polluted than well
B. These results are in tune with the submis-
sion of Nguz et al. (2005) that attributed the
nature of activities around the wells and equip-
ment (fetchers) used in drawing water from the
wells as important players that played a signifi-
cant role in the contamination levels recorded
in this current study.
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Table 3 shows the bacterial load of the en-
teric microorganisms across both wells
whereby E coli had maximum (4.5x10°
CFU/mL), minimum (1.5x10° CFU/mL),
range (10.5x10° CFU/mL) and mean
(8.9x10° CFU/mL) loads while Klebsiella
recorded maximum (5.5x10° CFU/mL),
minimum  (2.0x10° CFU/mL), range
(5.3x10° CFU/mL) and mean (2.75x10°
CFU/mL) loads respectively. These results
have clearly shown that wells (A and B)
have both got loads of enteric E. coli and
Klebsiella sp. The detection of these enteric
bacteria in the well water is an indication of
recent faecal matter associated contamina-
tion (Odonkor and Ampofo, 2013). This
phenomenon can trigger undesirable water-
borne diseases or public health crisis asso-
ciated with the detected enteric bacteria as
the water obtainable from the wells is con-
sumed. According to the WHO (2017),
E. coli must record azero count per 100
mL for such water to be certified harmless
for human consumption. Similar detection
of enteric E. coli and Klebsiella aerogenes
in drinking water has been reported by
Odonkor and Mahami (2020); Falnyi et al.
(2022). Again, these results have revealed
that there was a significant difference in E.
coli and Klebsiella sp. contamination across
the two wells. Generally, the results of this
study corroborate the findings of Eni et al.
(2010) which detected higher microbial
contamination of 10° to 10°® CFU/mL in
their research study. Uzeh et al. (2009) also
discovered a higher bacteriological load of
10° — 10° CFU/mL in commonly eaten
fresh fruits and vegetables which conforms
to this study.

CONCLUSION

The results obtained from the bacteriologi-
cal analysis indicated that all the water
samples examined were highly polluted
with Escherichia coli and Klebsiella sp. No
sample from both wells was without any of
the two bacterial species isolated and iden-
tified in this study. The bacterial loads de-
termined in the water in this study were ca-
pable of causing infections attributable to
all the bacteria isolated. The fact that E.
coli pollution was found in the water direct-
ly indicates that faecal pollution was evi-
dent and, consumers could be at risk of
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Table 2b: Loads of enteric bacteria enumerated in well B

Bacteria  Minimum Maximum Range

(CFU/mL) (CFU/mL) (CFU/mL) (CFU/mL) Value value)

E. coli 4.5x10° 10.5x10° 6.0x10°

Klebsiella
sp.

2.0x10° 3.50x10° 3.30x10°

M(Mean) T Sig (P- Rema
7.38x10° 7.159 0.001 S
1.91x10° 3.625 0.015 S

S= Significant

Table 3: Loads of enteric bacteria enumerated across both wells.

Bacteria Maximum Minimum Range M (Mean) T Sigp- Re
(CFU/mL) (CFU/mL) (CFU/mL) (CFU/mL) Value value

E. coli 4.5x10° 1.5x10° 10.5x10° 8.9x10° 9.013 0.000
Klebsiella sp. 5.5x10° 2x10° 5.3x108 2.75x10°8 5.926 0.000

S= Significant

faeco-oral diseases such as Typhoid fever, Gastro-
enteritis and Bacillary dysentery which may result
in widespread infection or epidemic and pose a pub-
lic health threat. Also, among the different samples
analyzed, E. coli had the highest load while
Klebsiella sp had the lowest load. In addition, the
presence of these bacteria in such concentrations
indicates that the water in the wells is not properly
treated before usage. Improper care given to the
wells coupled with the handling of equipment
(fetcher and rope) used in drawing water from the
wells is other means by which these bacterial spe-
cies could have caused massive pollution of the
wells.

RECOMMENDATIONS

It is recommended that the wells in the village
should be properly given the hygienic practice it
deserves by covering them at all times to avert pol-
lution by flies and waterborne pathogens. Again,
there is an utmost need for the artisans to have a
well-kept fetcher devoid of microbial pollutants in-
stead of their current practice of drawing water with
multiple fetchers. Additionally, clearing the dump
sites close to the wells coupled with the construction
of an adequate drainage system and ensuring that
the current practice of having dumpsites close to the
wells is prohibited will go a long way in ensuring
that dumpsite-related microbial pollution is avoided.
However, it is important to indicate that this study
was limited to the isolation of the enteric bacteria
present in the wells investigated. It is recommended
that there is a need for further identification of other
pathogenic organisms that could be present in the
wells and the specific species and strains of the en-
teric bacteria isolated in this study through the

employment of biochemical tests and most im-
portantly molecular identification.

References

Adams, R. and Moss, O. (2008). Food Microbiology,
Third Edition. UK: The Royal Society of
Chemistry.

Adeleye, A. O., Kabiru, B., Amoo, A. O.,
Amoo, F. K., Raji, M., Bate, G. B., Yal-
waji, B. and Yerima, M. B. (2020). Detec-
tion of Bacteriological Contaminants in Hand-
Pump Fitted Borehole Water from a Residen-
tial Suburb in Ringim Local Government, Jiga-
wa State. Nigerian Journal of Basic and Ap-
plied Sciences, 28 (2): 81-88.

Adeleye, A. O., Orifah, M. O., Amoo, A. O., [janu,
E. M., Shuaibu, S. J. and Hassan, A. (2018).
Artisans’ Knowledge and Perception on Hand-
Dug Well Waterborne Related Diseases in
Dutse Mechanic Village North-West, Nigeria.
Journal of applied science and environmental
management, 22 (10): 1603—-1607.

Amadi, A. N., Olasehinde, P. 1., Obaje, N. G., Nnue-
vho, C. I, Yunusa, M. B., Keke, U. N., Ameh,
A. 1. (2017). Investigating the Quality of
Groundwater from Hand-Dug Wells in Lapai,
Niger State using Physicochemical and Bacte-
riological Parameters. Minna Journal of Geo-
sciences (MJG), 1(1): 77-92.

Ayantobo, O. O., Oluwasanya, G. O., Idowu, O. A.
and Eruola, A. O. (2012). Water Quality Evalu-
ation of Hand-dug Wells in Ibadan, Oyo State,
Nigeria. Hydrology for Disaster Management.
Special Publication of the Nigerian Association
of Hydrological Sciences. Pp 231-239.

Anchor University Journal of Science and Technology , Volume 2 Issue 2 Adeleye et al 208



Baveja, C. (2013). Text Book of Microbiology
Fourth Edition. New Delhi: Arya Publica-
tions.

Begum, M., Ali, Z. and Bari, A. (1986). Quantita-
tive and Qualitative Microbial Load Deter-
mination from Meat Samples Effected by
Time and Temperature. Journal of Pakistan
Medical Association. 36(90): 90-93.

Canadian Food Inspection Agency (CFIA) (2014).
Procedure for Sampling Fresh Fruits and
Vegetables. Available at http://
www.inspection.gc.ca/food/fresh-fruits-and
-vegetables /food-safety/sampling-fresh-
fruit-and-vegetables/eng. Retrieved on 22nd
May, 2022.

Cappuccino, J. and Sherman, N. (2014). Microbiol-
ogy: A Laboratory Manual. New Delhi:
Dorling Kindersely PVT Ltd and Pearson
Education Ltd.

Cosgrove, W. J. and Rijsberman, F. R. (2000).
World Water Vision: Making Water Every-
body’s Business. Earth scan Publication
Ltd., UK, ISBN: 185383730X, pp: 108

Edberg, S. C., Rice, E. W., Karlin, R. J., Allen,

M J. (2000). Escherichia coli: The Best
Biological Drinking Water Indicator for
Public Health Protection. Journal of Ap-
plied Microbiology Symposium Supplement,
88(Suppl. S), 106S-1168S.

Eni, A., Oluwawemitan, 1. and Solomon, U. (2010).
Microbial Quality of Fruits and Vegetables
Sold in Sango, Ota Nigeria. African Journal
of Food Science, 4(5): 291- 296.

Enriquez, C., Nwachuku, N. and Gerba, C. P.
(2001). Direct Exposure to Animal Enteric
Pathogens. Rev. Environ. Health, 16(2): 117
—131.

Falnyi, L., Yerima, M. B., Mohammad, A. S. and
Adeleye, A. O. (2022). Detection and Anti-
biogram of Bacteriological Contaminants in
Commonly Consumed Sachet Water in
Dutse, Jigawa State, Nigeria. Caliphate
Journal of Science and Technology
(CalJoST), 4 (1): 109-118.

Food Safety and Standard Authority of India
(FSSAI) (2015). Manual on General Guide-
line on Sampling. New Delhi, New Delhi,
India: Ministry of Health and Family Wel-
fare, Government of India. Available at
http://old.fssai.gov.in/Portals/0/Pdf /

Draft Manuals/ GEN-
ERAL_GUIDELINES_ON_SAMPLING.p
df. Retrieved on March 2nd 2022.

Gomez, J. D. and Nakat, A. C. (2002). Community
Participation in w\Water and Sanitation.
Water International, 27: 343-353. DOI:
10.1080/02508060208687014

Gopal, K. and Agrawal, A. (2010). Principles of
Toxicology. International Book Distributing
Company Publishers. ISBN 10:
8181895487/ ISBN 13: 97881818895486.

Anchor University Journal of Science and Technology , Volume 2 Issue 2

Kassie, B. (2018). Solutions for Nigeria’s Water
Quality Challenges. Available at http://
borgenproject.org/nigerias-water-
quality-solution/, Accessed on April 27,
2022.

Linda, J. (1997). Microbial Pathogens Associat-
ed with Produce. Perishables handling.
91:2-3.

Meldrum, R., Little, C., Sagoo, S., Mithani, V.,
McLauchlin, J. and Pinna, E. (2009).
Assessment of the microbiological safe-
ty of Salad Vegetables and Sauces from
Kebab take-away Restaurants in the
United Kingdom. Food Microbiology.
26(2009): 573-577.

Nguz, K., Shindano, J., Samapundo, S. and
Huyghebaert, A. (2005). Microbial
Evaluation of Fresh-Cut Organic Vege-
tables Produced in Zambia. Food con-
trol, 16(2005), 623-628.

Nishith, K. and Chakraborty, P. (2014). Manual
of Practical Microbiology and Parasitol-
ogy. New Delhi: New Central Book
Agency.

Obikpo, L., Onyia, F. C., Offe, I. M., Ezeilo, C.
M, Ezebialu, C., and Afunwa, R. A.
(2022). Bacteriological quality of com-
munity well water and public health
concerns in Enugu urban, Nigeria. Afri-
can Journal of Clinical and Experi-
mental Microbiology, 23 (2): 190 — 200.

Odonkor, S. T.and Mahami, T. (2020). Esche-
richia coli as a Tool for Disease Risk
Assessment of Drinking Water Sources.
International Journal of Microbiolo-
£2y..2020: 2534130.

Odonkor S. T. and Ampofo J. K.

(2013). Escherichia coli as an Indicator
of Bacteriological Quality of Water: An
Overview. Microbiology Research, 4
(1): p. 2. doi: 10.4081/mr.2013.e2.

Oluwasanya, G. O. (2009). Better Safe than
Sorry: Towards Appropriate Water
Safety Plans for Urban Self Supply Sys-
tems in Developing Countries, PhD.
Thesis, Cranfield University, UK, Pp.
459.

Prescott, L., Harley, J. and Klein, D. (2002).
Microbiology Fifth Edition. United
State: McGraw Hill Companies.

Rashid, T. and Ebringer, A. (2007). Ankylosing
spondylitis is linked to Klebsiella--The
Evidence. Clinical Rheumatology. 26
(3): 858-864.

Santra, S. C. (2014). Environmental Science.
New Delhi: New Central Book Agency.
ISBN-13 9788173814044. Pp 1560.

Adeleye et al 209


http://www.inspection.gc.ca/food/fresh-fruits-and-vegetables%20/food-safety/sampling-fresh-fruit-and-vegetables/eng
http://www.inspection.gc.ca/food/fresh-fruits-and-vegetables%20/food-safety/sampling-fresh-fruit-and-vegetables/eng
http://www.inspection.gc.ca/food/fresh-fruits-and-vegetables%20/food-safety/sampling-fresh-fruit-and-vegetables/eng
http://www.inspection.gc.ca/food/fresh-fruits-and-vegetables%20/food-safety/sampling-fresh-fruit-and-vegetables/eng
http://old.fssai.gov.in/Portals/0/Pdf%20/Draft_Manuals/%20GENERAL_GUIDELINES_ON_SAMPLING.pdf
http://old.fssai.gov.in/Portals/0/Pdf%20/Draft_Manuals/%20GENERAL_GUIDELINES_ON_SAMPLING.pdf
http://old.fssai.gov.in/Portals/0/Pdf%20/Draft_Manuals/%20GENERAL_GUIDELINES_ON_SAMPLING.pdf
http://old.fssai.gov.in/Portals/0/Pdf%20/Draft_Manuals/%20GENERAL_GUIDELINES_ON_SAMPLING.pdf
http://borgenproject.org/nigerias-water-quality-solution/
http://borgenproject.org/nigerias-water-quality-solution/
http://borgenproject.org/nigerias-water-quality-solution/
https://pubmed.ncbi.nlm.nih.gov/?term=Odonkor%20ST%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Mahami%20T%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7313150/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7313150/

Shobha, S. (2014). Bacteriological Analysis of

Fresh Vegetables and Fruits of Local Mar- World Health Organization (WHO) (2017).

ket. International Research Journal of Bio- Guidelines for Drinking-water Quality.

logical Sciences, 3(11): 15-17. Fourth Edition. Available at https://
Singh, V. P. and Neelam, S. (2011). A Survey Re- apps.who.int/iris/bitstream/

port on Impact of Abattoir Activities and handle/10665/254637/978

Management on Residential Neighbour- 9241549950-eng.pdf. Retrieved on

hoods. Indian Journal of Veterinarians, 6 22nd November, 2022.

(3): 973-978. Yadav, M. (2012). Microbiology. New Delhi:
Tortora, J., Funke, R. and Case, L. (2014). Micro- Discovery Publishing House.

biology: An Introduction. 9tk Edition.
New Delhi: Dorling Kindersely Publishers.

Tya, T. S. K., Umaru, A. B. and Barmamu, B. R.
(2012). Bacteriological Analysis of Hand-
Dug Well Water In Demsa Local Govern-
ment Area, Nigeria. International Refereed
Journal of Engineering and Science
(IRJES), 1(4): 28-31.

United Nations International Children’s Emergen-
cy Fund (UNICEF) (2021). Nearly one
third of Nigerian children do not have
enough water to meet their daily needs.
Available at https://www.unicef.org/
nigeria /press-releases/nearly-one-third-
nigerian-children-do-not-have-enough-
water-meet-their-daily-needs, Retrieved on
8th March, 2022.

United Nations International Children’s Emergen-
cy Fund (UNICEF) (2016). Strengthening
Enabling Environment for Water, Sanita-
tion and Hygiene (WASH): Guidance
Note. Available at https://agora.unicef.org/
pluginfile.php/69724/course/summary/
WASH%20 Guidance%20Note%
20Draft%20Updated%20LR.pdf. Re-
trieved on 12th March, 2022.

United State Food and Drug Administration
(USFDA) (2018). Bacteriological Analyti-
cal Manual (BAM) Chapter One: Food
Sampling and Preparation of Sample Ho-
mogenate. Available at https://
www.fda.gov/food/foodscienceresearch/
laboratorymethods/ucm06 3335.htm. Re-
trieved on 26th May, 2022.

Uzeh, R. E., Alade, F. A. and Bankole, M. (2009).
The Microbial Quality of Prepacked
Mixed Vegetables Salad in Some Retail
Outlets in Lagos, Nigeria. African Journal
of Food Science, 3(9): 270-272

Viswanathan, P. and Kaur, R. (2001). Prevalence
and growth of pathogens on Salad Vegeta-
bles, Fruits and Sprouts. International
Journal of Hygiene and Environmental
Health, 203(3): 205-213.

Waithaka, P., Nyamache, A. and Maingi, J. (2014).
Microbial Contamination of Environmen-
tal, Food and treated Water samples in Na-
kuru North Sub-county, Kenya. Interna-
tional Journal of Microbiology and Allied
Science, 1(2): 78-91.

Anchor University Journal of Science and Technology , Volume 2 Issue 2 Adeleye et al 210


https://www.unicef.org/nigeria%20/press-releases/nearly-one-third-nigerian-children-do-not-have-enough-water-meet-their-daily-needs
https://www.unicef.org/nigeria%20/press-releases/nearly-one-third-nigerian-children-do-not-have-enough-water-meet-their-daily-needs
https://www.unicef.org/nigeria%20/press-releases/nearly-one-third-nigerian-children-do-not-have-enough-water-meet-their-daily-needs
https://www.unicef.org/nigeria%20/press-releases/nearly-one-third-nigerian-children-do-not-have-enough-water-meet-their-daily-needs
https://agora.unicef.org/pluginfile.php/69724/course/summary/WASH%20%20Guidance%20Note%20Draft%20Updated%20LR.pdf
https://agora.unicef.org/pluginfile.php/69724/course/summary/WASH%20%20Guidance%20Note%20Draft%20Updated%20LR.pdf
https://agora.unicef.org/pluginfile.php/69724/course/summary/WASH%20%20Guidance%20Note%20Draft%20Updated%20LR.pdf
https://agora.unicef.org/pluginfile.php/69724/course/summary/WASH%20%20Guidance%20Note%20Draft%20Updated%20LR.pdf
https://www.fda.gov/food/foodscienceresearch/laboratorymethods/ucm06%203335.htm
https://www.fda.gov/food/foodscienceresearch/laboratorymethods/ucm06%203335.htm
https://www.fda.gov/food/foodscienceresearch/laboratorymethods/ucm06%203335.htm
https://apps.who.int/iris/bitstream/handle/10665/254637/978%209241549950-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/254637/978%209241549950-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/254637/978%209241549950-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/254637/978%209241549950-eng.pdf

