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ABSTRACT

Aim: To determine the bacteriological quality and physicochemical properties of hand-
dug well water used as sole source of water for domestic consumption in Dareta village,
Anka, Nigeria.

Study Design: In this study ten (10) different well water samples were collected from
Dareta village for bacterial assessment and the physicochemical properties.

Place and Duration of Study: This study was carried out in National Research Institute
for Chemical Technology, Zaria, Nigeria, between July and November, 2012.
Methodology: The samples were also cultured into bacteriological peptone water for
enrichment. The culture in bacteriological peptone water was diluted in distilled water
using serial dilution for total bacterial count. Some biochemical tests were carried out to
identify the pathogens, also MPN was done for total coliform count. The temperature and
TDS of the water samples were measured using HACH conductivity/TDS meter and the
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pH was conducted using Lutron pH 201 meter.

Results: The physicochemical properties of the water indicated that the temperature was
26-29°C, pH ranged from 5.82 - 6.65 and total dissolved solid ranged from 60 - 380
m%/ml. The result of heterotrophic plate count showed bacterial count range from 33 x
10% - 110 x 10*cfu/ml. The most probable number result was from 23 - 1600MPN/ml. The
pathogens isolated were Salmonella spp (40%), Escherichia coli (80%) and
Pseudomonas aeruginosa (50%).

Conclusion: In conclusion, the presence of these pathogens in the water indicates that
none of the water used for domestic purposes in this village meet the maximum
acceptable value.

Keywords: Well water; total coliforms count; total bacteria count; physicochemical properties.
1. INTRODUCTION

Water of good drinking quality is of basic importance to human physiology and man’s
continued existence depends very much on its availability. Safety and quality of drinking
water is always an important public health concern [1,2,3]. The provision of portable water to
the rural and urban population is necessary to prevent health hazards [4,5]. Before water
can be described as potable, it has to comply with certain physical, chemical and
microbiological standards, which are designed to ensure that the water is palatable and safe
for drinking [6]. Potable water is define as water that is free from diseases-producing
microorganisms and chemical substances deleterious to health [7]. Water borne diseases
continue to be one of the major health problems especially in developing nations.

In developing countries like Nigeria, especially in the rural and sub-urban communities,
water for drinking and other domestic uses is mostly obtained from wells dug by inhabitants
[8]. In addition to the well water other available sources of water in rural communities are
streams and rivers. Such wells and streams are subject to contamination with pathogenic
bacteria because of human activities more especially children and their proximity to
defecating environment and latrines [9,3]. Also poor wastewater and solid waste
management, poor construction and inadequate protection of the wells and presence of
latrines closer to the wells predispose them to contamination [10]. Natural groundwater is
usually of good quality, but this can deteriorate due to inadequate source protection and
poor resource management. Mechanisms of groundwater recharge and the natural
attenuation capacity also depend on soil type and geomorphologic characteristics [11,12].

The prevalence of diseases such as diarrhoea, typhoid fever, cholera and bacillary
dysentery among the populace has been traced to the consumption of unsafe water and
unhygienic drinking water [13]. The consumption of drinking water contaminated with
pathogenic microbes of faecal origin is a significant risk to human health in the developing
world, especially in remote rural areas and peri-urban “shanty' communities. Over 3 million
deaths per year are attributed to water-borne diarrhoeal diseases, especially among infants
and young children in poor communities in Africa, Asia and South [14]. The most dangerous
form of water pollution occurs when faecal contaminants enter the water supply. Pathogens
such as Salmonella species, Shigella species, Vibrio cholerae and E. coli that are shed in
human and animal faeces ultimately find their way into water supply through direct and
indirect deposition of contaminants from faecal source into the wells either by humans,
animals [15] and probably wind blow which carry some soil pathogens to the wells.
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Enteric pathogens are typically responsible for several waterborne sicknesses [16,17].
Contamination of water is a serious environmental problem as it adversely affects the human
health and the bio-diversity in the aquatic ecosystem. The use of indicator bacteria such as
faecal coliforms (FC) in water quality determination on fresh water source is widely used
[18]. Currently, coliforms and Escherichia coli are of great importance among bacterial
indicators used in water quality definition and health risk [19]. The aim of this research was
to determine the bacteriological quality of well water in the heart of Dareta village in Zamfara
State, Nigeria.

2. MATERIALS AND METHODS
2.1 Sample Collection and Laboratory Analysis of Samples

Samples of water were collected in labelled sterile sample bottles and were transported to
the laboratory in a portable sample thermocool containing ice for bacterial analysis. In the
laboratory, samples of the water collected were culture into tubes containing bacteriological
peptone water and incubated for 48 hours at 37°C for enrichment.

2.2 Physicochemical Properties

Temperature was measured at the site of the sampling using HACH conductivity/TDS Meter
(model 44600.00). pH was conducted electronically using Lutron pH 201 meter. TDS was
also determined using HACH conductivity/Total dissolved solid meter (model 44600.00).

2.3 Heterotrophic Plate Count

Samples that were inoculated into bacteriological peptone water for enrichment were serially
diluted with sterile distilled water following ten-fold dilution procedure in ten test tubes [20].
That is 1ml of the sample was collected using 1.0mL sterile pipette and dispensed into 9ml
of distilled water and then different dilutions were made in 9ml of distilled water in the
remaining tubes. 1ml of the diluted sample in the last three test tubes was spread on sterile
Petri dishes containing nutrient agar and were incubated for 24 hours at 37°C. The colonies
of bacteria on the nutrient agar plates were counted and each number was recorded.

2.4 Identification of Specific Bacteria

The last three diluted samples in the tubes were spread on different selective media;
Salmonella-shigella agar, Pseudomonas CN agar and Eosin methylene blue agar. All the
plates were incubated for 24 hours at 37°C. The 24 h old cultures of the organism were
subjected were to biochemical tests such as indole, catalase, oxidase, urease and H,S test
[21]. The bacterial isolates were subjected to Gram staining as described by [22].

2.5 The Most Probable Number (MPN)

The microbial quality of the drinking water samples was assessed by making use of the
multiple tube fermentation technique. Total coliforms were estimated by using the 5-tube
most probable number (MPN) method. Sterile lactose broth of single strength and double
strength was used for the presumptive test and samples of 10ml, 1ml and 0.1ml were
inoculated into respective dilution tubes containing inverted Durham’s tubes and incubated
at 45°C for 24 hours.
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The MPN was estimated by counting the number of tubes in each group that showed gas
and acid production following the incubation period using the method of [14]. Contents of
tubes showing growth were streaked on Eosin Methylene Blue (EMB) agar for isolation of E.
coli and incubated at 37°C for 24hours for confirmative test. Colonies showing typical E. coli
characteristics (green metallic sheen) were selected and were re-inoculated into tubes of
lactose broth. Growth characteristics in lactose broth (production of gas and acid) as well as
reactions to indole and glucose showed completed test for coliform bacteria [23].

3. RESULTS AND DISCUSSION

The total dissolved solids of the water sample ranged from 60 - 380mg/ml as described in
Fig. 3.1, which was below the allowable limit, the pH of the water samples collected from the
well ranged from 5.82 - 6.13 which were at weak acidic pH as seen in Table 3.1. In drinking
water the maximum allowable limit of pH is between 6.5 and 8.5. The temperature of the
water samples ranged from 26 - 29°C. In Nigeria, the maximum allowable limit of total
dissolved solids in drinking water is 500mg/ml, temperature is ambient temperature [24].

The range of total bacteria count was from 23 x 10?- 110 x 10*cfu/ml as indicated in Table
3.1. The count revealed that 1ml of the water from W, has the highest number of bacteria
with counts of 110 x 10*cfu/ml, which means that W, was more contaminated follow by Wg
with a total bacterial count of 108 x 10%cfu/ml. The least count of the bacteria was obtained
from W4, with a total count of 33 x 10°cfu/ml as shown in Table 3.1. This result indicates that
none of the water samples is fit for consumption and children could be responsible for the
high bacterial load as seen in Fig. 2.1.

Fig. 2.1 One of the wells in the heart of Dareta Village
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Table 3.1 Some Physicochemical Parameters and Heterotrophic plate count

Sample Temperature (°C) pH Bacterial Count (CFU/ML)
W4 27.2 5.82 110 x 10°
W, 26.0 6.13 98 x 10°
W, 28.4 6.53 56 x 10°
W, 27.1 6.56 76 x 10*
W s 29.0 6.43 102 x 10*
W 26.5 6.50 108 x 10*
W, 27.3 6.41 46 x 10°
W 28.6 6.34 64 x10*
Wy 26.0 6.55 64 x 10°
W 1o 28.6 6.50 33 x 10°
KEY: W= Well1, 2,3,4,5,6,7,8,9,10, CFU = Colony Forming Unit
400 -
350
300
T 250 -
? 200
2
= 150 A
100 -
50 -
0 T T T T T T T T T 1
W1 W2 W3 W4 W5 W6 W7 W8 W9 W10
Well water samples

Fig. 3.1 The total dissolved solutes in the well water

The most probable number(MPN) for the presumptive total bacteria count of the water
samples ranges from 23 - 1600MPN/100ml as shown in Fig. 3.2. From the Figure it shows
that water fromW,, W, and Wg had the highest total coliform count of 100MPN/100ml, the
least total count were from W10, W3, and W; with count of 23MPN/100ml, 36 MPN/100m|
and 33MPN/100ml respectively. Other total coliform counts obtained are: 170MPN/100ml,
350MPN/100ml, 140MPN/100mI| and 60MPN/100ml which were obtained from W,, W5, Wy
and Wy respectively. The result of the MPN has revealed that all the well water were highly
contaminated with coliforms and could meet the standard for drinking water. The
recommended standard for total coliform or E. coli in portable water is less than 2MPN 100
ml, this standard varies from region to region in the world [23].
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Table 3.2 Biochemical characteristics of the isolates from each sample

Sample Oxidase Catalase Indole H,S Urease Pathogen Isolated

W, - + + - - Escherichia coli
+ - - - + Pseudomonas aeruginosa
W, - - - + - Salmonella spp,
- + + - - Escherichia coli
W, - + + - - Escherichia coli,
+ - - - + Pseudomonas aeruginosa,
- - - + - Salmonella spp,
W, - + + - - Escherichia coli
W - - - + Salmonella spp,
- + + - - Escherichia coli
W - + + - - Escherichia coli
+ - - - + Pseudomonas aeruginosa
W, - + + - - Escherichia coli
W + - - - + Pseudomonas aeruginosa
Wy - - - + - Salmonella spp
- + + - - Escherichia coli
W 10 + - - - + Pseudomonas aeruginosa
KEY: W1-10 = Well water, + = Positive test, - = Negative test
1600 - (] -
1400 -
1200 -
£
g 1000 -
=
é 800 -
Z 600 -
=
400
200 - -' I -I
T : : ; ; ; . . ) : P
W1 W2 3 W4 W5 W6 w7 w8 w9 W10
The Well water samples

Fig. 3.2 Shows result of completed test of MPN with gas production in fresh lactose
broth, staining character of the indicator bacteria and indication of portability for each
water sample.

Escherichia coli in drinking water indicate the water has been contaminated with faecal
material that may contain disease causing microorganisms, such as pathogenic bacteria,
viruses, or parasites. The presence of coliforms group in the water samples generally
suggests that a certain selection of water may have been contaminated with faeces either of
human or animal origin. Faecal coliforms (FC) are the most widely used indicator bacteria for
faecal contamination, as their excreted load is similar or larger than that of pathogenic
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organisms, and their survival time in the environment is longer than that of excreted bacteria
and viruses [25]. Other more dangerous microorganisms could be present. Table 3.2 shows
the various biochemical tests carried out to further identify and confirm the pathogens
isolated in sampled wells in Dareta. The pathogens isolated from these wells were
Escherichia coli, Pseudomonas aeruginosa, and Salmonella spp, the presence of these
pathogens has rendered all the well water unfit for consumption, but yet it has become sole
source of water for drinking and domestic purposes by the inhabitants of this village.

These pathogens of faecal origin could find their ways to this water source through indirect
and direct deposition of contaminants from faecal source either from humans, animals, birds
and wind [26,27]. Pseudomonas sp. is a very common contaminant in water systems due to
their ease of colonization and they form thick biofilms which consequently has an effect on
turbidity, taste and odour of drinking water [28]. The maximum acceptable value of total
coliform in drinking water is less than 1 per 100mL and free from faecal coliform [29]. [14,30]
reported that consumption of drinking water contaminated with pathogenic microbes of
faecal origin is a significant risk to human health in the developing world, especially in
remote rural communities. Water should meet different quality specifications depending on
the particular uses. Thus, potable and domestic water should contain no pathogens or other
contaminants that could be harmful to health of man [31]. Water should have proper
organoleptic properties and should be suitable for domestic uses.

4. CONCLUSION

In conclusion, none of the water used for drinking in this vilage meet the maximum
acceptable value. There should be portable supply of water to rural communities for
consumption. Water quality should be controlled in order to minimize acute problem of water
related diseases, which are endemic to the health of man.

COMPETING INTERESTS
Authors have declared that no competing interests exist.

REFERENCES

1. Lamikanra A. Essential Microbiology for students and Practitioner of Pharmacy,
Medicine and Microbiology. 2nd ed. Amkra books Lagos; 1999.

2. Food and Agriculture Organization, FAO. Chemical analysis: Manual for food and
water, 5th Ed, FAO ROME. 1997;1:20-26.

3. Moniruzzaman M, Akter S., Islam MA, and Mia Z. Microbiological Quality of Drinking
Water from Dispensers in Roadside Restaurant of Bangladesh. Pakistan J Biol Sci.
2011;14(2):142-45.

4. Nikoladze GDM, Akastal S. Water treatment for Public and Industrial Supply MIR
Publisher Moscoul; 1989.

5. Lemo OO. Bacteriology Determination of Water with long term storage (BSc. Thesis)

UNAAB Abeokuta; 2002.

Tebutt THY. Principles of Quality Control. Pergamon, England. 1983;235.

Ihekoronye Al, Ngoddy PO. Integrated Food Sciences and Technology for the Tropics.

Macmillan Press London, Oxford. 1985;95-195:

No

1125



10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.
27.
28.

20.

British Journal of Applied Science & Technology, 4(7): 1119-1127, 2014

Oyetao VO, Akharaiyi FC, Oghumah M. Antibiotic sensitivity pattern of Escherichia coli
isolated from water obtained from wells in Akure metropolis. Research J Microbiol.
2007;2:190-93.

Raymond F. Le Problame dis ean dans le monde (problems of water), EB and Sons
Ltd., UK. 1992;123-26.

Edema MO, Omemu AM, Fapetu OM. Microbiology and Physicochemical Analysis of
different sources of drinking water in Abeokuta. Nigeria. Nigerian J Microbiol.
2001;15(1):57-61.

Oyedeji O, Olutiola PO, Moninuola MA. Microbiological quality of packaged drinking
water brands marketed in Ibadan metropolis and lle-Ife city in South Western Nigeria.
Afr J Microbiol Res. 2010;4(1):096-02.

Osho A, Mabekoje OO, Bello OO. Preliminary evaluation of wastewater effluents from
two food companies in Nigeria. Afr J Microbiol Res. 2010;4(13):1395-399.

Mead AM, Helm G, Callan P and Atlas RM. A prospective study of drinking water
quality and gastrointestinal diseases. New England J Med. 1999;245(9):224-48.
Chatterjee SN, Das D, Roy M, Banerjee S, Dey P, Bhattacharya T, Chandra G.
Bacteriological examination of drinking water in Burdwan, India with reference to
coliforms. Afr J Biotech. 2007;6(22):2601-602.

DiPaola TS. Biological and Chemical Renovation of Wastewater with a soil infilterator
Low-Pressure distribution System. Virginia Tech. University press. Virginia; 1998.
Nieiwlak S. Total viable count and concentration enterobacteria in bottom sediment.
Polish J Environmental Studies. 1998;75:295-06.

Sabae SZ. Monitoring of microbial pollution in the river Nile and the impact of some
human activities on its waters. Proceeding 3rd Int'| conference on Bio-Science 28 — 29
April. 2004;3:200-14.

You-Joe A, Kampbell DF, Breidenbach GP. Escherichia coli and total coliform in water
and sediment in Lake Manner. J Environmental Pollution. 2003;120(3):771-78.
Giannoulis N, Maipa V, Konstantinou I, Albanis T, Dimoliatis I. Microbiological risk
assessment of Agios Georgios source supplies in north western Greece based on
faecal coliform determination and sanitary inspection survey. Chemosphere.
2005;58:1269-276.

Prescott LM, Harley JP, Klein DA. Microbiology. 7th edition, McGraw-Hill Companies,
Inc., New York. 2008;38-603:1032-034.

Cheesbrough M. District Laboratory Practice in Tropical Countries, Part 2, Cambridge
low price edition. Sheck Wah Tong printing press, Hon Kong. 2002;134-43.

Holdeang AJ, Collee JG. Routine biochemical tests in microbiology (ed. D. W.
Ribbons). Academic Press. 1997;14-132.

Okonko 10, Adejoye OD, Ogunnusi TA, Fajobi EA, Shittu OB. Microbiological and
physicochemical analysis of different water samples used for domestic purposes in
Abeokuta and Ojota, Lagos State, Nigeria. Afr J Biotec. 2008;7(5):617-21.

Standard Organization of Nigeria, SON. Nigeria Standard for Drinking Quality; 2007.
Ramirez E, Robles E, Gonzalez ME, Martinez ME. Microbiological and
Physicochemical Quality of Well Water Used as a Source of Public Supply. Journal of
Air, Soil and Water. 2010;3:105-12.

Richman M. Industrial Water Pollution, Wastewater. 1997;5(2):24-29.

Tebutt THY. Principles of Quality Control. Pergamon, England. 1983;235.

Fapetu OM. Comparative Analysis of Different Sources of Drinking Water in Abeokuta
South L.G A., Ogun State (B.Sc. Thesis) UNAAB Abeokuta. 2000;44.

Kurup R, Persaud R, Caesar J, Raja V. Microbiological and physiochemical analysis of
drinking water in Georgetown, Guyana. J Nat. and Sci. 2010;8(8):261-65.

1126



British Journal of Applied Science & Technology, 4(7): 1119-1127, 2014

30. WHO. Guidelines for Drinking-water Quality Geneva: World Health Organisation;
2004. Available at: www.who.int/water_sanitation _health/dwg/gdwg3/en/print.html|

31. Efuntoye MO, Apanpa MO. Status of contamination and antibiotic resistance of
bacteria from well water in Ago- lwoye, Nigeria. J Applied Biosci. 2010;35:2244-250.

© 2014 Hammuel et al.; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php ?iid=384&id=5&aid=3137

1127




