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Abstract

Water-borne diseases are a common cause of epidemics and deaths. It is common
knowledge that spring water is consumed raw without any form of treatment in
many communities in Nigeria. Water intended for drinking if not properly treated
and monitored could be a vehicle of some bacteria disease of public health im-
portance. The aim of this study therefore, is to determine the microbiological quality
of spring water samples collected from three communities in Thitte/Uboma Local
Government Area. The objective is to carry out bacteriological examination to ascer-
tain the quality of these spring water for potability and compare results obtained with
water quality standards of WHO. Standard microbiological methods were used for
the isolation, enumeration, characterization and identification of bacterial isolates.
Results showed that, temperature values ranged from 19°C to 23°C while pH was 7.1
in all the spring water samples. The total aerobic heterotrophic bacterial counts
ranged from (1.9 to 5.64) x 10 cfu/ml. Total Coliforms ranged from 4 to 17 (MPN
index 100 per ml) while Thermotolerant Coliforms ranged from 6 to 20 (MPN index
100 per ml). The bacteria isolated were Escherichia coli, which occurred in the three
spring water samples. Salmonella sp. occurred in Oturugo spring water and Inyenta
spring water. Shigella sp occurred in Oturugo and Inyenta spring waters, Klebsiella
sp, occurred in Wogba and Inyenta spring waters and Bacillus sp, occurred in Wog-
ba and Inyenta spring waters. Analysis of variance (ANOVA) using F-Test showed
that there was no significant difference at p > 0.05 in the incidence of bacteria be-
tween the different spring water samples. The presence of these organisms revealed
microbial and faecal contamination of the spring waters. This study therefore empha-
sizes the need for treatment of spring water before human consumption.
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Introduction

Spring is a water of a natural situation where water flows from an underground layer
of water bearing permeable rocks and rock fractures (aquifer) to the earth’s surface
or emerges as a spring. Most of the water that emerges as springs originally fell as
rain or snow on the surface of the earth (Zimmerman, 1996; Thurman et al., 1998).
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Spring water is used for a variety of human needs primarily as a source of
drinking water. Spring water is the subject of many popular misconceptions. For
example, many people believe that spring water is actually “pure” water. On the con-
trary, spring water contains many of the same impurities found in drilled wells
(Johnson, 1976).

Most water resources face a host of serious threats, all of which are caused
primarily by human activities and these results to pollution (Obire and Aguda, 2015).
In many locations the contamination of surface and subsurface waters by domestic
human activities causes poor health and sickness to persons who use this water for
drinking (Obire and Aguda, 2015).

Several springs are located in Thitte/Uboma Local Government Area of Imo

state Nigeria. These locations are hilly and mountainous. The communities in Thitte/
Uboma LGA do not have access to public water supply. The inhabitants solely de-
pend on these spring water source for drinking and domestic use and believe the
spring water is totally “pure”. They therefore consume these spring water without
any form of treatment. There has also been no report on bacterial quality of these
spring waters. Human activities that can pollute spring water in Thitte/Uboma LGA
includes: Improper collection of the spring water when humans go to collect water
for consumption, without putting off their footwear. This could result to fecal con-
tamination and any other possible contaminants attached to the foot wear (Benka-
Coker and Ojior, 1995). Furthermore, when the containers used by humans is un-
clean and carried to the spring water location, it is possible that the water can get
contaminated by these vessels. Most of the families also carry out activities such as
clothes washing close to the spring. Chemical fertilizers and pesticides are used by
farmers in Thitte/Uboma LGA to protect their crops. These chemical fertilizers and
pesticides get mixed with the water due to rainfall because the rain washes off these
chemicals down to the spring water thereby causing pollution (Johnson, 1976).
Drinking water quality management has been the foundation for the prevention and
control of water borne diseases. Hence there is need to ascertain the water quality of
spring water in these rural communities.

Materials and Methods
Study Area

The spring water samples were collected from different locations within Thitte/
Uboma Local Government Area in Imo state Nigeria. These locations are hilly and
mountainous. First sample was from Wogba spring in Amainyi community, the other
was Oturugo spring in Umuihi community and the third was Inyenta spring in
Umuoma community. Imo State lies in the South East of Nigeria with Owerri as its
capital and largest city (Vanguard, 2015). It is Located in the south-eastern region of
Nigeria and occupies the area between the lower River Niger and the upper and mid-
dle Imo River. Imo State is bordered by Abia State on the East, River Niger and Del-
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ta State to the West, Anambra State on the North and Rivers State to the South
(Vanguard, 2015). The State lies within latitudes 4°45'N and 7°15'N, and longitude
6°50'E and 7°25'E with an area of around 5,100 sq km (Imo, 2010).

Collection of Spring Water Samples

Sterile glass bottles were used in the collection of water samples from each spring
source. The spring water was allowed to run for a while and then the bottles were
used in collecting them aseptically and covered immediately to avoid contamination.
Samples were collected from three (3) different spring water locations. The bottles
were properly labeled as (A, B, and C) respectively. Temperature readings of the
water samples were taken using a mercury thermometer and recorded. The samples
were then transferred into a cool box containing ice cubes to reduce the metabolic
activity of microorganisms in the samples. The cool box containing the water sam-
ples was immediately taken to the laboratory for further analysis within 3 hours. All
the spring water samples were processed immediately on arrival.

Sample Processing

The spring water samples were processed by testing and recording some physio-
chemical properties before conducting the microbiological analysis. The tempera-
tures of all the water samples were recorded using a mercury thermometer. Tempera-
ture readings were recorded at the spring site before transportation to the laboratory.
The pH of all the water samples was recorded using Hanna pH meter.

Microbiological Analysis of Spring Water Samples
Isolation and Enumeration of Aerobic Heterotrophic Bacteria

Serial dilution was done on each water sample. The dilution factor was up to  x10~.
The process was carried out so as to obtain discrete colonies when plated on the me-
dium. One millimeter (ml) of each water sample was transferred into 9ml of normal
saline and further dilutions were made up to x10°. This was then inoculated on a
nutrient agar plate by plating out 0.1ml aliquots of various dilution factor (i.e X107,
x10* and x107) respectively. A sterile bent glass rod was used to perform the spread
plate method. It was incubated at 37°C for 24hours. Discrete colonies grown on the
plate (overnight) were counted; the average was recorded as Total heterotrophic
counts of Aerobic bacteria. Pure cultures were collected aseptically, inoculated on
agar slants and incubated at 37°C overnight and stored in the fridge as stock cultures
for further biochemical tests. A total of Nine (9) stock cultures were stored.

Estimation of Coliform and Faecal Coliform Bacteria in the Spring Water
Samples

Estimation of the coliform bacteria in the spring water samples was conducted using
the most probable number (MPN) technique. Reaction to MPN technique and ther-
motolerant coliform bacteria MPN index/100ml of each water sample was done us-
ing double strength MacConkey broth for 10ml of sample and single strength Mac-
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Conkey broth for 0.1ml and Iml of the sample. The test for the estimation of coli-
forms involves the following steps: presumptive, confirmatory and completed test. It
was performed as described by Verma et al., (1999).

Characterization and Identification of Bacteria in Spring Water Samples

Pure cultures of bacteria were subjected to the following characterization tests per-
formed in duplicates. Gram staining, catalase test, coagulase test, urease test sugar
fermentation test, methyl red test, indole test and acid gas test were carried out as
described by Cappuccino and Macfaddin (2005) and Kirk ez al., (2005). The pure
cultures were identified on the basis of their cultural, morphological and physiologi-
cal characteristics in accordance with methods described by Cruikshank et al,
(1975) and with reference to Holt (1977).

Results

The mean values of temperature of the spring water samples ranged from 19 to 23°C,
while the pH value was 7.1 and all three springs recorded the same pH value. Wogba
spring recorded the highest temperature value while Inyenta spring water sample
recorded the lowest temperature value. Oturugo spring recorded a mean temperature
value of 21°C

The mean values of the total aerobic heterotrophic bacteria counts indicated
high microbial counts and microbial pollution of the spring waters. the values ob-
tained ranged from 1.9 x 107 cfu/ml to 5.64 x 107 cfu/ml. Wogba spring recorded the
highest mean count while Inyenta spring recorded the lowest count. On the other
hand, Oturugo spring recorded 2.40 x 10’cfu/ml.

The reaction of the spring water samples to MPN techniques to total coliform
count showed that, Wogba spring recorded the highest coliform count of 17 MPN
Index/100ml and Oturugo spring recorded the lowest count of 4 MPN Index/100ml,
while Inyenta spring recorded a coliform count of 9 MPN Index/100ml.

The reactions of the spring water samples to the MPN technique of Thermo-
tolerant Coliform showed that Wogba spring recorded the highest Thermotolerant
Coliform count of 20 MPN Index/100ml and Oturugo spring recorded the lowest
count of 6 MPN Index/100ml, while Inyenta spring recorded a Thermotolerant Coli-
form count of 9 MPN Index/100ml.

The bacteria that were isolated from the spring water samples and their inci-
dence (%) were Escherichia coli (39%) which occurred in all the spring water sam-
ples while Salmonella (18%) and Shigella (14%) occurred in Oturugo and Inyenta
spring water samples. On the other hand, Klebsiella (19%) and Bacillus species
(10%) occurred both in Wogba spring and Inyenta spring water samples. All the
bacteria isolated during the study occurred in the Inyenta spring water.

The incidence (%) of bacteria showing the error bars with percentage in each
of the spring water samples is shown in Figure 1. Analysis of variance (ANOVA)
using F-Test on the data obtained showed that, the calculated F value (0.8276) was
less than the tabular F value at 5%. There was therefore no significant difference at p
> (.05 in the incidence of bacteria between the different spring water samples.
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Fig. 1: Incidence (%) of bacteria in the different spring water samples

Discussion

The present study showed the presence of Aerobic Heterotrophic bacteria, Total coli-
form and Thermotolerant coliform bacteria in the different spring water samples in
Thitte/Uboma Local Government Area of Imo state. The investigation of each spring
water sample showed that Wogba spring water has the worst sanitary surrounding
when compared with Oturugo spring water and Inyenta spring water and this affect-
ed the results obtained.

In the course of this study Wogba spring water has more bacteria count as
well as more Total coliform and Thermotolerant coliform counts. In relation to
counts of bacteria Inyenta spring water is of better quality while Wogba spring water
is of worse quality. In relation to coliform counts Otorugo spring water is of better
quality while Wogba spring water is of worse quality. Wogba spring water recorded
the highest count of Esherichia coli than Oturugo spring water and Inyenta spring
water. The presence of Esherichia coli indicates faecal contamination of water and
this result reflected the unsanitary condition of the surroundings of Wogba spring
water. The bacterial quality of springs in Chinthapali Mandal has also been reported
to be unsatisfactory with coliforms count far exceeding the recommendation levels
by WHO (Naraina et al., 1995). Due to lack of sanitation, improper waste disposal
40% or more of the disease outbreaks were attributed to consumption of polluted
ground water (Naraina et al., 1995). The analysis of spring water in Ebonyi south
zone in Nigeria were also revealed to be unsafe for human consumption with regards
to high acidity and total coliform counts, here some level of treatment such as liming
is required to rid the water of high acidity (Chesbrough,2010). In many developing
countries, availability of water has become a critical and urgent problem and it is a
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matter of great concern of families and communities depending on non-public water
supply system. Confirmation with microbial standards is of special interest because
of the capacity of water to spread diseses within a large population. The objective
anywhere is to reduce the possibility of spreading water borne diseases to the mini-
mum in addition to being pleasant to drink and must be wholesome and potable
(Edema et al., 2011).

Accesses to safe water are universal needs and indeed basic human rights;
however, many of the world's population lack access to adequate and safe water. Use
of improved sanitation facilities is low especially in Sub-Saharan Africa and South
Asia. Eight hundred eighty four million people in the world still do not get their
spring drinking-water from improved sources; Sub-Saharan Africa accounts for over
a third of that number. Fresh water has become a scarce commodity due to over ex-
ploitation and pollution. Increasing population and its necessities have led to the
deterioration of surface and sub surface water (WHO/UNICEF, 2010).

The greatest risk to public health from microbes in water is associated with con-
sumption of drinking-water that is contaminated with human and animal excreta.
Human faeces can contain a variety of intestinal pathogens which cause diseases
ranging from mild gastro-enteritis to the serious dysentery, cholera and typhoid. The
most predominant waterborne disease, diarrhea, has an estimated annual incidence of
4.6 billion episodes and causes 2.2 million deaths every year (Shyamala, 2008).
Children are the main victims of diarrhea and other faecal-oral disease, and also the
most likely source of infection (WHO, 2011). Total and fecal coliforms have been
enumerated from various water sources. The presence of fecal coliforms indicates
the contamination of water with fecal material than may contain pathogenic organ-
isms. These indicator bacterial were found to be more common in unprotected water
sources than protected water sources (Opisa, 2012).

From the results obtained, in as much as all the isolates are potential patho-
gens Wogba spring water is of better bacteriological quality because of the absence
of Salmonella sp and Shigella sp which are enteric organisms. Benker-coker and
Ojior (1995) stated that any form of human activity obviously will influence the in-
dication of these microorganisms in spring water since it has been believed in the
70’s that the water from this source is considered pure. Despite this belief one has to
be careful while consuming spring water (Benker-coker and Ojior, 1995). Water can
support the growth of many types of microorganisms. However, the presence of oth-
er disease causing microbes in water is unhealthy and even life threatening
(Rheinheimer, 1991).

Comparing the data of the bacteriology of all the spring water samples to the
guidelines of drinking water quality (WHO, 1996), the spring water sources are not
potable and are not fit for direct human consumption without treatment. This study
has therefore revealed that, spring water is not 100% pure and is not safe for human
consumption without treatment due to the fact that contamination is inevitable.

Conclusion

The bacterial quality of the different spring water samples from different communi-
ties in Thitte/Uboma local Government areca of Imo state showed the presence of
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pathogenic microorganisms. The different spring water sources which serve primari-
ly as drinking water in these rural communities contains microbial load which re-
vealed microbial contamination as showed in this study.

Spring is a place where natural outflow of ground water occurs. Therefore a
spring source should be protected from human activities and spring water should be
treated properly before human consumption. This should be taken seriously as mi-
crobial contamination poses great threat to our water resources which results in wa-
terborne diseases caused by pathogenic microorganisms found in water. Awareness
on spring water contamination should be made known to inhabitants in various rural
areas. The public should also be enlightened on the fact that spring water is not
100% pure as its contamination is inevitable.

Correspondence

Professor Obire Omokaro, Rivers State University of Science and Technology
Nigeria

Email: omokaro515@yahoo.com

Osigwe [jeoma Stephanie
Rivers State University of Science and Technology, Nigeria
Email: ijjeezyl18@yahoo.com

References

Benka-Coker, M.O. and O.0. Ojior. (1995). Effect of human activities on spring
water quality of Ikpoba spring, Nigeria. Technol. 52: 5-12.

Cappuccino J and Macfaddin J.F. (2005). Biochemical tests for the identification of
medical bacteria. 2" Edn. Baltimore, MD. Williams and Wilkins.

Chesbrough, M (2000): District Laboratory Practice in Tropical Countries, Part.
Cambridge University Press U.K 55- 80.

Chesbrough, M (2010). District Laboratory Practice in Tropical Countries Part H, 2"
Ed. Cambridgee University Press. Pp. 143-147

Cruickshank, R, Duguid, J.P, Marmion B.P and Swain, R.H.A. (1975). Medical Mi-
crobiology, 12" Edn. Vol. 2. Church 111 Livingstone, PP. 77-122,137-180

Edema, M.O, Omemu, A.M., Fapetu, O.M (2011) Microbiological and Physiochemi-
cal Analysis of different sources of drinking water in Abeokuta, Nigeria. Niger j.
Microbial PP. 14:57-61

Holt, J.G. (1997). The Shorter Bergey’s Manual of Determinative Bacteriology. 8™
Edn. Williams and Wilkins Co: Baltimore.

Imo (2015). About Imo State Imo State Nigeria: Imo State Government. https://
en.m.wikipedia.org/wiki/Imo state. Retrieved July 28, 2016.

155



