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Abstract

This paper seeks to report on whether there are faecal contaminants in
the groundwater resources within the Tano Districts, where people use
groundwater as their source of drinking water and for other domestic purposes.
Total Coliforms, Faecal Coliforms, Enterococci, E.coli and Salmonella were
employed as faecal indicators in this study. Determination of these faecal
indicators in the samples was done using the Most Probable Number (MPN)
method. A simple random sampling method was employed to get the sample
size of 15 wells. The results of this study indicate that the water in the selected
wells had faecal contaminants, proved by the presence of the faecal
determinants in the water samples collected The presence of these organisms
is an indication that water within the wells from the study area has been
faecally contaminated with animal or human faeces. These bacteria are used
as faecal indicators as an evidence of possible sewage contamination because,
they are commonly found in animal or human faeces. Therefore, the fact that
these faecal indicators have been detected in water sampled from the selected
wells means that pathogens might also be present. The study recommends
treatment of the groundwater supplies or encourages the use of the home water
treatment.In an attempt to solve the problem of the faecal contamination of the
selected wells, a future research should be conducted to determine the source
of faecal contamination of ground water in wells at the Tano Districts.
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Introduction:

Improving water services and uses are essential for increasing hygiene

and sanitation, which have a repercussion on the productive lives of people.
Health, nutrition and food production are dependent on availability of water
in adequate quantities and good quality.
According to WHO (2001), it is a Millennium Development Goal to increase
the number of people who gain access to safe drinking water. Paying attention
to appropriate monitoring and quality analysis of water sources in developing
countries, this goal could be accomplished.

Ferrer et al (2020) observe that groundwater has the potential of being the
major source of drinking, domestic water supply and for ecosystem
maintenance as a whole (Lapworth and Sorensen, 2018; Li and Qian, 2018; L.i
et al., 2018).

However, not all the groundwater is safe for human consumption (Zhai et al.,
2015; MacDonald et al., 2016; Vunain et al., 2020; Healy et al., 2017; Foster
et al., 2019; Wang et al., 2018; Jia, 2019 ). Both shallow Phreatic and deep
confined aquifers have been subjected to deterioration and in this case
destroying the quality of the groundwater (Xiao et al., 2017a ; Chuah and
Ziegler, 2018).

From the perspective of (Takal and Quaye-Ballard, 2018; Kapembo et al.,
2019), groundwater could be faecally deteriorated as a result of developmental
activities and this raises questions about its suitability for drinking and for
domestic purposes. The area under study in this research is no exception of
these developments.

In the study conducted by Kayembe et al. ( 2018), it was indicated that
majority of isolated Faecal indicator bacteria strains were of human origin,
pointing out the effect of poor household sanitation practices on not only
surface water but also on groundwater.

There is therefore a refutation of the general assumption that water passing
through the soil was purified by active microbial process and by filtration.
Groundwater environment is seen not devoid of life as previously it was
commonly perceived. As groundwater contamination becomes more and more
evident, there should be the motivation for understanding groundwater
environment.

It must be pointed out that this faecal contamination of groundwater resources
can subject human lives to the risk such as gastroenteritis. Contamination of
groundwater is a leading cause of diarrhoeal diseases (Maramraj et al., 2020;
Diaz-Alcaide and Martinez-Santos, 2019). To determine this contamination,
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one needs to know that, faecal indicator or faecal bacteria have a correlation
with the microbial risk posed by groundwater faecal contamination (Ercumen
et al., 2017; Pakistan Nabeela et al., 2014; Nabeela et al., 2014; Kayembe et
al., 2018). This is a discovery many residence in the Tano Districts of Ghana
seem ignorant. Ahmad et al. (2020), states that People are using groundwater
and at the same time ignorant about its suitability for drinking and domestic
purposes. This ignorance and the risk of groundwater contamination are what
must be of a greater concern to both the environmental Scientist and the
Microbiologist in the protection of the human species in addressing this
problem of contamination. Groundwater quality should be of a concern
because it influences human health and social-economic development (Xiao
et al., 2019).

In Tano Districts of Ghana, where this study was conducted, the people
mainly use groundwater as a source of domestic water and for other purposes.
Recent reports from the Tano North District Health Directorate (2011) indicate
that many people in the Districts complain of typhoid and other diarrhea
related diseases. The information indicated that in the year, 2009, 656 people
in the District reported on diarrhoea related diseases. This increased to 1013
in 2010 and 1020 in 2011. The report also showed that most of these people
are inhabitants of the Zongo community where the people use wells as the
main sources of water for domestic purposes.

Yet there is an information gap in the faecal contamination of the wells
in the Tano Districts of the Republic of Ghana and hence the need for this
study.

Methodology
Study Area

The area under study is made of Tano North District and Tano South
District jointly referred to as Tano Districts in this paper. Duayaw Nkwanta
and Techire are in the Tano North whilst Tehimantia is within the Tano South
District. This study area falls in the granite metasediment belt, with mainly
clayey soil and hence have greater capacity in retention of water for plant use
(District profile, 2010 in Awuah, 2012).

These Districts under consideration lie in the semi-equatorial climatic
zone with double maximum rainfall. The major rainfall season is from March
to July while the minor season is experienced between September and
November. The area has a mean annual rainfall of about 1250 mm. The mean
temperature of these Districts is relatively 26-30 degrees Celsius with
humidity of 75-80%. The temperature conditions in these areas promote the
cultivation of tropical crop such as cocoa, plantain, cassava, palm oil and
maize. The people in this area rely mainly on hand dug wells, boreholes and
pipe borne water for domestic purposes.
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This area falls within the high topographical areas of the country with
elevation in most parts above 270 m. The landscape is generally with average
height of about 380 m with the highest elevation ranging between 360 m to760
m above sea level

Report from the Tano North planning unit, 2010 census indicates that,
Duayaw Nkwanta has a population of 16,541 and that of Techire is 4,608.
From the 2010 population census, the population of Techimantia is 10,800.
The maps of Tano North and south are shown below
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Data Collection

The study considered hand-dug wells and borehole water samples as
the main experimental materials. In all, five boreholes and ten hand dug wells
were selected randomly for the study.
2-liter hard plastic and screw capped bottles that have been sterilized were
used to collect the water samples. In all four samples were taken intermittently
from each well. The samples were sent within 2 hours of collection in a cool
box containing ice packs to the Science Laboratory of Department of
Theoretical and Applied Biology of the Faculty of Bioscience, Kwame
Nkrumah University of Science and Technology for analysis.

Sampling Procedure

To obtain the sample size, simple random sampling method was
employed. In this method, 01 to 160 representing the total number of wells in
the study area was written on pieces of paper and placed in a box. The papers
were then shaken vigorously and were raised beyond the eye level. The
researcher then selected one piece of paper at a time and the number on it
recorded as a site where well water was to be sampled. To see to it that each
piece of paper had equal and independent chance of being included in the
sample, the selected piece of paper in each case was put back into the box to
ensure that in each time of picking there was 160 pieces of paper in the box.
This was repeated until fifteen wells were selected to represent the area under
study.

Laboratory Procedures
Faecal and Total Coliforms

Determination of the total and faecal coliforms in the samples was
done using the Most Probable Number (MPN) method. In the Serial dilutions,
1071 and 10! were prepared by picking 1ml of the sample into 9ml sterile
distilled water. From each dilution, one milliliter aliquot was inoculated into
5ml of MacConkey Broth (1:5) with inverted Durham tubes and incubated at
35° for total coliforms and 45°C faecal coliforms for 18- 24 hours. Tubes with
colour change from purple to yellow and gas collected in the Durham tubes
after 24 hours were identified as positive for both total and faecal coliforms.
Counts per 100ml were calculated from the appropriate Most Probable
Number (MPN) tables.

E coli

A drop was transferred into a 5ml test tube of tryptone water from
each of the positive tubes identified and was then incubated at a temperature
of 44°C for a duration of 24 hours. This was followed by the addition of a
drop of Kovacs’ reagent to the tube of tryptone water. Tubes which showed a
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red ring colour development after gentle agitation indicated the presence of
indole and were taken as presumptive for E coli (themotolerant coliforms).
Counts per 100ml were calculated from Most Probable Number (MPN) tables.

Salmonella

Prepared 10ml of manufactured formula of buffered peptone water
(BPW) was in a universal bottle and serial dilution of 1ml sample added to it.
This was incubated at a temperature of 37°C for 24 hours. 0.1ml of the sample
from the BPW was then placed in a 10 ml of serenity broth in universal bottle
and incubated at 44°C for 48 hours. Swaps were transferred from the bottle
unto SS agar and incubated at 48 hours at 37°C. Here, the absence of black
colonies on the SS agar indicated the absence of salmonella.

Faecal Enterococci

Preparation of Serial dilutions of 107 to 10! was done by picking 1
ml of the sample into 9 ml sterile distilled water. One milliliter aliquots from
each of the dilution were inoculated on a Slanetz and Barltey Agar prepared
on sterile Petri dishes and incubated at a temperature of 37°C for 4 hours to aid
bacteria resuscitation. Incubation of the plates was done at a temperature of
44°C for a further 44 hours. All red, maroon and pink colonies that were
smooth and convex were counted and recorded as faecal enterococci after the
incubation.

Results and Discussion
Faecal Contamination of groundwater
Tablel presents the faecal contamination of groundwater resources in the Tano
Districts of Ghana.
Table 1: Faecal Contamination of groundwater resources
Location of Log;, Geo mean counts/100ml ( n=60)

Wells
TC FC EC

C62/4 3.50 2.13 2.55
D 77/3 3.50 1.36 1.60
D 382/3 2.66 1.80 2.01
D 369/3 3.30 1.50 2.39
D 156/3 3.00 2.00 2.25
D 306/3 4.04 2.80 2.65
D78/3 3.50 2.00 1.93
C 31/3 2.67 1.96 1.93
D45/3 4.02 2.67 2.34
Nurses Qters 2.04 1.37 1.31
A

Nurses Qters 1.37 1.36 1.29
B
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Susuanmu 3.12 0.00 0.00

(A)

Susuanmu 5.01 3.79 3.30
(B)

Saviour 3.81 2.46 2.14
mission A

Saviour 4.73 2.67 2.08
mission B

NB: TC = total coliform, FC = faecal coliform, EC = enterococci

In Tablel, the water collected from the 15 sampling sites were
contaminated with Total Coliforms, Faecal Coliforms and Enterococci, with
the exception of Susuanmu A which showed only the presence of Total
Coliforms.

Mean E.coli counts of log 0.95 and 1.36 were also detected in water

samples from locations D306/3 and Susuanmu (B) respectively. There was no
detection of Salmonella in all the waters sampled in this study.
The presence of these organisms is an indication that waters within the wells
from the study area with the exception of Susuanmu A have been faecally
contaminated with animal or human faeces. These bacteria are used as faecal
indicators as an evidence of possible sewage contamination. This can be
explained in that they are commonly found in human faeces. They are
generally not harmful themselves but they indicate the possible presence of
pathogens (disease causing organisms) being bacteria, viruses or prokaryotes
that live in human and animal digestive systems. Hence, the fact that these
faecal indicators have been detected in water sampled from the selected wells
means that pathogens might also be present and therefore, anyone who
consumes water from these sources might be at health risk.

Contamination of drinking water due to influx of faecal contaminants
into groundwater can cause very serious gastrointestinal illness (Lapworth and
Sorensen, 2018; Maramraj et al., 2020; Benediktsdattir et al., 2020; Anjali et
al., 2020; Ercumen et al., 2014).

According to WHO guidelines (2004), water should have a value of
OCFU/100 ml in order for it to be considered safe for human consumption.
Ercumen et al. (2017) is of the view that faecal indicator or faecal bacteria
have a correlation with the microbial risk posed by groundwater source.

Conclusion:

It is concluded from this study that, the water from the selected wells has
been faecally contaminated with animal or human faeces with the exception
of Susuanmu A. The results have shown that all the groundwater sampled from
the study sites did not satisfy the WHO standard for save drinking water. From
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the perspective of the WHO guidelines (2004), water should have a value of
OCFU/100 ml in order for it to be safe for human consumption.

It is therefore recommended that in an attempt to reduce the risk of
groundwater contamination, the following methods must be employed:

» Treat groundwater supplies or encourage the use of the home water
treatment.

» Future research is to be conducted to determine the source of faecal
contamination of the water in the selected wells within the study area.
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