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Abstract:   
The people in the Tano Districts of Ghana 
use groundwater as a source of drinking 
water and pit latrines for sanitation. 
However, when pit latrines and wells 
coexist, it is of paramount importance to 
ensure safer distances between them. This 
is to avoid faecal contamination of the 
groundwater. This study sought to 
investigate the impact of lateral 
separations between pit latrines and the 
wells on groundwater contamination in the 
Tano Districts of Ghana. To obtain a 
sample size of 15 wells within the 
proximity of pit latrines, a simple random 
sampling was considered in this study. It 
was revealed that none of the sites 
satisfied the Ministry of Water Resources, 
Works and Housing (MWRWH) of 
Ghana’s (2010) 50m guideline for lateral 
separation between a well and a pit latrine. 
It was also brought to light that there was 
not much variation of the lateral distances 
with the total and faecal coliform counts in 
the water. Even so, the enterococci counts 
seemed to have an inverse variation with 
the lateral separations between the pit 
latrines and the wells in this study area. 
The enterococci might be a better human 
faecal indicator than the other coliforms 
considered in this study. The study 
recommends strict enforcement of the 
MWRWH (2010) 50m guideline for 
lateral separation between a well and a pit 
latrine in the area studied. To investigate 
the human faeces as a contaminant, 
preference must be given to the 
enterococci as a faecal indicator than the 
other faecal determinants in this study. 
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Introduction: 
Awuah (2012) indicated the need for an investigation into 

groundwater, as there has been a paradigm shift from the perception that 
groundwater was devoid of any form of contamination. From the perspective 
of Ferrer et al. (2020), this is to reduce the diseases caused by waterborne 
faecal exposure. Ndoziya et al. (2019) and Naser et al. (2019) are of the view 
that pit latrines have the potential to put groundwater at the risk of 
contamination, thereby threatening human health. In the view of Díaz-
Alcaideand Martínez-Santos (2019), this becomes a threat to human lives 
when the pit latrines coexist with wells used for domestic purposes. In research 
investigating the risk of pit latrine to the groundwater, (Rao et al., 2020; Pujari 
et al., 2012; Graham and Polizzotto, 2013; Nyenje et al., 2013; Rao et al., 
2013) surd pit latrines have the potential to cause groundwater nitrate 
pollution. In the words of Houéménou et al. (2020), pit latrines among others 
can degrade shallow aquifer, meaning that faecal contaminants can migrate to 
the groundwater resources.  Ngasala (2019) noticed that Pit latrines can have 
significant contamination effect on groundwater resources. Therefore,  the 
enforcement of a new regulatory distance between groundwater resources and 
sanitation systems was suggested   
To reduce the above risky effect of pit latrine groundwater contamination, the 
distance between the pit latrines and groundwater resources must be taken into 
consideration.  Abdulkadir et al. (2015) attest that in a situation of coexistence 
of pit latrines and wells, the wells and the pit latrines should be sited far away 
from one another. The meaning of far distance is not clearly spelt out in this 
study. That is,  what distance between a  pit latrine and a well can be described 
as far away?  To be specific, WHO (2010)  indicates that, wells should be 
located at least 30m away from pit latrines to make them safe drinking water 
resources.  However, Kimani-Murage and Ngidu (2007) in a study to deduce 
the effect of lateral separations between pit latrines and wells on groundwater 
contamination, proposed  a lateral separation guideline of 15m, below which  
pit latrines could have a significant effect on the groundwater resources.  

The difference in the guideline limits is due to the difference in the 
environment where each study was conducted. The horizontal distance 
between a pit latrine and a well in one District in Ghana having a significant 
effect on the groundwater, might not have a significant effect on the 
groundwater resource in another District of this same country.  
Although Pit latrines are projected as a safe method of excreta disposal, their 
potential impact on groundwater contamination is neglected (Nawab et al., 
(2017). The Tano Districts are of no exception of this negligence, even though 
the people in this Districts use groundwater as the source of drinking water 
and for other domestic purposes while employing pit latrine for sanitation, 
with many people in this area reporting of gastroenteritis (Awuah, 2012).  
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To investigate the effect of pit latrines on groundwater contamination, 
faecal indicator bacteria present in the wells coexisting with pit latrines can be 
of greater help.  Ferrer et al. (2020) realized that, the concentration of pit 
latrines in an area of wells could influence the presence of Esherichia coli in 
the water contained in the wells. The presence of E. coli makes the water 
unsafe for drinking. Any pathogenic microorganism or any bacteria indicative 
of faecal pollution should not be present in drinking water (WHO, 2011). This 
is because when coliform bacteria are present in water, they are indicative of 
human faecal contamination (Petrisor, 2012; Boehm and Sassoubre, 2014). In 
this paper, the total coliforms, faecal coliforms and the enterococci will be 
employed to determine the effect of pit latrines’ lateral separations between 
the wells in the Tano Districts on the faecal contamination of these 
groundwater resources in this study area.  
Therefore, this paper seeks to research into the impact of lateral separations 
between pit latrines and wells on the groundwater in the Tano Districts.  
 
Methodology  
The Area under Study 

District profile (2010) in Awuah (2012) reveals that the study area 
comprises the Tano Districts, Tano North and Tano South. Duayaw Nkwanta 
and Techire are in the Tano North District. Meanwhile, Tehimantia is within 
the Tano South District. This area under consideration falls within the granite 
metasedimentary belt, with soil made up of mainly clayey and therefore has 
the greater capacity to retain water for plant use. Tano North and Tano South 
Districts understudy area are in the semi-equatorial climatic zone with double 
maximum rainfall. While the major rainfall season is from March to July, the 
minor season is between September and November. This area has a mean 
annual rainfall of about 1250 mm with a mean temperature of relatively 26-30 
degrees Celsius and humidity of 75 - 80%. The temperature conditions in this 
area are conducive for the cultivation of tropical crops such as cocoa, plantain, 
cassava, palm oil and maize. The people in these Districts rely mainly on hand-
dug wells, boreholes and pipe-borne water for domestic purposes. Tano North 
and Tano South fall within the high topographical areas of the country with 
elevation in most parts above 270 m. The landscape is generally of an average 
height of about 380 m with the highest elevation ranging between 360 m to760 
m above sea level. 

 Tano North planning unit’s report from the 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 Geographic Positioning System (GPS) of each sampling site was 
determined and was used to generate the contour map shown below.  
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Generated Contour Map showing the sampling sites 

 
Fig 1: Area contour map with pits latrines and wells 

 
Collection of Data 

In all, fifteen (15) wells were selected randomly for the study. A 2 litre 
hard plastic and screw-capped bottles that have been sterilized were used to 
collect the water samples. A Sample was taken monthly from each well for a 
period of four months. In all, four samples were taken from each well. Within 
2 hours of collection in a cool box containing ice packs, the samples were sent 
to the Science Laboratory of Department of Theoretical and Applied Biology 
of the Faculty of Bioscience, Kwame Nkrumah University of Science and 
Technology to be analysed.  

 
 Procedure for Sampling  

 Simple random sampling method was employed to obtain the sample 
size of 15 out of the total number of wells in this study area.  01 to 160 
representing the total number of wells in the study area were written on pieces 
of paper, placed in a box and vigorously shaken. One piece of paper was 
selected at a time and the number on it recorded as a site where well water was 
to be sampled. In order to avoid biases, the selected piece of paper in each case 
was put back into the box to ensure that in each time of picking, there were 
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160 pieces of paper in the box. This was done repeatedly until fifteen wells 
within the proximity of pit latrines were selected to represent the study area. 
 
Laboratory Procedures 
Faecal Enterococci  

Serial dilutions of 10-1 to 10-11 were done by picking 1ml of the sample 
into 9ml sterile distilled water. A 1ml aliquot from each of the dilution was 
inoculated on a Slanetz and Barltey Agar prepared on sterile Petri dishes and 
incubated at a temperature of 37℃ for 4 hours to aid bacteria resuscitation. 
Incubation of the plates was done at a temperature of 44℃ 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. 
 
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, 
10-1 and 10-11 were prepared by picking 1ml of the sample into 9ml sterile 
distilled water. From each dilution, one millilitre aliquot was inoculated into 
5ml of MacConkey Broth (1:5) with inverted Durham tubes and incubated at 
35℃ for total coliforms and 45℃ for 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. 
 
Results and Discussion  
Lateral Separation and Microbial Counts 
None of the sites satisfies the Ministry of Water Resources, Works and 
Housing (MWRWH) of Ghana’s (2010) guideline for lateral separation 
between a well and a pit latrine which is 50m (Table 1).  

Table 1: Lateral Separation and the mean Microbial Counts (n=60)  
Location of Wells 

and Latrines 

 
𝐿𝐿𝐿𝐿𝐿𝐿10 Geo mean counts/100ml 

 
      

Srl. 
 

LS/m  TC FC EC 

1 C 62/4 6.0  2.62 1.62 1.90 
2 D 77/3 18.4  2.62 1.36 1.60 
3 D 382/3 19.2  2.37 1.62 1.95 
4 D 369/3 20.0  2.96 1.62 2.18 
5 D 156/3 15.8  2.62 1.62 2.15 
6 D 306/3 11.6  3.46 2.62 2.41 
7 78/3 7.0  2.62 1.62 1.78 
8 C 31/3 19.8  2.37 1.96 1.85 
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9 D45/3 14.0  3.38 1.96 2.15 
10 Nurses Qters A 22.9  1.46 1.36 1.16 
11 Nurses Qters B 39.9  1.36 1.36 1.10 
12 Susuanmu (A) 36.0  2.62 0.00 0.00 

       
13 Susuanmu (B) 10.0  4.37 2.96 2.59 
14 Saviour missionA 24.0  2.96 1.96 1.88 
15 Saviour mission B 44.7  3.96 2.37 1.93 

Town 1-11 is Duayaw Nkwanta, 12-13 is Techire, 14-15 is Techimamntia.LS = lateral 
separation, TC = total coliform, FC = faecal coliform, EC = enterococci. 
 

Water samples taken from the various sample sites display varying 
levels of bacterial counts (Table 1). The presence of these organisms in the 
wells has the potential to subject the people living in this vicinity to a lot of 
gastroenteritis. This is supported by (Loyola et al., 2020; Maramraj et al., 
2020; Fakhr et al., 2016) that faecal contamination of drinking water is a 
frequent problem which accounts for many cases of diarrhoea. This may 
explain the reports gathered from the Tano North District Health Directorate 
(2011) in Awuah (2012) indicating that many people in the Districts complain 
of typhoid and other diarrhoea related diseases.  
 
Microbial Counts and Lateral Separation 

Table 2: Comparison of means of microbial counts in relation to lateral distance 

TC = total coliform, FC = faecal coliform, EC = enterococci. 
 

The results obtained in Table2 show that lateral distances between pit 
latrines and water sources (borehole/well) do not have much influence on the 
total and faecal coliform counts of the water (p>0.05). It is seen that the 

 
 

LS/m Frequency 𝐿𝐿𝐿𝐿𝐿𝐿10 Geo mean counts/100ml 
 

TC FC EC 

1 - 
10 

 3 3.20(1.01) 2.07(0.77) 2.06(0.47) 
     
     

11 - 
20 

 7 2.87(0.41) 1.82(0.41) 2.04(0.26) 
     

>20  5 2.47(1.08) 1.41(0.90) 1.21(0.78) 
     
     

Pr      
 Not 

applicable 
0.454 0.394 0.042 
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average total coliform counts of log 3.20, 2.87 and 2.47 were recorded for 
lateral distances between 1-10, 11-20 and > 20 meters respectively. These 
differences were not statistically significant (p>0.05). A similar trend was 
observed for faecal coliforms with average counts of log 2.07, 1.82 and 1.41 
for lateral distance ranges of 1-10, 11-20 and > 20 meters respectively. The 
differences between the counts were not statistically significant (P> 0.05). 
There might be other sources of the total and the faecal coliforms such as open 
defecation, poultry droppings other than the pit latrines contaminating the 
groundwater resources.  

 For  enterococci, the average counts recorded for the ranges of lateral 
distances, 1-10, 11-20 and > 20 meters were log 2.06, 2.04 and 1.21 
respectively. Statistically, the differences between the enterococci counts were 
significant (P<0.05). The enterococci might be a better human faecal indicator 
than the other coliforms considered in this study. The Total and faecal 
coliforms can readily be isolated in tropical waters from areas far removed 
from human activity and thusare not adequate indicators of faecal 
contamination and human health risks. Enterococci enable a better assessment 
of faecal contamination and public health risks. Enterococci are found in high 
concentrations in human faeces. Fattal et al. (1987), to determine the organism 
that can indicate faecal contamination stated that, of the indicators (faecal 
coliform, enterococci and Escherichia coli), enterococci were the most 
predictive indicator for enteric disease symptoms. In the Words of Kay et al. 
(1994), comparing the faecal indicators (total coliform, faecal coliform and 
enterococci), enterococci are the best indicators of gastrointestinal symptoms. 
The enterococci might, therefore, be better faecal determinant than the total 
and faecal coliforms. 
In a study to compare enterococci, E. coli and faecal coliform as faecal 
indicators, Jin et al. (2004) indicated that enterococci might be a more stable 
indicator than E.coli and faecal coliform.  

In general, it was observed that water samples which were close to the 
pit latrines had higher bacterial counts than those that are distant from them 
(Tables 2). 
Water from Susuanmu (B) has the highest total coliforms compared to the 
other suburbs. The lateral distance separating the pit latrine and the well is 10 
m. The lowest total coliform count was recorded in the suburb of Nurses. The 
lateral distance between pit latrine and the water source in this suburb is 39.9 
m.   

Sudgen (2006) found that the greater the horizontal distance the 
pathogen had to travel from point of entry into the water table to the water 
point, the longer it is retained and the higherthe probability that the pathogen 
will die. In short, he stated that the greater the distance between the latrine and 
the water point, the lower the risk of contamination. Again, Sudgen (2006) 
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explains that, if the time taken for a pathogen to be transferred to the water 
point is large, the pathogen would have died off and that, the water would no 
longer be a threat to public health. 
Kimani-Murage and Ngidu (2007), highlighted in an explanation of the impact 
of the proximity of a pit latrine to a well that, where the distance between well 
and pit latrine is not adequate, micro-organisms can migrate from the latrine 
to the water. 

 
Conclusion:  

It can be concluded from this research that pit latrine groundwater 
contamination increases with decreasing lateral separation between the pit 
latrines and the wells and decreases with increasing the horizontal distance 
between the wells and the pit latrines in the study area. It was also revealed 
from this study that there might be other sources of groundwater 
contamination apart from the wells in this area studied.  Enterococciseemed to 
be a better human faecal indicator than total and faecal coliforms. 

It is therefore recommended to the Tano District Assemblies t, there must 
be strict enforcement of the MWRWH (2010) 50m guideline for lateral 
separation between a well and a pit latrine in the area studiedFuture researchis 
to be conducted to find the other sources of groundwater faecal 
contaminationapart from the pit latrines in the Tano Districts. Also in an 
attempt to determine faecal contamination, precedence must be given to 
enterococci as a human faecal indicator than the other coliforms. 
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