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 Abstract — Groundwater, which is usually 

extracted through boreholes, is the most reliable 
source of drinking water in many developing 
countries such as Ghana. This study evaluated 
borehole drinking water quality in the Bole district 
in the Savannah Region of Ghana. The evaluation 
was based on the laboratory analysis of sampled 
borehole water and comparing the results of the 
sampled water to the World Health Organization’s 
(WHO’s) recommendation for drinking water 
quality. The laboratory analysis was focused on 
the physicochemical and bacteriological quality of 
the borehole water sampled from three 
purposively selected communities. The results 
showed that the bacteriological parameters 
analyzed, E. Coli and total coliform, for all the 
three residential areas were far above the WHO’s 
recommendation for drinking water of 0.00 
count/100ml, which is an indication of the 
contamination of the water in the boreholes 
sampled. However, the physicochemical quality 
analysis showed that all the chosen parameters 
were within the WHO’s recommendation for 
drinking water, except for temperature and 
potassium. The study recommends a sanitary 
survey in the district to determine the sources of 
contamination of the borehole water.  
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I.  INTRODUCTION  

Groundwater is the most reliable source of drinking 
water in arid to semi-arid countries. However, 
groundwater is usually polluted by natural and 
anthropogenic activities, which makes groundwater 
unsafe and unfit for human use without treatment [1], 
[2]. Contaminated groundwater is found in a range of 
aquifers of unconsolidated sediment to bedrocks. In 
addition, groundwater can become contaminated when 
excreta disposal systems are improperly designed, 
located, constructed, or maintained. Another source of 
groundwater contamination is leachate from landfill 
sites and open dump sites, particularly in developing 
countries, where open dumps are common [3]. 

Consequently, the sources of groundwater pollution 
are categorized into two major types: point source 

pollution and non-point source pollution [4], [5]. Point 
source pollution, which includes municipal sewage 
treatment plants and industrial plants, intense 
evaporation in shallow aquifers, degradation of water 
sources in areas located in geothermal/volcanic fields, 
and rock oxidation, is a single discernible localized 
source [6]. However, the non-point source pollution, 
which includes diffuse sources such as land use, land-
use changes, chemical reactions of elements in the air 
or the water and pollutants from runoff from agricultural 
areas draining into the groundwater, is characterized 
by multiple discharge points [7]. Therefore, a point 
source is relatively easy to identify, quantify and 
control, whereas a non-point source is difficult to 
monitor and control because the pollution cannot 
easily be traced to a single point of discharge. 

Pollution occurrence usually depends on the level 
of contaminant transport. Contaminants can be 
transported through filtration, sorption, chemical 
processes, microbiological decomposition and dilution 
[8], [9]. Thus, groundwater pollution may cause 
ecosystem imbalance and severe sickness, which may 
lead to death. Prevention of groundwater pollution is 
more appropriate than remediation [10]. Such 
preventive measures include proper waste disposal, 
monitoring of hazardous materials, conducting 
environmental audits periodically and intensifying 
health education, while remediation includes stream 
stripping, oxygen sparing, bioremediation, chemical 
oxidation and thermal treatment [11], [12]. In addition, 
most pollution of groundwater is anthropocentric and 
can be prevented through intensive health education. 

The provision of safe drinking water can help to 
reduce or eliminate preventable deaths, such as those 
emanating from waterborne diseases, and improve the 
quality of life for low-income households around the 
world. According to the World Health Organization 
(WHO) (2022), globally, at least 2 billion people use a 
drinking water source contaminated with faeces and 
that microbial contamination of drinking water as a 
result of contamination with faeces poses the greatest 
risk to drinking-water safety. WHO further observes 
that some 829 000 people are estimated to die each 
year from diarrhea as a result of unsafe drinking water, 
sanitation and hand hygiene, yet diarrhea is largely 
preventable, and the deaths of 297 000 children aged 
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under 5 years could be avoided each year if these risk 
factors were addressed. 

This paper assesses borehole water quality in Bole 
in the Savannah Region of Ghana, with a focus on the 
physicochemical and bacteriological quality of 
borehole water in three selected communities in Bole, 
namely: Bole West (Bole Hospital area), Bole North 
(Top Hill area), and Bole South (Refugee Camp area). 
Groundwater occurrence in the Bole district is largely 
influenced by rainfall, topography, overburden 
thickness, and geology [14]. Aquifers are discrete, 
localized and discontinuous and groundwater flow is 
controlled by fracture intensity and the degree of 
interconnections. Groundwater movement and its 
properties are unique regarding its place of occurrence 
in Northern Ghana, as Northern Ghana has three 
major hydrological provinces, namely, archaean crystal 
province, metamorphosed sedimentary province, and 
deccan trap province [15]. Groundwater occurs in 
these provinces under unconfined to semi-confined 
conditions and under confined conditions in depth [16].  

Therefore, this study evaluates borehole water in 
the Bole district, as a drinking water quality 
surveillance measure to create awareness of the 
public health implications of the results of the study, 
and make the findings catalyse subsequent research 
in the study area and other places, to improve 
borehole drinking water quality.  

IIMATERIALS AND METHODS  

Bole district is one of the seven districts in the 
Savannah region of Ghana, with an estimated land 
area of 9,631 km². It is located between latitude 
9°02'02.4"N and longitude 2°29'06.0"W. Water 
samples were purposively taken from boreholes 
located in three places in the district, namely, Bole 
West (Bole Hospital area), Bole North (Top Hill area), 
and Bole South (Refugee Camp area). All the samples 
were collected in December 2020. In all three 
locations, the residents used the borehole water for 
domestic purposes such as drinking, bathing, cooking, 
washing, and other purposes. The bacterial load of the 
samples was determined using standard 
microbiological methods, with the analysis of the 
samples focused on Escherichia coli (E. Coli) and total 
coliform. E. coli is a member of the family 
Enterobacteriaceae, and is characterized by the 
possession of the enzymes β-galactosidase and β-
glucuronidase, and grows at 44 – 45°C on complex 
media, ferments lactose and mannitol with the 
production of acid and gas, and produces indole from 
tryptophan [17], [18]. On the other hand, coliform 
organisms have long been recognized as a suitable 
microbial indicator of drinking-water quality, largely 
because they are easy to detect and enumerate in 
water [19]. The term “coliform organisms” refers to 
Gram-negative, rod-shaped bacteria capable of growth 
in the presence of bile salts or other surface-active 
agents with similar growth-inhibiting properties and 
able to ferment lactose at 35 – 37°C with the 

production of acid, gas, and aldehyde within 24–48 
hours [20].  

Furthermore, the analysis of the borehole water 
was also focused on physicochemical parameters. The 
physicochemical quality is very important in drinking 
water quality analysis, as they determine the 
acceptability of water by consumers and some of the 
parameters have health implications. The selected 
physicochemical parameters and their analytical 
method are indicated in Table 1. 

Table 1: Selected physicochemical parameters 

Parameter Unit Analytical Method 

Temperature  º C Using a thermometer 

pH  
Electrochemical 

method using the pH 
Meter 

Turbidity  NTU Nephelometric meter 

Colour  TCU/Hazen 
Spectrophotometric 

method 

Conductivity  (µmhos/cm) Probe and meter  

Total dissolved solids  𝑚𝑔/𝑙 
Total dissolved solids 

Meter Method 

Total hardness  𝑚𝑔/ 𝑙 
Colorimetric titration 

with an EDTA solution 

Calcium hardness  𝑚𝑔/ 𝑙 
Titrimetric (T10 Ca 

Hard) 

Magnesium hardness  𝑚𝑔/ 𝑙 Titrimetric 

Alkalinity  𝑚𝑔/ 𝑙 
Using sulfuric acid 
with a digital titrator 

Chloride  𝑚𝑔/ 𝑙 Iodometric method 

Nitrite  𝑚𝑔/ 𝑙 
Visible 

spectrophotometer 

Nitrates  𝑚𝑔/ 𝑙 
Calorimetric 

(spectroscopy 
method) 

Ammonia (Nitrogen) 𝑚𝑔/ 𝑙 
Spectrophotometric 

IPB method 

Fluoride  𝑚𝑔/ 𝑙 
An ion-selective 

electrode 

Iron  𝑚𝑔/ 𝑙 Color-changing test 

Zinc  𝑚𝑔/ 𝑙 
Atomic absorption 
spectrophotometry 

Copper (Total) 𝑚𝑔/ 𝑙 
Most probable 
number (MPN) 

method 

Potassium  𝑚𝑔/ 𝑙 
Automatic ultraviolet 

absorptiometric 
method 

Aluminium  𝑚𝑔/ 𝑙 
Deferoxamine 
infusion test 

Sulphate  𝑚𝑔/ 𝑙 Turbidimetric method 

Lead  𝑚𝑔/ 𝑙 
Flame atomic 

absorption 
spectrometry (FAAS) 

Manganese  𝑚𝑔/ 𝑙 
Spectrophotometric 

method 

Mercury  𝑚𝑔/ 𝑙 
Atomic fluorescence 
spectrophotometer 

Arsenic  𝑚𝑔/ 𝑙 
ICP-mass 

spectrometry (ICP-
MS) 

Bicarbonate  𝑚𝑔/ 𝑙 Titration  

Carbonate  𝑚𝑔/ 𝑙 Titration  
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The water samples were analysed and assessed 
using standard sampling and laboratory analysis. The 
nozzle of each borehole was flamed with lit cotton wool 
soaked in 98% alcohol for about 2 minutes to achieve 
sterility. The borehole water samples were collected 
from the sources using sterilized glass bottles after 
pumping water out for 2 minutes to flush out stagnant 
water in the pipes. All the water samples were 
collected into 500 𝑚𝑙  sterilized plastic bottles. The 
bottles were sterilized by washing with 5% nitric acid 
and then rinsing several times with distilled water. This 
was carried out to ensure that the sampling bottles 
were free from all forms of possible contaminants. The 
samples were then kept in an ice container and 
transferred to the Ghana Water Company Limited’s 
(GWCL) laboratory in Wa in the Upper West Region 
for analysis. The analysis of the samples collected was 
done by comparing the tested values of the chosen 
parameters to the WHO’s standards for drinking water 
quality. 

IIIRESULTS AND DISCUSSION 

The importance of drinking water quality analysis 
cannot be overemphasized, as the quality of drinking 
water is a major determinant of the health of 
consumers. Therefore, periodic control measures, 
such as drinking water quality analysis, are necessary 
to ensure drinking water is always safe for 
consumption. Nonetheless, in many rural communities 
in Ghana, where boreholes are the major source of 
drinking water, the quality of the borehole water is 
rarely checked. Thus, this study evaluated borehole 
water quality in three selected communities in the Bole 
in the Savannah region of Ghana, intending to provide 
data that might be useful to policymakers and water 
service providers. The study was focused on the 
bacteriological and physicochemical quality of the 
sampled borehole water. 

A. Bacteriological Quality Analysis 

The essence of bacteriological quality analysis of 
water is to determine the presence or otherwise of 
disease-causing bacteria in water. The potential for 
water-borne diseases arises when water is polluted 
with faecal matter, as polluted water may contain 
pathogenic faecal bacteria, viruses, or other micro-
organisms [21], [22]. Consequently, Cairncross (2017) 
observes that it would be far too complex to try to 
detect all of these on a routine basis, and in any case, 
many of the pathogens may only be present in very 
small numbers or not at all and that it is therefore 
normal practice to look for ‘indicator bacteria’. Thus, 
bacteriological quality analysis of sampled borehole 
water was focused on E. Coli and total coliform. The 
test results as indicated in Figure 1 showed that the E. 
Coli and total coliform for all the water sampled in the 
three residential areas were far above the WHO’s 

recommendation for drinking water of 0.00 𝑐𝑜𝑢𝑛𝑡/
100𝑚𝑙 (not detected). However, there was variation in 
the values of these parameters in the sampled water 
from the three residential areas. Whereas, water 
sampled from the borehole at the Bole hospital area in 

Bole West (BW) produced the highest E. Coli value of 

5 𝑚𝑙, water sampled at ‘Refugee Camp’ in Bole South 
(BS) produced the least E. Coli of 1 𝑚𝑙. For the total 
coliform values obtained from the test, water sampled 
in a borehole at ‘Refugee Camp’ in BS produced the 

highest total coliform value of 40 𝑚𝑙 , whilst water 
sampled from the borehole in BW produced the lowest 

total coliform value of 22 𝑚𝑙. 

 

BW = Bole West (Bole Hospital Area), BN = Bole 
North (Hill Top Area), and BS = Bole South (Refugee 
Camp Area) 

Figure 1: Bacteriological Quality Test Results 

The high values of the bacteriological quality test 
results obtained for all the samples are a clear 
indication that the borehole water for all three 
residential areas was contaminated. The 
contamination of borehole water (groundwater) in this 
manner usually emanates from poorly constructed 
excreta disposal systems. During the fieldwork, the 
researcher observed that there were septic tanks and 
Kumasi Ventilated Pit Latrines (KVIPs) in use in all the 
residential areas in which the borehole water was 
sampled. Even though the researcher did not assess 
the efficiency of these excreta disposal systems, they 
could be the sources of the contamination of the 
borehole water in the three residential areas. 
Nonetheless, Cairncross (2017) observes that 
bacterial concentration in unchlorinated water supplies, 
such as borehole water is very variable; after two days 
of incubation, a sample collected on a sunny day may 
show few or no bacterial, however, bacterial 
contamination may be many times greater after heavy 
rain. Therefore, a low bacterial count can give a false 
sense of security, whereas a sanitary survey could 
determine the possible source of contamination [24], 
[25]. 

B. Physicochemical Quality Analysis 

Table 2 shows the physicochemical quality test 
results for the borehole water sampled in the three 
residential areas. All the chosen parameters for the 
analysis were within the WHO’s guidelines for drinking 
water except for temperature and potassium. The 
temperature recorded at the sampling points was 
27.40 ◦C for all three residential areas. Though this 
temperature is slightly above the WHO’s 
recommendation of drinking water temperature of less 
than or equal 25 ◦C, the high temperatures usually 
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recorded in Northern Ghana, particularly during the 
harmattan period (from November to March) could be 
the cause of the high temperature of all the water 
sampled in the three residential areas. The water 
samples were collected in December 2020 in the 
afternoon, during which the temperature in Bole 
ranged from 9 ◦C in the morning to 30 ◦C in the 
afternoon.  

In addition, the values recorded for potassium for 
the water sampled in all three residential areas were 
above the WHO’s recommendation for drinking water 
of 3 𝑚𝑔/𝑙 , as water sampled from BS produced the 

highest value of 12 𝑚𝑔/𝑙, whereas water sampled from 
both BW and BN produced 9 𝑚𝑔/𝑙 . Even though 
adverse health effects of high potassium in drinking 
water are unlikely in healthy individuals [26], [27], its 
presence in borehole water may indicate groundwater 
quality issues or other problems with the borehole [28], 
[29]. According to Segun and Raimi (2021), an 
increase in potassium in water should initiate an 
inspection of the borehole and the testing of coliform 
bacteria. Thus, the high potassium in all the water 
sampled from the three residential areas correlates 
with the test results for total coliform for the three 
residential areas, which indicated that the total coliform 
for all the water sampled in the three residential areas 
was far above the WHO’s recommendation for drinking 
water. This calls for an investigation to determine the 
source of the high potassium and total coliform in the 
borehole water for the water sampled in the three 
residential areas. 

Table 2: Physicochemical Quality Test Results 

Parameter 

WHO 
Guidelines 
(Cotruvo, 

2017) 

BW BN BS 

     

Temperature 
(℃) 

≤ 25 ◦C 27.40 27.40 27.40 

pH 6.50 – 8.50 7.00 7.50 6.90 

Turbidity 
(NTU) 

0.00 – 1.00 0.50 0.80 1.25 

Colour 
(TCU/Hazen) 

15 5.00 5.00 5.00 

Conductivity 
(µmhos/cm) 

- 98.00 125.00 112 

Total dissolved 
solids (𝑚𝑔 ⁄ 𝑙) 

<600.00 13.00 12.00 12 

Total hardness 
(𝑚𝑔 ⁄ 𝑙) 

500.00 42.00 39.00 42 

Calcium 
hardness 
(𝑚𝑔 ⁄ 𝑙) 

- 23.00 23.00 27 

Magnesium 
hardness 
(𝑚𝑔 ⁄ 𝑙) 

- 19.00 16.00 31.20 

Alkalinity 
(𝑚𝑔/𝑙) 

30.00 – 
400.00 

100.00 110.00 98.00 

Chloride 
(𝑚𝑔/𝑙) 

250.00 0.00 0.00 0.00 

Nitrite (𝑚𝑔 ⁄ 𝑙) 3.00  0.00 0.00 0.00 

Nitrates 
(𝑚𝑔 ⁄ 𝑙) 

50.00 0.00 0.00 0.00 

Ammonia 
(Nitrogen) 
(𝑚𝑔 ⁄ 𝑙) 

1.50 0.00 0.00 0.00 

Fluoride 
(𝑚𝑔 ⁄ 𝑙) 

1.50 0.12 0.10 0.04 

Iron (𝑚𝑔 ⁄ 𝑙) 0.3 0.03 0.01 0.01 

Zinc (𝑚𝑔 ⁄ 𝑙) 3.00 0.01 0.01 0.01 

Copper (Total) 
(𝑚𝑔 ⁄ 𝑙) 

2.00 0.00 0.00 0.00 

Potassium 
(𝑚𝑔 ⁄ 𝑙) 

3.00 9.00 9.00 12.00 

Aluminium 
(𝑚𝑔 ⁄ 𝑙) 

2.00 0.00 0.00 0.00 

Sulphate 
(𝑚𝑔 ⁄ 𝑙) 

250.00 0.00 0.00 0.00 

Lead (𝑚𝑔 ⁄ 𝑙) 0.05 0.00 0.00 0.00 

Manganese 
(𝑚𝑔 ⁄ 𝑙) 

0.40 0.00 0.00 0.00 

Mercury 
(𝑚𝑔 ⁄ 𝑙) 

0.30 0.00 0.00 0.00 

Arsenic 
(𝑚𝑔 ⁄ 𝑙) 

0.01 0.00 0.00 0.00 

Bicarbonate 
(𝑚𝑔 ⁄ 𝑙) 

- 0.00 0.00 0.00 

Carbonate 
(𝑚𝑔/𝑙) 

- 0.00 0.00 0.00 

BW = Bole West (Bole Hospital Area), BN = Bole 
North (Hill Top Area), and BS = Bole South (Refugee 
Camp Area) 

IV.CONCLUSION 

The study evaluated borehole water in the Bole 
district of the Savannah region of Ghana, with a focus 
on the bacteriological quality and physicochemical 
quality of borehole water sampled from boreholes 
located in three residential areas. The results showed 
that the bacteriological parameters analyzed, E. Coli 
and total coliform, for all the water sampled in the three 
residential areas were far above the WHO’s 

recommendation for drinking water of 0.00 𝑐𝑜𝑢𝑛𝑡/
100𝑚𝑙  (not detected). However, the physicochemical 
quality analysis showed that all the chosen parameters 
were within the WHO’s recommendation for drinking 
water, except for temperature and potassium. The high 
temperature of the sampled water could be attributed 
to the general high temperature in the Bole District, 
particularly during the harmattan season, when the 
water samples were collected. The high potassium in 
the sampled water confirms the bacteriological 
analysis, which indicated the high presence of bacteria 
and other viruses in the water sampled for the three 
residential areas. This calls for a sanitary survey of 
excreta disposal systems, such as septic tanks and 
KVIPs, which are the potential sources of the high 
potassium, E. Coli and total coliform, in the Bole 
district to determine the sources of contamination of 
the borehole drinking water in the Bole district. 
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