
American Journal of Water Resources, 2021, Vol. 9, No. 2, 41-48 
Available online at http://pubs.sciepub.com/ajwr/9/2/2 
Published by Science and Education Publishing 
DOI:10.12691/ajwr-9-2-2 

Assessment of Groundwater Quality  
in Abeokuta North, Nigeria 

Temitayo Oluwayinka Falola1,*, Ifeoluwa Olanrewaju Adetoro2, Olufemi Abiola Idowu2 

1Department of Chemistry, Illinois State University, Campus Box 4160 Normal, Illinois 61790-4160, U.S.A 
2Department of Water Resources Management and Agrometeorology, Federal University of Agriculture, Abeokuta, Ogun, Nigeria 

*Corresponding author:  

Received May 22, 2021; Revised June 28, 2021; Accepted July 08, 2021 

Abstract  Background and Objective: Groundwater (hand-dug wells) is the major source of water for municipal 
use in the Abeokuta North Local Government of Nigeria. However, there is a tendency for its quality to deviate from 
recommended standards as most groundwater sources are close to regions prone to erosion and most wells are not 
usually covered. The adverse effects might creep into the ecosystem and affect human health if a regular check on 
the quality is not made. Materials and Methods: The geographical location and altitude of the wells’ locations were 
taken using Global Positioning System (GPS). The sagging of the water drawer’s rope was indicated with a pin, the 
latter which was used to spot the location. Each instrument employed was inserted into the sample of water as per 
the procedure. The experiment was carried out at the thirty-six available sites in the region. Results: The moderate 
pH range (6.30-7.36) can be linked to low values of TDS (352 mg/L) and EC (695 µs/cm). Statistical Pearson 
correlation analysis shows a clear relationship between parameters at p<0.01 (2-tailed T-test; MSExcel); supported 
by a linear plot between EC and TDS, and a clustered column chart that compares EC and pH. The overall water 
quality index (WQI) of the parameters gives an excellent value of 17.20%.  
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1. Introduction 

Water is essential for the sustainability of life. Its 
continuous supply is important to replenish the fluid lost 
during respiration, perspiration, and urination [1]. Water 
can be found beneath the soil; this is known as 
groundwater. Also, groundwater refers to water found in 
rocks and fractures beneath the earth and a part of the 
water cycle. It is the body of water derived primarily from 
percolation and contained in pore spaces of a permeable 
rock [2].  

Groundwater could be formed via natural precipitation 
from infiltration or indirectly from rivers, and it represents  
the water in the rocks and fissures of a particular 
geological formation [3]. Traditionally, hand-dug wells 
(groundwater) have been the major source of drinking 
water in developing countries. However, because they are 
dug by hand, their use is restricted to suitable types of 
ground such as clays, sands, gravels, and mixed soils 
where only small boulders are encountered. Furthermore, 
leaching from waste dumps and industries makes them 
susceptible to contamination due to runoff [4]. 

Water quality describes the physical, chemical, and 
microbiological characteristics of water. All these 

determine the purposes for which the water can be used 
[5]. These properties could be natural with a particular 
water source or arise from dissolved or suspended 
substances from human activities [5]. We cannot live 
without water and municipal activities can impact its 
quality and quantity [6]. Fresh groundwater is associated 
with recharge areas, whilst groundwater is more 
mineralized. 

The United Nation goal of access to safe drinking water, 
especially in developing countries is frequently under 
threat due to the occurrence of pollutants in drinking water 
which pose a serious health hazard [7]. pH is one of the 
most important water quality parameters; although, it has 
no direct impact on consumers. However, the water of a 
very low pH is likely to be corrosive to its environment. 
Corrosion can contaminate water and have adverse effects 
on its taste and appearance [8].  

The pH in the range 6.5-8.5 is usually acceptable, 
although the nature of the construction materials used in 
the distribution system as well as the composition of the 
water both lower and increase this range [9]. In an 
extreme case, a surge in the pH value could be because of 
accidental spills, treatment breakdowns, and insufficiently 
cured cement mortar pipe linings, among others [10]. The 
dissolved ions in the water sample must be of a low 
concentration. The electrical conductivity of water 
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indicates the presence of dissolved ions; these two 
parameters are relative to each other. In the same vein, 
over-mineralization of groundwater lowers water quality 
giving an objectionable taste, odor, and excessive 
hardness [11]. Water contamination needs to be avoided 
because the quality of the water of the aquifer would be 
difficult to restore [12]. Aquifer source depth plays an 
important role in determining the thermal buffering 
capacity and the water quality of groundwater [13]. The 
depth and shallowness of groundwater also play important 
roles in land-use changes and surface contamination [14]. 
That said, these two factors tend to have different 
chemical properties [15].  

Groundwater is typically referred to as being safe for 
drinking. However, the quality does vary due to 
differences in associated rock type and within aquifers 
along groundwater flow paths [16]. Also, human activities 
might affect the water source over time.  

Therefore, periodic checking of the quality of 
groundwater is important to develop a strong database for 
future water resource strategic planning and development 
[17]. Many researchers have reported the quality of 
groundwater in different parts of Nigeria. However, no 
study has been conducted on the groundwater quality in 
Abeokuta North Local Government 

Groundwater is one of the major sources of water 
supply to the entire populace of the Abeokuta North Local 
Government and its environment since there is an 
inadequate supply of pipe-borne water from the 
waterworks and boreholes. The boreholes found there are 

very scarce as it is expensive to construct when compared 
to the average standard of living of people living in the 
area. The geological formation of this local government is 
the basement complex, which is very difficult to drill due 
to the type of rocks beneath this formation. 

This study, therefore, became necessary to ascertain the 
quality of the wells and invariably its suitability for 
various purposes, to ensure the protection of the health of 
users and determine liable sources of pollution. The 
information will be of great importance to relevant 
authorities. This study will serve as a database for future 
research in water quality assessment of hand-dug wells in 
the study area and influence decision-making concerning 
future groundwater development. 

The wells are not properly maintained due to a lack of 
information on maintenance procedures such as consistent 
closing of the cover, rinsing of the drawers before dipping 
inside wells, et cetera. Also, most wells in the study area 
are sited close to regions prone to erosion due to the poor 
drainage system. This novel research work aims to draw 
out a verdict on the quality of groundwater in Abeokuta 
North Local Government area from its electrical 
conductivity (EC), total dissolved solids (TDS), pH, 
temperature, and water quality index (WQI) to ascertain 
whether or not the quality of water in this area is within 
standard recommended by World Health Organization. 

2. Study Area 

 
Figure 1. Map of Nigeria showing Ogun State [28] 
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Figure 2. Map of Ogun State Showing the area of interest [29] 

This study was carried out at the start of the dry season 
in 2017. Figure 1 represents the map of Nigeria which 
shows Ogun state, whilst Figure 2 is the map of Ogun 
state (and its neighboring state), indicating the study area 
with a green shade.  Table 1 represents the mean values of 
the water quality parameters respectively taken in 36 
available sites in the ten sub-districts of Abeokuta North, 
local government area, Ogun, Nigeria. The study area lies 
on latitude 7°10´N and longitude 3°40´E and it has a 
landed area of 808 km2 (312 square miles). Its headquarter 
is in the town of Akomoje near Abeokuta. It is bounded to 
the west by Yewa North Local government, the east by 
Abeokuta South Local government, the north by Odeda 
Local government, and to the south by Ewekoro Local 
government. The average temperature and annual rainfall 
of the groundwater sources are 27.6 °C and 1238 mm, 
respectively. 

3. Materials and Methods 

3.1. Materials Used 
Rope, distilled water, toilet roll, drawer, thermometer, and 

EC/TDS/pH meter, were employed. 
 

3.2. Data Collection 
Groundwater samples were collected and analyzed in-

situ (on-site) from thirty-six (36) hand-dug wells around 
Abeokuta North Local government area. The geographical 
location of all the wells was obtained using a global 
positioning system (GPS), the areas of the location of each 
well were recorded, and the time of collection was 
recorded. The altitude of each location of the wells was 
also obtained using the GPS. The depth of the wells and 
the height of the apron (ring above the ground surface) 
were obtained. The depth of the well was gotten by 
immersing a water drawer (rubber) inside the well and a 
pin is used to spot the location when the rope attached to 
the drawer starts sagging. The sagging of the rope 
indicates that the drawer has reached the bed. The 
measuring tape was then used in measuring the point 
located on the rope to the drawer and the readings were 
taken and recorded. A miniaturized single probe 
TDS/EC/pH meter which utilizes three sensors was used. 
The probe has an amplifier that helps to eliminate 
background noise from electrical interference and 
humidity, which could come from sources such as pumps, 
ballasts, pumps, et cetera. The instrument was calibrated 
to a pH of 7.01 and an EC value of 1413 µS/cm. 
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EC/TDS readings are done by an amperometry sensor 
in the probe. The working principle is akin to Faraday’s 
first law of electrolysis, except that there is no product in 
this case. When a potential difference is supplied to the 
sensor, the amount of current that flows through the circuit 
is proportional to the mass of the dissolved solids present 
in the sample. The temperature of the samples of water 
collected from the well was obtained using a thermometer.  

Groundwater samples taken from the wells were tested 
and analyzed immediately after collection. The samples 
were analyzed for the following physicochemical 
parameters explained below. 

3.3. Method of Analyzing Physicochemical 
Parameters 

3.3.1. pH 
This is the measure of acidity/alkalinity of water. The 

water in the well was drawn, and the electrode of the  
pH meter to be used was cleaned with distilled water  
to remove particles that may remain after the previous  
use. It was inserted inside the drawer with the water. 
Immediately after insertion, there appears a clock on the 
surface of the meter indicating that the water is still been 
tested. The result obtained is being recorded immediately 
after the clock disappears. 

3.3.2. Electrical Conductivity 
EC is the measure of the ionic components in water, 

and it signifies the electrical properties [18]. The water  
in the well was drawn, and the meter to be used was  
first cleaned with distilled water to remove particles that 
may have remained after the previous use. The same 
procedure was followed as above using the EC/TDS/pH 
meter. 

3.3.3. Total Dissolved Solids 
TDS represents the dissolved minerals or substances in 

water. The same procedure was followed as described 
above. 

3.3.4. Water Quality Index (WQI) 
The WQI was determined using the weighted arithmetic 

method [19]. The four steps calculation is summarized as 
given below: 

 1
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Where Sn is the value (mean) for each parameter; and K is 
the proportionality constant in equation 2. 
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Vi (idea value) for all parameters in water quality analysis 
is zero, except pH and dissolved oxygen (DO) which have 
an ideal value of 7 and 14.6 mg/L, respectively. Vo is the 

observed (mean) value, while Qi is the quality rating of the 
individual parameter. 

 .i i

i

W Q
WQI

W
Σ

=
Σ

 (4) 

4. Results and Discussion 

The experimental values for the determined parameters 
are given in Table 1. Furthermore, Table 1 shows low 
standard deviation and mean values. That is, little 
differences difference between each parameter from one 
site to another, which implies that the sites are affected 
almost the same way by human and environmental factors. 
Temperature values are not beyond what is expected of a 
tropical rainforest region. It ranges from 26.0 to 29.2°C 
with an average of 27.6°C. This ambient temperature is 
good for consumption. The temperature must not be too 
high to prevent microbial growth, which might lead to 
unpleasant taste, odor, color, and corrosion issues [20]. 

Table 2 shows a strong correlation/relationship of 
0.9794 between TDS and EC, which is also represented as 
a linear graph in Figure 3. In other words, TDS led  
to an increase in the EC found in the area. Both the 
parameters are within the World Health Organization's 
recommendation of 300-1200 mg/L and 500-1000 µs/cm 
respectively. The average values are approximately 352 mg/L 
and 695 µs/cm, in the same sequence. As a result, the 
water in the surveyed region can be said to have a 
relatively low salt concentration. The dissolved solids 
might be Ca+2 and/or Mg2+, and carbonates from rainfall as 
has been previously mentioned that most wells in the study 
area are not properly/consistently covered. In continuation, 
the average EC is far greater than the 11.08 µS/cm 
reported by [18], the latter which is attributed to the rapid 
ion exchange between the soil and water due to the 
presence of few insoluble mineral types in Agbor/Owa 
(Boji-Boji) area. However, in the case of Abeokuta 
north, the region is typical of hills, mountains, and 
deposited minerals which suggest the possibility of 
mineral leaching through the porous sand bed into the 
groundwater. The water samples meet the requirement of 
“freshwater” and can be used for irrigation purposes as 
this would not affect the osmotic pressure of soil solution 
[21]. In addition, there is a slightly strong inverse 
correlation between the pH and EC as shown in Table 2. 
In the same vein, Figure 4 shows that the pH decreases at 
the interval where EC increases, and vice-versa. 

The pH range (6.30-7.36) is consistent with the results 
presented by [22]. The latter reported a pH range of 6.7 to 
7.6 for a town called Foko in the west Africa city of 
Ibadan, where the authors observed the same nonchalant 
wells handling by the occupants, whilst frequent 
governmental monitoring helps to salvage the situation 
[23]. Another researcher reported a pH range of 7.65 to 
8.48 for 40 selected sites in Abeokuta. Although the 
sampling did not entirely focus on one site (Abeokuta 
north), it suggests that the pH of the water in Abeokuta is 
considered neutral, all things being equal; hence, it further 
strengthens our data on Abeokuta north. In contrast, [24] 
reported pH values as low as 4.35 in the Ota region (in the 
same Ogun State), but it is an industrial area which 
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implies that the surge might be a result of excessive 
release of acidic effluents into water bodies. So, Abeokuta 
north seems to be free from undue water pollution. 
Meanwhile, slightly acidic values are observed in 
locations such as Sabo Lafenwa, and Ikeredu-Idan which 
is given for the comparatively higher EC shown in Table 1 
and Figure 4. This observation could be because of the 
presence of refuge sites and abattoirs in these two 
locations, perhaps trace contamination of the locations is 

gradually happening. Similarly, [25] reported higher 
values of TDS (above 500 mg/L) in areas closer to 
industrial sites compared to the region far-away, in 
Kakinada city, east coast of India. In a study, the 
researchers reported a pH range between 6.81 and 8.32 for 
the water quality assessment of Bundelkhand massif, 
Mahoba in India [26]. The geographical features of the 
region comprise rainforest and hard rocks, both of which 
are typical of Abeokuta. 

Table 1. The results obtained for the water quality parameters 

S/N X LAT LONG ALT (m) PH TDS (mg/L) EC (µs/cm) TEMP (‘c) SWL (m) TD (m) H (m) (Alt - SWL) (m) 
1 SABO 3’19’’467 7’09’’455 64 6.53 480 953 26.8 2.41 5.5 1.2 61.59 
2  3’19’’416 7’09’’450 64 6.35 394 798 28.5 3.42 3.52 0.46 60.58 
3  3’19’’410 7’09’’418 64 6.74 466 932 27.3 1.56 2.94 0.14 62.44 
4  3’19’’408 7’9’’422 64 6.76 321 641 27.2 2.17 6.60 0.79 61.83 
5  3’19’’423 7’09’’399 64 6.89 499 996 27.2 5.87 7.92 0.71 58.13 
6  3’19’’419 7’09’’417 64 6.92 575 1149 27 1.29 2.11 0.18 62.71 
7 LAFENWA 3’19’’524 7’09’’183 64 7.08 558 1115 27.3 2.34 3,26 0.5 61.66 
8  3’19’’530 7’09’’170 64 7.20 360 722 27.2 0.73 5.43 0.37 63.27 
9  3’19’’528 7’09’’148 64 7.15 503 1005 27.8 2.81 4.37 0.72 61.19 

10  3’’19’’530 7’09’’144 64 7.10 496 987 28.6 1.12 3.21 0.19 62.88 
11  3’19’’520 7’09’’085 64 7.00 472 945 27.4 1.38 4.54 0.75 62.62 
12  3’19’’598 7’09’’144 64 7.19 381 757 27.8 3.24 4.31 0.52 60.76 
13 TOTORO 3’19’’978 7’09’’272 64 6.86 421 841 27.4 1.8 1.18 0.65 62.20 
14  3’19’’923 7’09’’356 64 7.13 333 666 27.4 3.15 4.60 0.67 60.85 
15 GBAGURA 3’20’’035 7’’09’’356 64 7.05 430 857 26.8 1.12 2.0 0.18 62.88 
16 IKEREDU-IDAN 3’19’’770 7’09’’331 64 6.93 432 866 27.3 2.34 3.45 0.58 61.66 
17  3’19’’772 7’09’’348 64 6.87 449 899 28.7 3.14 5.41 1.43 60.86 
18 ITA-OSHIN 3’18’’307 7’08’’139 64 7.25 253 504 27.6 1.66 3.44 0.37 62.34 
19  3’18’’339 7’08’’083 64 7.36 152 300 26.2 1.52 2.55 0.22 62.48 
20  3’18’’358 7’08’’047 64 6.91 202 407 27.4 1.33 3.75 0.64 62.67 
21  3’18’’374 7’08’’033 64 6.92 301 596 27.0 1.33 4.07 0.86 62.67 
22  3’18’’409 7’08’’008 64 7.13 318 337 28.8 7.25 7.56 0.55 56.75 
23  3’18’’355 7’07’’936 64 7.29 140 280 27.4 2.97 13.05 0.61 61.03 
24  3’18’’325 7’07’’934 64 7.04 212 425 27.4 0.29 3.31 0.72 63.71 
25  3’18’’295 7’07’’935 64 7.21 157 314 27.2 1.64 6.24 0.30 62.36 
26 IBEREKODO 3’20’’298 7’11’’031 62 6.95 389 773 26.0 2.74 4.00 0.00 59.26 
27  3’20’’438 7’11’’013 60 7.16 379 759 26.4 2.46 4.10 1.04 57.54 
28  3’20’’438 7’11’’013 60 7.17 350 696 26.9 2.65 4.28 1.25 57.35 
29  3’20’’511 7’11’’110 69 7.12 150 314 28.6 0.32 0.98 0.05 68.68 
30  3’20’’508 7’11’’130 63 7.09 242 485 28.4 1.11 2.14 0.82 61.89 
31  3’20’’365 7’11’’215 55 7.12 205 412 28.6 2.48 4.10 0.70 52.52 
32 AKOMOJE 3’20’’350 7’11’’293 49 7.10 250 506 27.8 2.12 3.25 1.21 46.88 
33  3’20’’510 7’10’’826 65 7.08 456 914 29.2 5.00 5,04 1.49 60.00 
34 ELEGA 3’20’’800 7’11’’024 94 7.16 340 680 28.7 3.70 4.87 1.00 89.13 
35 AGO-ODO 3’20’’284 7’10’’271 57 7.20 364 730 28.5 5.67 7.30 1.00 49.70 
36  3’20’’382 7’10’’401 42 7.12 255 450 28.2 2.23 2.51 0.78 39.49 

Mean    7.03 352 695 27.6 60.68    60.68  
S.D (σ)    0.20 120 248 0.8 7.09    7.09 

WQI (%)       17.20      

X= Location; Lat= Latitude; Long= Longitude; Alt= Altitude; TDS: Total Dissolved Solid; EC= Electrical Conductivity; SWL= Shallow Depth Length; 
TD= Total Depth; (Alt-SWL) = Hydraulic head; H= Height of Apron; S.D= Standard Deviation. WQI= water Quality Index. 

Table 2. Pearson correlation coefficient of water quality parameters (n=36); p<0.01 

 EC TDS PH HD 
EC 1    

TDS 0.9794 1   
PH -0.4254 -0.4173 1  
HD 0.1080 0.0719 -0.0385 1 
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Figure 3. Graph of the TDS vs EC for all locations. 

 
Figure 4. A cluster column chart that relates EC and pH of all the sites 

The moderately low hydraulic head value shown in 
Table 1 is an indication that solid suspension due to 
pressure in water is not associated with these sites, which 
further affirms the purity of groundwater in the study  
area. Also, WQI calculated using the four stepwise 

equations shown above gave a value of 17.20 %. The 
result agrees with the findings of [26]. This implies that 
the water quality is excellent as represented in Table 3. 
Therefore, the water is good for both human and animal 
consumption. 
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Table 3. Water quality rating 

Rating Class WQI 
>100 Unsuitable 
76-100 Very Poor 
51-75 Poor 
26-50 Good 
0-25 Excellent 

5. Conclusion 

The values of each parameter obtained from the sampled 
wells (in the study area) do not differ significantly among 
themselves. This might be because the samples were taken 
in the same geographical locations and are prone to 
similar human activities and environmental conditions. 
The graph plotted shows a vivid relationship between the 
EC and TDS, and then pH, backed up with a statistical 
correlation analysis which shows a positive correlation 
between EC and TDS, and a slightly inverse relationship 
between EC and pH. Moreover, they are within the 
recommendation of the World Health Organization’s 
standards for water quality, even as proven by the water 
quality (WQI) calculation. This can be interpreted to mean 
that groundwater sources (wells) in Abeokuta North Local 
Government are good for drinking.  

Significance Statement 

This study discovered the quality of the groundwater 
sources in Abeokuta North, Ogun, Nigeria. We imply that 
the groundwater in the study area is good for drinking. It 
would serve as a piece of background information, 
perhaps researchers opt to conduct further assessments in 
this region. In addition, this novel research could be 
beneficial in the future in a situation where an outbreak of 
waterborne illness occurs in the area; hence, this report 
would serve as a guide to backdate the time when and 
when not, contaminants that dent the quality of the water 
might have been introduced. In this light, we encourage 
the residents to improve and maintain the usage of the 
groundwater sources. 
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