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ABSTRACT 
Access to potable water has become a perpetual problem to people worldwide; hence, their prefer-
ences shift to groundwater utilization for their socio-economic survival. This study assessed the physi-
cochemical properties, heavy metal pollution indices and health risk assessment of groundwater quali-
ty within the Federal University of Agriculture, Abeokuta (FUNAAB), Ogun State, Nigeria. Twenty (20) 
groundwater samples were collected from 20 stations during the rainy season and analysed for physi-
cochemical, heavy metals, and health risk characteristics using the standard methods. All sampled 
waters were clear, colourless, and odourless. Water pH samples ranged from 7.66 to 9.75; electrical 
conductivity ranged from 191.0 to 1110.0 μS/cm; total dissolved solid ranged from 95.0 to 555.0 mg/L 
and total hardness ranged from 1.58 to 5.63 mg/L. Levels of cations (Ca2+, Mg2+, Na+ and K+) in water 
samples ranged from 1.00 to 6.97 mg/L, 1.60 to 16.5 mg/L, 5.00 to 74.20 mg/L and 1.00 to 17.50 mg/
L. Levels of anions (HCO3-, Cl- and SO42-) in wat er samples ranged from 1.20 to 6.20 mg/L, 18.00 to 
334.00 mg/L and 1.13E-03 to 37.26E-03 mg/L, respectively. The concentrations of chloride ion (334.0 
mg/L) and electrical conductivity (1110.0 μS/cm) in groundwater sample at FUNAAB Zoological Park 
(2) were higher than the World Health Organization (WHO) allowable limits of 250.0 mg/L and 1000 
μS/cm for drinking water. Heavy metals analysis results showed that Al, Fe, Hg and Sc in six selected 
groundwater were above the WHO’s permissible limits. The total hardness, Ca, Mg, Na, K and Cl- had 
significant positive correlation with electrical conductivity and total dissolved solids. Pipe Plot Analysis 
revealed sodium and chloride as the groundwater type of the study area. Also, the pollution indices 
(HPI, HEI and Cd) for the majority of heavy metals in six selected groundwater were categorised as 
low contamination. Only cancer risk (CR) values of Fe were higher than the acceptable range of ≤ 1 x 
10-6 to 1 x 10-4 set by the USEPA. Multivariate analysis predicted that lithogenic and anthropogenic 
factors were the probable sources of groundwater pollution of the heavy metal in the study area. 
Hence, there is a need for periodic monitoring and thorough treatment of all groundwater samples 
within the Federal University of Agriculture, Abeokuta; at least once in every two years to curb the 
incidences of contamination observed in this study. 
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metals presence in groundwater has been 
investigated to cause serious health effects to 
human health and the environment (Nafeesa 
et al., 2022). Heavy metals intake by man en-
hances oxidative stress, and obstructs cellular 
redox control, thus, initiating oxidative harm 
on macromolecules such as lipids, proteins 
and deoxyribonucleic acid, DNA. They can 
damage microRNA expression in the brain 
(Wallace et al., 2020). The imbalance in the 
levels of  essential metals (e.g., Fe which plays 
a key role in oxygen circulation, Zn in me-
tabolism, Mn and Se are crucial in antioxi-
dant protection) in human body can hinder 
enzymes function, causing the manifestation 
of  diseases (Wolonciej et al., 2016). Heavy 
metals can initiate neurological impairments 
as they spread across the blood-brain barrier 
and trigger harm by bringing on free radicals 
within cell organelle e.g mitochondria. Heavy 
metal toxicities in human brain inflict stress 
to brain cells, which may have negative ef-
fects on the motor, sensory, cognitive and 
psychological potentials of  the human brain. 
Lead, cadmium, mercury, arsenic, nickel, alu-
minium, gold, thallium and titanium are the 
major culprits of  these neurological dysfunc-
tions (Singh et al., 2011; Kippler et al., 2012; 
Schofield, 2017). Carcinogenic dangers asso-
ciated with intake of  packaged groundwater 
from Abeokuta and Sagamu, Ogun State, 
Nigeria polluted by heavy metals were pub-
lished by Taiwo et al. (2023). 
 
A number of  studies have been conducted in 
the six geo-political zones of  Nigeria on 
groundwater pollution assessment; South-
west (Adeyemi and Ojekunle, 2021), North-
central (Kana, 2022), Southsouth (Nnoli et 
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INTRODUCTION  
Groundwater is utilized for home, farming, 
and commercial purposes and is one of  the 
world's main sources of  fresh water. 
Groundwater provides drinking water to 
almost one-third of  the world's population 
(International Association of  Hydrogeolo-
gists, 2020). It is a very valuable resource in 
dryland areas with insufficient surface water 
and precipitation (Li et al., 2017). However, 
the quality of  groundwater is seriously 
threatened by industrialization, urbaniza-
tion, climate change, and agricultural prac-
tices (Ravindra and Mor, 2019). Elemalai et 
al. (2020) reported that natural and man-
made sources could both contaminate 
groundwater. Groundwater contamination 
affects both humans and ecosystem services 
on a global scale (Li et al., 2021).  
 
The constituents of  pollutants in ground-
water could be organic and inorganic origin 
depending on the geological formation of  
such locations (Kwaya et al., 2019). The or-
ganic pollutants in groundwater include: 
pharmaceuticals and personal care products, 
pesticides, veterinary products, industrial 
compounds or by-products, food additives 
and nanomaterials (CABI, 2018). The inor-
ganic contaminants in groundwater include 
zinc, thallium, sodium, silver, selenium, ura-
nium, sulphate, carbonate, nitrite, nitrate, 
nickel, mercury, manganese, lead, iron, 
hardness, fluoride, dissolved solids, cyanide, 
copper, chloride, cadmium, beryllium, bari-
um, arsenic and antimony (Peng et al., 2012; 
Wang et al., 2021). 
 
This study focuses on inorganic pollutants 
in groundwater. The presence of  inorganic 
pollutants in groundwater is more of  an-
thropogenic sources rather than the natural 
sources (Kwaya et al., 2019).  The heavy 
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al., 2021), Southeastern (Obasi and Aku-
dinobi, 2019), Northwest (Grema et al., 
2022), Northeast (Agada et al., 2020), and 
other parts of  the globe. It is clear that the 
extent of  groundwater contamination aris-
ing from anthropogenic and geogenic 
sources are yet to be demystified, and the 
public have no alternatives other than to use 
groundwater within their reach to make 
ends meet. Also, public and private organi-
zations are not exempted to contribute their 
quotas to salvage the groundwater pollution 
occurrences within our localities.  
 
The measurement of  the physical and 
chemical properties of  groundwater and the 
comparison of  their values with standards 
alone may not give holistic evaluation of  
groundwater quality due to the fact that 
there are different routes of  exposure of  
heavy metals to groundwater pollution. 
Thus, the adoption of  Piper, Stiff  plots and 
Multivariate statistical techniques will assist 
greatly in evaluating the groundwater quali-
ty, water type and sources of  contaminants 
(Affum et al., 2015). Also, some practical 
indices (Heavy metal pollution index (HPI), 
Heavy metal evaluation index (HEI), De-
gree of  contamination (Cd) and Hazard in-
dex, HI) have been employed in literatures 
to quantify the level of  heavy metal pollu-
tion in groundwater. These indices will aid 
the measurement of  health risk associated 
with groundwater consumption and utiliza-
tion by humans (Singh et al., 2017; Wagh et 
al., 2018).  
 
Additionally, Clean Water and Sanitation, 
with Good Health and Well-being are parts 

of  the Sustainable Development Goals 
(SDGs) that find expression in this study due 
to the fact that availability of  boreholes in 
the study area enhances the socio-economic 
lives of  people working and residing within 
the academic milieu. Provision of  boreholes 
within the Federal University of  Agriculture, 
Abeokuta, Ogun State (FUNAAB) proffers a 
relief  to the age-long water scarcity con-
fronting this Institution of  learning. At least 
50 boreholes were constructed within FU-
NAAB in the last two decades, coupled with 
the dam project near completion. Despite 
these lofty efforts, some boreholes were no 
longer functioning. The assessment of  the 
selected boreholes out of  the remaining 
working groundwater helps to ascertain the 
current status of  groundwater pollution in 
FUNAAB. The quality of  groundwater in 
the above named institution might have been 
investigated in the past, yet there is still room 
for more periodic monitoring and evaluation 
of  the occurrences, levels and distribution 
patterns of  pollutants in the FUNAAB’s 
Groundwater. Hence, this study aimed to 
measure the quality and the health risk asso-
ciated with the use of  groundwater in FU-
NAAB. It is expected that the results of  this 
study will add to the body of  knowledge on 
borehole water in FUNAAB Community 
and to increase the data base on groundwater 
quality. 
 

MATERIALS AND METHODS 
Location and climate setting 
The study area (Figure 1) is the permanent 
site of  the Federal University of  Agriculture, 
Abeokuta (FUNAAB), Ogun State, Nigeria. 
It is situated in the North-East of  Abeokuta, 
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in Odeda Local Government of  Ogun 
State, Nigeria. It lies between latitudes 
7o12ÿ ÿ 7o14ʹ and longitudes 3o08ÿ ÿ 
3o26ʹ. It is located in the urban setting of  
the medium-sized city of  Abeokuta 
(population range of  500,000-1,000,000 in-
habitants), Ogun State. The study area is 
characterized by a tropical climate with al-
ternate wet and dry seasons. The quantity 
of  rainfall (750 mm-1000 mm) varies be-
tween March and October in the rainy sea-
son and 250 mm-500 mm between Novem-
ber and March in the dry season. It has a 
mean annual temperature of  26 °C (Akanni, 
2000).  
 

Geology of  the study area 
The study area is underlain by basement 
complex. The basement complex rocks in 
the study area are of  metamorphic and char-
acterize by various folds, structures of  com-
plexity and landform changes. These rocks 
extend from the north eastern part of  Ogun 
State, running southwest, dipping towards 
the coast (Ako, 1979). Major rocks common-
ly found in the area are gneiss, schist, quartz-
ite, granite, granitic gneiss and pegmatite 
(Okunlola et al., 2009). The weathered and 
fractured parts of  basement complex for-
mation determined hydrologic features of  
the study area (Akanbi, 2018). 
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Figure 1: Groundwater Sampling Points of  the study area 
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Chemicals and reagents 
All glassware and polyethylene bottles used 
in the study were washed, rinsed with dou-
bly distilled water, and soaked in 10 % 
HNO3 (v/v) for 72 h. The glass wares were 
rinsed once more three times with deion-
ized water and finally oven dried before use. 
All chemicals used were of  analytical grade, 
and the water used for all the preparations 
was doubly distilled water. 
 
Sampling 
Twenty groundwater samples were collected 
from 20 stations in FUNNAB during the 
rainy season (between April and May, 2015) 
according to standard procedures of  the 
American Public Health Association 
(APHA, 2017).  Groundwater samples were 
collected in triplicates. The coordinate of  
each sampling point was taken with the 
Global Positioning System (Germin GPS 12 
XL). Water samples from boreholes were 
collected after it was pumped for 30 
minutes, and the first few buckets were 
poured away before sampling. Samples 
meant for metal analysis were preserved 
with 5 mL of  pure nitric acid on the spot. 
Samples for anions were collected into 
cleaned polythene bottles of  2 litres capaci-
ty, which were rinsed with water to be sam-
pled before collection. Water samples from 
the field were kept in ice chess cooler, trans-
ferred to the laboratory, stored in a refriger-
ator at 4 0C and analysed within a week after 
collection.  
 
Sample analysis 
The physicochemical parameters such as 
pH, temperature, electrical conductivity 
(EC), total dissolved solids of  the boreholes 
were measured in-situ on the field using the 
Hannah Combo Metre (HI 98129, 2004). 

Anions 
The anions and the hardness of  the water 
samples were determined titrimetrically ac-
cording to APHA (2017). The chloride con-
tent of  the water sample was determined by 
Mohr’s method and the sulphate content was 
measured at absorbance of  420 nm using a 
Cecil UV-visible spectrophotometer (CE 
7200, 2010). 
 
Metals analysis 
The preserved water samples were taken out 
from the refrigerator and kept at room tem-
perature until it thawed and attained the 
room temperature. Prior to cations analysis, 
100 mL of  water samples were digested with 
10 mL of  concentrated hydrochloric acid 
(HCl) in a 250 mL conical flask. The mixture 
was evaporated to half  of  its volume on a 
hot plate, after which it was allowed to cool 
and then filtered. Cations (Na+, K+, Ca2+, 
Mg2+) in water samples were analysed using a 
Systonic Flame Photometer (S-935, 2010) at 
FUNAAB. The in-situ measurement of  ECs 
in the groundwater samples guided the selec-
tion of  six water samples for heavy metals 
analysis. The analyses of  alkali and alkaline 
metals, trace metals and heavy metals in six 
selected water samples were carried out us-
ing the Inductively Coupled Plasma Mass 
Spectrometer (ICP-MS) in Canada.  
 
Quality control 
Replicate blanks and reference materials, 
NIST 1640 (a) were used for the method of  
validation and quality control. After each 
batch of  five samples, the control sample 
was analysed to check the accuracy of the 
analysis. Recovery rates for each element 
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were in allowable ranges (87.3 ÿ 95.1%). 
The concentrations of  heavy metals in the 
groundwater were reported in µg/L. 
 
Pollution evaluation indices 
The formulae listed below were employed 
for the calculation of  heavy metal pollution 
index (HPI), heavy metal evaluation index 
(HEI) and degree of  contamination (Cd) in 
a bid to evaluate the drinking water quality. 
The HPI is based on the weighted arithme-
tic quality mean method which is developed 
in two basic steps (Prasad and Bose, 2001). 
A rating scale was developed for each of  
the selected parameters upon which the in-
dex is based on. The rating is an arbitrary 
value between 0 and 1 and its selection indi-
cates the relative importance of  individual 
quality considerations. The weightage can 
be assessed by making value inversely pro-
portional to the recommended standard (Si) 
for corresponding parameter (Prasad and 
Bose, 2001; Edet and Offiong, 2002; Kwaya 
et al., 2017). The HPI model (Prasad and 
Bose, 2001) is computed using the follow-
ing Eq. (1): 
 

HPI   =  

 
 
where Q1 and W1 are the sub-index and unit 
weight of  the ith parameter, respectively, 
and n is the number of  parameters consid-
ered. The sub-index (Q1) is calculated ac-
cording to: 

Q1 =   
 
where Mp, Ip and Si are the monitored heavy 
metal, ideal, and standard values of  the ith 
parameter, respectively. 
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Heavy metal evaluation index 
HEI method gives the overall quality of  the 
water with respect to heavy metals (Edet and 
Offiong, 2002; Kwaya et al., 2017). HEI is 
calculated from the following Eq. (2): 
 

HEI =  
 
Hc is the monitored value of  the ith parame-
ter and Hmac is the maximum admissible con-
centration of  the ith parameter. 
 
Contamination index (Cd) 
The degree of  contamination considers both 
the number of  parameters that exceed the 
upper permissible limit or guide values of  
potentially harmful elements and the con-
centrations exceeding these limit values 
(Edet and Offiong, 2002). The degree of  
contamination (Cd) is calculated separately 
for each sample of  water analysed as the 
sum of  water contaminant factor of  the in-
dividual components exceeding the upper 
permissible values and is calculated using Eq. 
(3): 
 

Cd =  
 

where Cfi =  
 
where Cfi; CAi and CNi represent contamina-
tion factor, analytical value and upper per-
missible concentration of  the ith component 
respectively. N denotes the ‘normative value’ 
and CNi is taken as maximum admissible 
concentration (MAC).  
 
Potential health risk assessment of  met-
als in groundwater samples 
The assessment of  health risk via oral con-
sumption pathway necessitates the estima-
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tion of  the likely duration and severity of  
adverse health consequences as a result of  
using contaminated groundwater over a life-
time (Osipova et al., 2015; Ogundele et al., 
2019). Oral reference dose values for heavy 
metals such as Cd (0.0005 mgkg/day), Cu 
(0.0035 mgkg/day), Zn (0.3 mgkg/day), Fe 
(0.7 mgkg/day), Mn (0.014 mgkg/day), As 
(0.0003 mgkg/day), Ni (0.02 mgkg/day), 
and Cr (0.003 mgkg/day) were employed to 
compute hazard quotient for non-
carcinogenic health effects for adults (Table 
1). Egbueri (2020) reported the average dai-
ly dose (ADD) of  metals in groundwater 
via oral ingestion route using Eq. (4): 
 

 
 

where C represents the concentration of  
metal in water (mg/L), IR signifies the oral 
ingestion rate (0.75, 1, and 2 L/day for in-
fant, child, and adult), EF is the exposure 
frequency in the water (365 days/year), ED 
is the exposure duration time (70 years as 
adult ED, while 10 years as child ED). The 
body weight (BW) was 60 kg and the averag-
ing time in days (AT) was 70 x 365 for carcino-
genic effects for adults (Table 2). 
 
The non-carcinogenic was computed using 
Eq. (5): 

Hazard quotient (HQ) =    
where RfD signifies the oral reference dose 
of  a specific metal (mg/kg/day).  
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Table 1. The toxicity responses (dose response) to heavy metals as the oral reference 
 dose (RfD) 

Heavy metals Oral RfD (mg/kg/day) 

Cd 5.0 x 10-4 

Cu 4.0 x 10-2 

Pb 3.5 x 10-3 

Zn 0.3 

Fe 0.7 

Mn 

As 

Ni 
Cr 
Hg 

0.014 

0.0003 

0.02 

0.003 

0.003 

Sources: Ukah et al. (2019), Egbueri (2020)  
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     Cancer risk (CR) 
The probability of  cancer risk of  drinking 
groundwater was evaluated as the incremen-
tal likelihood of  human being developing 
cancer over a life span, resulting from the 
exposure to a prospective carcinogenic ele-
ment (Ukah et al., 2019; Egbueri and Mgbe-
nu, 2020).  
The CR is computed using Eq. (6): 
 

 
 
where SFi is the slope factor (mg/kg/day). 
The tolerable CR value is within 1 x 10-6 

to−1 x 10-4 (Ukah et al., 2019; Egbenu and 
Mgbenu, 2020). 
 
STATISTICAL ANALYSIS 
Data obtained were analysed using descrip-
tive and inferential methods of  statistical 
analysis. The set of  data from the physico-
chemical properties of  groundwater sam-
ples were entered into Microsoft Excel 
spreadsheets and exported into the Statisti-
cal Package for Social Science (SPSS 22.0) 
software for analysis. Descriptive statistical 
tools (frequency, range, percentage, mean 

M.A. NOFIU AND A.M. GBADEBO 

Table 2. Input parameters to characterize the ADD value  

Exposure parameters Symbols Units Value 

Concentration of  water C mg/L Table 6 

Ingestion rate IR kg/day 2.2 

Exposure frequency EF Days/year 365 

Exposure duration ED Years 70 

Body weight BW Kg 60 

Average time AT Years (365 x ED = 25,550 days) 

and standard deviation) were employed to 
summarize the data collected. The relation-
ship that exists between the physicochemical 
parameters of  the water samples was ana-
lysed using the Pearson correlation. The pol-
lution indices and health risk of  the water 
samples were estimated with proven equa-
tions. 
 
RESULTS  
Physical and chemical characteristics 
Water temperature, electrical conductivity 
(EC), total dissolved solids (TDS) and total 
hardness (TH) ranged from 28.0 to 35.0 oC, 
191.0 to 1110.0 µS/cm, 95.0 to 550.0 mg/L 
and 1.6 to 5.6 mg/L, respectively (Table 3). 
Except for groundwater at FUNAAB Zoo-
logical Park (2) with higher level of  TDS, all 
other TDS and TH values were within the 
allowable limits of  500 mg/L and 15 mg/L, 
respectively (Nigerian Standard for Drinking 
Water Quality (NSDWQ), 2015). Water pH 
varied from 7.66−9.75, the lowest value 
found at FUNAAB Zoological Park (2), 
while the highest value was obtained at FU-
NAAB Drink Centre (Figure 2). A signifi-
cant number of  measured water pH (90%) 
was above the maximum limit of  pH 8.5 for 
drinking water (WHO, 2018). Level of  chlo-
ride ions in the groundwater samples ranged 
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from 18.00 to 334.00 mg/L (Figure 3). The 
concentrations of  SO42- in the water sam-
ples varied from1.13E-03 to 37.26E-03 mg/
L (Figure 4). The levels of  HCO3- in the 
groundwater samples fell in the ranges of  
1.20−6.20 mg/L (Figure 5). The HCO3- lev-
els in all the samples were in acceptable 
range of  drinking water endorsed by the 
SON (2007). The concentrations of  chlo-
ride ion (334.0 mg/L) and electrical con-
ductivity (1110.0 μS/cm) in groundwater 
sample at FUNAAB Zoological Park (2) 
were higher than the World Health Organi-
zation (WHO) allowable limits of  250.0 
mg/L and 1000 μS/cm for drinking water. 
Levels of  cations (Ca2+, Mg2+, Na+ and K+) 
in water samples ranged from 1.00 to 6.97 
mg/L, 1.60 to 16.5 mg/L, 5.00 to 74.20 
mg/L and 1.00 to 17.50 mg/L (Table 4). 
The concentrations of  alkali and alkaline 
earth metals in sampled waters were within 

the acceptable limits set by the WHO (2008). 
The mean values of  chromium, cadmium, 
lead, arsenic, nickel, copper, zinc, iron, man-
ganese, mercury, aluminium, cobalt, barium, 
scandium, tin and silver were 39.62±8.59 
µg/L, 2.01±4.75 µg/L, 2.20±3.29 µg/L, 
2.79±0.16 µg/L, 11.69±2.84 µg/L, 
16.57±2.27 µg/L, 129.42±52.08 µg/L, 
1792.67±2023.53 µg/L, 27.41±34.09 µg/L, 
17.70±2.41 µg/L, 2120.7±2750.9 µg/L, 
4.60±10.19 µg/L, 165.2±163.3 µg/L, 
65.7±19.9 µg/L, 9.4±4.9 µg/L and 12.4±4.2 
µg/L  (Table 5). Levels of  Al, Fe, Hg and Sc 
in six selected groundwater were above the 
WHO permissible limits. The piper plot re-
vealed the nature of  dominant cations 
(Mg2+, Ca+, Na+ and K+) and anions (Cl-, 
CO3-, HCO3- and SO42-) largely controlling 
the groundwater chemistry in FUNAAB. 
The groundwater is Sodium and Chloride 
water type (Figure 6).                                         
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Table 3. The physical and chemical characteristics of groundwater samples within 
the Federal University of Agriculture, Abeokuta, Ogun State, Nigeria 

SP Long. Lat. Temp 
0C 

EC 
(µS/m) 

TDS 
(mg/L) 

TH 
(mg/L) 

Environmental 
Conditions of  the 
Boreholes 

L1 30.4415ʹ 70.2124ʹ 29.1 359.0 179.0 2.9 It was made with 
concrete located 
near the FUNIS 
dining hall 

L2 30.1881ʹ 70.2331ʹ 31.0 316.0 158.0 2.2 It was made with 
concrete located at 
entrance of  the 
Male Hostel Hall 

L3 30.4410ʹ 70.2323ʹ 33.8 610.0 305.0 3.2 It was made with 
concrete located in 
open space 

L4 30.1429ʹ 70.2270ʹ 30.1 841.0 420.0 5.6 It was made with 
concrete located 
beside the Funaab 
mosque 
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L5 30.4474ʹ 70.2206ʹ 29.3 279.0 139.0 1.9 It was made with 
concrete located in 
front of  the Fu-
naab zoo adminis-
trative office (1) 

L6 30.4470ʹ 70.2212ʹ 29.3 1110.0 555.0 5.6 It was made with 
concrete located 
beside the Funaab 
zoo administrative 
office (2) 

L7 30.1885ʹ 70.2281ʹ 34.8 275.0 137.0 1.7 It was made with 
concrete located 
opposite of  Funaab 
Flora Kitchen 

L8 30.1352ʹ 70.2258ʹ 35.0 345.0 172.0 2.6 It was made with 
concrete located at 
back of  the 
Mahmoud Yakubu 
Lecture Theatre 

L9 30.4006ʹ 70.2322ʹ 31.0 191.0 95.0 2.3 It was made with 
concrete located 
within the College 
of  Plant Science 

L10 30.4402ʹ 70.2337ʹ 33.5 790.0 394.0 4.2 It was made with 
concrete located 
beside the Veteri-
nary College 

L11 30.4247ʹ 70.2228ʹ 28.0 388.0 193.0 3.9 It was made with 
concrete located in 
front of  the Fish-
ery Building 

L12 30.4254ʹ 70.2229ʹ 29.5 281.0 140.0 2.3 It was made with 
concrete located 
beside the Poultry 
Building 

L13 30.4273ʹ 70.2235ʹ 29.4 271.0 135.0 2.3 It was made with 
concrete located 
beside the Poultry 
Building 

SP Long. Lat. Temp 
0C 

EC 
(µS/m) 

TDS 
(mg/L) 

TH 
(mg/L) 

Environmental 
Conditions of  the 
Boreholes 

Table 3. Contd. 
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L14 30.4278ʹ 70.2271ʹ 29.9 352.0 176.0 3.3 It was made with 
concrete located at 
the entrance FU-
NAAB Livestock 
Unit 

L15 30.4285ʹ 70.2263ʹ 28.0 259.0 179.0 2.8 It was made with con-
crete located at the 
back of  COMAS Li-
brary 

L16 30.4200ʹ 70.2227ʹ 28.9 409.0 204.0 3.2 It was made with con-
crete located within 
Funaab Drink Centre 

L17 30.4291ʹ 70.2256ʹ 28.5 255.0 127.0 1.6 It was made with con-
crete located beside the 
Poultry Building 

L18 30.4004ʹ 70.2329ʹ 29.3 600.0 259.0 3.6 It was made with con-
crete located at the 
back of  Male Hostel 
Block C 

L19 30.4325ʹ 70.2319ʹ 29.9 531.0 266.0 3.5 It was made with con-
crete located at the 
back of  PG Female 
Hostel 

L20 
  
  
(NSDWQ, 
2015) 
  
(WHO, 
2018) 

30.4349ʹ 
  
  
  

70.2299ʹ 29.6 210.0 
  
  
1000.0 
  
  
500 

105.0 
  
  
500.0 
  
  
500.0 

2.0 
  
  
15. 0 

located at the back of  
the College of  Engi-
neering 
  
  
  
  

Table 3. Contd. 

SP– Sampling points, PG – Post graduate, Temp – Temperature, EC – Electrical 
conductivity, TDS – Total dissolved solids, TH – Total hardness, COMAS – College 
of  Management Science, Long. – Longitude, Lat. – Latitude, NSDWQ – Nigerian 
Standard for Drinking Water Quality, WHO – World Health Organization 
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Figure 2: pH values of  groundwater samples collected in FUNAAB 
 Permissible range of  pH values according to the NSDWQ (2015) and WHO  
 (2018) – 6.5-8.5 
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Figure 3. Chloride ion values of  groundwater samples collected in FUNAAB 
Permissible chloride ion value according to the WHO (2018) – 250 mg/L 
 

Figure 4: Sulphate ion values of  groundwater samples collected in FUNAAB 
Permissible SO42- value according to WHO (2018) – 250 mg/L 
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Figure 5: Bicarbonate ion values of  groundwater samples collected in FUNAAB 
Permissible HCO3- value according to WHO 2006 (SON, 2007) – 240(3) mg/L 
WHO: World Health Organisation, SON: Standard Organisation of  Nigeria 
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Table 4. Mean concentrations of  Alkali and Alkaline Earth Metals (mg/L) in  
  groundwater of  Study Area 

Locations Na Mg K Ca 

L1 27.90 3.33 3.89 66.79 

L2 5.00 1.60 2.00 6.20 

L3 11.00 5.20 2.00 4.40 

L4 68.60 5.67 3.94 57.26 

L5 6.00 3.20 2.00 2.40 

L6 74.20 16.50 17.50 69.77 

L7 6.00 2.20 2.00 3.00 

L8 7.00 3.60 2.00 4.60 

L9 6.00 4.00 1.00 2.40 

L10 14.00 4.60 3.00 9.20 

L11 6.00 3.80 2.00 9.40 

L12 8.00 2.40 1.00 5.20 

L13 8.00 3.40 1.00 3.60 

L14 30.10 4.39 2.80 69.45 

L15 10.00 4.00 2.00 4.60 

L16 10.00 4.00 1.00 6.20 

L17 10.00 3.00 1.00 1.40 

L18 11.00 2.20 2.00 1.08 

L19 7.00 1.00 2.00 1.00 

L20 
(SON, 2007) 
(WHO, 2008) 

23.50 
  
200.00 

3.31 
20.00 
150.00 

3.49 
NP 
200.00 

45.41 
NP 
75.00 
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The groundwater is Sodium and Chloride water type 
 
Figure 6: A piper plot of  groundwater samples within FUNAAB 
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Table 5. Heavy metals (µg/L) in six selected groundwater samples in study area 

Location Al 
µglL 

Cr 
µglL 

Mn 
µglL 

Fe µglL Co 
µglL 

Cu 
µglL 

Ba 
µglL 

Pb 
µglL 

L1 587.0 28.2 8.4 625.0 0.41 16.6 66.3 0.08 

L4 2370.0 44.7 24.9 1760.0 0.45 18.2 59.0 2.02 
L6 1120.0 48.3 95.0 952.0 25.40 19.7 492.0 0.09 

L9 7550.0 48.1 8.5 5840.0 0.47 16.5 117.0 8.57 
L14 581.0 36.1 22.2 855.0 0.46 15.2 144.0 2.33 

L20 516.0 32.3 5.5 724.0 0.42 13.2 113.0 0.09 

Mean 2120.7 39.6 27.4 1792.7 4.60 16.6 165.2 2.20 
Stdev 2750.9 8.6 34.1 2023.5 10.19 2.3 163.3 3.29 

Minimum 516.0 28.2 5.5 625.0 0.41 13.2 59.0 0.08 
Maximum 7550.0 48.3 95.5 5840.0 25.40 19.7 492.0 8.57 
(WHO, 2008) 200.0 50.0 100.0 300.0 50.0 50.0 700.0 10.0 
(USEPA, 2011) - 100.0 - - - - 2000.0 15.0 

L1 17.7 2.61 12.70 80.5 7.1 15.5 99.0 0.08 
L4 18.8 2.93 11.25 66.3 6.1 11.4 186.0 0.08 

L6 17.3 2.97 16.55 96.8 9.0 18.6 178.0 0.06 

L9 13.2 2.88 9.45 50.4 19.2 7.0 47.5 0.08 

L14 19.8 2.71 8.44 56.2 8.4 9.4 120.0 0.08 
L20 19.4 2.63 11.75 43.8 6.5 12.4 146.0 11.70 

Mean 17.7 2.79 11.69 65.7 9.4 12.4 129.4 2.01 
Stdev 2.4 0.16 2.84 19.9 4.9 4.2 52.1 4.75 

Minimum 13.2 2.61 8.44 43.8 6.1 7.0 99.0 0.06 
Maximum 19.8 2.97 16.55 96.8 19.2 18.6 178.0 11.70 

WHO 2008 1.0 10.0 20.0 10.0 4.9 - 5000.0 30.0 

USEPA 2011 2.0 - - - - - - 50.0 

Stdev: Standard deviation 

Location Hg 
µglL 

As 
µglL 

Ni 
µglL 

Sc 
µglL 

Sn 
µglL 

Ag 
µglL 

Zn 
µglL 

Cd 
µglL 
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Heavy metal pollution indices 
The HPI values in the groundwater samples 
varied from 6.9 to 5640.0 (Table 6). Based 
on the adopted class ranges (HPI < 100 − 
low, HPI = 100 − medium; HPI > 100 − 
high) proposed by Edet and Offiong (2002), 
68.3% of  the collected groundwater sam-

ples were grouped as low pollution, while 
31.7% were highly polluted with HPI values 
above 100. With the exception of  Zn, Fe, 
Mn and Cd at College of  Engineering, the 
mean HPI values indicated that all other 
heavy metals assessed had HPI values less 
than the threshold limit of  100.  
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Table 6. Heavy metal pollution index (HPI) in six selected groundwater samples of 
study area 

Sample 
number 

Cr Cd Pb As Ni Cu Zn Fe Mn 

L1 54.58 46.00 98.40 7.63 14.60 98.34 245.05 425.00 122.94 

L4 88.96 46.00 59.60 11.63 17.50 98.18 240.73 1560.00 118.78 

L6 96.46 47.00 98.20 12.13 6.90 98.03 241.10 752.00 101.25 

L9 96.04 46.00 71.40 10.00 21.10 98.35 247.63 5640.00 122.88 

L14 71.04 46.00 53.40 8.88 23.12 98.48 244.00 655.00 119.45 

L20 

Mean 

Stdev 

63.13 

78.37 

17.91 

535.00 

127.67 

199.55 

98.20 

78.87 

20.97 

7.88 

9.69 

1.90 

16.50 

16.62 

5.69 

98.68 

98.34 

0.23 

242.70 

243.53 

2.61 

524.00 

1592.67 

2023.53 

123.63 

118.16 

8.52 

Stdev: Standard deviation 

The HEI values ranged from 0.009 to 
119.800 (Table 7). Based on Kwaya et al. 
(2017)’s classification (HEI < 10 − low , 
HEI = 10-20 − medium and HEI > 20 − 

high) applied in this study, 88.0% of  the 
groundwater samples fell within the low 
zone, 11.7% fell within the medium, while 
none found within the high zone.  

49 J. Nat. Sci. Engr. & Tech. 2024, 23(2): 32-63 



  

The contamination index (Cd) values varied 
from -0.038 to 18.47 (Table 8). Based on 
Edet and Offiong (2002)’s ranking system 
(Cd  < 1− low, Cd = 1-3−medium and Cd > 3 

− high) employed in this research, 78.4% of  
the collected groundwater samples were clas-
sified as low zone, 8.3% as medium zone and 
13.3% as high zone. 
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Table 7. Heavy metal evaluation index (HEI) in six selected groundwater samples 
of  study   area 

Sample 
number 

Cr Cd Pb As Ni Cu Zn Fe Mn 

L1 0.564 0.027 0.008 0.261 0.181 0.008 0.033 2.083 0.168 

L4 0.874 0.027 0.202 0.293 0.161 0.009 0.062 5.867 0.498 

L6 0.966 0.020 0.009 0.297 0.236 0.009 0.059 3.173 1.900 

L9 0.962 0.027 0.857 0.288 0.135 0.008 0.016 19.467 0.170 

L14 0.722 0.027 0.233 0.271 0.121 0.008 0.040 2.850 0.444 

L20 
Mean 
Stdev 

0.646 
0.790 
0.170 

3.900 
0.670 
1.580 

0.009 
0.230 
0.330 

0.263 
0.280 
0.020 

0.168 
0.170 
0.040 

0.007 
0.080 
0.000 

0.049 
0.040 
0.020 

2.413 
5.980 
0.750 

0.110 
0.550 
0.680 

Stdev: Standard deviation 

Table 8. Degree of  contamination (Cd) in six selected groundwater samples of  study 
               area 

SN Cr Cd Pb As Ni Cu Zn Fe Mn 

L1 -0.436 -0.973 -0.992 -0.739 -0.819 -0.992 -0.967 1.083 -0.832 

L4 -0.106 -0.973 -0.798 -0.707 -0.839 -0.991 -0.938 4.867 -0.502 

L6 -0.034 -0.980 -0.991 -0.703 -0.764 -0.990 -0.941 2.173 0.900 

L9 -0.038 -0.973 -0.143 -0.712 -0.865 -0.992 -0.984 18.467 -0.830 

L14 -0.278 -0.973 -0.767 -0.729 -0.879 -0.992 -0.960 1.850 -0.556 

L20 -0.354 2.900 -0.991 -0.737 -0.832 -0.993 -0.951 1.413 -0.890 

Mean -0.210 -0.330 -0.780 -0.720 -0.830 -0.990 -0.960 4.970 -0.450 

Stdev 0.170 1.580 0.330 0.020 0.040 0.000 0.010 6.750 0.680 

Stdev− Standard deviation, SN – Sample Number 
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Human health risk assessment 
The HQ values fell in the ranges of  1.39E-
08 to 1.43E-05 (Table 9). The computed 
HQ values in all of  the water samples were 
less than 1, indicating that all assessed heavy 

metals (e.g., Cr, Cd, Pb, As, Ni, Cu, Zn, Fe 
and Mn) contributed no significant inputs to 
the occurrence of  non-cancer health risks 
among adults that utilized the groundwater 
in the study area.  
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Table 9. Hazard quotient (HQ) of  heavy metals in six selected groundwater  
samples of  study area 

Sample 
Number 

Cr Cd Pb As Ni 

L1 5.76E-07 9.79E-08 1.39E-08 5.33E-08 3.89E-07 

L4 9.12E-07 9.79E-08 3.53E-07 5.98E-08 3.44E-07 

L6 9.86E-07 7.35E-08 1.57E-08 6.06E-08 5.07E-07 

L9 9.82E-07 9.79E-08 1.49E-06 5.88E-08 2.89E-07 

L14 7.37E-07 9.79E-08 4.07E-07 5.53E-08 2.58E-07 

L20 6.59E-07 1.43E-05 1.57E-08 5.37E-08 3.60E-07 

Table 9. Contd.  

Sample 
Number 

Cu Zn Fe Mn 

L1 2.54E-07 2.01E-07 5.47E-07 3.67E-07 

L4 2.79E-07 3.79E-07 1.54E-08 1.09E-07 

L6 3.02E-07 3.63E-07 8.33E-07 4.16E-07 

L9 2.53E-07 9.69E-08 5.11E-08 3.72E-07 

L14 2.33E-07 2.45E-07 7.48E-07 9.71E-07 

L20 2.02E-07 2.97E-07 6.33E-07 2.40E-07 

The cancer risk (CR) values varied from 
4.96E-13 to 6.30E-06 (Table 10). The CR 
values of  all the heavy metals (Cr, Cd, Pb, 
As, Ni, Cu, Zn and Mn) were within the 
acceptable range (≤ 1 x 10-6 to 1 x 10-4) set 

by the USEPA (2011), indicating no proba-
ble development of  cancer by consumers. 
Only CR values of  Fe exceeded the permissi-
ble range. All the monitoring sites revealed 
higher Fe cancer risks for consumers. 
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A strong significant positive correlation (r 
= 0.99, p<0.01) occurred between TDS 
and EC (Table 11). Total hardness and EC 
had a strong positive relationship (r = 
0.91, p<0.01) together with TH and TDS 
(r = 0.91, p<0.01). Also, bicarbonate ion 
(HCO3

-) had strong positive correlation 
with Ca (r = 0.77, p<0.01), moderately 
correlated with TH (r = 0.59, p<0.01) but 

low correlation with Mg (r = 0.46, p<0.01). 
Chloride ion (Cl-) had strong positive cor-
relation with EC (r = 0.91, p<0.01), TDS (r 
= 0.89, p<0.01), TH (r = 0.70, p<0.01), Na 
(r = 0.77, p<0.01) and K (r = 0.89, p<0.01), 
moderately correlated with Mg (r = 0.67, 
p<0.01) but negatively correlated with pH 
(r = -0.55, p<0.05). 
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Table 10. Cancer risk (CR) of  heavy metals in six selected groundwater                
samples of  study area 

Sample  
Number 

Cr Cd Pb As Ni 

L1 3.28E-08 6.17E-10 4.40E-08 2.42E-09 8.70E-09 

L4 5.19E-07 6.17E-10 1.12E-11 2.73E-09 7.71E-09 

L6 5.62E-09 1.54E-10 4.96E-13 2.75E-09 1.13E-08 

L9 5.60E-09 6.17E-10 4.73E-11 2.67E-09 6.47E-09 

L14 4.19E-09 6.17E-10 1.28E-11 2.52E-09 5.78E09 

L20 3.79E-09 1.54E-07 4.96E-13 2.45E-09 8.05E-09 

Table 10. Contd.  

Sample Number Cu Zn Fe Mn 

L1 1.39E-08 7.09E-08 2.24E-06 1.05E-08 

L4 1.53E-08 1.33E-07 6.30E-06 3.14E-08 

L6 1.65E-08 1.27E-07 3.39E-06 1.20E-07 

L9 1.38E-08 3.40E-08 2.09E-06 1.07E-08 

L14 1.28E-08 8.59E-08 3.06E-06 2.79E-08 

L20 1.11E-08 1.05E-07 2.59E-06 6.94E-08 
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DISCUSSION 
Water temperatures were within the recom-
mended standards of  25-35 oC. A signifi-
cant number of  measured water pH (90%) 
were above the maximum limit of  pH 8.5 
for drinking water (NSDWQ, 2015; WHO, 
2018). The groundwater pH range (7.66 − 
9.75) of  all sampled waters in the study area 
was of  moderate alkaline. This pH range 
was not consistent with the results reported 
by Falola et al. (2021) whose groundwater 
pH values ranged between 6.30 and 7.36. 
Acidic conditions of  some hand-dug wells 
reported by Falola et al. (2021) in Abeokuta 
North Municipality, was a confirmation of  
groundwater susceptibility to  high human-
induced activities compared to boreholes 
assessed in this study with less of  such oc-
currences (Njoku et al., 2024).  
 
Electrical conductivity is an essential water 
quality parameter that measures how 

groundwater conducts electricity and is a 
function of  its ionic content (Duncan, 2020), 
and higher EC indicates higher water con-
tamination (Florescu et al., 2011). The high-
est value of  EC was observed at FUNAAB 
Zoological Park (2), while the lowest was 
obtained at College of  Plant Science and 
Crop Production. In this study, 30% of  the 
water samples had higher EC values than the 
permissible level of  500 µS/cm in drinking 
water (WHO, 2018), showing that these wa-
ter samples possessed higher levels of  dis-
solved ions. High levels of  dissolved ions 
could be linked to the nature of  parent rocks 
and land use pattern existing in the study 
area (Vasanthavigar et al., 2010). 
 
Total dissolved solid measures the total con-
centration of  inorganic salts dissolved in wa-
ter (Mollo et al., 2022). The total dissolved 
solids (TDS) values of  the water samples fell 
within the acceptable range of  levels set by 
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Table 11. Relationship between the physical and chemical parameters of   
                groundwater samples in study area 

  Temp pH EC TDS TH Ca Mg Na K HC
O3- 

Cl- SO42- 

Temp 1                       

pH -0.03 1                     

EC 0.09 -0.33 1                   

TDS 0.09 -0.32 0.99** 1                 

TH -0.09 -0.20 0.91** 0.910** 1               

Ca -0.08 0.19 0.52* 0.50* 0.72** 1             

Mg -0.05 -0.17 0.79** 0.82** 0.80** 0.38 1           

Na -0.05 -0.33 0.72** 0.73** 0.61** 0.12 0.54* 1         

K 0.00 -0.64** 0.76** 0.77** 0.61** -0.02 0.69** 0.66** 1       

HCO3- -0.22 0.39 0.33 0.35 0.59** 0.77** 0.46* 0.11 -0.10 1     

Cl- 0.13 -0.55* 0.91** 0.89** 0.70** 0.14 0.67** 0.77** 0.89** -0.67     

SO42- 0.09 0.07 0.08 0.06 0.02 0.17 -0.17 -0.12 -0.01 -0.25 0.02 1 
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the NSDWQ (2015) and the WHO (2018). 
Only FUNAAB Zoological Park (2) had 
TDS value beyond 500 mg/L recommend-
ed by the two regulatory bodies. Also, total 
hardness is an important water quality and 
measures the quantity of  dissolved calcium 
and magnesium in the groundwater. Water 
migrating through soil and rock dissolves 
naturally available minerals and leaches 
them into the groundwater. In this study, 
the total hardness range of  1.58 to 5.56 
mg/L was within the allowable limits of  
200 mg/L (WHO, 2017). The levels of  cati-
ons and water total hardness in all water 
samples fell below the permissible limits set 
by the World Health Organisation guide-
lines for drinking water.  
 
Highest level of  chloride ions was observed 
at FUNAAB Zoological Park (2), while the 
lowest was obtained nearby ABG Poultry 
Unit. Levels of  chloride ions in 19 water 
samples fell below the permissible limits of  
WHO (2018), indicating low salinity in the 
groundwater of  the study area. The maxi-
mum levels of  chloride ions in the study 
area were higher than those measured by 
Ram et al. (2021). Chloride’s detection in 
groundwater might come from rocks that 
formed soil of  the study area or through 
the leaching of  waste containing chloride 
into the groundwater. High level of  chlo-
rine in groundwater constitutes a threat to 
human health (Sadat-Noori et al., 2014).   
 
Presence of  sulphate ions in groundwater 
might arise from the oxidation of  sulphur 
of  the igneous rocks or the dissolution of  
the other minerals with the soil containing 
sulphur. Sedimentary rocks have compo-
nents that contain sulphur which can under-
go oxidation reaction (Rahman et al., 2013a, 
b). Similarly, bicarbonate’s occurrence in 
groundwater can be linked to organic mat-

ter’s availability in the aquifer capable of  un-
dergoing oxidation to yield carbon dioxide, 
which enhances dissolution of  minerals. 
Presence of  calcite and dolomite in the aqui-
fer can contribute to the availability of  bio-
carbonate ions in the groundwater. It might 
be as a result of  weathering of  rocks con-
taining silicate minerals (Gastmans et al., 
2010). Highest value of  SO42- was observed 
at FUNNIS Secondary School, while lowest 
was obtained at College of  Plant Science and 
Crop Production of  the Institution. Also, 
highest level of  HCO3- was observed at 
nearby FUNAAB Mosque, while lowest was 
obtained at FUNAAB Zoological Park (1). 
Levels of  SO42- and HCO3- in groundwater 
samples of  the study area were within the 
permissible limits of  the WHO standards. A 
study by Saha et al. (2019) reported higher 
values of  bicarbonate ions compared to this 
study. However, levels of  sulphate ions in 
this study surpassed the work of  Saha et al. 
(2019). The discrepancy in the findings could 
be attributed to geological difference and the 
nature of  sampling equipment employed 
(Kwaya et al., 2019).  
  
Highest values of  Na, Mg, K and Ca were 
found at FUNAAB Zoological Park (2), indi-
cating that the groundwater was having high 
loads of  cations. Levels of  the aforemen-
tioned cations across all the sampling loca-
tions apart from FUNAAB Zoological Park 
(2), fell below the acceptable standards set by 
the WHO (2017). Levels of  Na, Mg and Ca 
in the study area were lower compared to the 
report of  Ram et al. (2021). However, K lev-
els in this study were higher than those re-
ported by the same researchers. The disparity 
in results could be referenced to varied na-
ture of  rocks and environmental operations 
taking place in both study areas (Boateng et 
al., 2019). 
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Levels of  Fe in six selected groundwater 
samples exceeded the WHO permissible 
limit of  300 µg/L. Elevated concentrations 
of  Fe in the water samples might be an indi-
cation that the groundwater of  the study 
area was drawn from aquifers with high iron 
content.  Iron is an important element in 
the body that forms the integral part of  
haemoglobin. However, at increased level in 
the body, it can bring about the manifesta-
tion of  conjunctivitis, choroiditis, and reti-
nitis (Satyanarayana et al., 2013). High con-
centrations of  Fe in groundwater may alter 
its taste. Similarly, Ganiyu et al. (2021) re-
ported higher levels of  Fe in the groundwa-
ter sampled in high density residential urban 
area of  Ibadan, Oyo State, than the values 
obtained in this study, which is a peri-urban 
area of  Abeokuta, Ogun State. Also, the 
mean level of  Fe in this study was higher 
than the value published by Grema et al. 
(2022). The inconsistencies in findings 
could be ascribed to different natural and 
anthropogenic activities happening in the 
study areas (Obasi and Akudinobi, 2015). 
 
Levels of  Hg in six selected groundwater 
samples were above the WHO limit of  0.06 
µg/L. This implies high level of  Hg con-
tamination in the groundwater sources of  
the study area. Natural disintegration of  
minerals in rocks and soil, which could have 
been accelerated by wind and water interac-
tions with the study area's rocks, might be 
the cause of  the high concentration of  mer-
cury in the groundwater. Elevated levels of  
mercury in the analyzed groundwater may 
arise from inappropriate disposal of  solid 
waste (e.g., agricultural, medical, construc-
tion or business) that contained mercury 
pollutant in the study area. Also, soil runoff  
from nearby commercial business (e.g., 
quarry and block industries) might contrib-
ute to high level of  Hg (Government of  

Canada, 2021). In this study, the detected 
mercury levels in water samples were 132 
times lower than those stated by Obasi and 
Akudinobi (2020). One possible explanation 
for the variation in the results could be 
linked to different man-made activities oc-
curring in the two research areas. In contrast 
to this study, where learning and agricultural 
activities were more prevalent, Obasi and 
Akudinobi (2020) conducted their ground-
water quality assessment in the Abakaliki 
Communities, Southeast, Nigeria, where 
mining activities were common. Apart from 
mercury toxicity to water quality in the re-
search area, mercury pollution can also be 
harmful to farming, land usage, aquatic life, 
and other aspects of  ecological inequity 
(Koki et al., 2015). 
 
The concentrations of  Cr, Mn, Co, Cu, Ba, 
Pb, Zn, Cd, As and Ni in water samples did 
not exceed the acceptable limits endorsed by 
the WHO. The mean levels of  these metals 
(Pb, As, Ni, Zn and Cu) in water samples of  
the study area were lower than the values 
reported by Kana (2022). Land use activities 
disparities taking place in the two research 
areas might be the cause of  the discrepancies 
in the results. For example, an evaluation of  
the groundwater quality was conducted in a 
portion of  Karu, North Central, Nigeria, 
where the area was characterized by waste 
dumpsites, block industry, poultry and fish 
farming, and stone quarrying, as opposed to 
this study where there were fewer human-
related activities.  
 
This study adopted the classification for the 
HPI: (HPI < 100 − low, HPI = 100 − medi-
um; HPI > 100 − high) proposed by Edet 
and Offiong (2002). With the exclusion of  
Zn, Fe, Mn and Cd at College of  Engineer-
ing, the mean HPI values indicated that all 
other heavy metals assessed had HPI values 
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less than the threshold of  100. This result 
shows that 68.3% of  the water samples are 
having low level of  contamination. In addi-
tion, different grouping systems had been 
employed by researchers to classify HPI 
values in the literatures, Grema et al. (2022) 
proposed a new classification system based 
on large values they obtained in their work 
(HPI < 100 − low, HPI ≤ 100−1000 − me-
dium; HPI > 1000 − high). These investiga-
tors had suspicions that Edet and Offiong 
(2002) classification might not give lucid 
explanation to the largeness of  their values. 
Similarly, by adopting Grema et al. (2022) 
proposition in this study, only 3.3% of  the 
water samples were found in high contami-
nation zone. The HPI values from this 
study were lower than the HPI value of  
518.55 published by Ojekunle et al. (2016). 
The dissimilarity in results might occur due 
to soil runoff, agricultural activities and land 
use pattern in the study area (Kana, 2022). 
 
Heavy metal evaluation index (HEI) assess-
es water quality with respect to heavy metal 
level in groundwater of  the study area in 
likeness to the HPI. The proposed HEI cri-
teria are as follows: low (HEI < 10), medi-
um (HEI = 10−20) and high (HEI > 20). 
The HEI results showed that 88.0% of  the 
samples fell within the low zone, 11.7% fell 
within the medium zone and none found 
within the high zone. It implied that the 
HEI values of  the selected groundwater 
could be categorised as having very low lev-
el of  contamination. This finding agreed 
with the report of  Kwaya et al. (2019) in 
Zamfara State, who described the HEI val-
ue of  their study area as low.  
 
The contamination index (Cd) values might 
be classified into three categories as follows: 
low (Cd < 1), medium (Cd = 1− 3) and high 
(Cd > 3) in agreement with Edet and 

Offiong (2002) and Backman et al. (1997) 
classification. Regarding the above classifica-
tion, 78.4% of  the samples were grouped as 
low zone, 8.3% as medium zone and 13.3% 
as high zone. The Cd index showed that a 
few number of  the groundwater samples was 
polluted. This result was at variance with the 
report of  Boateng et al. (2019) in Ghana, 
whose Cd values for all water samples ex-
ceeded the permissible limits of  3. The con-
tradiction in result could be related to leach-
ate percolation from landfill site to ground-
water in the study area in Ghana, in contrast 
to this study, which groundwater is free of  
leachate from landfill. 
 
The benefits of  heavy metals to humans at 
specified concentrations are worth mention-
ing but beyond the guideline limits, they be-
come toxic to human health and the environ-
ment (Ma et al., 2016). It is desirable that 
health risk associated with volume of  drink-
ing water consumed daily and the weight of  
the individual are investigated. In this regard, 
heavy metals hazard quotient (HQ) assess-
ment in adults was computed using the con-
centration of  Cr, Cd, Pb, As, Ni, Cu, Zn, Fe, 
Mn and Hg in six selected groundwater. The 
computed HQ values in adults were less than 
1, indicating that all assessed heavy metals 
contributed no significant inputs to the oc-
currence of  non-cancer health risks among 
adults that utilized the groundwater. This 
result was in agreement with the research 
conducted in Jos Plateau by Badamasi et al. 
(2023), which observed that all heavy metal 
non-cancer risk (HQ) values in water sam-
ples (for both adults and children) were with-
in acceptable limits. 
 
The cancer risk (CR) values of  Fe (for 
adults) were higher than the acceptable range 
of  ≤ 1 x 10-6 to 1 x 10-4, suggesting probable 
carcinogenic risk (USEPA, 2011). Iron im-
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pacted more to the CR evaluation than oth-
er heavy metals for adults in the study area. 
This observation contradicted the findings 
of  a study conducted in Ibadan by Ganiyu 
et al. (2021), which found that the CR values 
of  Pb and Cd contamination (child and 
adult) were higher than the permissible lim-
its. The reason for inconsistency in results 
could be linked to high rate of  urban 
growth and diverse nature of  human activi-
ties occurring in researchers' study loca-
tions, in contrast, to this study area. 
 
There was a strong significant positive cor-
relation between (total hardness) TH and 
EC (r = 0.91, p<0.01), and TH and TDS (r 
= 0.91, p<0.01). Calcium had moderate 
positive correlation with TDS (r = 0.50, 
p<0.05), Mg had strong positive correlation 
with EC (r = 0.79, p<0.01), TDS (r = 0.82, 
p<0.01) and TH (r = 0.80, p<0.01). The 
results showed that Mg had greater influ-
ence on the levels of  dissolved ions in the 
groundwater samples compared to Ca. So-
dium had strong positive correlation with 
EC (r = 0.72, p<0.01), TDS (r = 0.73, 
p<0.01), but moderate positive correlation 
with TH (r = 0.61, p<0.01), Mg (r = 0.54, 
p<0.05), low positive correlation with Ca (r 
= 0.12, p<0.05). Potassium had strong posi-
tive correlation with EC (r = 0.76, p<0.01), 
TDS (r = 0.77, p<0.01), moderately corre-
lated with TH (r = 0.61, p<0.01), Mg (r = 
0.69, p<0.01), Na (r = 0.66, p<0.01), but 
negatively correlated with pH (r = -0.64, 
p<0.01). This result inferred that Na and K 
contributed in no small measure to dis-
solved ions levels in the water samples. The 
Pipe Plot corroborates that sodium chloride 
is the groundwater type existing in the study 
area. Also, bicarbonate ion (HCO3-) had 
strong positive correlation with Ca (r = 
0.77, p<0.01), moderately correlated with 
TH (r = 0.59, p<0.01), but low correlation 

with Mg (r = 0.46, p<0.01). Chloride ion (Cl-
) had strong positive correlation with EC (r 
= 0.91, p<0.01), TDS (r = 0.89, p<0.01), TH 
(r = 0.70, p<0.01), Na (r = 0.77, p<0.01) and 
K (r = 0.89, p<0.01), moderately correlated 
with Mg (r = 0.67, p<0.01), but negatively 
correlated with pH (r = -0.55, p<0.05). It 
means that as the level of  chloride ion in-
creases, the pH of  the water decreases to-
wards slight alkalinity. A significant negative 
correlation existed between pH and K+ (r = 
-0.64, p<0.01) and pH and Cl- (r = -0.55, 
p<0.05), while other physicochemical param-
eters showed no significant association with 
the pH of  the water samples. Similarly, this 
result partially agreed with the work of  Gre-
ma et al. (2022) whose pH of  their water 
samples had no significant relationship with 
the physicochemical parameters of  the water 
samples.  
 

CONCLUSION 
Physicochemical characteristics, pollution 
indices and health risk of  heavy metals in the 
groundwater within the Federal University 
of  Agriculture, Abeokuta (FUNAAB), Ogun 
State, Nigeria, were investigated. The re-
search established the general pH range (7.66
-9.75) of  all sampled waters in the study area 
were of  moderate alkaline. Levels of  EC, 
TDS and Cl- in groundwater at FUNAAB 
Zoological Park (2) only exceeded the rec-
ommended limits of  WHO and NSDWQ. 
The concentrations of  Al, Fe, Hg and Sc in 
the water samples were beyond the safe lim-
its set by World Health Organization. The 
calculated pollution indices that comprised 
HPI, HEI and Cd, revealed low contamina-
tion values for 68.3, 88.0 and 78.4%, respec-
tively. The obtained HQ results were < 1 for 
all assessed heavy metals, indicating absence 
of  non-cancer health risk for users. Only 
cancer risk (CR) values of  Fe were higher 
than the acceptable range of  ≤ 1 x 10-6 to 1 
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x 10-4. The observed sources of  heavy met-
al contamination of  groundwater in the 
study area were of  lithogenic and anthropo-
genic factors. For continual use of  the 
groundwater in the study area, periodic sur-
veillance and thorough treatment, particu-
larly for lethal metals, is suggested. 
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