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Abstract - Groundwater pollution is an environmental concern 
that affects life. There is little information on the nature or 
quality of groundwater in communities in Anambra State, 
South-East Nigeria. This study therefore assessed the nature 
and quality of groundwater for drinking and other related 
domestic uses in Orumba North Local Government Area, 
Nigeria. Eighty water samples were collected from ten selected 
groundwater sources (boreholes)-forty samples each during 
the dry and wet seasons-from Nanka, Oko, Amaokpala, 
Ufuma, and Ajali. Heavy metals and bacteriological 
parameters were determined using standard methods, and 
water quality indices (WQI) were evaluated. Data were 
analyzed using descriptive statistics. The groundwater samples 
were slightly acidic during the dry (4.82–6.57) and wet (5.12–
6.87) seasons. Groundwater hardness (expressed as CaCO₃ in 
mg/L) ranged from 4.0 to 160.32 (dry season) and 3.07 to 
149.30 (wet season). The water was moderately hard in one 
community (Nanka, BH1) in both seasons and soft in other 
locations (Oko, Amaokpala, Ufuma, and Ajali). Heavy-metal 
concentrations (mg/L) ranged from 0.030 to 0.126 (iron), 0.111 
to 0.530 (manganese), and 0.001 to 0.060 (lead) during the dry 
season, and from 0.049 to 0.380 (iron), 0.109 to 0.471 
(manganese), and 0.001 to 0.040 (lead) during the wet season. 
Total coliform counts recorded in the dry season (<2 MPN/100 
mL at BH1–BH4) were below the WHO allowable limit, 
whereas values slightly above the limit (140 MPN/100 mL at 
BH10) were recorded in non-chlorinated borehole samples 
during the wet season. The WQI values of the borehole 
samples were classified as poor at BH1 (Nanka), good at BH2 
(Oko), and very poor and unsuitable for drinking at other 
locations (Amaokpala, Ufuma, and Ajali). Confirmatory 
analyses of chlorinated (chlorine-treated) groundwater 
revealed that both physicochemical and bacteriological 
parameters were within regulatory standards for drinking 
water. Significant correlations (p < 0.05) were observed 
between total dissolved solids, calcium, magnesium, sodium, 
and total hardness, among other parameters. The findings 
reveal the presence of physical, chemical, and microbial 
contaminants associated with health risks and with the 
potential to degrade groundwater quality. The use of chlorine 
as a low-cost treatment method for groundwater was therefore 
recommended. 
Keywords: Groundwater Quality, Heavy Metals, Water Quality 
Index (WQI), Bacteriological Contamination, Nigeria  

I. INTRODUCTION

Water is a natural resource vital for life. Nevertheless, 
increased anthropogenic (human) activities-such as informal 
e-waste and automobile scrap assemblages, improper
disposal of municipal waste, poorly sited dumpsites arising
from inadequate waste handling and management, and other
pollutants-have resulted in the contamination and depletion
of the environment and hydrological systems [8], [53]–[55].
Globally, contamination of water bodies due to
anthropogenic activities has been widely reported in several
countries. Man-made activities, particularly industrial
operations such as the discharge of solid wastes (industrial
and municipal) and mining activities, have significantly
contributed to the contamination of water resources in many
regions worldwide, including parts of Europe such as the
United Kingdom [1]–[3], Nigeria [4]–[8], [53], as well as
groundwater quality issues related to nitrate contamination
in Iran [9], Morocco [10], and Iraq [11].

Several studies have reported the impacts of mine 
discharges on aquatic environments [12]; some mining 
impacts were found to be controlled by environmental 
pollution [13], while others led to the formation of acid rock 
drainage from the oxidation of iron sulfide minerals [14] or 
to circum-neutral mine waters [3]. These sources 
significantly contribute to groundwater contamination and 
pose threats to the wider environment.  

Generally, most human diseases (about 80%) in developing 
countries are caused by unsafe water and inadequate 
sanitation, according to reports from the World Health 
Organization. The provision of good and potable drinking 
water is vital for population wellbeing and for 
socioeconomic development. In Nigeria, water supplies are 
exposed to chemicals from agricultural activities, including 
fertilizers and herbicides, as well as industrial wastes from 
urban and rural settings and hydroelectric power usage. The 
increasing demand for potable and affordable water for 
various purposes may further exacerbate pollution of 
existing water supplies. 
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Water pollution, particularly groundwater pollution, usually 
occurs when contaminated surface water carrying organic 
and inorganic pollutants infiltrates subsurface systems, 
thereby deteriorating groundwater quality. Once 
contaminated, groundwater is extremely difficult to restore, 
even after the cessation of pollutant discharge [16]. 
Continuous monitoring of groundwater for pollutants is 
therefore necessary to maintain good-quality and potable 
water resources [24], [25]. It is essential to ensure that 
permissible limits for chemical constituents and metals are 
not exceeded.  

Accordingly, protecting water resources requires the 
establishment of routine and regular monitoring systems. 
Studies investigating groundwater pollution from 
anthropogenic activities associated with poor or improper 
solid waste management and other activities-such as 
industrial operations [17]–[19], waste generation from 
cassava processing mills [20], [21], and solid waste disposal 
sites (dumpsites) [22]-have received considerable attention.  

In Orumba North communities of Anambra State, 
groundwater resources are threatened by contamination 
resulting from poor solid waste management practices, 
posing significant health risks to the population. Farming is 
the predominant activity in the area, with cassava, yam, rice, 
and maize cultivation relying heavily on herbicides, 
fertilizers, and pesticides, which may deteriorate 
groundwater quality through infiltration processes.  

This situation is of concern because local residents consume 
the water without treatment, compounded by limited 
awareness of the health risks associated with waterborne 
diseases such as dysentery, infectious hepatitis, typhoid 
fever, and others. A major challenge faced by residents of 
Orumba North is the lack of access to adequate and potable 
water supplies.  

Environmental pollution resulting from improper disposal 
of municipal waste, untreated sewage, poorly sited 
soakaway pits near boreholes, and automobile repair 
activities is prevalent in the area and may adversely affect 
groundwater systems. Furthermore, policies and strategies 
for groundwater protection, management, and sustainable 
use are largely absent.  

Potable water scarcity has been a persistent problem in 
Orumba North Local Government Area (LGA), with some 
residents relying on hand-dug wells for domestic activities 
such as washing. This study assessed the seasonal effects of 
contaminant release, including heavy metals and bacterial 
coliforms, and the associated health impacts on residents 
consuming borehole water in Orumba North LGA. The 

outcomes of this research contribute to the understanding 
and control of heavy metal pollution [23]. The study also 
serves as a follow-up to a previously published investigation 
conducted in Orumba South LGA of Anambra State, South-
East Nigeria [15].  

The study aimed to evaluate seasonal variations in heavy 
metal concentrations and bacterial accumulation, as well as 
to identify sources influencing groundwater quality in 
Orumba North LGA for domestic (e.g., drinking), irrigation, 
and industrial uses. The data generated from this study were 
used to formulate pollution abatement guidelines and to 
provide practical environmental management solutions. 

II. LITERATURE REVIEW

A. Location, Climate/Relief and Geology

The following areas-Nanka, Oko, Amaokpala, Ufuma, and 
Ajali-located in Orumba North Local Government Area 
(LGA) of Anambra State, South-East Nigeria, were used for 
this study. Orumba North lies between latitudes 5°58′0″N 
and 6°15′0″N and longitudes 6°59′30″E and 7°18′0″E in the 
south-eastern region of Nigeria (Figure. 1). Two seasons are 
observed in the study area, namely the wet season (April to 
October) and the dry, dusty Harmattan season (November to 
March). 

Figure.1 shows the study area, Orumba North, in Anambra 
State, South-East Nigeria. Orumba North is located within 
the Benue Trough (Anambra Basin) (Figure. 2) and is 
predominantly composed of clastic sedimentary rocks with 
an estimated thickness of about 2500 m, comprising 
different lithostratigraphic units and formations ranging in 
age from the Upper Campanian to the Recent [26]–[28].  

Boreholes constitute the dominant source of water supply in 
the area. Other water sources include hand-dug wells, 
streams, rivers, and rainwater; however, local residents rely 
primarily on boreholes. The average annual rainfall in the 
area is approximately 2000 mm. Most of the rainfall occurs 
during the rainy season, which lasts for about six to seven 
months (April to October).  

Rainfall is typically associated with high-intensity storms 
that often result in flooding, erosion, and gully formation 
[29]. The study area lies within the humid rainforest belt 
[29], [30]. High temperatures ranging from 27.2 °C to 35.0 
°C are commonly experienced between January and 
February, while lower temperatures (18.2 °C to 23.0 °C) 
occur between August and September [15]. The study area 
is characterized by an undulating terrain and extensive 
alluvial plains [29]. 
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Fig.1 Map of Orumba North (Study Area) Within Anambra State, Nigeria

Fig.2 Geology Map of the Study Area Orumba North in Anambra State Displaying the Basin and Formations (After [27])

III. MATERIALS AND METHODS

A. Sampling and Analytical Procedures of Water

Eighty (80) groundwater samples were collected from ten 
(10) selected boreholes located within five towns-Nanka,
Oko, Amaokpala, Ufuma, and Ajali (BH1–BH10)-in
Orumba North Local Government Area, southern Anambra
State, Nigeria. Prior to sampling, water from each borehole
was allowed to flow for approximately five (5) min before

filling the sample bottles; thereafter, the flow rate was 
reduced to prevent splashing.  

A gas removal technique was employed before sample 
collection by repeatedly filling and emptying the sample 
bottles. Sampling was conducted seasonally, with forty (40) 
samples collected during both the dry and wet seasons: 
December, January, and February (dry season) and May, 
June, and July (wet season) of 2019. Samples were collected 
in sterilized 1-L high-density polyethylene terephthalate 
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(PET) screw-capped bottles. The sample bottles were 
properly labeled and stored overnight in ice coolers at 4 °C, 
transported to the laboratory, refrigerated, and subsequently 
analyzed for physicochemical and bacteriological 
parameters. Standard methods prescribed by the American 
Public Health Association (APHA) were adopted for 
physicochemical analysis of the groundwater samples [20], 
[31].  Eighteen (18) physicochemical parameters were 
analyzed, including temperature, turbidity, pH, total 
dissolved solids (TDS), biochemical oxygen demand 
(BOD₅), dissolved oxygen (DO), total alkalinity, total 
hardness (TH), phosphate, chloride, nitrate, nitrite, sulphate, 
sodium, potassium, iron (Fe), manganese (Mn), and lead 
(Pb). pH was measured using a pH meter, while temperature 
was determined with a mercury-in-glass thermometer.  

Turbidity was measured using a turbidimeter and reported 
in nephelometric turbidity units (NTU). Total hardness, total 
dissolved solids, chloride, and nitrate concentrations were 
determined using APHA standard methods [32]. Dissolved 
oxygen was measured using a DO meter, while BOD₅ was 
determined after a 5-day incubation period. Phosphate, 
sulphate, and nitrite concentrations were measured using 
standard titrimetric and colorimetric methods [33]. Total 
alkalinity, sodium, and potassium were determined 
following the procedures described in [34] using flame 
photometric methods. Heavy metal concentrations were 
determined using standard analytical techniques. Lead (Pb) 
was analyzed using the dithizone spectrophotometric 
method, while iron (Fe) and manganese (Mn) were 
determined using methods described in [33] and [4], 
respectively. 

B. Bacteriological Analyses

Several analyses were conducted for bacteriological 
assessment of the water samples. These included the Most 
Probable Number (MPN), total viable count, isolation and 
purification of isolates, identification and characterization of 
isolates, molecular identification, and microscopic 
characterization of isolates (Gram staining). The Most 
Probable Number (MPN) method involves the use of three 
basic tests to detect coliform bacteria, as described by 
Cappuccino and Sherman [35]. These tests include the 
presumptive, confirmatory, and completed tests. Lactose 
Fermentation Broth (LFB) was used for the presumptive 
test, while Levine’s Eosin Methylene Blue (EMB) agar was 
used for the confirmatory and completed tests.  

The MPN test determines the presence of coliform bacteria 
and fecal contamination through lactose fermentation, 
resulting in acid and gas production after an incubation 
period of 24 h at 37 °C. The total viable count was 
determined using the pour plate method in accordance with 
APHA guidelines [31]. This method involved plating 0.1 
mL from a 10⁻³ dilution, in duplicate, into sterile Petri 
dishes. Subsequently, 20 mL of molten sterile agar was 
poured into each Petri dish and allowed to solidify before 
incubation in an inverted position at 37 °C for 24 h. After 

incubation, colonies on each agar plate were counted, and 
the mean value was recorded. The total viable count, 
expressed in colony-forming units per milliliter (cfu/mL), 
was calculated using the formula below. 

𝑇𝑇𝑇𝑇𝑇𝑇 𝑖𝑖𝑖𝑖 𝑐𝑐𝑐𝑐𝑐𝑐
𝑚𝑚𝑚𝑚

=
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑋𝑋 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑜𝑜𝑜𝑜 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓   (1) 

Isolation and purification of isolates involved tenfold serial 
dilution, in which 9 mL of distilled water (diluent) was 
dispensed into separate test tubes to reduce microbial load 
and enable the isolation of distinct colonies. In the first test 
tube, 1 mL of the stock water sample was added and 
vortexed. Subsequently, 1 mL was transferred aseptically to 
the second test tube using a sterile pipette. This procedure 
was repeated sequentially until the final test tube, after 
which 1 mL was discarded. A dilution factor of 10⁻³ was 
used, and inoculation was performed by aseptically plating 
0.1 mL of the diluted sample onto nutrient agar [36]. The 
pour plate method was employed, and the plates were 
incubated in an inverted position at 37 °C for 24 h. After 
incubation, distinct colonies were aseptically subcultured by 
streaking a single colony onto freshly prepared sterile agar 
plates, which were further incubated at 37 °C for 24 h to 
obtain pure cultures. Identification and characterization of 
isolates were carried out following the procedures described 
by Bragg [37]. Pure cultures were examined for colonial 
morphology, including colony color, surface texture, size, 
optical characteristics, elevation, and colony margins.  

Furthermore, isolates were identified using both molecular 
and phenotypic approaches under the molecular 
identification process. Microscopic characterization (Gram 
staining) was conducted to differentiate Gram-positive from 
Gram-negative bacteria. In this procedure, a pure culture of 
each isolate was used to prepare a smear on a grease-free 
glass slide. The smear was allowed to air-dry and then heat-
fixed over a Bunsen burner prior to staining. 

C. Water /Groundwater Quality Index (WQI)

The water/groundwater quality index (WQI) refers to a 
numerical evaluation of groundwater to assess its suitability 
for drinking [8], [16], [20], [38]. In this study, the WQI was 
calculated because local residents regularly consume 
groundwater on a daily basis. The index was computed by 
assigning different weights (wi) to individual parameters 
based on their relative importance for drinking [8] (Tables 
V and VI). Using Equation 2, the relative weight (Wi) of the 
selected parameters was calculated, following methods 
adopted in previous studies [8], [16], [20], [38].  

For the WQI calculation, the following parameters were 
selected and weighted: pH, total hardness (TH), calcium 
(Ca²⁺), sodium (Na⁺), magnesium (Mg²⁺), potassium (K⁺), 
sulphate (SO₄²⁻), total dissolved solids (TDS), dissolved 
oxygen (DO), manganese (Mn), lead (Pb), and iron (Fe) [8], 
[16], [20], [38]. Each parameter was assigned a weight (wi) 
from 1 to 5 according to its relative significance for 
drinking water quality [16].  
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The measured concentrations of the parameters were 
compared with WHO standards [39] and incorporated into 
the WQI calculation [8]. The WQI for the water samples 
was then computed and categorized according to the 
classification scheme in [8], [16], [38] as follows: below 50 
(excellent or suitable), 50–100 (good), 100–200 (poor), 
200–300 (very poor), and above 300 (unsuitable). The WQI 
was calculated using the step-by-step formulas reported in 
[8]. 

Wi = 𝑤𝑤𝑤𝑤/∑ wi𝑛𝑛
⬚  (2) 

Where Wi is the relative weight, wi is the weight assigned 
to an individual parameter, and n is the number of 
parameters. The water quality rating (Qi) for each individual 
parameter was calculated using Equation 3 as follows: 

𝑄𝑄𝑄𝑄 = �𝐶𝐶𝐶𝐶
𝑆𝑆𝑆𝑆
� 𝑋𝑋 100              (3) 

Where Ci is the concentration of the individual parameter, 
and Si is the WHO [39] standard guideline for drinking 
water. The calculations for sub-indices (SIi) and WQI, as 
reported in previous studies [8], were then computed as 
follows: 

Si = 𝑊𝑊𝑊𝑊 ∗ 𝑄𝑄𝑄𝑄 

WQI =  � SIi 

D. Data Analysis and Management

Data were analyzed using the Statistical Package for the 
Social Sciences (SPSS) software, version 20.0, and 
presented as descriptive statistics in comparison with World 
Health Organization (WHO) standards [40]. SPSS was also 
employed for multivariate statistical analysis to evaluate the 
relationships between elements in the groundwater system. 
Results from the Pearson correlation analysis, showing 
significant correlations at the 0.05 level, are presented in 
Tables III and IV. 

IV. RESULTS AND DISCUSSION

A. Chemical Assessment/ Analyses for the Groundwater

Results of the physicochemical analyses of the ten (10) 
groundwater (borehole) samples obtained from the selected 
sampling sites during the two seasons (dry and wet) are 
presented in Tables I and II. In the study area, borehole 
samples had pH values ranging from 4.82 to 6.57 (slightly 
acidic to neutral) and hardness values ranging from 4.0 to 
160.32 mg/L (moderately hard to soft), with an average 
hardness of 25.57 mg/L. These values were higher than 
those reported elsewhere [8], but were comparable to a 
previous study conducted in Orumba South Local 
Government Area (LGA) [15]. 

TABLE I THE PHYSICO-CHEMICAL PARAMETERS AND ANALYSIS FOR THE GROUNDWATER (BOREHOLE)  
SAMPLES AT ORUMBA NORTH (DRY SEASON) 
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(m) (oC) (NTU) (mg/L) 
BH 1 600 29 5.45 21.75 22.00 600 13.70 48.70 78.1 82.01 160.32 0.05 4.15 5.30 0.001 0.11 0.04 
BH 2 170 0 6.55 18.10 1.00 26 0 0 8.76 2.47 11.22 0.03 7.60 8.60 0.001 0.21 0.12 
BH 3 145 2 6.57 26.50 4.20 26 21.40 38.40 5.84 9.39 15.23 0.08 4.80 5.80 0.01 0.40 0.36 
BH 4 160 2 5.90 30.75 4.00 1 1.00 50.60 4.38 6.04 10.42 0.04 3.35 4.35 0.02 0.12 0.08 
BH 5 45 24 5.29 24.95 15.00 2 40.20 53.70 4.87 5.55 10.42 0.70 3.70 4.80 0.00 0.53 0.04 
BH 6 40 27 5.07 26.10 16.00 6 34.80 48.30 6.81 0.40 7.21 0.06 5.50 6.76 0.00 0.48 0.06 
BH 7 75 23 4.82 23.85 14.90 2 2.20 66.70 4.38 1.09 4.01 0.07 3.70 4.30 0.00 0.31 0.08 
BH 8 70 23 5.35 23.20 14.00 3 24.70 44.20 5.35 5.87 11.22 0.05 4.65 5.25 0.001 0.50 0.06 
BH 9 45 25 5.19 29.95 15.50 7 28.00 52.60 7.30 7.13 14.42 0.04 6.40 7.25 0.02 0.48 0.03 
BH 10 50 26 5.52 36.50 15.00 7 47.80 75.40 6.32 4.90 11.22 0.06 5.55 6.27 0.06 0.5 0.05 
Mean 140 18.1 5.57 26.17 12.16 68 23.76 53.18 13.21 12.49 25.57 0.118 4.94 5.86 0.01 0.36 0.09 
S.D 169.3 11.72 0.59 5.19 6.70 187.16 16.11 11.32 22.84 24.58 47.45 0.20 1.34 1.37 0.01 0.16 0.09 
WHO 
(2006) - 15 6.5 – 

8.5 26.6 5 - 25 1000 5 5 75 50 100 250 200 12 0.05 0.4 0.3 
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TABLE II THE PHYSICO-CHEMICAL PARAMETERS AND ANALYSIS FOR THE GROUNDWATER (BOREHOLE)  
SAMPLES AT ORUMBA NORTH (WET/RAINY SEASON) 
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 (m)   (oC) (NTU) (mg/L) 
BH 1 60 31 5.75 19.70 20.00 550 16.70 45.70 77.16 80.89 149.30 0.07 3.15 3.25 0.001 0.109 0.06 
BH 2 170 0 6.75 16.05 2.00 22 0 0 7.65 1.47 10.22 0.05 6.60 6.55 0.001 0.209 0.128 
BH 3 145 3.50 6.87 22.40 4.70 23 24.40 35.40 4.83 8.35 12.23 0.10 3.75 2.80 0.001 0.403 0.38 
BH 4 160 3.00 6.10 27.70 4.50 0.6 3.00 48.60 3.40 5.02 7.42 0.06 2.35 2.30 0.01 0.116 0.083 
BH 5 45 25 5.59 22.95 16.00 1.80 42.10 51.80 3.75 4.45 8.42 0.90 2.65 1.80 0.001 0.41 0.049 
BH 6 40 29 5.29 24.05 18.00 0.70 36.60 46.50 5.55 0.20 5.21 0.08 4.50 4.76 0.001 0.471 0.065 
BH 7 75 23 5.12 21.75 15.00 1.90 4.10 64.8 3.85 1.06 3.01 0.09 2.70 2.30 0.001 0.309 0.083 
BH 8 70 24 5.55 22.15 15.50 2.50 26.50 42.40 4.75 4.85 10.22 0.07 3.65 3.30 0.001 0.40 0.08 
BH 9 45 27 5.49 27.90 17.00 4 30.00 50.60 6.40 6.12 12.42 0.06 5.40 5.25 0.01 0.471 0.05 
BH 10 50 28 5.72 29.45 18.00 5 50.80 72.40 5.65 3.85 7.22 0.08 4.55 4.20 0.04 0.40 0.059 
Mean 86 19.35 5.823 23.41 13.07 61.15 26.02 50.91 12.29 11.63 22.57 0.156 3.93 3.651 0.007 0.329 0.104 
S.D 51.46 12.11 0.58 4.068 6.63 171.9 16.20 11.29 22.82 24.46 44.62 0.261 1.348 1.512 0.012 0.137 0.099 
WHO 
(2006) - 15 6.5 – 

8.5 26.6 5 - 25 1000 5 5 75 50 100 250 200 12 0.05 0.4 0.3 

 
B. pH 
 
pH measures the concentration of hydrogen or hydroxide 
ions in a solution [52]. During the dry season, pH values 

ranged from 4.82 to 6.57, with an average of 5.57, where 
BH3 recorded the highest value and BH7 the lowest 
(Figure.3).

 

 
Fig.3 pH Value of the Groundwater Sample Locations at Orumba North in Anambra State (Dry Season) 

 
The pH during the wet season ranged from 5.12 to 6.87, 
with an average value of 5.82, where BH3 recorded the 
highest value and BH7 the lowest (Figure.4).The pH values 
in both seasons were low and below the WHO maximum 
allowable limits for drinking water. According to the WHO 
guideline for drinking water, pH values ranging from 6.5 to 

8.5 are considered suitable for consumption [39], [40]. 
Lower pH values can corrode water, while higher values 
may adversely affect the eyes and skin, as well as alter taste 
[8], [41]. The pH was significantly correlated with iron (Fe) 
at 0.717. Furthermore, pH was not significantly correlated 
with some other parameters (Tables III and IV).
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Fig.4 pH Value of the Groundwater Sample Locations at Orumba North in Anambra State (Wet/Rainy Season) 

 
C. Total Hardness (TH) 
 
Total hardness (TH, as CaCO₃) measures the dissolved Ca²⁺ 
and Mg²⁺ content in water [8], [52]. In the dry season, TH 
ranged from 4.0 to 160.32 mg/L, with an average value of 
25.57 mg/L, where the highest value was recorded at BH1 
and the lowest at BH7 (Table I). In the wet season, TH 
ranged from 3.07 to 149.30 mg/L, with an average value of 
22.57 mg/L, the highest at BH1 and the lowest at BH7 
(Table II). This suggests that calcium in the groundwater 
may originate from the dissolution of carbonate-rich 
sedimentary rocks or minerals such as calcite and limestone 
[1]. Additionally, calcium and magnesium may be further 
released through weathering of silicate minerals and 
hydrolysis in agricultural settings [42]. 
 
Ca²⁺ was significantly correlated with TH at 0.997, and 
Mg²⁺ was significantly correlated with TH at 0.998. Sodium 
(Na⁺) was significantly correlated with potassium (K⁺) at 
0.986 (Tables III and IV). According to WHO classification 
[43], water hardness can be categorized as: below 60 mg/L 
(soft), 61–120 mg/L (moderately hard), 121–180 mg/L 
(hard), and above 180 mg/L (extremely hard). Based on this 
classification, groundwater in the study area is soft to 
moderately hard and may be suitable for irrigation [44], 
[45]. 
 
D. Total Dissolved Solids (TDS) 
 
TDS in the dry season ranged from 1 to 600 mg/L, with an 
average value of 68 mg/L; BH1 recorded the highest value, 
while BH4 had the lowest (Table I). In the wet season, TDS 
ranged from 0.6 to 550 mg/L, with an average of 61.15 
mg/L; BH1 had the highest value and BH4 the lowest 
(Table II). According to [16], [46], high TDS in 
groundwater is generally not harmful for drinking; however, 
elevated concentrations may cause constipation or laxative 
effects and may affect individuals with heart or kidney 
conditions. TDS was significantly correlated with Ca²⁺ at 
0.999, as well as with Mg²⁺ and TH (Tables III and IV). 

Higher TDS values in the groundwater are associated with 
noticeable taste, color, and odor, reflecting strong 
correlations with total hardness and other parameters, 
consistent with previous reports [8]. 
 
E. Dissolved Oxygen (DO) 
 
DO in the dry season ranged from 38.40 to 75.40 mg/L, 
with an average value of 53.18 mg/L; the highest value was 
recorded at BH10 and the lowest at BH3 (Table I). In the 
wet season, DO ranged from 35.40 to 72.40 mg/L, with an 
average of 50.91 mg/L; BH10 had the highest value and 
BH3 the lowest (Table II). These DO values are above the 
WHO maximum allowable limit of 5.0 mg/L [40]. 
 
F. Biochemical Oxygen Demand (BOD₅) 
 
BOD₅ in the dry season ranged from 1.00 to 47.80 mg/L, 
with an average of 23.76 mg/L; BH10 recorded the highest 
value and BH4 the lowest (Table I). In the wet season, 
BOD₅ ranged from 3.00 to 50.80 mg/L, with an average of 
26.02 mg/L; BH10 had the highest value and BH4 the 
lowest (Table II). BOD₅ was significantly correlated with 
manganese (Mn) at 0.826 (Tables III and IV). Higher BOD₅ 
values indicate abundant organic matter deposition in some 
groundwater samples, as reported elsewhere [28]. 
 
G. Sulphate (SO₄²⁻) 
 
Sulphate values in the dry season ranged from 0.03 to 0.70 
mg/L, with an average of 0.118 mg/L; BH5 had the highest 
value and BH2 the lowest (Table I). In the wet season, 
values ranged from 0.05 to 0.90 mg/L, with an average of 
0.156 mg/L; BH5 had the highest value and BH2 the lowest 
(Table II). Sulphate levels in both seasons were below the 
WHO maximum allowable limit [40] and likely originated 
from the weathering of sulfate- and gypsum-rich 
sedimentary rocks (CaSO₄·2H₂O) [8], [47], [48]. 
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TABLE III STATISTICAL REPRESENTATION OF CORRELATION (PEARSON) OF  
GROUNDWATER PHYSICOCHEMICAL PARAMETERS (DRY SEASON) 

 pH TDS BOD DO Ca Mg TH SO4 Na K Pb Mn Fe 

pH 1             

TDS -.030 1            

BOD -.319 -.170 1           

DO -.695* -.021 .481 1          

Ca -.049 .999** -.156 -.023 1         

Mg -.023 .994** -.139 .018 .991** 1        

TH -.031 .998** -.143 -.005 .997** .998** 1       

SO4 -.176 -.129 .410 .137 -.136 -.104 -.118 1      

Na .350 -.176 .070 -.567 -.148 -.220 -.183 -.353 1     

K .382 -.114 .079 -.611 -.086 -.161 -.121 -.303 .986** 1    

Pb .050 -.203 .454 .501 -.195 -.169 -.180 -.195 .142 .089 1   

Mn -.349 -.557 .826** .338 -.546 -.531 -.538 .376 .155 .113 .215 1  

Fe .717* -.160 -.173 -.337 -.195 -.145 -.169 -.132 .053 .067 -.080 -.037 1 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 
 

TABLE IV STATISTICAL REPRESENTATION OF CORRELATION (PEARSON) OF GROUNDWATER  
PHYSICOCHEMICAL PARAMETERS (WET SEASON) 

 pH TDS BOD DO Ca Mg TH SO4 Na K Pb Mn Fe 

pH 1             

TDS .000 1            

BOD -.324 -.150 1           

DO -.701* -.038 .501 1          

Ca -.026 .999** -.135 -.035 1         

Mg .000 .995** -.117 .003 .992** 1        

TH -.005 .998** -.130 -.034 .998** .998** 1       

SO4 -.146 -.125 .395 .135 -.137 -.106 -.117 1      

Na .323 -.178 .038 -.559 -.147 -.221 -.175 -.356 1     

K .220 -.074 -.033 -.534 -.038 -.124 -.073 -.458 .970** 1    

Pb -.070 -.171 .492 .518 -.156 -.152 -.167 -.162 .156 .141 1   

Mn -.319 -.568 .724* .279 -.554 -.549 -.552 .227 .245 .128 .137 1  

Fe .737* -.115 -.152 -.355 -.153 -.099 -.125 -.162 .046 -.099 -.219 .077 1 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 
 

V. HEAVY METAL ANALYSES OF THE 
GROUNDWATER 

 
A. Lead (Pb) 
 
The lead (Pb) concentration in the dry season ranged from 
0.001 to 0.06 mg/L, with an average value of 0.012 mg/L. 
BH10 recorded the highest value, while BH1–BH7 had the 

lowest values. The highest concentration was slightly above 
the WHO maximum allowable limit of 0.05 mg/L [39], [40] 
(Table I, Figure.5). Pb values in the wet season ranged from 
0.001 to 0.04 mg/L, with an average value of 0.007 mg/L. 
BH10 recorded the highest value, while BH1–3 and BH5–8 
had the lowest values, all below the WHO regulatory 
standard [40] (Table II , Figure.6). 
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Fig.5 Graphical Representation of the Concentration of Lead in the Sampling Sites at Orumba  

North and in Comparison with WHO (Dry Season) 
 

 
Fig.6 Graphical Representation of the Concentration of Lead in the Sampling Sites at Orumba  

North and in Comparison with WHO (Wet/Rainy Season) 
 
B. Manganese (Mn) 
 
The manganese (Mn) concentration in the dry season ranged 
from 0.111 to 0.53 mg/L, with an average value of 0.366 

mg/L. BH5 recorded the highest value, while BH1 had the 
lowest value. The highest concentration exceeded the WHO 
maximum allowable limit of 0.4 mg/L [39], [40] (Table I, 
Figure.7). 

 

 
Fig.7 Graphical Representation of the Concentration of Manganese in the Sampling Sites at Orumba North and  

in Comparison with WHO (Dry Season) 
 
Mn values in the wet season ranged from 0.109 to 0.471 
mg/L, with an average value of 0.329 mg/L. BH6 and BH9 
recorded the highest values, while BH1 had the lowest 
value. The highest concentrations were slightly above the 

WHO regulatory standard of 0.4 mg/L [40] (Table II, 
Figure.8). Some studies elsewhere reveal the presence of 
manganese affinity, scavenged by certain heavy metals [17], 
[28], [49]. 
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Fig.8 Graphical Representation of the Concentration of Manganese in the Sampling Sites at Orumba North and in Comparison  

with WHO (Wet/Rainy Season) 
 
C. Iron (Fe) 
 
The iron (Fe) concentration in the dry season ranged from 
0.03 to 0.126 mg/L, with an average value of 0.095 mg/L. 

BH2 recorded the highest value, while BH9 had the lowest 
value. All values were below the WHO maximum allowable 
limit of 0.3 mg/L [40] (Table I, Figure.9). 

 

 
Fig.9 Graphical Representation of the Concentration of Iron in the Sampling Sites at Orumba North and in Comparison with WHO (Dry Season) 

 
Fe values in the wet season ranged from 0.049 to 0.38 
mg/L, with an average value of 0.104 mg/L. BH3 recorded 
the highest value, while BH5 had the lowest value (Table II, 

Figure.10). The low concentration of Fe in the groundwater 
systems could be attributed to rock dissolution and 
geochemical processes [28]. 

 

 
Fig.10 Graphical Representation of the Concentration of Iron in the Sampling Sites at Orumba North and in Comparison with WHO (Wet/Rainy Season) 
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D. Groundwater Quality Assessment Adopting Water 
Quality Index (Wqi) Method 
 
The quality of the groundwater was assessed using the water 
quality index (WQI) method. Following the WQI 
classification scheme [16], [38], values below 50 are 
considered suitable/excellent, between 50 and 100 are good, 

between 100 and 200 are poor, between 200 and 300 are 
very poor, and above 300 are unsuitable for drinking. The 
computed WQI classifies the groundwater systems for 
drinking as poor at BH1 (Nanka), good at BH2 (Oko), and 
very poor and unsuitable at other locations (Amaokpala, 
Ufuma, and Ajali) (Table V and VI). 

 
TABLE V WATER QUALITY PARAMETERS, STANDARD (WHO, 2017), ASSIGNED  

WEIGHT (WI), AND RELATIVE WEIGHT (WI) 
Parameters WHO [39] Standard  Assigned Weight (wi) Relative weight (Wi) 

pH  8.5 4 0.1026 

DO (mg/L)             5 4 0.1026 

TDS (mg/L) 500 4 0.1026 

Ca2+ (mg/L) 75 2 0.0513 

Mg2+ (mg/L) 50 1 0.0256 

Total hardness (mg/L) 120 2 0.0513 

SO4 (mg/L) 250 4 0.1026 

Na+ (mg/L) 200 3 0.0769 

K+ (mg/L) 30 3 0.0769 

Mn (mg/L) 0.04 4 0.1026 

Pb (mg/L) 0.05 4 0.1026 

Fe (mg/L) 0.1 4 0.1026 

 Total  39 1 
 

TABLE VI WATER QUALITY INDEX (WQI) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
E. Total Coliform Count of Water Samples 
 
Total coliform counts (TCC) across the borehole water 
samples for both seasons (dry and wet/rainy) and the 
corresponding Most Probable Numbers (MPN) are shown in 
Tables VII and VIII. The highest TCC was 140 MPN/100 
mL, recorded in borehole sample BH10 during the wet/rainy 
season. The lowest TCC was <2 MPN/100 mL, recorded in 
borehole samples BH1, BH2, BH3, and BH4 during both 
seasons. TCC values were generally higher in the wet/rainy 
season across the study area. Recorded TCC in the dry 
season were within the WHO [50] permissible limit of <2.2 
MPN/100 mL. Higher TCC values (110 and 140 MPN/100 
mL), along with total viable counts, were observed in 

chlorine- and calcium hypochlorite-treated borehole water 
samples. These values slightly exceeded the WHO [50], 
[51] regulatory limit of <2.2 MPN/100 mL (and total viable 
counts of 1.0 × 10² CFU/mL) in the wet season. The values 
were higher than total coliform counts of 1.0 × 10² to 2.5 × 
10³ reported elsewhere [4]. This requires low-cost, safe, 
environmentally friendly, and robust purification strategies, 
such as the use of calcium hypochlorite solution and 
chlorine (i.e., chlorination), to reduce the health risks posed 
by certain waterborne diseases, including cholera, 
dysentery, and typhoid. In addition, it ensures the 
availability of potable drinking water for domestic and 
industrial activities, especially during the wet/rainy season.

Sample Sample/Location ID WQI Calc. Values Groundwater Type 

Borehole (groundwater) 

BH1 169.26 Poor water 
BH2 79.397 Good water 
BH3 233.34 Very poor water 
BH4 158.52 Poor water 
BH5 260.06 Very poor water 
BH6 238.65 Very poor water 
BH7 232.79 Very poor water 
BH8 234.50 Very poor water 
BH9 249.00 Very poor water 
BH10 310.92 Water unsuitable for drinking 
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TABLE VII TOTAL COLIFORM COUNT OF BOREHOLE WATER SAMPLES IN ORUMBA NORTH IN THE DRY SEASON 

Sample Locations 
LB2X-10 LB1X-1 LB1X-0.1 

Reading MPN / 100ml Range 95% Probability 
Tubes Tubes Tubes 

BH1 -        -   -   -   -     -   -   -   -   - -   -   -   -   - 000 <2 <1.0 – 7.0 

BH2 -        -   -   -   -     -   -   -   -   - -   -   -   -   - 000 <2 <1.2 – 7.0 

BH3 -        -   -   -   -     -   -   -   -   - -   -   -   -   - 000 <2 <1.0 – 7.0 

BH4 -        -   -   -   -     -   -   -   -   - -   -   -   -   - 000 <2 <1.0 – 7.0 

BH5 -        -   -   -   -     -   +   -   -   - -   -   -   -   - 010 2 <1.0 – 7.0 

BH6 +        -   -   -   -     -   -   +   -   - -   -   -   -   - 110 4 <1.0 – 7.0 

BH7 +        -   -   -   -     -   -   +   -   - -   -   -   -   - 110 4 <1.0 – 7.0 

BH8 +        -   -   -   -     -   -   -   -   - -   -   -   -   - 100 2 <1.0 – 7.0 

BH9 +        +  +  +  +    -   +  +  +   - -   -   -   -   - 530 79 25.0 – 190.0 

BH10 +        +  +  +  +    +  +   +   -  - -   -   +   +  - 532 94 28 – 220 

WHO     0.00  
 

TABLE VIII TOTAL COLIFORM COUNT OF BOREHOLE WATER SAMPLES IN  
ORUMBA NORTH IN THE WET/RAINY SEASON 

Sample Locations 

LB2X-10 LB1X-1 LB1X-0.1 

Reading MPN / 100ml Range 95% Probability Tubes Tubes Tubes 

1   2   3   4   5      1   2   3    4   5    1   2   3   4   5 

BH1 -        -   -   -   -     -   -   -   -   - -   -   -   -   - 000 <2 <1.0 – 7.0 

BH2 -        -   -   -   -     -   -   -   -   - -   -   -   -   - 000 <2 <1.0 – 7.0 

BH3 -        -   -   -   -     -   -   -   -   - -   -   -   -   - 000 <2 <1.0 – 7.0 

BH4 -        -   -   -   -     -   -   -   -   - -   -   -   -   - 000 <2 <1.0 – 7.0 

BH5 -        -   -   -   -     -   +   -   -   - -   -   -   -   - 010 2 <1.0 – 7.0 

BH6 +        -   -   -   -     -   -   +   -   - -   -   -   -   - 110 4 <1.0 – 11.0 

BH7 +        -   -   -   -     -   -   +   -   - -   -   -   -   - 110 4 <1.0 – 11.0 

BH8 +        -   -   -   -     -   -   -   -   - -   -   -   -   - 100 2 <1.0 – 7.0 

BH9 +        +  +  +  +    -   +  +  +   - -   +   -   -   - 531 100 34.0 – 250 

BH10 +        +  +  +  +    +  +   -   +  + +   -   +   +  - 532 140 52 – 400 

WHO     0.00  
 

VI. CONCLUSION 
 
The study investigated the seasonal variation in 
physicochemical and bacteriological qualities of 
groundwater in the vicinity of the Orumba North Local 
Government Area, Nigeria. The study revealed that the 
boreholes/groundwater sources had pH values that were 
slightly acidic to neutral, and hardness ranging from 
moderately hard to soft, compared with the WHO 
acceptable limits for drinking water. Significant differences 
were observed in the parameter values, which were within 
the WHO acceptable limits, except for dissolved oxygen, 
lead, manganese, and total coliforms. Low-cost, safe, 
environmentally friendly, and robust purification strategies 
were recommended, such as the use of calcium hypochlorite 
solution and chlorine (i.e., chlorination), to reduce health 
risks posed by waterborne diseases, including cholera, 
dysentery, and typhoid. In addition, these measures ensure 
the availability of potable drinking water for domestic and 
industrial activities, especially during the wet/rainy season. 

This was confirmed by the analysis of chlorinated 
groundwater, which showed that both physicochemical and 
bacteriological parameters were within regulatory standards 
for drinking water. The water was found to be of good 
quality in the Oko community, whereas it was poor or 
unsuitable for drinking and domestic purposes at other 
locations unless properly treated. Therefore, borehole 
drilling near sewage tanks, dumpsites, or related 
environments could contribute to groundwater pollution and 
deterioration through routine leachate release. 
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