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ABSTRACT

	The study assessed aspect of water quality of groundwater from different boreholes in Onna Local Government Area, Akwa Ibom State. Water samples were collected from boreholes in the study sites using standard methods. Twenty (20) water quality parameters, in ten (10) study sites, were analysed using spectroscopic and titrimetric methods to determine the water quality index of groundwater in the study sites. Water quality parameters of interest include physicochemical, major ions, nutrients, heavy metals, and microbial indicators. Results indicate variations in pH (4.4–7.16), electrical conductivity (14–102 µS/cm), total dissolved solids (7 – 49 mg/L), Na (58.2 mg/L - 108 mg/L), K (56.4 mg/L - 74.3 mg/L), Ca (8 - 33.6 mg/L), Fe (BDL–4.753 mg/L), Zn (0.002 - 1.063 mg/L) and Mn (0.002–1.063 mg/L), Cl- (3.89 – 28.33), NO3- (1.342 – 2.541mg/L), PO43- (0.014 – 0.041 mg/L), SO42- (0.104 – 6.186 mg/L). Most water samples showed acidic pH and variable levels of salinity, hardness, and microbial contamination, suggesting the influence of geogenic and anthropogenic factors. While some parameters complied with World Health Organisation and Nigerian safety regulatory standards, others exceeded permissible limits. Water Quality Index assessment of the study sites indicates that, with the exception of ONN 2, the water quality of all sample sites is suitable for drinking. However, there is need for continuous and improved groundwater monitoring, as well as point-of-use treatment strategies for contaminated groundwater in Onna LGA, Akwa Ibom State.
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1. INTRODUCTION

Water is an abundant and essential resources of nature, which is regarded as a universal solvent that can dissolve several substances which are beneficial to man and its environment. It has been stated than groundwater has greater importance to civilization than surface water, because groundwater is the largest reserve of drinkable water in regions where humans can inhabit [1]. Ground water is found beneath the ground surface and fills the voids in the rocks and soil; it is a source of water for wells, boreholes and springs [2]. According to Siebert et al [3], groundwater supplies almost half of all drinking water in the world and 43 % of the global consumptive use in irrigation. Groundwater is a critical source of potable water for many rural and peri-urban communities worldwide, particularly in developing countries where surface water may be scarce or contaminated. In Nigeria, boreholes serve as a primary means of accessing groundwater for domestic, agricultural, and industrial use. 

Groundwater characteristics vary spatially, depending on the type of rock, and where groundwater location is pervasive, flowing, accumulating, as well as environmental conditions and anthropogenic activities [4]. Therefore, the quality of groundwater is susceptible to degradation from natural geological processes and anthropogenic activities such as agricultural runoff, industrial discharge, and improper waste disposal. According to WWQA [5], the quality of groundwater is also determined by the initial quality of water infiltrating the subsurface and its interaction with the subsurface environment. Contaminated groundwater poses significant health risks, including exposure to toxic metals and pathogenic microorganisms. Sources of groundwater pollution range from anthropogenic to natural activities. The increased use of metal-based fertilizer in agriculture could result in continued rise in concentration of metal pollution in fresh water reservoir through water run-offs [6]. In the rainy season, faecal matter from pit latrines and open sources can leach into groundwater, thereby contaminating it [7]. Similarly, the garbage in a landfill can create groundwater pollution when rainwater percolates through the toxic garbage and sinks into the soil, contaminating the underlying groundwater to a depth of about 33m in tropical environments (low level of metal accumulation within the soil) [8]. The above listed anthropogenic activities pose serious threat to the groundwater users, with accompanying hazardous implications. Unfortunately, restoring the quality of groundwater after contamination is difficult and can be a lengthy process, due to their inaccessibility and slow movement [9]. It therefore becomes imperative to regularly monitor the quality of groundwater and to devise ways and means to protect it from contamination.

Onna Local Government Area (LGA) of Akwa Ibom State, Nigeria, is predominantly rural, relying heavily on borehole water for daily domestic water needs. This area is a representative of Niger Delta communities with shallow aquifers susceptible to contamination. Prior studies [10,11] have reported heavy metal pollution and microbial risks in similar environments. Despite its importance, there is limited comprehensive data on the physicochemical and microbiological quality of groundwater in this region. Understanding the water quality status is essential to inform public health interventions and sustainable water resource management. Accordingly, this study aims to assess the quality of groundwater obtained from boreholes in selected communities within Onna LGA by analysing key parameters such as pH, electrical conductivity, total dissolved solids, metal concentrations, anions, hardness, alkalinity, and microbial contamination. By identifying potential contaminants and comparing them against established standards, this research seeks to evaluate the suitability of borehole water for domestic consumption and highlight areas requiring remediation or further monitoring. The findings will contribute to safeguarding community health and guiding policy on groundwater utilization in Akwa Ibom State.

2. material and methods 

2.1 Study Area
The study sampled ten (10) groundwater samples in nine (9) communities of Onna Local Government Area in southern region of Akwa Ibom State, Nigeria. Table 1 enlists the sample locations and description of each site; Fig. 1 shows the map of the study area and the sample sites.
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Fig 1. Map of Onna LGA, indicating the sample sites

Table 1 Study Sites location and description
	[bookmark: _Hlk202178624]Site ID
	GPS location
	Village
	Site Description

	ONN 1
	4.63171''7.869949
	Ndon Eyo
	Residential Estate

	ONN 2
	4.573442"7.872895
	Ikwe
	Primary Healthcare center

	ONN 3
	4.600624"7.865924
	Ikot Akpatek
	Residential 

	ONN 4
	4.616597"7.872367
	Ikot Ebekpo
	Residential

	ONN 5
	4.618855"7.892927
	Ikot Ebidang 
	Residential

	ONN 6
	4.614201"7.881907
	Ikot Ebidang
	Public water supply

	ONN 7
	4.620833"7.838662
	Ikot Edor
	Residential

	ONN 8
	4.651388"7.844697
	Ikot Akpan Nsiet
	Residential

	ONN 9
	4.681358"7.843605
	Afaha Ubium
	Public School

	ONN 10
	4.611994"7.8147
	Ikot Eko Ibon
	Public water supply



[bookmark: _Hlk203558403]2.2 Methods

2.2.1 Determination of pH, Electrical Conductivity, Total dissolved solid, Oxygen reduction potential, salinity
These parameters were measured at site electronically with the help of their corresponding handheld instrument (HANNA HI9813-51 & HI98190).

2.2.2 Determination of Sulphate Concentrations
SulfaVer 4 powder pillow was used in the determination of sulphate in the water sample. The concentration of sulphate was measured with HACH DR 3800 as follows; 10ml of the water sample was measured into a cuvette and the content of the pillow was also poured into the sample cuvette, shaken and measured in the Hach DR 3800 using the same sample of 10ml in a cuvette (without the reagent) as blank sample. The reading for the concentration was displayed on the screen and taken. 

2.2.3 Determination of Nitrate Concentration
This parameter was determined using the spectrophotometric method after the addition of NitraVer 5 powder to 10ml of water sample in a cell. The mixture was shaken and an amber colour appeared, indicating the presence of nitrate, which was then measured in HACH DR 3800. Another cell was filled to the mark with 10ml of the same sample, without adding the reagent, and used as the blank sample. The result was shown on the screen.  

2.2.4 Determination of Calcium 
Titrimetric Method Using EDTA and Calgon indicator powder was utilized in the determination of Calcium ion concentration. 100mls of the water sample, 20mls of 20% KOH and 50ml of distilled water were placed into a 250mls conical flask. About 0.05g of calcon indicator powder was added into the flask. The mixture was titrated against 1.2857mg concentration of EDTA [12].

                                       		(1)

V1 = volume of EDTA used, N = normality of EDTA used

2.2.5 Determination of Alkalinity as CO32-
Titrimetric method was adopted and the reagents used for the determination of this parameter were methyl orange indicator and 0.01N H2SO4 titant. Alkalinity as CO32- is calculated using the formula:   
					(2)

Where A = volume of acid used, N = normality of acid used, M = molar mass of CO32-  

2.2.6 Total Hardness as CaCO3 
This was determined using EDTA titration method and ammonia buffer solution. 50mls of the water sample was measured into a 250ml conical flask, 2mls of ammonia buffer solution and a tablet of total hardness indicator was added; then titration with 0.01 N EDTA was carried out. A deep purple solution that changed to blue solution marks the titration end point. Total hardness was calculated thus,

						(3)

V2 = volume of EDTA, E = Equivalent weight of CaCO3, N = Normality of EDTA 
  

2.2.7 Determination of Chloride (Argentometric titration) 
100mls of the water sample was titrated with 0.01N of AgNO3 using potassium chromate indicator. The chloride ions reacted preferentially with silver ions. Excess silver ions reacted with chromate ions to form silver chromate which indicated the end point of the titration [12]. Chloride concentration was determined using the formula;
						(4)

V2 = volume of AgNO3, E = Equivalent weight of Cl-, N = Normality of AgNO3 

2.2.8 Determination of Sodium and Potassium 
Sodium and Potassium were determined using the Flame Photometer (FP910), after preparation of standards to obtain the calibration curve on the instrument.

2.2.9 Determination of Heavy metals 
Heavy metals were determined using the Atomic Absorption Spectrophotometer (Wincom AA320n)

2.2.10 Microbial Analysis  
Plate count method was used to count gram negative bacteria such as E.coli, Escherichia, Enterobacter, Klebsiella and other coliforms present in the ground water samples. Endo medium, which was prepared following the manufacturer’s (Sigma-Aldrich) instruction and autoclaved was used to evaluate faecal coliform. After being plated in duplicate, each sample point was incubated for 24 hrs at 37oC. Following incubation, duplicate counts from specific sampling points were averaged and expressed as CFU/mL of water.

2.3 Water Quality Index Estimation
 
The WQI was calculated using standards of drinking water quality recommended by the World Health Organization [13] and the Nigeria Standard of drinking Water Quality [14]. The weighted Arithmetic index method [15], was used for the calculation of WQI. Furthermore, quality rating or sub index was calculated using the following expression

									(5)
Where Qi is the water quality rating of the ith water quality parameter and Wi (∑Wi = 1) is the weight of the ith water quality parameter. 

The quality rating Qi, can be calculated thus;
									(6)

Where Vi is the actual amount of the ith parameter, Vo represents the ideal value of the parameter (Vo = 0), except for the pH (Vo =7) and Si is the standard allowable value for the ith parameter. 
The unit weight (Wi) is calculated using the equation below;
								(7)
The term K is a proportional constant 
3. results and discussion

The table below gives the values of twenty (20) water quality parameters in ten (10) sample locations in the study area

Table 2 Water Quality parameters in Groundwater Samples obtained from ten (10) sampling sites in Onna LGA, Akwa Ibom State

	
	ONN 1
	ONN 2
	ONN 3
	ONN 4
	ONN 5
	ONN 6
	ONN 7
	ONN 8
	ONN 9
	ONN 10

	pH
	4.7
	7.16
	5
	4.4
	4.8
	5
	4.5
	4.8
	5
	4.6

	EC (us/cm)
	40
	36
	32
	32
	50
	14
	34
	18
	28
	102

	TDS (mg/l)
	20
	18
	16
	16
	25
	7
	17
	9
	14
	49

	ORP (mV)
	375
	280
	358
	420
	416
	362
	444
	415
	428
	399

	Salinity (ppm)
	17
	20
	14
	18
	28
	7
	18
	9
	15
	51

	Zn (mg/L)
	BDL
	2.234
	0.005
	0.008
	0.01
	0.057
	0.004
	1.112
	0.034
	BDL

	Fe (mg/L)
	0.01
	4.753
	0.011
	BDL
	BDL
	BDL
	0.046
	0.021
	0.012
	0.005

	Mn (mg/L)
	0.002
	0.699
	0.555
	0.04
	0.364
	0.277
	0.257
	0.832
	0.578
	1.063

	Na (mg/L)
	90.6
	108
	103
	82
	94
	82.8
	69.7
	69.7
	58.2
	65.3

	K (mg/L)
	60.9
	66.6
	56.4
	61.7
	62.6
	65.8
	64
	69.6
	67.2
	74.3

	NO3- (mg/L)
	1.782
	2.046
	2.541
	2.005
	2.097
	2.168
	1.342
	1.832
	1.986
	1.756

	SO42- (mg/L)
	0.583
	0.104
	0.255
	0.198
	0.232
	0.243
	6.186
	3.864
	1.214
	2.113

	PO43- (mg/L)
	0.014
	0.018
	0.027
	0.041
	0.039
	0.024
	0.019
	0.031
	0.041
	0.039

	THC
	0.002
	<0.001
	0.002
	0.541
	0.618
	0.672
	0.008
	0.084
	1.215
	0.915

	Hardness (mg/L)
	28
	84
	64
	80
	44
	20
	32
	48
	36
	64

	Alkalinity
	52
	76
	56
	40
	68
	96
	56
	56
	60
	100

	Ca (mg/L)
	11.2
	33.6
	25.6
	32
	17.6
	8
	12.8
	19.2
	14.4
	25.6

	Cl- (mg/L)
	9.44
	11.11
	7.78
	10
	15.56
	3.89
	10
	5
	8.33
	28.33

	Total Heterotrophic count
	2680
	690
	1460
	2750 
	510
	185
	850
	1040
	6090
	310

	Total Coliform count (Cfu/mL)
	0
	0
	150
	0
	0
	0
	10
	0
	0
	425




3.1 Physicochemical parameters

3.1.1 pH and Acidity
pH ranged from 4.4 (ONN 6) to 7.16 (ONN 2). It was observed that, with the exception of ONN 2 (7.16), groundwater from all sample sites were acidic (pH 4.4–5.0). Acidic groundwater, often due to CO2 dissolution or organic acids, can increase metal mobility and affect infrastructure [16]. Acidity is a key characteristic of groundwater. Acidity, measured as pH, in natural groundwater is controlled by the balance between carbonic acid (H2CO3) and buffering by dissolution of alkaline rocks. Besides controlling the precipitation and dissolution of minerals that may contain contaminants, the pH controls the mobility of a range of electrically charged contaminants by changing the surface charge of clays, oxides and organic matter (OM), solids whose surfaces promote sorption [5]. This implies that cationic contaminants like heavy metals (lead – Pb, zinc – Zn, cadmium – Cd, etc.) may be mobile at low pH values, while anionic contaminants, such as oxyanion forming elements (As, selenium – Se, etc.), may be mobile at neutral to high pH values. Similarly, organic contaminants may be adsorbed by naturally present organic matter, slowing the rate of contaminant transport in the groundwater (retardation) [5].
3.1.2 Electrical Conductivity and TDS
Electrical conductivity ranged from 14 µS/cm (ONN 6) to 102 µS/cm (ONN 10) while Total dissolved solids ranged from 7 mg/L (ONN 6) – 49 mg/L (ONN 10); these values were low, indicating fresh water status. The results are consistent with findings by Essien & Edet [17] in nearby areas, suggesting low mineralization from short residence time. Generally, a strong positive correlation was observed between EC and TDS, which has been supported by several studies [6,18,19]. High total dissolved solids are associated with processes such as saltwater intrusion; dissolution of salts from highly soluble rocks and evaporites; high rates of evaporation in arid and semi-arid environments; or highly mineralised (old or deep) groundwater [20]. High TDS are linked to high concentrations of major ions and sometimes geogenic contaminants (e.g. As, F, uranium – U). High TDS result in a high ionic strength and formation of soluble complexes that may lead to increased mobility for some ionic contaminants [5].
3.1.3 Heavy Metals
Concentration of heavy metals in the study sites were presented as follows:  Zn (BDL – 2.234 mg/L); Fe (BDL - 4.753 mg/L); Mn (0.002 – 1.063 mg/L). Iron concentrations exceeded the WHO limit (0.3 mg/L) in ONN 2 (4.753 mg/L) and ONN 7 (0.046 mg/L). Similarly, Mn levels surpassed the 0.4 mg/L limit in ONN 2, ONN 8, ONN 10. High Mn and Fe are often linked to reducing environments or ferruginous sandstone aquifers [21]. Iron in concentrations greater than 0.3 mg/l may cause black and brown stains on laundry, plumbing, fixtures and sinks [18]; however, high concentration of iron does not appear to present health hazard but it may affect the taste of beverages made from the water

[image: ]

Fig 2. Physicochemical parameters across sample sites

3.2 Cations and Anions

Sodium in samples ranged from 58.2 mg/L (ONN 9) to 108 mg/L (ONN 2), which were below within the WHO safe limit of 200 mg/L [13]. It was observed that samples obtained from sites closer to the coast recorded higher Na+ concentration that other samples, which implies saline intrusion effect

Potassium ranged from 56.4 mg/L (ONN 3) to 74.3 mg/L (ONN 10). These values exceed the maximum EU directive of Potassium in drinking water of 12 mg/L [22]. Potassium in groundwater originates from various natural and anthropogenic sources, such as agricultural activities (fertilizer usage) and industrial activities. While potassium is an essential nutrient, high concentrations in drinking water can pose health risks, particularly for individuals with kidney problems [23]. 

The highest calcium concentration was found in ONN 2 (33.6 mg/L) while the lowest was 8 mg/L (ONN 6). Calcium is a common component of groundwater, and its concentration can vary significantly depending on the surrounding geology and water source [24]. Impact of calcium in groundwater include water hardness (which can cause scaling in pipes, water heaters and other appliances) and noticeable water taste

NO3⁻ levels were below 50 mg/L in all samples, indicating minimal nitrate pollution unlike other studies in Uyo LGA, Akwa Ibom State [18,25]. Nitrate is a common groundwater contaminant in drinking water sources and at high concentrations can cause health problems in infants and animals [26,27,28]. This is particularly important in peri-urban areas where untreated wastewater is used for irrigation and where groundwater is pumped for drinking purposes.

Phosphate was lowest in ONN 1 (0.014 mg/L) and highest in ONN 4 & 9 (0.041 mg/L), potentially from detergents or decaying organic matter. When phosphate rich groundwater enters surface water bodies (lakes, streams etc.), it can stimulate excessive growth of algae and aquatic plants, leading to eutrophication. Yu et al. [29] has stated that phosphate concentrations observed in groundwater may be due to human activities, such as the use of chemical phosphorus fertilizer for agriculture, industrial and domestic effluents or human sewage [29].
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Fig 3 Cations (Na, K, Ca) concentration across sample sites
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Fig 4. Anions concentration (NO3-, SO42-, PO43-) across sample sites

3.3 Water Hardness and Alkalinity 

Hardness ranged from 20 mg/L (ONN 6) – 84 mg/L (ONN 2), which classifies the water samples as soft to moderately hard. A very strong correlation was observed between the calcium concentration of the samples with their hardness. As stated earlier, water hardness is not desirable for domestic use due to its scaling effect on materials and giving drinking water a noticeable taste.

Alkalinity is a measure of the capacity of water to neutralize acids. The predominant chemicals present in natural waters are carbonates, bicarbonates, and hydroxides [18]. Alkalinity in the present study varied from 40 mg/L (ONN 4) to 100 mg/L (ONN 10), showing varying buffering capacities. The buffering capacity of water is crucial for maintaining stable pH levels, which is important for aquatic life and preventing corrosion in pipes [30].

3.4 Chloride and Salinity

Chloride (3.89 – 28.33 mg/L) and salinity (7 –51 ppm) were within permissible limits. The lowest values were obtained in ONN 6 and the highest in ONN 10. These values align with low anthropogenic salt intrusion, due to the distance of the sample sites from the Atlantic coast. Elevated groundwater salinity can result from a range of processes, including natural water-rock interactions and recharge in areas dominated by evaporation [20]. However, many groundwater salinization processes are exacerbated by anthropogenic activities; these include salinization from irrigated agriculture, over-pumping mobilising geologically old saline water, seawater intrusion into coastal aquifers and hydrocarbon production [31,32]. Groundwater salinization can be exacerbated by excessive irrigation and shallow groundwater levels due to salt accumulation which is subsequently leached to groundwater [33,34]. In certain cases, leaching of agricultural drainage water to groundwater increases concentrations of specific ions such as sodium and magnesium with deleterious effects to crops irrigated with sodium- and magnesium-rich groundwater. This issue is intensified in arid
and semi-arid regions where there is inadequate flushing of ions due to limited rainfall recharge [35].
3.5 Microbiological Quality 

Total Heterotrophic Count (THC) was high across many sites (up to 6.09 × 10³ CFU/mL). Total Coliform Count exceeded zero in ONN 3, ONN 7, ONN 10, suggesting possible faecal contamination. According to WHO [36], any presence of coliforms indicates potential faecal contamination, rendering the water unsafe for consumption without treatment. The presence of faecal contamination is a health risk because it signifies the presence of various pathogens in the sampled water supply. They are associated with diseases such as diarrhoea, dysentery, typhoid fever, and cholera [37].

3.6 Correlation Analysis 

[bookmark: _Hlk201057616]This analysis was carried out to identify linear relationships among variables using Pearson correlation. The correlation heatmap (Fig. 5) indicate the relationships between various water quality parameters; a significant positive correlation was observed between TDS, EC, and Salinity (these are expected as they often co-vary). This agrees with several studies [6,18,19] which have stated that these three parameters often co-vary in aquatic environment. A strong positive correlation was seen between calcium and hardness, which is expected since calcium contributes to water hardness. Others include Total Heterotrophic Count and Chloride, THC, and NO₃⁻.
Some negative or weak correlations are visible as well, especially involving trace elements like Zn, Fe, and Mn, which aligns with Oluyemi et al. [38].
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Fig. 5 Correlation Heatmap of Groundwater Quality Parameters in sample sites




3.7 Water Quality Index

[bookmark: _Hlk203387846]Table 3 depicts the water quality index of the 10 sample sites, as well as their respective water quality status. The table reveal that, with the exception of ONN 2, the water quality of all sample sites is suitable for drinking. ONN 2 has a WQI of 620, which categorizes it an being unsuitable for human consumption. It is therefore necessary to inform the relevant stakeholders on the dangers posed by the bad quality of the groundwater in ONN 2 and the need for adequate water treatment before consumption.
Table 3 Water Quality Index (WQI) and Water Quality Status (WQS) of the sample sites

	Site ID
	∑QiWi
	WQI
	WQS

	ONN 1
	2.884043
	2.884033
	Excellent

	ONN 2
	620.1018
	620.0996
	Unsuitable for drinking

	ONN 3
	3.119621
	3.119609
	Excellent

	ONN 4
	1.261843
	1.261839
	Excellent

	ONN 5
	1.889609
	1.889602
	Excellent

	ONN 6
	2.416248
	2.41624
	Excellent

	ONN 7
	7.49843
	7.498403
	Excellent

	ONN 8
	5.167864
	5.167845
	Excellent

	ONN 9
	4.093674
	4.093659
	Excellent

	ONN 10
	3.205834
	3.205823
	Excellent





4. Conclusion

The groundwater in ONNA LGA is generally fresh and low in TDS, but shows concerning acidity, heavy metal presence (Fe, Mn), and microbial contamination in certain locations. Intervention strategies such as filtration, disinfection, and improved borehole construction are recommended. However, the Water Quality Index of the sample sites indicate good water quality, with the exception of ONN 2. Therefore, relevant authorities need to take measures to safeguard the exposed populace in ONN 2 from attendant health hazards on consuming the groundwater.
[bookmark: _GoBack]
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