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Abstract Seven ground water samples were collected across the three major districts of Uyo, Ikot Ekpene and 

Eket of Akwa Ibom state Nigeria for evaluation during the dry season period of February, 2018. Analysis of 

eight physicochemical parameters with their corresponding range of results as follows: Total Alkalinity (TA) 

5.86 mg/l to 66.86 mg/l, pH 3.14 to 6.77, Total Dissolved Solids (TDS) 3.54 mg/l to 101.29 mg/l, Chloride 0.36 

mg/l to 30.14 mg/l, Electrical Conductivity (EC) 5.05 μs/cm@25°C to 144.70 μs/cm@25°C, Total Hardness 

(TH) 1.87 mg/l to 119.49 mg/l,  Calcium 1.03 mg/l to 93.31 mg/l, Magnesium 0.37 mg/l to 26.18 mg/l. Water 

Quality Index (WQI) was computed using weighted arithmetic water quality index (WAWQI) model. The study 

shows that WQI ranges from 15 to 187, out of which four groundwater samples registered above 100, hence 

unsuitable for drinking while one sample registered 15 thus considered most suitable for drinking. 
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1. Introduction 

The world over, groundwater quality and environmental peace has long been compromised because of natural, 

anthropogenic and industrial activities. Akwa Ibom state located south of Nigeria, West Africa has had its fair 

share of localized groundwater challenges and consequence. Strategic efforts at mitigating this challenge have 

been prioritized by governments and organizations at all levels of human endeavour to conserve and enhance the 

natural water standard for posterity. Local efforts via academic research on groundwater quality is been initiated 

in twelve select locations in Akwa Ibom state. This research work is targeted at assessing the groundwater 

quality status via analysis of physicochemical parameters on sampled borehole water from specific locations, so 

as to delineate its suitability for either domestic or industrial purpose. The main aim of this research therefore is 

to utilize results of the physicochemical parameters to evaluate water quality index of respective water samples. 

The WQI seeks to convolve all parameters into a single digit which is then used to represent the quality status of 

sampled water in other to ascertain its suitability for specific purposes.  According to a survey by [2] on water 

quality index investigation in some parts of Niger delta, Nigeria, WQI results obtained from the different 

sampling stations were found to vary from 34.80 to 36.26 for pipe borne water, 38.52 to 48.67 for borehole 

water and 55.05 to 84.94 for stream water. From the foregoing, water samples analyzed from pipe born and 

borehole water were adjudged suitable for human consumption while the samples analyzed from stream water 

are not safe for human consumption. This gives more credence to the fact that groundwater remains the major 

source of portable water because it is better concealed than surface water which exposed to all forms of 

contaminant [9]. 
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Location of the Study Area 

Akwa Ibom State lies between latitude 4.30 to 5.30 North; and Longitudes 7.30 to 8.20 East. In terms of 

structural make up, Akwa Ibom is triangular in shape and covers a total land area of 8,412 km
2
, encompassing 

the Qua Iboe River Basin, the western part of the lower Cross River Basin and the Eastern part of the Imo River 

Basin. With an ocean front which spans a distance of 129 kilometers from Ikot Abasi in the west to Oron in the 

east. (Figure 1). Akwa Ibom's 6,900 sq Km land area is located between Cross River, Abia, and Rivers on the 

sandy coastal plain of the Gulf of Guinea. It is bordered on the south by the Atlantic Ocean which stretches from 

Ikot Abasi to Oron.  The area has over 200 mm of rainfall per annum. The area is generally flat and lies within 

the beach dunes and large valleys [4]. It is characterized by man- grove swamps, tidal creeks and brackish 

lagoons. The area is subjected to constant inundation by saline and brackish water. 

 
Figure 1: Map of Akwa Ibom State, Nigeria 

 

Geology of the Study Area 

Akwa Ibom belongs to the area classified as coastal plain sands known as the Benin formation. The Benin 

formation is the upper most unit of the Niger Delta complex and overlies the Agbada formation. The coastal 

plain sands are made of alternating sequences of gravels and sands of different grain sizes e.g. silt, clay and 

alluvium. Accordingly, Benin formation comprises of sediments whose age is from tertiary to recent. Benin 

formation also consists of fine-medium coarse grained sands which are sometimes poorly sorted [7]. 

 

2. Materials and Methods 

Materials: Digital Burette, Automatic Potentiometer Titrator (model: AT-710), Pipette, Conical Flask, 

Measuring Cylinder, Conductivity Meter (model: 4510), pH Meter (model: Orion Star A211), Global 

positioning system (GPS). 
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Methodologies 

Water sampling was collected via sterilized plastic containers to a volume of at least two litres. Collected 

Samples were taken to the laboratory for analysis within twenty hours. 

 

Total Hardness (TH) 

This  involves titrating Ethylene Diamine Tetracetic Acid (EDTA) of a known concentration against 100 ml of 

water sample into which has been added the following: 0.5 ml of buffer solution, this is to increase the pH, 

pinch of Eriochrome Black T (C2OH12N3O7) as indicator usually in powder form which turns the sample 

solution into purple. The volume of acid utilized in the titration at the end point (when the solution turns green) 

is noted and recorded. The titre value obtained is then multiplied with the factor 9.35. The value obtained is 

recorded as total hardness 

 

Calcium Hardness 

It involve titrating Ethylene Diamine Tetracetic Acid (EDTA) of a known concentration against 100 ml of water 

sample into which has been added 2 ml of Sodium Hydroxide (NaOH) buffer solution and also add 2-3 particles 

of Hydroxnaphtholblan (C20H11N2Na3O11S3) as indicator. The indicator when added turns solution into purple. 

The EDTA was thereafter titrated against the sample solution until the color changes to blue. The volume of 

acid utilized is recorded as titre value and multiplied by a factor 9.35. The value obtained is recorded as our 

calcium hardness. 

 

Magnesium 

By standards, magnesium is derived from the difference between total hardness and calcium hardness. 

Considering the fact that total hardness is always greater than calcium hardness, therefore calcium is usually 

subtracted from total so as to avoid a negative value. 

 

Conductivity 

A 100 ml beaker was used to draw a sizable volume of water sample after rinsing with distilled water and 

sample water accordingly. The beaker containing the sample was placed underneath the probe holder. The 

conductivity meter is switch on and the measuring button is pressed. The conductivity meter begins to analyze 

the sample for conductivity measurement. When the conductivity meter might have finish measuring, the first 

figure displayed on the screen is therefore recorded as the conductivity of the sampled water. 

 

Total Dissolved Solid 

Total dissolved solid of each sample analyzed was obtain by multiplying the electrical conductivity by a factor 

of 0.7 

 

pH 

A 50 ml beaker was used to draw a sizable volume of water sample after rinsing with distilled water and sample 

water accordingly. The beaker containing the sample was placed underneath the probe holder. With the probe 

inserted into 50 ml beaker containing water sample, the pH meter is powered on and the measure button is 

pressed. The pH meter starts the analysis and measuring process at the end of which the pH of the sampled 

water is noted and recorded after the device would have concluded a process of stabilization. 

 

Total Alkalinity (TA) 

100 ml of sample water was collected into a conical flask, and the following were added into the conical flask 

containing the sampled water: 2 ml buffer solution of hydrogen bicarbonate (HCO3), 2 drops of methyl orange 

indicator which changed the solution from color less to orange color. Thereafter, the solution was titrated 

against Tetra-Oxo Sulphate Six Acid (H2SO4) of a known concentration until color change from orange to gold 

was noticed, this marks the end point of titration. The total volume of acid utilized was recorded as displayed on 
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the display panel screen of the digital burette. The titre value of acid used was multiplied by a factor of 12.2 to 

obtain the final TA value of the sampled water. 

 

Chloride analysis 

Take 50 ml of the sample as main sample. Another comprising of 25 ml of distilled water as blank sample. To 

each of the samples, add 1 ml of Potassium Chromate (K2C8O4) reagent. Titrate Silver Nitrate (Ag2NO3) against 

each of the samples until the color changes from leaf green to orange color. This method is applied only to water 

sample with low hardness while the automatic method is applicable to waters sample with high degree of 

hardness. However, when the automatic method is unable to determine chloride of high hardness sample, then 

the manual method can be used except that it will consume more of the silver nitrate. As for the automatic 

method, we take 100 ml of water sample and present to the Automatic Titrator (AT-710). On presentation of the 

sample, the start button is engaged and the machine stars processing the sample. After a period of about 5 

minutes, the machine stops processing and then enters the process of stabilizing which may take up to 4-5 

minutes after which it will display the chloride value of the sample measured in parts per million (ppm). For the 

automatic method, the chloride value can be obtained on the AT-710 display panel while for the manual method, 

the titre value of the main and blank samples are determined and the blank is then subtracted from the main to 

obtain a value which is then multiplied by a known factor of 17.743 to obtain the actual chloride value measured 

in parts per million (ppm).  

 

Water Quality Index 

The WQI was first developed by [11]. The main objective of WQI is to turn complex water quality data into 

deriving an index value or simple digit, such that expresses the overall water quality status at a given location 

and time with the sole aim of establishing its suitability for drinking, domestic or industrial use. 

Table 1: Water Quality Index (WQI) and Status of water quality [10] 

Water Quality Index Level Water Quality Status 

0-25 Excellent Water Quality 

26-50 Good Water Quality 

51-75 Poor Water Quality 

76-100 Very Poor Water Quality 

>100 Unsuitable for drinking 

    

Calculation of Water Quality Index 

The present investigations were carried out to compute the Water Quality Index (WQI) in order to assess the 

suitability of groundwater collected from different areas of Akwa Ibom State. The weighted Arithmetic index 

method was used for the calculation of WQI. [1-2] Quality rating or sub index was calculated using the 

following expression. 

qn = 100* (Vn-Vs ) / (Sn- Vs)                                                  (1) 

Let there be n water quality parameters and quality rating (qn) corresponding to n parameter is a number 

reflecting relative value of this parameter in the polluted water with respect to its standard permissible value 

qn = Quality rating of respective parameter, Vn = value of water sample parameter analysis. Sn = Standard 

permissible value of parameter (WHO, 2008 standard), Vs = Ideal value of parameter in pure water is considered 

as 0 for all parameters except pH 6.5-8.5 mg/l. The unit weight was calculated by a value inversely proportional 

to the standard value of the corresponding parameter. 

Wn = K/Sn                                                                              (2) 

Where K is a proportionality constant determined by the equation below: 

K= (1/ (1/Σi=1* Si ))                                                                 (3) 

Where Wn = unit weight for nth parameter 

Sn= standard permissible value for nth parameter 

The overall WQI can therefore be calculated as follows 

WQI = Σwn* qn / Σ wn.                                                       (4) 
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3. Results 

Table 2: Comprehensive Results of Physicochemical Parameters and WQI by Weighted Arithmetic Method 

Parameters Units Loc1 Loc2 Loc3 Loc4 Loc5 Loc6 Loc7  WHO 

Standard 

CL mg/l 1.065 0.887 7.03 7.64 0.887 30.140 1.420 250  

TH mg/l 5.70 5.24 17.77 16.83 3.18 119.49 4.68 300  

Ca mg/l 3.18 3.18 9.72 7.76 1.68 93.31 3.09 75  

Mg mg/l 2.52 2.06 8.05 9.07 1.50 26.18 1.59 50  

TDS mg/l 33.04 17.5 13.65 14.83 4.613 101.29 3.535 500 

EC  µs/cm@25ᵒC  47.2  25.0 19.05 21.19 6.59 144.7 5.05 1500 

TA mg/l 25.50 10.86 38.67 23.67 5.86  66.86 15.01 200  

pH - 3.14 4.17  5.47 6.77 4.50 5.95 4.52 6.5 – 8.5 

∑WnQn  182.46 133.56 75.19 14.13 117.43 66.59 116.84  

WQI= 

∑WnQn/∑ 

Wn 

 187 137 75 15 121 68 120  

Station 

Name 
 Iba 

Oku, 

Uyo 

Eyo 

Abasi, 

Oron 

Bakery Rd 

Ukpenkang, 

Ibeno 

Hosptal Rd 

Ukpenkang, 

Ibeno 

Slum, 

Ikot 

Ekpene 

Ikot 

Obong 

Ikot 

Abasi 

Idung 
Eka 

Ikot,  

Eket 

 

             Proportionality Constant K = 5.62                                       ∑ 1/Sn = 0.178 

Unit Weight Wn = 0.974 
 

Table 3: Statistical Summary of Physicochemical parameters 

Parameters Units Min Max Mean 

Chloride mg/l 0.887 30.14 7.00 

Total Hardness mg/l 3.18 119.49 24.7 

Ca mg/l 3.09 93.31 17.42 

Mg mg/l 1.50 26.18 7.28 

TDS mg/l 3.535 101.29 26.92 

Conductivity µs/cm@25 ᵒC 5.05 144.7 38.40 

Alkalinity mg/l 5.86 66.86 26.63 

pH - 3.14 6.77 4.93 

 

 
Figure 2: Line Graph of WQI 

4. Discussion 

Chloride 

The mean chloride concentration in the study area was recorded as 7.0 mg/l. The lowest chloride level of 0.887 

mg/l occurred in Akwa Ibom state polytechnic, Ikot Osurua of Ikot Ekpene locale, while highest occurrence of 

chloride concentration of 30.14 mg/l was observed at Ikot Obong market in Ikot Abasi locale. (Table 2-3). This 

is relatively lower than the [6] standard of 250 mg/l. 

187

137

75

15

121

68

120

0

20

40

60

80

100

120

140

160

180

200

Loc1 Loc2 Loc3 Loc4 Loc5 Loc6 Loc7

Water Quality Index  



Antiakon EU et al                                     Journal of Scientific and Engineering Research, 2020, 7(2):230-236 

 

Journal of Scientific and Engineering Research 

235 

 

Total Hardness (TH) 

The TH of water samples ranges between 3.18 mg/l and 119.49mg/l. The mean total hardness recorded was 24.7 

mg/l. Most of the ground water samples of the study locale were found to be soft based on class of water 

hardness – (Soft 0-70), (Moderate 75-150), (Hard 150-300) and (Very hard above 300), (Table 2-3). This study 

also show that samples from locations around the salt water area of Akwa Ibom state especially Ikot  Abasi 

registered the highest degree of hardness while the upland and fresh water regions of Ikot Ekpene and Ini 

recorded the lowest hardness In summary, going by the [6] standard (TH -300 mg/l), groundwater samples 

under study fell within the standard limit. 

 

Calcium and Magnesium 

Calcium and magnesium in groundwater are generated by the action of carbon dioxide in water on carbonate 

rocks such as limestone and dolomite. The mean concentration of calcium and magnesium from the study 

locations recorded 17.42 mg/l and 7.28 mg/l respectively. The concentrations of calcium and magnesium in 

groundwater of sampled areas lie between 3.09 mg/l to 93.31mg/l and 1.50 mg/l to 26.18mg/l, respectively. The 

[6] both have permissible limits for calcium and magnesium in portable drinking water as 75mg/l and 50mg/l, 

respectively. From the study, calcium concentration in all the locations fell below [6] standards except for Ikot 

obong market square in Ikot Abasi where the calcium concentration indicated abysmal 93.31mg/l. magnesium 

concentration across study area stood below standard. Concentration levels of these parameters are within 

acceptable limits for potable water use (Table 2-3). 

 

Total Dissolved Solids (TDS) 

The TDS values observed were in the range of 3.535 mg/l to 101.29mg/l. Least recorded TDS came from Idung 

Eka Ikot in Eket while the highest was of Ikot Obong market in Ikot Abasi (Table 2-3). The mean TDS value 

recorded was 26.92 mg/l. these TDS values were within [6] limit of 500 mg/l. TDS test provides a qualitative 

measure of the amount of dissolved ions in water [8] 

 

Electrical Conductivity (EC) 

Electrical Conductivity levels of the water samples in the study locale ranged between 5.05 μs/cm@25°C to 

144.9 μs/cm@25°C (Table 2-3). The mean conductivity level is 38.40 μs/cm@25°C. Generally, conductivity 

levels were relatively low compared to [6] limit of 1500 μs/cm@25°C. The lowest conducting groundwater of 

5.05μs/cm@25°C was from Idung Eka Ikot, Eket while the highest conducting groundwater was from Ikot 

Obong Market in Ikot Abasi study locale. 

 

Total Alkalinity (TA) 

The mean TA of water samples from study area was 26.63 mg/l. The TA values of water samples ranged from 

5.86 mg/l to 66.86 mg/l (Table 2-3). The area with the highest alkalinity was Ikot Obong market in Ikot Abasi 

while Ikot Ekpene recorded the lowest. The TA values generally were lower than 200 mg/l as recommended by 

[6]. 

 

pH 

The pH values of groundwater samples across study area ranges from 3.14 to 6.77 (Table 2-3). The lowest was 

recorded at Iba Oku village in Uyo city while the highest came from bakery road Ukpenekang in Ibeno. The pH 

mean value of the groundwater samples was 4.93. The standard limit for drinking water ranges from 6.5-8.5 [6]. 

Prolonged consumption of acidic water over long periods of time [3] may result in derangement of the balance 

of acid to base in the human body, this usually results in metabolic acidosis. 

 

Water quality index (WQI) 

The result of water quality index ranges from 15 in hospital road Ibeno (treated borehole water) to 187 in Iba 

Oku village road, Uyo dumpsite (untreated borehole water). Four out of the seven borehole water samples were 

above 100, therefore unsuitable for drinking while WQI of one borehole water samples fell on 77 and rated very 
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poor quality. The WQI of one sample fell on 68 hence rated poor quality and finally only one sample had 

excellent quality rate at WQI of 15 (Table 2, Fig. 2). 

 

5. Conclusion and Recommendations 

The above study has shown that only groundwater sampled from Bakery Rd. Ukpenekang is fit drinking and 

medicine including other wide range of usages while others can be used for limited purposes save drinking. 

However, this cannot be totally relied on because the WQI may either increase or reduce when additional or 

lesser number of parameters is analyzed. The world over, Nations have deviated from the conventional 

Weighted Arithmetic Water Quality Index WAWQI to design customized WQI model of their respective 

nations, all in a bid to achieve greater accuracy in water quality assessment. Nigeria should not be an exception. 

As at the time of this study, records show no African nation has a state owned WQI model. Nigeria can take the 

lead by inventing her own thus, Nigeria Water Quality Index NWQI. This will enable the identification and 

inclusion of certain parameters, variables and constants that are peculiar to our subsurface environment. 
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