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ABSTRACT 
 
Aim: To assess the quality of drinking water sources in Ado-Ekiti and environs, Nigeria, using 
Water Quality Index (WQI). 
Study Design: Experimental study design. 
Place and Duration of Study: Department of Microbiology, Ekiti State University, Ekiti State, 
Nigeria, between January 2014 and August 2014. 
Methodology: The Weighted Arithmetic Water Quality Index (WAWQI) method, which classified 
water quality according to the degree of purity, was adopted in this study. The WAWQI was 
determined on the basis of various physico-chemical parameters which included pH, total dissolved 
solids, turbidity, total hardness, calcium, magnesium, sulphate, chloride and nitrate. The 
parameters were determined using standard methods. 
Results: The mean values of the physico-chemical parameters revealed that majority of the 
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samples fell below the WHO maximum permissible limits while others were above WHO 
specifications. The calculated WAWQI revealed the water quality level of the different water 
sources as follows; 54.16, 65.12, 67.46, 56.29, 46.08 and 49.59 for borehole, stream, pipe-borne, 
well, spring and packaged water samples, respectively.  
Conclusion: This result is an indication that the analyzed water samples from different sources 
were of poor water quality with the exception of spring and packaged water samples which are of 
good water quality in terms of physico-chemical qualities and thus safe for human consumption. 
 

 
Keywords: Water sources; Physico-chemical parameters; Water quality index; WAWQI. 
 
1. INTRODUCTION 
 
Water is the most important natural resource and 
valuable natural asset which forms the major 
constituent of the ecosystem. Water can be 
sourced from rain and surface or ground water 
[1]. Rain water percolating into the ground 
constitutes the ground water. Ground water is of 
higher quality compared to surface water due to 
the effective filtration [1]. Water plays a vital role 
in the existence of life and various sector of the 
economy such as agriculture, livestock 
production, forestry, industrial power generation, 
fisheries and other creative activities [2]. 
Therefore, water quality assessment is an issue 
in the nation. Water quality is a description of 
chemical, physical and biological characteristics 
of water in connection with intended use(s) and a 
set of standards [3]. The quality of water sources 
deteriorates due to point source and non-point 
source pollution. Point source pollution includes 
industrial effluents and discharges from 
municipal waste water treatment plant while non-
point source pollution includes agricultural run-
off, seepage of septic tank effluents into ground 
water, indiscriminate dumping of wastes into 
streams and rivers among others [4]. The 
increase in human population in Ekiti State has 
exerted enormous pressure on the provision of 
safe drinking water. Thus, unsafe water poses a 
health threat to the public and also places the 
public at risk for diarrhoeal and a host of other 
diseases as well as chemical intoxication [5].  
 
Water quality of any specific area or source can 
be assessed using physical, chemical and 
microbiological parameters [2]. One of the most 
effective tools to communicate information on the 
quality of water is by using the term Water 
Quality Index (WQI) [4]. WQI is defined as a 
rating reflecting the composite influence of 
different water quality parameters [6]. WQI 
provides a single number that expresses the 
overall water quality at a certain location and 
time based on several water quality parameters 
[7]. It was first developed by Horton in 1965. It is 

basically a mathematical means of calculating a 
single value from multiple test results [2]. 
However, a huge number of WQIs include 
Weighted Arithmetic Water Quality Index 
(WAWQI), National Sanitation Foundation Water 
Quality Index (NSFWQI), Canadian Council of 
Minister of the Environment Water Quality Index 
(CCMEWQI), Oregon Water Quality Index 
(OWQI), among others have been formulated by 
several national and international organizations 
which have been applied for evaluation of water 
quality in a particular area [8]. The WAWQI 
method, which classified water quality according 
to the degree of purity, was adopted in this study 
and this has been widely used by various 
scientists [1,9,10]. Parameter selection could be 
from any of the five classes which have 
considerable impact on water quality; namely 
oxygen level, eutrophi-cation, health aspects, 
physical characteristics and dissolved 
substances [1]. The parameters selected in this 
study included the commonly measured water 
quality variables from the physical characteristics 
and dissolved substances which have impact on 
surface and ground water. 
 
WQI utilizes the water quality data and helps in 
the formulation of policies by various 
environmental monitoring agencies. It is 
computed using nine key water quality variables 
[1,11] and this describes the general situation of 
water sources. Therefore, this study was aimed 
at assessing the quality of various drinking water 
sources in Ado-Ekiti and its environs and 
determining their suitability for drinking purpose 
using WAWQI. 
 
2. MATERIALS AND METHODS  
 
2.1 Study Area  
 
The study took place in Ado-Ekiti, the capital city 
of Ekiti State and environ. The city is located 
within the North Western part of the Benin-
Owena River Basin Development Area. The city 
lies between Latitude 7° 34 ꞌ  and 7° 44 ꞌ North of 
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the Equator and Longitude 5° 11 ꞌ   and 5° 18ꞌ  east 
of the Greenwich Meridian. It has a number of 
Satellite towns around it. To the North is Iworoko, 
about 16 kilometers away from the city; to the 
east are Are and Afao, about 16 kilometers; to 
the West are Iyin and Igede, about 20 km and to 
the South is Ikere, about 18 km [12]. The relief of 
Ado-Ekiti is relatively low with isolated hills and 
inselbergs that are dome-shaped. The geology of 
Ado-Ekiti belongs to the basement complex, 
igneous rock, rock of South-Western, Nigeria. 
The lithiological rock units are basically 
crystalline basement rocks which include coarse 
grained charnokite (the most abundant in Ado-
Ekiti), fine grained granite, medium grained 
granite and porphyritic biotite, medium grained 
granite and quartzite [13]. 
 

2.2 Sample Collection 
 
A total of five hundred samples of different 
drinking water from sources which included well, 
borehole, streams, pipe-borne, reservoir and 
packaged (sachet) water were randomly 
collected from Ado-Ekiti and environ. Each 
sample was collected in a one-litre clean 
polyethylene bottles and transported to the 
laboratory within two hours of collection for 
immediate analysis.  
 

2.3 Analysis of Samples  
 
The samples were analyzed for nine parameters 
which included pH, total dissolved solids (TDS), 
calcium, magnesium, total hardness, turbidity, 
sulphates, chlorides and nitrates using the 
standard procedures recommended in guidelines 
for water quality monitoring as described by 
Maushkar [14]. The pH was assessed by 
electrometric method using pH meter (Hanna 
H19813 Grocheck meter), TDS was measured 
using gravimetric method, turbidity was assessed 
using nephelometer, hardness, calcium and 
magnesium were assessed using EDTA 
titrimetric method and sulphate was detected by 
turbidometric method using turbidity meter (X 
INRUI, WGZ-B scattered light turbid meter). 
Chloride determination was carried out by 
argentiometric titration while nitrate was detected 
using colorimetric method.  
 

2.4 Water Quality Index 
 
The WQI of the different drinking water samples 
was assessed using the weighted arithmetic 
index method employed by Brown et al. [15] and 
Soni et al. [16]. This was performed taking into 
account the nine important parameters which 

included pH, TDS, turbidity, total hardness, 
calcium, magnesium, sulphate, chlorides and 
nitrates. The WAWQI was calculated using the 
formula below: 
 

WAWQI =   /  
 

The quality rating scale (Qn) for each parameter 
was calculated by using this expression: 
 

Qn = 100[(Vn-Vo/Sn-Vo)] 
 

Where,  
Vn was estimated concentration of nth 
parameter in the analyzed water 
Vo was the ideal value of this parameter in pure 
water 
Vo = 0 (except pH= 7.0 and DO= 14.6mg/l) 
Sn is recommended standard value of nth 
parameter 

 
The unit weight (Wn) for each water quality 
parameter is calculated by using the following 
formula:     
 

Wn= K/Sn 
 
Where  
K = proportionality constant and can also be 
calculated by using the following equation: 

  
K = 1/∑(1/Sn) 

 

3. RESULTS AND DISCUSSION  
 
The mean values of the physico-chemical 
parameters of the various drinking water samples 
from Ado-Ekiti and environ are presented in 
Table 1. The mean pH values of the different 
drinking water samples ranged from 5.73 in 
stream to 7.23 in tap. These mean values of the 
water samples fall within the standard maximum 
permissible limit set by WHO [17] except for 
stream samples with slightly acidic mean pH 
value of 5.73. A similar result was also reported 
by Chinedu et al. [18]. They recorded pH values 
between the range of 5.96 and 7.17 for surface 
water samples collected from Ota, South West, 
Nigeria. The low pH value observed in stream 
samples may be attributed to several factors 
such as percolating carbon-dioxide charged 
meteoric water that produced weak carbonic acid 
[19], mineralogical composition as well as 
differential weathering intensity of the various 
bed rocks around the study area [20] and 
discharges or runoff from various sources [13]. 
The consumption of such acidic water could have 
adverse effect on health [21] and may also lead 
to corrosion of water pipes [22]. 
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The mean values recorded for turbidity ranged 
between 0.86NTU in spring samples and 26.34 
NTU in stream samples. The mean value 
recorded for stream samples is slightly higher 
than the set standard, 25NTU, by WHO (2011). 
This may result from suspended matters such as 
clay, silt, organic and inorganic matter [23] and 
thus can serve as sources of nutrients for 
microorganisms in the water samples [24].  
Moreover, the high turbidity observed in stream 
water samples may be possibly due to run off 
water which carries with it several compounds 
and bacteria. High turbidity in water bodies can 
influence the dissolved oxygen level because the 
suspended particles absorb sunlight and raise 
the temperature of the water which in turn 
reduces the oxygen level of such water [18]. In 
addition, turbidity can interfere with disinfection 
with ultraviolet light and self-purification of water 
by reducing photosynthetic activities of aquatic 
plants [24]. The values recorded for turbidity in 
this study agree with the findings of an 
investigation carried out on quality assessment of 
drinking water in Chandrapur [23]. The authors 
reported higher turbidity values between 25.64 
and 40.3 for two different sampling sites.  
 
Mean total dissolved solids (TDS) values 
observed in the different water samples were 
within the limit set by WHO standard with the 
exception of well water samples which had a 
higher value of 514.87 mg/l. TDS is a general 
indicator of the overall water quality and a 
measure of organic and inorganic materials 
dissolved in the water [25]. Thus, an increase in 
TDS value above the permissible limit may 
impart a bad odour or taste to drinking water and 
also cause scaling of pipes [26]. Therefore, it 
reduces the potability of the well water in the 
study area. Deposition of calcium and 
magnesium ion in water sources indicates total 

hardness of the water [22]. The mean values 
recorded for total hardness, calcium and 
magnesium ranged from 5.44 mg/l to 27.33 mg/l, 
2.18 mg/l to 10.95 mg/l and 0.79 mg/l to 3.96 
mg/l respectively. The values for these 
parameters fell below the WHO specifications. 
These para-meters reflect the nature of the 
geographical characteristic of the study area. 
Water with low magnesium can cause morbidity 
and mortality for cardiovascular disease, high 
risk of motor neuronal disease, pregnancy 
disorders and pre-eclampsia while water with low 
calcium may be associated with higher risk of 
fracture in children [1].  
 
The concentration of sulphate and nitrate ranged 
from 3.28 mg/l in sachet water to 25.13 mg/l in 
wells and 0.97mg/l in spring to 21.79 mg/l in 
wells respectively which are still within the WHO 
specification for these parameters. This 
corroborates with the previous studies reported 
by Ramakrishnaiah et al. [6] and [27]. Ingestion 
of sulphate in large quantity has been found to 
be responsible for catharsis and gastrointestinal 
irritation [28]. Nitrate has been implicated in a 
number of health defects which include cancer, 
hypertension, increased infant mortality, CNS 
birth defect, diabetes, respiratory tract infection 
and changes in the immune system [29]. 
 
It has been documented that presence of 
chloride in potable water is attributed to both 
natural and anthropogenic source such as 
dissolution of salt deposits, the use of inorganic 
fertilizers, animal feeds, landfills, chemical 
effluent from industries, sewage, refuse 
leachates and oil-well operations [30]. In this 
study, the chloride concentration was in the 
range of 10.9mg/l in spring to 206.79 mg/l in 
pipe-borne water which is still below WHO set 
standard. 

 
Table 1. Mean physicochemical parameters of water samples from different drinking water 

sources in Ado-Ekiti and environs 
 

Parameters/ 
samples   

Boreholes Streams  Pipe-
borne  

Wells  Springs  Sachets  WHO 
standard (Sn) 

Chlorides (mg/l) 119.60 94.90 206.79 138.34 10.90 57.90 250 
Nitrate (mg/l) 14.71 11.75 15.32 21.79 0.97 5.40 100 
Sulphate (mg/l) 20.18 18.65 9.08 25.13 9.03 3.28 400 
Total hardness (mg/l) 25.35 17.27 26.63 20.13 5.44 9.85 200 
Calcium (mg/l) 10.16 6.92 10.65 8.15 2.18 3.95 200 
Magnesium (mg/l) 3.67 2.500 3.88 2.97 0,79 1.43 150 
TDS (mg/l) 83.29 146.38 43.11 514.87 60.5 66.75 500 
Turbidity (NTU) 1.05 26.34 14.90 0.97 0.86 2.18 25 
pH 7.07 5.73 7.23 7.19 6.2  6.5 6.5-8.5 
%difference between 
ca+ and anions  

66.5 71.0 76.1 76.0 49.2 70.0 13.6 
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Table 1 also revealed the percentage differences 
between the cations and the anions in the water 
samples. This was calculated based on the 
principle of electro-neutrality. The principle of 
electro-neutrality requires that the sum in eq/L or 
meq/L of positive ions (cations) must equal the 
sum of negative ions (anions) in solution 
(http://www.lenntech.com/calculators/accuracy/a
ccuracy-water-analysis.htm) [31]. Theoretically, a 
perfect analysis will lead to a charge balance 
error of 0%. Obviously, when using multiple 
instruments for analyses of ions, analytical error 
accrues, and a charge balance of 0% is rare and 
this was revealed in the percentage differences 
of the water samples. 
 
The results in Tables 2 and 3 express the details 
involved in the calculation of WAWOI of the 

different water samples collected from different 
sources in Ado-Ekiti and environs. The 
calculation of WQI is also reflected in Table 3 
using the formula given above. This has been 
applied to the evaluation of water quality in the 
study area. The WQI summarizes all the water 
quality parameters into simple terms. Thus, it 
indicates the quality of each water samples in the 
study area in terms of index number which 
represents overall quality of water for any 
intended use [5]. Table 4 shows the calculated 
values and WQI rating for each water sample in 
the study area. 
 
The results indicate that water samples from 
spring and packaged (sachet) water are of good 
quality. This implies that they are safe for human 
consumption and other domestic purposes.

 
Table 2. The quality rating scale (Qn) for each parameter of the water samples 

 
Qn=100(Vn/Sn) Boreholes Streams  Pipe-borne  Wells  Springs  Sachets  
Chlorides (mg/l) 47.664 37.96 82.72 55.34 4.36 23.16 
Nitrate (mg/l) 147.1 117.5 153.2 217.9 9.7 54.0 
Sulphate (mg/l) 5.045 4.6625 2.27 6.28 2.26 0.82 
Total hardness (mg/l) 12.67 8.64 13.32 10.07 2.72 4.93 
Calcium (mg/l) 5.08 3.46 5.33 4.08 1.09 1.98 
Magnesium (mg/l) 2.45 1.67 2.59 1.98 0.53 0.95 
Total dissolved solids (mg/l) 16.66 29.28 8.62 102.97 12.10 13.35 
Turbidity (NTU) 4.20 105.36 59.6 3.91 3.44 8.72 
pH 83.18 67.41 85.06 84.59 78.82 76.47 

 
Table 3. Determination of water quality index 

 
Parameters  Unit weight 

factor (Wn) 
QnWn 

Borehole  Stream  Tap  Well  Spring  Sachet  
pH 0.0207 50.648 41.0459 51.793 51.506 44.4132 46.562 
Turbidity (NTU) 0.0518 0.8694 21.8095 12.340 0.8089 0.71208 1.8050 
Total dissolved solids 
(mg/l) 

0.0129 0.1733 0.3045 0.0897 1.0709 0.1258 0.1388 

Magnesium (mg/l) 0.0259 0.0845 0.0576 0.0893 0.0683 0.0183 0.0329 
Calcium (mg/l) 0.0259 0.1316 0.0895 0.1378 0.1055 0.0282 0.0511 
Total hardness (mg/l)  0.0345 0.3282 0.2235 0.3446 0.2605 0.0704 0.1275 
Sulphate (mg/l) 0.0104 0.0651 0.0603 0.0294 0.0813 0.0292 0.0106 
Nitrate (mg/l) 0.2070 0.7619 0.6082 0.7930 1.1279 0.0502 0.2795 
Chloride (mg/l) 0.6089 0.9866 0.7858 1.7122 1.1455 0.0903 0.4794 
∑QnWn  ∑Wn  0.998 54.0486 64.9848 67.329 56.1756 45.9890 49.4874 
WQI=∑Qn/Wn 
-----------∑Wn  

 54.16 65.12 67.46 56.29 46.08 49.59 

 
Table 4. The water quality rating of each water source in Ado-Ekiti and environs 

 
WQI level Water quality status Borehole  Stream  Pipe-borne  Well  Spring  Sachets 
0 -  25 Excellent water quality       
26 - 50 Good water quality      46.08 49.59 
51 - 75 Poor water quality  54.16 65.12 67.46 56.29   
76- 100 Very poor water quality        
Above 100 Unsuitable for drinking 

purpose  
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Generally, spring water is safe for drinking 
purpose due to its excellent quality while 
packaged (sachet) water has undergone some 
treatment and tested for good quality before 
being packaged and sold to the populace.  Water 
samples from boreholes, wells, streams and 
pipe-borne water have their index within the poor 
water quality rating which implies that they are 
not safe for human consumption. Generally, in 
the study area, majority of the wells are shallow. 
This is because the water table level is high and 
thus does not allow further digging into the 
ground. Besides this, all the wells sampled were 
constructed with rings which are not cemented 
together. Therefore, allowing percolation into the 
wells. The same condition applies to most 
constructed boreholes in the study area. In some 
of the areas, underlying bed rock hinders further 
sinking of boreholes which consequently affect 
the physico-chemical properties of the water. 
Stream water is known to be exposed to so many 
factors such as weathering, runoff, discharges, 
among others. All these affect its quality for 
human consumption. The poor quality rating for 
pipe-borne water may probably be as a result of 
the quality of water distributed into the 
community, rusted pipes used for distribution, 
percolation of drainage water into perforated 
pipes, among others. This is contradictory to the 
findings of Etim et al. [5] who reported that pipe-
borne and borehole water samples examined in 
the Niger Delta region of Nigeria are of good 
water quality. While they reported stream water 
to be unfit for human consumption which is 
similar to the result obtained in this study.   
 
4. CONCLUSION 
 
The objective of using an index, WQI, is to give a 
single value to water quality of a particular 
source and reducing number of different 
parameters into a simple expression. The results 
of this study revealed that spring and sachet 
water in the study area were of good water 
quality in terms of purity and are fit for human 
consumption while the other samples were not 
suitable for consumption. Therefore, the indices 
selected will serve as useful tools for 
communicating water quality information to the 
public and the appropriate agencies and policy 
makers in the State. 
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