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Abstract 

Hydrochemical investigation of 20 water samples collected from hand dug wells, 

boreholes and streams have been carried out. This was aimed at evaluating major ions 

and their origin; establish hydrochemical facies and determine their suitability for drinking 

and irrigation purposes. The suitability of the waters for irrigation purposes was evaluated 

using Wilcox’s diagram, Kelly’s and Magnesium ratios. The source of ion in water was 

examined and classified using the Gibbs diagram. From the geochemical results, it was 

found that sodium and chloride are the most predominant ions of the total chemical 

budget. The hydrochemical characteristics of the water revealed that the cationic 

concentrations is in the order Ca
2+ 

> Mg
2+ 

> (Na+k) for both wells and surface waters while 

the anionic concentrations is in the order of HCO
-
3> > Cl

- 
>S O4

-2
. The hydrochemical facies 

are essentially CaHCO3 > Ca(Mg)Cl. Wilcox’s, Kelly’s and magnesium ratios suggested that 

majority of water samples are good for irrigation. Also, the source of the ions in the 

waters was examined and classified accordingly as rock weathering dominance. The 

results therefore show that the water resources are suitable for drinking and irrigation at 

the time of study.  
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Introduction 
The need to ascertain the quality of 

water used by human has become very 

intense in the past decades. It has also 

been established that geology plays a role 

in the chemistry of subsurface water 

(Olatunji. 2001; Abimbola et al. 2002). 

Where it is desired for human 

consumption, the quality must meet 

certain internationally accepted standards 

for it to be regarded as portable. This 

present study focuses on evaluating 

quality of the various water sources in the 

community by examining the 

concentration of inorganic substances 

contained in the water. These are 

sometimes physically reflected by color, 

odor, and even taste of the water. The 

source of the impurities may be 

introduced through geological conditions 

of the aquifers or through human 

activities of which many works on water 

quality Nigeria have failed to consider 

that the former could also be responsible 

(Edet et al., 2011). The study is very 

important as it will help to determine 
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whether the water sources of the 

community is polluted or not; the 

possible cause(s) and to assess their 

applicability for domestic and 

agricultural uses.  

Some workers have carried out 

studies on assessing the quality of water 

in parts of Southwestern Nigeria. Some 

of the works include: Pawari, and Gavande 

(2015); Singh et al. (2015); Tijani et al. 

(2014); Ige and Korode (2014); Moroof 

et al. (2014); Aladejana and Talabi 

(2013); Bayode et al. 2012; Edet et al. 

(2011); Ige and Olasehinde (2011); 

Oyedele and Olayinka (2012). 

Study Area 
The study area (Iwo) is in Isin Local 

Government of Kwara state which falls 

within the Basement Complex of 

Southwestern Nigeria (Fig.1). It lies 

approximately on the latitude (N8º 15’- 

21’) and longitude (E05º 00’- 05’). It 

covers an area of about 633km
2
 and is 

underlain with the rocks of the basement 

complex. 

The aim of this study is to carry out 

assessment of the quality of water in the 

area (Iwo town, Isin local government of 

Kwara state) which would be ascertained 

by analyzing the physico-chemical 

properties of the various water sources 

(hand dug wells, boreholes and surface 

water), determining whether the source of 

pollution is caused by anthropogenic or 

geologic causes and to subject the results 

of the tested water parameters to World 

Health Organization (WHO) standard to 

determine their suitability for domestic or 

irrigational purposes. 

 

 

Figure 1: Geological Map of Nigeria showing the study area (Modified from Obaje, 2009) 
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Methodology 
The town was divided into four 

quadrants. This was done to get complete 

and unbiased representation of samples in 

each locality. After division into 

quadrants, each quadrant was then 

divided into horizontal profiles, with a 

total of five samples in each quadrant. A 

total of twenty (20) water samples from 

wells, boreholes, waterfalls and streams 

were taken with 1 litre water bottles that 

were rinsed 3 – 4 times before filling to 

capacity and acidified to avoid 

oxygenation and contamination 

respectively. Parameters such as 

Electrical Conductivity, pH and TDS 

were measured on the field while other 

parameters were determined in the 

laboratory. In order to prove the 

authenticity of laboratory result, some 

samples were duplicated and labeled with 

another name before sending them for 

laboratory analyses. The results were 

then compared to know if the laboratory 

results were reliable. 

For collection, preservation and 

analyses of the samples, the standard 

methods of American Standard for 

Testing Materials (ASTM, 1969) and 

American Public Health Association 

(APHA, 1989) were adopted. The water 

samples were analysed for major cations 

and anions which include Ca, Mg, Na, K, 

Cl, HCO3 and SO4. Their concentrations 

were determined in milligram/litre 

(Mg/L) and then converted to mili-

equivalent/litre (Meq/L). To derive this, 

Mg/L value is divided by molecular 

weight of the ion and multiplied by the 

valency of the ion as shown below: 

 

Mili-equivalent per litre = Milligram per litre    X valency 

       Molecular weight 

The concentration in Meq/L for each anion and cation in each water sample is then taken to 

percentagesas shown below: 

 Percentage of each anion =   mili-equivalent value of each anion    X 100% 

                       Total mili-equivalent value for all anions  

 
 Percentage of each cation =   mili-equivalent value of each cation    X 100% 

                         Total mili-equivalent value for all cations 

 

The results were subjected to Piper’s 

diagram, Stiff pattern, Schoeller diagram, 

Gibb’s diagram, Wilcox diagram, Kelly’s 

ratio and Sodium Absorption Ratio 

(SAR) evaluation. While Piper’s 

diagram, Stiff pattern and Schoeller 

diagrams were used to assess the 

suitability of water samples for drinking 

/domestic purpose, Gibb’s diagram was 

used to determine the source of pollutant 

but Wilcox diagram, Kelly’s Ratio (KR), 

Sodium Absorption Ratio (SAR), 

Magnesium Hazard (MH), Total 

dissolved solid (TDS), and Electrical 

Balance (EB) were used to determine 

water suitability for irrigation 

(agricultural) purpose. 

 

KR = Na
+
/ Ca

2+
 + Mg

2+
;MH = Mg/(Ca + Mg) X 100%;SAR = Na

+ 
/ {(Ca

2+
 + Mg

2+
)}

1/2
 

2 
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Gibbs Ratio (GR) =(Na
+
 + K

+
)/ (Na

+
 + K

+
 + Ca

2+
) for cations and CI

-
/(CI

-
 + HCO3

-
) for 

anions 

Wilcox diagram is a plot of (Na
+
/Na

+
 + K

+
 + Ca

2+
 +Mg

2+
) X100% Vs Electrical 

Conductivity (EC) 

 

Results and Discussion 
Table 1 presents the statistical 

summary of chemical analyses. 

Concentration of the cations, Ca
2+

, Mg
2+

, 

Na
+
, K

+
 ions ranged from 0.24 – 2.40; 

0.25 – 2.1; 0.002 – 1.15; 0.001 – 0.75 

meq/l respectively. The order of 

abundance is Ca
2+ 

> Mg
2+ 

> Na
+ 

> K
+
. 

While the anions, HCO3
-
, Cl

-
 and SO4

2-
  

ranged from 0.25 – 3.04; 0.03 – 4.15 and 

0.02 – 1.56 meq/l and the order of 

abundance is Cl
- 

> HCO3
- 

> SO4
2-

. The 

values of TDS from the water samples 

ranged from 20 - 902mg/l with mean of 

172.2 mg/l. The TDS of the study area 

falls within the WHO recommended 

value of 500 mg/L except samples 16, 17 

and 18 thus indicating that the water is 

generally good for human consumption 

(domestic) and agricultural purposes. 

Also, Fetter (1990) stated that TDS < 

1000mg/l is of fresh water type. All the 

samples are therefore of fresh water type. 

The concentration of hydrogen ion 

(pH) ranges between 5.4 to 7.9 with an 

average of 6.8. All the water samples 

analysed have concentration within the 

safe limit of 6.5 - 8.5 standard set by the 

WHO (2006) except samples 1, 2, 3, 4 

and 8. 

 
Table 1: Statistical Summary of Water Chemistry 

EC: 30 – 780; WR: Wilcox Ratio; KR: Kelly’s Ratio; SAR: Sodium Adsorption Ratio; GR: Gibb’s Ratio.

Sample 

No. 

Ca
2+

 Mg
2+

 Na
+
 K

+
 Cl

-
 SO4

2-
 HCO3

- 
pH TDS WR KR SAR GR 

(Cations) 

GR 

(Anions) 

1 0.64 0.38 0.07 0.01 0.03 0.08 0.72 5.7 46.5 6 0.09 0.10 0.11 0.04 

2 1.28 0.86 0.33 0.11 0.39 0.06 0.98 5.4 146.5 13 0.21 0.32 0.26 0.29 

3 0.38 0.67 0.41 0.54 0.17 0.02 0.62 6.4 70 26 0.59 0.56 0.59 0.61 

4 0.32 0.67 0.04 0.13 0.06 0.06 0.39 5.5 20 4 0.07 0.06 0.16 0.11 

5 0.48 0.29 0.03 0.02 0.03 0.04 0.46 6.8 26.5 3 0.05 0.05 0.09 0.05 

6 0.24 0.38 0.03 0.01 0.03 0.04 0.46 6.9 20 4 0.07 0.05 0.16 0.05 

7 0.76 0.25 0.27 0.07 0.58 0.02 0.44 6.9 70 20 0.34 0.38 0.31 0.005 

8 2.40 1.24 0.89 0.41 0.84 0.48 2.16 6.4 290 18 0.33 0.66 0.35 0.28 

9 1.20 2.10 0.66 0.2 0.11 0.21 1.77 6.8 175 16 0.31 0.51 0.42 0.06 

10 1.84 1.14 1.15 0.42 1.18 0.13 1.68 6.5 320 16 0.30 0.71 0.42 0.21 

11 1.60 0.95 0.91 0.54 0.67 0.17 1.28 7.3 200 23 0.48 0.81 0.47 0.35 

12 0.64 0.48 0.09 0.05 0.39 0.08 0.40 7.5 110 7 0.11 0.12 0.18 0.50 

13 0.80 0.57 0.002 0.001 0.06 0.08 1.92 7.6 80 1 0.002 0.002 0.004 0.03 

14 1.20 0.76 0.05 0.05 0.11 0.04 3.04 7.6 130 2 0.03 0.05 0.078 0.04 

15 0.80 0.76 0.14 0.05 0.17 0.06 2.32 7.6 115 8 0.13 0.16 0.19 0.07 

16 1.00 4.17 0.08 0.75 0.03 0.04 1.40 7.3 902 1 0.03 0.05 0.45 0.02 

17 1.63 0.47 0.95 0.45 4.15 0.31 0.76 6.8 730 27 0.57 0.93 0.46 0.85 

18 1.49 0.58 0.77 0.33 2.13 0.23 0.96 7.9 520 24 0.48 0.76 0.43 0.69 

19 1.27 0.48 0.26 0.12 0.39 1.56 0.25 6.6 170 12 0.19 0.28 0.23 0.20 

20 1.73 0.37 0.60 0.28 1.52 0.23 0.88 6.7 310 20 0.36 0.60 0.34 0.64 
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Water Quality 
The Wilcox diagram (Fig. 2) result 

reveals that all water samples are within 

the area of excellent to good, thus, all the 

water samples can be used for irrigation. 

For Kelly’s ratio, water samples having 

ratio values greater than 1.0 are not fit for 

irrigation. The result showed that the 

water samples are fit for irrigation. 

 

 
Figure 2: Position of water samples on the Wilcox Plot 

 

Sodium Absorption Ratio (SAR) is an 

index of the sodium hazard of water. It 

gives a clear idea about the adsorption of 

sodium by soil. If water used for 

irrigation is high in Na
+
 and low in Ca

2+
 

the ion-exchange complex may become 

saturated with Na
+
 which destroys the 

soil structure, due to the dispersion of the 

clay particles (Todd, 1980) and reduces 

the plant growth. According to Bara et al. 

(2008), only water with SAR < 3 has no 

restriction to be used for irrigation 

purpose thus, all the tested water samples 

can be used for irrigation with no 

restriction. 

Generally, the hydro-chemical facies 

classification of the water samples using 

Piper’s diagram, Schoeller’s diagram and 

Stiff pattern (Fig. 3 – 5) indicate that 80% 

of the water falls within CaHCO3
-
 water 

type while the remaining 20% fall within 

Ca(Mg)Cl water type. 
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Figure 3: Piper’s Diagram (Samples 1-20) 

 

 
Figure 4: Plot of the water samples on Shoeller’s diagram 
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The CaHCO3
- 

water type is 

characterized as water type with 

relatively high bicarbonate hardness 

when compared with the total hardness. 

This implies that there are more HCO3
- 

ions than the available alkaline earth 

metal ions (Ca
2+

 and Mg
2+

) in equivalent 

concentrations. This excess bicarbonate 

ions consequently reacts with alkali metal 

ions in the solution (usually Na
+
) through 

cation exchange process to enrich the 

water with CaHCO3
-
 ions. The excess 

bicarbonates ions in the water results 

from the CO2-charged recharge water 

during precipitation. The presence of 

dominating Ca
2+

 which is dominant can 

help in promoting strong teeth and bone 

in children.  

The presence of chloride in high 

percentage indicates anthropogenic 

source which might be related to sewage 

effluent through the contamination of 

leachate or chlorination by well owners 

to kill germs but since the water sample 

is odorless during sampling, the former 

source of possible cause is more valid. 

 

Figure 5: Stiff Pattern for the water samples 

 

Stiff pattern is used to determine the 

concentration of dissolved ions and type 

of ions present in the water sample. The 

bigger the shape of the polygon formed in 

the graph, the more the concentration of 

the ions indicating groundwater 

contamination. The shapes formed by the 

graph varied for all the water samples. 

Samples 8, 9, 10, 16,17 and 18 have the 

biggest shapes which indicate that they 

are the most contaminated, sample 

2,11,13,14,15,19 and 20 are of moderate 

size indicating more contamination and 

samples 1, 3, 4, 5, 6, 7, and 12 have 

smallest shape size indicating least 

contamination of the water samples. 

Source of the dissolved ions 

(contaminant) in groundwater can be 

understood by Gibb’s diagram (Fig. 6). 

Almost all the water samples fall in the 
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rock weathering dominance area. The 

Gibb’s diagrams suggest that, chemical 

weathering of the rock forming minerals 

is the main process which contributes the 

ions concentration in the water except for 

samples 3 and 7 which are precipitation 

dominance. 

 

 

Figure 6: Position of the water samples on the Gibb’s Plot 

 

For Magnesium Hazard Ratio 

evaluation, the presence of magnessium 

in soil and water would adversely affect 

their quality and render the soil unfit for 

cultivation. Magnesium ratio of more 

than 50% in a body of water sample will 

make the water poisonous to plants 

(Rajmohan and Elango, 2005). Table 1 

reveals that, 75% of the samples showed 

magnesium ratio less than 50% which 

confirms the suitability of the water 

samples for irrigation while 20% of the 

samples are slightly above (samples 3, 4, 

and 9) and  sample 16 which represent 

5% of the samples is very high which is 

unsuitable. 

 

Environmental implication 
The major cations and anions of the 

investigated water samples have been 

considered in evaluating their 

environmental implication. Most of the 

values of major cations – Ca, Na, K, and 

Mg in the water samples collected satisfy 

the WHO standard for drinking water 

quality (Table 3) and it can be deduced 

that 95% of the water source can be 

regarded as safe for drinking and good 

for irrigation. 

All the anions also show satisfactory 

concentration as recommended by WHO 

guideline for drinking water. Hence can 

be described as unpolluted with regard to 

HCO3, and SO4. 
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Table 2: Comparison of analyzed parameters with WHO Standard 
Parameters Mean Min. Max WHO (mg/L) 

Permissible 

WHO Excessive 

(mg/L) 

Magnesium 12.02 2.98 50.05 50 150 

Calcium 22.03 4.8 48 75 200 

Manganese - - - 0.1 0.5 

Iron  0 <0.003 0.3 1.0 

Sodium 8.88 0.05 26.36 200 - 

Copper - - - 1.0 1.5 

Sulphate 8.16 0.85 23 200 400 

Nitrate - - - 45 100 

Chloride 21.22 0.1 147.4 250 600 

Carbonate 7.6 0 56 - 120 

Bicarbonate 77.4 24.4 185.44 500 1000 

Phosphate - - - 10 50 

pH 6.6 5.3 6.9 7.5±1 5.5-8.9 

 

Conclusion 
The present hydrochemical status of 

the study area shows concentration levels 

of ionic species to be controlled by 

geogenic processes. Geological and 

hydrogeological features affect the 

chemistries as exhibited by groundwater 

result which shows that the concentration 

of cations is in order of Ca> Mg>Na+K 

and the anions in order of HCO3 >Cl> 

SO4 > CO3with minor spatial variation. 

The major water type in the area is 

predominantly CaHCO3
- 

and Ca(Mg)Cl 

water type. 

Deductions from ionic ratio plots 

support interrelations between ionic 

species that can be explained by geologic 

processes. These adjudged natural 

processes include weathering of mineral 

phases (mainly silicates), water mixing 

(from adjacent sedimentary terrain), and 

ion exchange reactions. It is 

recommended that hand-dug wells should 

be lined and constructed far away from 

any source of possible pollution like pit 

latrines and soak-away. Also, individual 

should be enlighten and encouraged on 

the importance of water quality 

assessment in order to protect our 

environment from diseases. 
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