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Abstract Groundwater represents a significant source of

fresh water for drinking purposes and, therefore, preserving

its availability and quality is extremely important. The

hydrochemical characteristics and quality of groundwater

in Ejisu-Juaben Municipality, Ghana have been evaluated

based on different indices for assessing groundwater for

drinking purposes. A total of 19 groundwater samples were

collected and analyzed for major cations and anions using

standard methods. The results show that the groundwater

parameters were within the permissible limits of the World

Health Organization except phosphate. The domination of

major ions was in the order of Ca2?[Mg2?[NH4
? for

cations and Cl-[HCO3
-[SO4

2-[PO4
2-[NO3

-[
NO2

- in anions. The hydrochemical analysis suggest that

the dominant ions were derived from ion exchange and

silicate weathering process. According to Gibbs plot, the

predominant samples fall in the rock–water interaction and

precipitation dominance field. The R-mode factor analysis

shows that the four factors extracted account for 83.9 % of

the total variance. Groundwater quality index reveals that

the majority of the samples falls under good to excellent

category of water, suggesting that the groundwater is

suitable for drinking and other domestic uses.

Keywords Hydrochemical � Drinking water �
Groundwater � Water quality index � Major ions

Introduction

The availability of good quality water is vital for life, well-

being, food and socio-economic development of mankind

and it is generally obtained from two principal natural

sources: surface water such as fresh water lakes, rivers,

streams etc. and ground water such as borehole water and

well water (McMurry and Fay 2004; Mendie 2005). Access

to safe drinking water is a problem facing a large propor-

tion of the inhabitant of the developing nations (Cosgrove

and Rijsberman 2000; Gomez and Nakat 2002).

Groundwater accounts for over 60.9 % of the domestic

supply in the Ejisu-Juaben Municipality of the Ashanti

Region of Ghana (Ghana Statistical Service 2012).

Unfortunately, in many countries around the world,

including Ghana, water has become a scarce commodity as

only a small proportion of the populace have access to

treated water (IDLO 2011). In effect, communities situated

in the Ejisu Juaben Municipality of the Ashanti Region of

Ghana have resulted to the use of hand-dug wells as an

alternative source of water supply. Hand-dug wells provide

cheap and low technology solution to the challenges of

rural and urban water supply. These areas are among the

areas where local mining (Galamsay) and farming activi-

ties have been on rampant increase in recent times.

Water can be found both underground and on the surface

of the earth (Aremu et al. 2011). Groundwater, surface

waters, rain-water and springs are the main sources of water

available to the rural dwellers in Ghana (Tay 2008). Both

surface and ground water sources could become contami-

nated by biological and chemical pollutants arising from

point and non-point sources (Rohul-Amin et al. 2012).

Groundwater is a valuable natural resource for various

human activities (Arya et al. 2012; Armon andKitty 1994). It

is believed to be comparatively much clean and free from
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pollution than surface water (Dahiya and Kaur 1999;

Agbaire and Oyibo 2009; Efe 2002). Groundwater moves

through pore-spaces within rocks and reacts with minerals

that make up the rocks in the course of migration (Amadi

et al. 2012). Groundwater quality in any locality takes after

the chemical composition of the aquifer through which it

migrates in accordance with the hydrological cycle and flow

direction (Offodile 1983; Amadi et al. 2010). The chemical

composition of groundwater is a measure of its suitability as

a source of water for human and animal consumption, irri-

gation, industrial and other purposes (Babiker et al. 2007).

However, it is susceptible to pollution and once polluted

treatment is difficult and long term measures are needed

(Henry and Heinke 2005). Therefore, systematic assessment

of the physicochemical parameters, their sources and con-

trolling hydrochemical processes are essential in maintain-

ing the sustainable ecosystem.

Physicochemical parameters as well as hydrochemistry

have been studied by many researchers to assess the char-

acteristics of groundwater (Sanchez Martos et al. 1999;

Subba Rao et al. 2002; Bhardwaj and Singh 2010). Increas-

ing contamination of the surface as a result of increase in

population, urbanization and industrialization has resulted in

groundwater pollution especially those tapping water from

shallow unconfined aquifers (Amadi 2011; Oluseyi et al.

2011). The most common source of groundwater pollutions

are the discharge of sewage, industrial and agricultural

waste, both organic and inorganic, mining, fertilizers and

pesticides washed off the land by rain (Nwajei et al. 2012).

The constituents in these chemicals are highly toxic even in

minute amounts.

Comparatively, landfills in Ejusu JuabenMunicipality are

mostly in the form of uncontrolled dumps, where solid waste

is filled up with little or no regard to the environment. Solid

wastes deposited in landfills decompose and could pollute

underlying groundwater through the infiltration of leachates.

Since most of the surface waters are polluted by the

anthropogenic activities of humans, majority of these people

rely on groundwater by drilling boreholes and hand dugwells

for their sustenance. Ejisu-Juaben is one of such urban areas

that still has some deficit with respect to water coverage and

so rely solely on hand dug wells and boreholes. The present

study was carried out to evaluate the hydrochemical char-

acteristics, groundwater quality and its suitability for

domestic purposes in the Ejusu-Juaben Municipality.

Materials and method

Profile of the study area

Ejisu–Juaben Municipality lies within Latitudes 1�150N to

1�450N and Longitude 6�150W to 7�000W. The

Municipality is located in the central part of the Ashanti

Region and shares boundaries with six other Districts in the

Region namely Kumasi, Kwabre, Afigya Sekyere, Asante

Akim north, Asante Akim South and Bosomtwi Kwan-

woma Districts. Due to its nearness to Kumasi, the Ashanti

Regional Capital City, it has experienced rampant growth

and its population has also increased tremendously. Ejisu

stretches over an area of 637.2 Km2 with population around

143,762 (Ghana Statistical Service 2012). The mean

monthly temperatures vary between 20 �C in August and

32 �C in March. The relative humidity ranged from 65 %

in January to 85 % in August. The area usually experiences

a wet semi-equatorial climate. Majority of the rainfall is

from March to July and again from September to the later

part of November, with an average of 1200 mm which is

ideal for minor season cropping as a result of climatic

changes and seasonal drought. Groundwater is an impor-

tant water resource for drinking, agriculture, and industrial

uses in the study area. Due to its high population density,

resources such as water have become one of the major

problems confronting the inhabitants and they are, there-

fore, compel to rely on groundwater as an alternative

source of water for drinking and domestic purposes.

Groundwater in study area are exposed to non-point source

pollution such as leachates from dumpsites, open drains,

agriculture wastes, urban run-off from storms, sewer pipes,

indiscriminate human waste disposal in the fields and

contents of septic tank. The area is characterized by rural

setting and major occupation of the people is agriculture.

The main food crops grown are plantain, cassava, maize

and cocoyam. One of the major cash crops grown include

cocoa, is the driving force of the economy. Oil palm is also

another cash crop that is widely grown in the district.

Geology and hydrogeology

The Municipality falls within the forest dissected plateau

terrain region and is underlain by pre-cambrian rocks of the

Birimian and Tarkwaian formations which rises from about

240 to 300 m above sea level. The area is generally undu-

lating and is drained by a number of rivers, notable among

them being Oda, Anum, Bankro, Hwere and Baffoe. In the

rainy season, occasional flooding is experienced in the inland

valleys along the river basins. The geology and soils types in

the Municipality offer vast opportunity for the cultivation of

traditional and non-traditional cash crops and other staple

food stuff and thus present the municipality as one of food

basket case in Ghana.

Sampling

Groundwater samples of totally nineteen were collected

from Ejisu communities in June, 2014. The sampling
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points are shown in Fig. 1. Water was collected from open

wells using drawing buckets tied with ropes (Andrew et al.

2011). The samples were collected into acid pre-cleaned

high-density 1.5 L polyethylene sampling bottles. Two sets

of water samples were collected at each sampling points.

One was for the analysis of anions and the other for cations.

pH, electrical conductivity and total dissolved solids were

measured in situ. The samples were kept over ice in an ice

chest and transported to the Inorganic Laboratory in the

Department of Chemistry, Kwame Nkrumah University of

Science and Technology, Kumasi-Ghana for analysis.

Analytical methods

All chemicals and standards used during preparation and

analysis were of the highest purity analytical grade sup-

plied by BDH Chemical Ltd., UK. Deionized water was

used throughout the analysis wherever applicable.

Fig. 1 Location map of the study area showing sampling points
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Analytical methods used for the water samples varied

depending on the parameters of interest. All field and

laboratory determinations were carried out according to the

standard methods (APHA 1998).

The pH was determined using model SENsionTM pH

31 Laboratory pH meter calibrated with buffers 4.01 and

7.00. The conductivity was determined using a JENWAY

model 4510 conductivity meter. Calibrated EUTEC CON

2700 meter was used to measure the total dissolved

solids. Alkalinity was determined by strong acid titration

method. Turbidity was determined using Hach model

2100P turbidity meter. Calcium (Ca2?) and magnesium

(Mg2?) were determined using the standard EDTA titri-

metric methods according to APHA (1998). Total hard-

ness was determined using standard EDTA titration with

ammonia buffer and erichrome black ‘T’ indicator.

Chloride determination was undertaken using the argen-

tometric method (APHA 1998). Sulfates (SO4
2-) and

Phosphate (PO4
3-) in the groundwater samples were

analyzed by Palintest photometer (PT 515). Nitrates

(NO3-N), ammonia (NH3-N) and nitrite (NO2-N) deter-

mination in the groundwater samples were carried out by

DR 2700 spectrometer.

Water quality index method

Groundwater chemistry has been utilized as a tool to assess

water quality for drinking purposes (Subba Rao 2006;

Edmunds et al. 2002). Water quality index is an important

parameter for assessing groundwater quality and its suit-

ability for drinking purposes (Tiwari and Mishra 1985;

Singh 1992; Subba Rao 1997; Mishra and Patel 2001; Naik

and Purohit 2001; Avvannavar and Shrihari 2008). The

water quality index (WQI) was calculated by assigning

weight (wi) to the physicochemical parameters according to

its relative importance in the overall quality of water for

drinking purposes. World Health Organization (2011)

standards, assigned weight (wi) and a relative weight (Wi)

for each parameter are presented in Table 1.

A maximum weight of 5 was assigned to the parameters

like nitrate, total dissolved solids, chloride, and sulfate due

to their major importance in water quality assessment

(Srinivasamoorthy et al. 2008). Bicarbonate and phosphate

was given a minimum weight of 1 as they play an

insignificant role in the water quality assessment. Other

parameters such as calcium and magnesium were assigned

a weight between 1 and 5 depending on their importance in

the overall quality of water for drinking purposes (Ketata-

Rokbani et al. 2011). The relative weight is determined

using Eq. (1):

Wi ¼
wiPn
i¼1 wi

ð1Þ

where Wi is the relative weight, wi is the weight of each

parameter, and n is the number of parameters.

According to World Health Organization (2011), the

quality rating scale for each parameter is calculated using

Eq. (2):

qi ¼
Ci

Si
�100 ð2Þ

where qi is the quality rating, Ci is the concentration (mg/

L) of each chemical parameter, and Si is the World Health

Organization (2011) standard for each chemical parameter.

For computing the WQI, SI is first determined for each

chemical parameter using Eq. (3), which is then used to

determine the WQI according to Eq. (4):

SIi ¼ Wi� qi ð3Þ

where SIi is the sub-index of ith parameter

WQI ¼
X

SIi ð4Þ

Table 1 Relative weight of

physicochemical parameters

and WHO water quality

standards

Chemical parameters WHO standards (2011) Weight (wi) Relative weight

Wi ¼
wiPn
i¼1 wi

TDS 500 5 0.139

HCO3
- 500 1 0.028

Cl- 250 5 0.139

SO4
2- 250 5 0.139

PO4
3- 0.5 1 0.028

NO3
- 45 5 0.139

Ca2? 75 3 0.083

Mg2? 50 3 0.083

EC 500 4 0.111

pH 6.5–8.5 4 0.111
P

wi ¼ 36
P

wi ¼ 1
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where qi is the rating based on concentration of ith

parameter and n is the number of parameters.

Computed WQI values are usually classified into five

categories (Table 2): excellent, good, poor, very poor, and

unsuitable for human consumption (Sahu and Sikdar 2008).

Statistical analysis

Analytical data were processed using IBM SPSS version 20

software. Basic statistics such as mean and standard devi-

ation was computed along with multivariate analyses

(principal component and cluster analysis) on the corre-

sponding variables. Principal component analysis was used

to identify the possible sources of heavy metals. Factor

analysis was performed by varimax rotation (Howitt and

Cramer 2005), which minimized the number of variables

with a high loading on each component, thus facilitating

the interpretation of PCA results. Cluster analysis was

applied to identify groups of samples with similar heavy

metal contents (Panda et al. 2006). CA was formulated

according to the Ward-algorithmic method, and the

rescaled linkage distance was employed for measuring the

distance between clusters of similar metal contents.

R-mode CA was used to determine the association of dif-

ferent water quality parameters and pollutant sources.

Pearson’s correlation matrix was also used to identify the

elements’ relationship.

Results and discussion

The physicochemical parameters of groundwater are con-

sidered as the most important principles in the identifica-

tion of nature, quality and type of the water (Abdo 2005).

The physicochemical characteristics of groundwater sam-

ples in Ejisu-Juaben municipality was statistically analyzed

and the results such as maximum, minimum, average and

standard deviation parameters are presented in Table 3.

The pH value of the groundwater samples ranged from

3.99 to 6.39 with an average value of 5.27. Low pH may be

attributed to the acidic lateritic and humic soils of the area

(Odoh et al. 2012; Reghunath et al. 2002). The permissible

limit of pH for drinking water is 6.5–8.5 (WHO 2011). The

pH levels from the groundwater samples were within the

WHO permissible limit for drinking water. pH values

lower than 6.5 are considered too acidic for human con-

sumption and can cause health problems such as acidosis.

The pH values greater than 8.5 are considered to be too

alkaline for human consumption. Study done by Duncan

et al. (2014), Cape Coast Metropolis, Ghana and Ansa-

Asare et al. (2009), Volta Region indicated that pH values

were higher compared to this study. However, the present

study generally agrees with those reported by Kortatsi

(2007a), Western Region of Ghana and Apau et al. (2014),

Nyamebekyere.

The EC measurement indicates the ability of the water

sample to allow an electric current to flow, which is related

to the concentration of ionized substances in the water

(Radojevic and Bashkin 2006). The EC ranged between

7.32 and 100.56 lS/cm. All the groundwater samples were

within the permissible limit of 500 lS/cm (WHO 2011).

Thus, a lower value of EC indicates the presence of a low

concentration of dissolved ions, such as inorganic salt and

organic matter in water (WHO 2011; Radojevic and

Bashkin 2006). Results from this study were found to be

comparable with study by Apau et al. (2014), Nyame-

bekyere. The levels were lower than study conducted by

Akoto and Adiyiah (2007), Brong-Ahafo Region, Ghana.

The TDS values for the water samples ranged between

8.00 and 125.00 mg/L. The TDS values recorded fell

within the WHO permissible limit of [500 mg/L in

drinking water (WHO 2011). According to WHO (2008),

there is no health based limit for TDS in drinking water, as

TDS in drinking water at concentrations well within toxic

effects may occur. According to Todd (1980), groundwater

was classified using a TDS into very fresh (0–250 mg/L),

fresh (250–1000 mg/L), brackish (1000–10,000 mg/L) and

saline (10,000–100,000 mg/L). Using this categorization,

all the groundwater samples fell under the very fresh water

type.

Water hardness is primarily caused by the presence of

cations such as calcium and magnesium; and of anions

such as bicarbonate, chloride, and sulfate in the water

(Ravikumar et al. 2010). The total hardness values recor-

ded in the study area ranged between 18.00 and 90.00 mg/

L. These values were within the WHO (2011) set standard

of 300 mg/L for total hardness in drinking water.

According to WHO (2004) grading standards of TH (as

CaCO3), 52.6 % of the groundwater samples could be

classified as soft water and 47.4 % as moderate soft. The

range of TH obtained in the present study reveal that, about

36 % of the water samples is higher than TH value reported

by Essumang et al. (2011) (19.21–32.98 mg/L) but lower

than that reported by Mulla et al. (2012) for ground water

(102–199.33 mg/L).

Table 2 Water quality classification ranged and types of water based

on WQI values

Range Type of water

\50 Excellent water

50–100.1 Good water

100–200.1 Poor water

200–300.1 Very poor water

[300 Water unsuitable for drinking purposes
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The turbidity values ranging from 0 to 3.73 NTU were

within the WHO guideline value. The turbidity values from

this study were lower that study conducted by Schafer et al.

(2010), Ghana.

Magnesium and calcium ions are often present at sig-

nificant concentrations in natural water. Calcium and

magnesium are mainly originated from the carbonate

minerals, such as calcite and dolomite. The major source of

Mg in groundwater is due to ion exchange of minerals in

rocks and soils by water. The concentration of calcium and

magnesium ions ranged from 12.00 to 56.00 mg/L and 1.20

to 8.00 mg/L, respectively, (Table 3). The calcium and

magnesium concentration in all the ground water samples

were within the WHO (2011) permissible limit of 75 and

50 mg/L, respectively.

The concentration of chloride in the groundwater ranged

from 28.40 to 227.20 mg/L. Chloride content was lower

than the accepted limit of 250 mg/L at all the sampling

sites. An excess of chloride in water is usually taken as an

index of pollution and considered as tracer for groundwater

contamination (Loizidou and Kapetanios 1993). According

to Walker et al. (1991), Cl ion concentration in the

groundwater normally arises from sources like solubility of

Cl- bearing evaporation deposits and anthropogenic sour-

ces. High concentration of chloride gives salty taste to

water and may result in hypertension, osteoporosis, renal

stones and asthma (McCarthy 2004). Chloride levels from

this study were lower than study conducted by Tay and

Kortatsi (2007), Densu Basin and Kortatsi (2007b),

Ankobra Basin.

The concentration of bicarbonate ranged between 20 and

40 mg/L. Bicarbonate is responsible for the alkalinity of

groundwater. The bicarbonates are probably derived from

weathering of silicate rocks, dissolution of carbonate pre-

cipitates, atmospheric and soil CO2 gas (Jeong 2001;

Krishna Kumar et al. 2011).

Sulfates originate from natural sources as well as

industrial effluents; however, the highest levels in

groundwater are from natural mineral sources, such as

barite (BaSO4), epsomite (MgSO4�7H2O) and gypsum

(CaSO2�2H2O) (Jeevanandam et al. 2006; Krishna Kumar

et al. 2009). The sulfate concentration ranged from 3.00 to

38.00 mg/L, with a mean value of 20.26 mg/L. The sulfate

concentration in all the samples is within the permissible

limit of 250 mg/L (WHO 2011). Higher concentration of

sulfate in groundwater may be attributed to contamination

of untreated industrial and domestic waste and their efflu-

ents (Baruah et al. 2008; Jeevanandam et al. 2012). Higher

concentration of SO4
2- may cause gastrointestinal irrita-

tion particularly when Mg and Na are also present in

drinking water resources (Suthar et al. 2009). The con-

centration of sulfate was lower than study reported by Tay

and Kortatsi (2007), Densu Basin and Ansa-Asare et al.

(2009), Volta Region.

The nitrate concentration ranged from 0.08 to 0.31 mg/L

with a mean value of 0.15 mg/L. The concentration of

nitrate is within the WHO-suggested permissible limit of

50 mg/L. Nitrate leaching is enhanced by high infiltration

of soil layer and low runoff potential. The presence of high

nitrate concentration in the drinking water increases the

incidence of gastric cancer and other potential hazards to

infants and pregnant women (Rao 2006). Nitrites occur as

an intermediate product of conversion of ammonium ion to

nitrate as well as in the nitrification process of ammonia

(Eletta et al. 2010). Nitrites can be more harmful than

nitrates in drinking water supply as nitrites can oxidize

Table 3 Statistical analysis of

physicochemical parameters in

groundwater samples from

Ejisu-Juaben Municipality

Min. Max. Mean Std. deviation Variance Skewness Kurtosis WHO (2011)

pH 3.99 7.20 5.27 0.87 0.75 0.36 -0.25 6.5–8.5

TDS 8.00 125.00 52.47 33.11 1096.49 0.69 -0.37 500

Turbidity 0.00 3.73 1.39 1.34 1.79 0.60 -1.24 \5

EC 7.32 100.56 43.84 27.23 741.59 0.67 -0.55 500

TH 18.00 90.00 50.74 25.66 658.32 0.17 -1.64 300

HCO3
- 20.00 40.00 30.53 7.24 52.49 -0.08 -1.02 500

Ca2? 12.00 56.00 32.21 15.53 241.29 0.14 -1.44 75

Cl- 28.40 227.20 88.19 56.91 3239.21 1.20 0.76 250

NO2
- 0.06 0.27 0.13 0.07 0.00 1.04 -0.05 3

NO3
- 0.08 0.31 0.15 0.06 0.00 1.34 2.06 45

NH4
? 0.04 0.12 0.09 0.02 0.00 -0.65 -0.57 35

PO4
3- 9.00 26.00 17.97 5.89 34.66 -0.23 -1.47 2.5

SO4
2- 3.00 38.00 20.26 11.61 134.76 0.02 -1.48 250

Mg2? 1.20 8.00 3.75 2.34 5.48 0.51 -1.30 50

All units of parameters are in mg/L except pH, turbidity (NTU) and EC (lS/cm)
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hamoglobin to methaemoglobin in the body and hinder the

transportation of oxygen around the body (Alsabahi et al.

2009; Chapman 1992). The mean values of nitrites ranged

between 0.06 and 0.27 mg/L. These values are within the

WHO prescribed limit of 3 mg/L. The concentration of

nitrate in the present study was lower than those reported

by Tay and Kortatsi (2007), Densu Basin; Duncan et al.

(2014), Cape Coast Metropolis, Ghana and Asare-Donkor

et al. (2015), Obuasi.

Phosphate concentration in the water samples ranging

from 9.00 to 26.00 mg/L with a mean value of 17.97 mg/L

were above the WHO limit of 0.1 mg/L. Higher concen-

tration of PO4
3- in the groundwater may be attributed to

phosphate-rich sewage material from the communities

(Akoto et al. 2010). It could also come from drains rich in

detergents (Akpabli and Drah 2001; Sinha et al. 2000). The

levels of PO4
3- from this study were higher than the study

by Duncan et al. (2014), Cape Coast Metropolis, Ghana.

NH4
? concentrations were between 0.04 and 0.12 mg/L as

against a WHO guideline value of 35 mg/L.

Ionic dominance

The increasing order of major ions determined from the

whisker and box plot (Fig. 2) are; the cationic dominance

was Ca2?[Mg2?[NH4
? and anionic dominance was

Cl-[HCO3
-[ SO4

2-[PO4
2-[NO3

-[NO2
-. The

trend was a characteristic of a freshwater system because of

the dominance of Ca2? and Cl-. The dispersion of ions in

the water samples is related to the water–rock interaction

that occurs as the water moves through the ground reacting

to varying degrees with surrounding minerals and other

constituents (Amadi et al. 2012). Moreover, the excess of

alkali earth elements (Ca ? Mg) over HCO3
- in some of

the groundwater samples clearly indicates that they are

supplied from silicate-weathering processes (Zhang et al.

1995).

Hydrogeochemical processes

Concentration of different major elements and their inter-

relationship was studied to understand and illustrate the

hydrogeochemical processes that were involved during the

evolution of groundwater facies. Major ion chemistry of

groundwater provides basis to investigate the weathering

reactions in the basin (Brijraj and Kaur 2007). Calcium and

magnesium were the dominant cations and bicarbonate was

the dominant anion in the Ejisu-Juaben Municipality. The

Ca2?/Mg2? ratio of 1 indicated dissolution of dolomite and

of [2 reflected an effect of silicate minerals on the

groundwater chemistry; it also suggested calcite dissolu-

tion for Ca2?–Mg2? concentration in groundwater (May

and Loucks 1995). All the groundwater samples have

Ca2?/Mg2? ratio [2, indicating calcite dissolution and

effect of silicate minerals responsible for Ca2?/Mg2?

contribution (Fig. 3a). The scatter diagram of Ca2? ? -

Mg2? vs. HCO3
- ? SO4

2- (Fig. 3b) shows that majority

of the samples fall below the equiline, indicating that sil-

icate weathering was the primary process involved in the

evolution of groundwater (Datta and Tyagi 1996). If

bicarbonate and sulfate are dominating than calcium and

magnesium, it reflects that silicate weathering was domi-

nating and, therefore, was responsible for the increase in

the concentration of HCO3
- in the groundwater (Elango

et al. 2003; Elango and Kannan 2007). According to Cer-

ling et al. (1989) and Fisher and Mulican (1997), if the

points are below the median line in the plot, ion exchange

was the active reaction leading to SO4
2-HCO3

- accumu-

lation in groundwater. In Fig. 3b, 79 % of the samples

occur below the median line and close to x axis, indicating

that ion exchange was responsible for the higher HCO3
--

SO4
2- concentration in groundwater.

The plot of Ca2? ? Mg2? versus Cl- clearly indicated

that the salinity decreased with an increase in Ca2? ? -

Mg2?, which may be due to ion exchange in the weathered

layer (Fig. 3c). The ratio of Cl-/HCO3
- versus Cl- ranged

from 0.71 to 11.36 and showed a strong positive linear

relation to the Cl- concentration (r = 0.8393, p\ 0.01)

(Fig. 3d).

Gibbs plots

Gibbs plot (Gibbs 1970) is used to interpret the effect of

hydrogeochemical processes such as precipitation, rock–

water interaction and evaporation on groundwater geo-

chemistry. The reaction between groundwater and aquifer

minerals has a significant role in water quality which is
Fig. 2 Box and whisker plot of major ions in groundwater samples.

The white circles represent outliers
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useful to understand the genesis of water (Krishna Kumar

et al. 2014). Gibbs ratio is calculated using TDS versus

Cl-/(Cl- ? HCO3
-) for anions. The sampling points

mostly fall in the rock–water interaction and precipitation

zone (Fig. 4). The rock domain suggests that rock–water

interaction is the major source of dissolved ions over the

control of groundwater chemistry. The rock–water inter-

action process includes the chemical weathering of rocks,

dissolution–precipitation of silicates and ion exchange

between water and clay minerals.

Hierarchical cluster analysis

The multiple water quality parameters analyzed can be

clustered based on their interdependency (Routroy et al.

2013) or sampling locations can be clustered based on

chemical similarity in samples collected from these loca-

tions (Singh et al. 2005; Shrestha and Kazama 2006). The

cluster analysis classified the groundwater samples into two

clusters based on the similarities among the chemical

parameters involved in the groundwater quality (Fig. 5).

Cluster 1 represents measures of Cl-. Cluster 2 represent

measures of TDS, conductivity and turbidity. Cluster 3

represents PO4
3-, alkalinity, total hardness, Mg2?, Ca2?,

SO4
2-, NO3

-, NO2
-, pH and NH4

?. The samples in

clusters C1 and C3 had anionic and cationic composition

that was dominated by Cl- and Ca2?. Therefore, the

chemical compositions of these classes were characterized

by the Ca–Cl water type, which indicated the slightly saline

water.

Principal component

Principal components analysis (PCA) was useful for data

reduction, to assess the continuity/overlap of clusters or

clustering/similarities in the data and was used to deter-

mine the sources of variation between parameters (Guler

et al. 2002). Factor analysis (FA) relates to principal

component analysis in water quality evaluation studies,

where various parameters are analyzed for particular cau-

ses leading to a change in the water quality (Helena et al.

2000; Reghunath et al. 2002; Yidana 2010). Results of

factor analysis including factor-loading matrix, eigenval-

ues, total, cumulative variance and communities values are

presented in Table 4. From the principal components

analysis, four factors were extracted that accounted for

Fig. 3 Distribution of ionic

ratios for major groundwater

ions from the study area

Fig. 4 Gibbs plot of TDS vs. Cl-/(Cl- ? HCO3
-)
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83.9 % of the total variance. The extracted factor results

suggest that TH, TDS, turbidity, conductivity, Ca2? and

Mg2? have high positive factor loadings in factor 1. Factor

1 source may be attributed to weathering and leaching of

host rocks. Factor 2 which describes 21.74 % of the total

variance has high positive loading for NO2
-, NO3

-, PO4
2-

and NH4
?. Factor 2, therefore, could be said to reflect the

influence of anthropogenic activities. pH and alkalinity

Fig. 5 Dendrogram in R-mode

for 14 water variables

determined in groundwater

samples from Ejisu community

showing two major groups. The

abbreviation ‘‘C’’ represents

cluster

Table 4 Factor-loading matrix,

eigenvalues, total and

cumulative variance values of

the study area

Variable Component Communalities

PC1 PC2 PC3 PC4

pH 0.117 -0.471 0.787 -0.026 0.0856

TDS 0.870 0.292 -0.275 0.199 0.0958

Turbidity 0.668 -0.428 0.131 0.178 0.0678

EC 0.876 0.282 -0.273 0.164 0.0948

TH 0.969 0.115 0.139 -0.101 0.0982

HCO3
- 0.003 0.244 0.819 -0.023 0.0730

Ca2? 0.939 0.079 0.164 -0.069 0.0920

Cl- 0.377 0.293 -0.325 0.713 0.0842

NO2
- 0.044 0.886 0.027 -0.124 0.0803

NO3
- 0.069 0.846 -0.056 -0.015 0.0724

NH4
? 0.143 0.799 0.320 0.371 0.0898

PO4
2- 0.247 0.727 -0.181 -0.019 0.0622

SO4
2- 0.429 0.334 -0.173 -0.747 0.0883

Mg2? 0.926 0.090 0.074 -0.168 0.0899

Eigen value 5.656 3.044 1.723 1.320

% of variance 40.397 21.743 12.307 9.431

Cumulative % 40.397 62.140 74.447 83.878

High loadings are indicated in bold
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have a high positive factor loading in factor 3 whereas

chloride has a high positive loading in factor 4. Chloride

(Cl-) is thought to be released from the leaching of upper

soil layers, which receive waste water and sewage from

domestic activities.

Correlation among parameters

The chemical composition of groundwater is character-

ized by major cations and anions. The correlation matrix

of the physicochemical parameters is shown in Table 5.

From the correlation matrix, most of the parameters were

found to bear statistically significant correlation with

each other indicating close association of these param-

eters with each other. Concentrations of the major ions

and trace elements, except for NO2
-, NH4

?, NO2
-,

HCO3
- and SO4

2-, were significantly and positively

correlated with TDS. Significant positive correlation was

seen between Ca2? and TDS (r = 0.768, p\ 0.01).

Concentrations of NO2
-, NO3

-, NH4
? and PO4

3- were

significantly related, with correlation coefficients ranging

from 0.493 to 0.883, implying that there is possibly a

common cause for an increase in these ions. Concen-

trations of Ca2? and Mg2? were significantly correlated

with TH (p\ 0.01), which indicates that hardness is an

approximate measure of Ca2? and Mg2?. TH was also

significantly correlated with SO4
2- (r = 0.514,

p\ 0.05), implying that TH is essentially a permanent

hardness. The correlation of SO4
2- was not as strong as

that of Mg2?, so the dissolution of gypsum cannot be

assumed as a main source of SO4
2-.

Water quality classification

Water quality index

The water quality assessment indices (WQIs) are aggre-

gation and communication tools for monitoring water

quality (Vasanthavigar et al. 2010). Water quality indices

(WQI) were calculated for the samples using the concen-

trations of TDS, Ca2?, Mg2?, Cl-, HCO3
-, SO4

2-, PO4
2-,

NO3
-, EC and pH at the various sample locations. The

calculated WQI ranged from 20.71 to 57.45. Based on the

groundwater quality index, 84.2 % of the samples fall

under excellent and 15.8 % shows good water type

(Table 6). The WQI values indicate that groundwater from

the study area is of excellent quality for drinking purposes.

Multiple regression analysis using standardization of the

coefficient was carried out to determine which of the

quality parameters had a greater effect on the water quality

index. From the results, TDS, Calcium and Magnesium had

the most influence due to the highest standardized beta-

coefficient. Therefore, TDS, Calcium and Magnesium are

very important indicators in determining groundwater

quality (Table 7).

Table 6 Water quality index classification for individual samples

S. No WQI values Classification type

1 48.85 Excellent water

2 47.16 Excellent water

3 52.64 Good water

4 25.67 Excellent water

5 32.59 Excellent water

6 43.11 Excellent water

7 28.90 Excellent water

8 42.16 Excellent water

9 38.00 Excellent water

10 43.03 Excellent water

11 27.65 Excellent water

12 57.45 Good water

13 57.09 Good water

14 37.61 Excellent water

15 37.29 Excellent water

16 37.27 Excellent water

17 20.71 Excellent water

18 40.84 Excellent water

19 39.55 Excellent water

Table 7 Multiple regression

analysis to determine the

parameters contributing to the

water quality index

Physicochemical parameters B coefficient Standard error Standardized beta p value

TDS 0.476 3.355 0.387 0.890

EC -2.676 4.884 -1.430 0.597

HCO3
- 4.813 4.903 0.173 0.352

Ca2? 0.439 0.240 0.666 0.101

Cl- -0.007 0.099 -0.019 0.947

NO3
- -3.620 12.160 -0.057 0.773

PO4
3- -0.030 0.038 -0.172 0.455

SO4
2- -0.677 0.378 -0.387 0.107

Mg2? 1.923 1.002 0.660 0.087
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Conclusion

Groundwater quality and its suitability for drinking pur-

poses in Ejisu-Juaben municipality have been evaluated.

Results of the hydrochemical analysis reveal that the

groundwater is slightly acidic in nature. The analysis

showed that all the physicochemical parameters except

phosphate were within the WHO permissible limits of

drinking water. Based on EC classification, the ground-

water sample fell under fresh water type. Multivariate

statistical analysis indicated that the four factors extracted

explained 83.9 % of the total variance. The results from

PCA suggested that the groundwater quality is primarily

influenced by weathering, leaching and anthropogenic

activities. In general, the dominant hydrogeochemical

facies of groundwater were the Ca–Cl type. The influence

of major anions and cations on groundwater quality was by

ion exchange and silicate weathering. The Gibbs plot

indicated that the hydrochemistry of these groups were

mainly influenced by the rock-water and precipitate dom-

inance field. WQI values suggest that the majority of the

samples fall under excellent water quality classes. This

study provides a baseline for the groundwater chemistry in

Ejsu-Juaben municipality, which will help the policy

makers to focus on the specific contaminant sources and its

mitigation.
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