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Abstract The study presents the application of selected

multivariate techniques: display methods (principal com-

ponent analysis) and unsupervised pattern recognition

(cluster analysis) in an attempt to discriminate sources of

variation of water quality. PCA has allowed the identifi-

cation of a reduced number of latent factors with a hy-

drochemical meaning: natural and anthropogenic (domestic

and agricultural activities) factors, which also agrees with

the R-mode hierarchical cluster analysis (HCA). Q-mode

HCA also corroborates the results of the correlation ana-

lysis in relation to sampling sites established on hydro-

chemical parameters, indicating that there are no spatial

and temporal characteristics among the sampling sites in

the study area. The suitability of river water for irrigation

use was assessed in the study area. A plot of the sodium

adsorption ratio (SAR) and salinity data on a semilog axis

suggests that river water provides good irrigation quality in

the area. According to the SAR values plotted in the USSL

Staff diagram, 100 % of the river water samples fall in C1–

S1 (low salinity–low sodium type) group, which provides

good irrigation quality to river water from this area. Also,

all the data points showed permeability index values in

Class II category which is suitable for irrigation purposes.

Recorded magnesium ratio and Kelly’s ratio showed

that\50 % of the river water samples were suitable for

irrigation purposes. Stable isotope data of water (d18O and

d2H) obtained revealed that stream waters joining the Volta

River were depleted and possibly recharged by rain and

waters from the Akwapim Mountains (located at the

western part of the Volta River) than the isotopically heavy

evaporated waters found within the Lower Volta River.

These results would therefore be useful for water balance

studies in the study area.

Keywords Stable isotope � Principal component

analysis � Hierarchical cluster analysis � Manya Krobo �
Tongu � Lower Volta River Basin � Hydrochemical

Introduction

River basins generally constitute areas with a high

population density owing to favorable living conditions

such as the availability of fertile lands; water for irrigation,

industrial or drinking purposes; and efficient means of

transportation. Rivers play a major role in assimilating or

carrying industrial and municipal wastewater, manure

discharges and runoff from agricultural fields, roadways

and streets, which are responsible for river pollution (St-

roomberg et al. 1995; Ward and Elliot 1995). Rivers too

constitute the main water resources in inland areas for

drinking, irrigation and industrial purposes; thus, it is a

prerequisite for effective and efficient water management

to have reliable information of water quality. The discharge

of industrial and municipal wastewater and manure can be

considered a constant polluting source, but not of the sur-

face runoff which is seasonal and highly affected by cli-

mate. Flow in rivers is a function of many factors including

precipitation, surface runoff, interflow, groundwater flow

and pumped inflow and outflow. Seasonal variations of
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these factors have a strong effect on flow rates and hence

on the concentration of pollutants in the river water (Vega

et al. 1998). Also, organic matter decay can contribute

phosphates, bicarbonate, nitrate and dissolved solids to the

chemistry of surface waters. Organic matter decomposition

also has the tendency to reduce the dissolved oxygen

content of natural water. Factors such as the residence time

of water, the temperature and the presence of other ions

play important roles in determining how much organic

matter decays. Anthropogenic forces have the immense

tendency to accelerate natural processes that affect water

quality. Mineral leaching and the uncontrolled use of toxics

in industry can adversely affect the suitability of surface

water resources for many purposes.

In Ghana, rural communities and small towns constitute

about 12.6 million (60 %) of the total population (CWSA

2005). Safe drinking water supplies in small towns and

rural communities has improved considerably within the

last 6 years from about 41 % in 2001 to 52 % in 2005

(CWSA 2005). Yet, the remaining 48 %, mainly in rural

communities, continue to face major shortage in the supply

of good quality water. The deterioration of quality water

sources for Manya Krobo and Tongu District rural com-

munities in the study area could be partly attributed to the

construction of two dams built on the Volta River at

Akosombo and Akuse in the 1960s and 1970s, respectively.

This caused considerable changes in the water balance of

the Lower Volta Basin. The alternate flooding of ponds and

creeks that occurred prior to the construction of the dams

ceased (Whyte 1981) resulting in the permanent drying up

of some sources of drinking water within the basin. Fur-

thermore, those ponds that did not dry up became infested

with snails-harboring weeds (LVEIS 1999).

The surface and groundwater used for domestic and ir-

rigation purposes can vary greatly in quality, depending

upon type and quantity of dissolved salts. It contains a wide

variety of dissolved inorganic chemical constituents in

various concentrations, resulting from chemical and bio-

chemical interactions between water and geological mate-

rials. Dissolved salts should be present in irrigation water

in relatively small, but significant amounts. They originate

from dissolution or weathering of the rocks and soil, in-

cluding dissolution of lime, gypsum and other slowly dis-

solved soil minerals. Various irrigation schemes exist

under the Ghana Irrigation Development Authority in the

study area (Manya Krobo and Tongu districts), but most

farmers prefer the private/communal small holder and

commercial systems which use the untreated river water for

various activities due to inadequate and deteriorated fa-

cilities at the various schemes (Miyoshi and Nagayo 2006).

Integrating isotope hydrology in assessing surface water

and groundwater resources has proven to yield good results

all over the world. Various studies on isotopic application

in West Africa, in particular, include Edmunds and Wright

(1979), Sonntag et al. (1979), Edmunds and Walton (1980),

Fontes et al. (1986), Gasse et al. (1987) and many others. A

pioneering work in Ghana on heavy isotope hydrology is

attributed to Akiti. Akiti (1977 and 1980) pioneered the use

of isotope techniques in the analysis of surface and

groundwater in the Accra Plains, Keta Basin and upper

regions of Ghana. Akiti in 1980 made an attempt to find out

the relationship between the Volta River, some streams and

groundwater from the Manya Krobo and Tongu districts

using isotope techniques. However, Akiti (1980) did not

find any signs of mixing of river water, stream water and

groundwater, because streams along the lower Volta River

were not sampled. Akiti (1987) also applied environmental

isotopes such as 2H (deuterium), 18O (oxygen-18), 3H

(tritium) and 14C (carbon-14) to study groundwater in the

foothills of the Accra Plains. Pelig-Ba et al. (1990) used 2H

and 18O for waters in the Upper East and Upper West

regions and the Accra Plains, while Kortatsi and Sekpey

(1994) did a similar study using the same stable isotopes

for groundwaters in the two upper regions of Ghana. Iso-

tope fractionation is a geochemical tool used to identify

surface water and groundwater origin, determine 13C in 14C

age determination, residence time and how it is affected by

geo-hydrologic and meteorological factors. It can also be

used to determine the origin and source of contaminants

emanating from agricultural activities or other point sour-

ces. Factors such as altitude, evaporation, condensation,

evapotranspiration, melting, freezing, chemical and biolo-

gical processes (Faure and Mensing 2005) are the results of

heavy isotope fractionation. Evaporation tends to increase

the heavy isotopes in the remaining fraction of liquid as

compared to the initial contents. These effects occur for

both 18O and 2H. In natural waters, their contents are

correlated. Using the classical d-notation, one has for

precipitation, d 2H = 8d 18O ? d, where ‘d’ lies in the

range 0 to ?20 with the most common value for oceanic

rains at ?10 (Craig 1961). For evaporated waters, there is

still a linear correlation at any time of the process: d
2H = ad 18O ? b, in which ‘a’ depends on the local cli-

matic conditions of evaporation and lies generally within

the range 3–5, and ‘b’ depends on ‘a’ and on the initial

isotopic content of the water which supplies the evaporitic

system.

The stable isotope of water is represented by the d-
notation:

d%o ¼
½R sample �R standard�

R standard
� 1000; ð1Þ

where R = 2H/H, 18O/16O and oxygen-16 (16O).

Stable isotopes have been applied to river and lake re-

search for several decades. Isotope hydrology has also been

used to study surface water and groundwater interactions.
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In recent times, multivariate methods have been used to

study the sources of variation of surface and groundwater

chemistry. Factor analysis has been widely used to interpret

hydrochemical data. Excellent examples of the application

of factor analysis to solve hydrochemical problems are

contained in Dalton and Upchurch (1978), Ashley and

Lloyd (1978), Usunoff and Guzman–Guzman (1989), Briz-

Kishore and Murali (1992), Grande et al. (1996), Huizar

et al. (1998), Ceron et al. (1999), Suk and Lee (1999);

Sanchez-Martos et al. (2001); Salifu et al. (2013) and

Gampson et al. (2013). Multivariate techniques have been

used to resolve the hydrochemical parameters (e.g., Seyhan

et al. 1985; Razack and Dazy 1990; Join et al. 1997;

Liedholz and Schafmeister 1998; Wang et al. 2001; Locsey

and Cox 2003), identify geochemical controls on the

composition (Adams et al. 2001; Alberto et al. 2001) and

separate anomalies such as anthropogenic impacts from the

background (Hernandez et al. 1991; Birke and Rauch 1993;

Helena et al. 2000; Pereira et al. 2003). Factor analysis, as a

multivariate statistical tool, reduces a large data set into a

set of variables that represent the hydrochemistry without

giving up much of the original information. Hierarchical

cluster analysis, HCA, as a multivariate statistical tool has

also been widely used to formulate hydrochemical models

on the basis of available data (Meng and Maynard 2001).

This paper applies cluster and factor analysis to assess

the main controls on the chemistry of the river water from

the study area, suitability of the water for irrigation and to

establish the relationship between some tributaries and the

Volta River using isotope technique.

Background

The Volta Basin is located in West Africa and lies within

latitudes 5�300N and 14�300N and longitudes 2�000E and

5�300W as shown in Fig. 1 (ZEF 2008). The Volta River

collects the water of a large territory in West Africa and

has broken through the hard quartzite, sandstone and other

hard rocks of the Togo structural unit by a narrow, deep

and steep gorge.

The basin lies mainly in Ghana (40 %) and Burkina Faso

(43 %) with minor parts in Togo (6 %), Cote d’Ivoire (3 %),

Mali (4 %) and Benin (4 %). Ghana occupies the down-

stream part of the basin (Moniod et al. 1977) and is made up

of the black, white and lower basins. The study area is lo-

cated within the Lower Volta Basin and between the Manya

Krobo (6�0505000N, 0�1001000E) and Tongu (5�5904000N,
0�3405000E) districts (Fig. 2). The study area lies within the

semi-equatorial climate belt and is influenced by south-

western monsoon winds twice a year, resulting in a double

rainfall regime with a mean annual rainfall ranging between

195 and 1500 mm. The main rainy season occurs between

April and July, while the minor one falls between September

and October of every year. The dry and warm season is

experienced from November to March. The average relative

humidity is high during the wet season, between 70 and

80 %, and low in the dry season with about 55 and 60 %. The

temperature in the study area ranges from 22 to 30 �C in the

wet and dry seasons, respectively. The underlying rocks in

the study area are metamorphic in origin and mainly consist

of Dahomeyan acid and basic gneisses which are sediments

of the Volta Delta and coastal savannah zone. The major soils

developed over these geological formations include the

Akuse–Bumbi association and these are soils developed from

basic gneiss and pyroxenite. The Bumbi series are very

poorly drained, very dark gray to black plastic clays occur-

ring within depressing and wide flat valley bottoms. Ziwai–

Zebe complex, Tondo–Motawme complex and Agawtaw–

Pejeglo complex soils are formed over the Dahomeyan acidic

gneiss rocks. Toje–Agawtaw association and Amo–Tefle

association soils have acidic gneiss and schist as their parent

rocks. Ada–Oyibi association, Ada association, Aveyime–

Ada association and Oyibi–Muni association soils have al-

luvial and coastal deposits as their parent rock (Ministry of

Local Government and Rural Development, Ghana, 2010).

Sampling and sample treatment

Water samples were collected in July 2011 in the wet

season and February 2012 in the dry season. Four streams,

Canal (S1), Lome (S2), Odzador (S3) and Okue (S4), and

Fig. 1 Map of the Volta River Basin
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Fig. 2 Map of the study area
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38 surface water samples on different locations on the

lower Volta River were analyzed to determine the con-

centration of various parameters and stable isotopes (d18O
and d2H). Locations of selected sampling sites were de-

termined using the Garmin Vista CP GPS (Fig. 2). The R,

M and L inserted in the location map represent the right,

middle and left portions of the river. The numbers attached

to R, M and L are the elevations above mean sea level. pH,

temperature, electrical conductivity (EC), salinity, total

dissolved solids (TDS) and bicarbonate ion (HCO3
-) were

measured in situ. Concentrations of the major cations

(Mg2?, Na?, K?, Ca2?) were determined in the laboratory

after the samples had been treated with acid in the field to

discourage bacterial action and oxidation processes. The

water samples for anion (NO3
-, PO4

3-, Cl- and SO4
2-)

determination were filtered and collected into a 500 ml

plastic container. Unfiltered water samples for stable iso-

tope analysis (d18O and d2H) were collected into 60 mL

glass bottles with poly-sealed lid, not acidified, and any

remaining head space was topped off and capped tightly.

The pH and temperature were determined using a (Ecoscan

Ion 5) pH meter. EC, salinity and TDS were determined

using a specific conductance meter (HACH SensIon5).

HCO3
- was determined using HACH, Loveland Co. USA

digital titrator. The chloride was determined by the ar-

gentometric method, sulfate by the turbidimetry method,

phosphate by the vanadate molybdate method and nitrate

by UV spectrophotometric method (APHA 1998). Sodium

and potassium ions were determined by flame photometry

(AWWA 1998).

Irradiations were performed using the Ghana Research

Reactor-1 (GHARR-1) facility at Ghana Atomic Energy

Commission, Kwabenya. The elements of interest (Ca, Mg)

were assayed using different timing parameters, namely the

irradiation time (ti), the decay time (td) and the counting

time (tc). These timing parameters mainly depend on the

half-life of the radionuclide produced, that is, short-lived

nuclides (t1/2 less than a few hours), medium-lived ra-

dionuclides (t1/2 longer than several hours) and long-lived

radionuclides (t1/2 longer than several days). Samples and

standards were sent into available inner irradiation sites

with a thermal flux of 5 9 1011 ncm-2 s-1 when the re-

actor (GHARR-1) was operated at 15 kW by means of a

pneumatic transfer system (rabbit system) at a pressure of

65 psi. The ti, tc and td for the water samples were 2, 10

and B3 min, respectively, with respect to Ca and Mg.

Computer-based gamma-ray spectroscopy system of an

N-type high-purity germanium (HPGe) detector Model

GR2518, an HV power supply model 3105 and a spec-

troscopy amplifier model 2020, all manufactured by Can-

berra Industries Inc., an 8 k Silena EMCAplus multichannel

analyzer (MCA) emulation software card and a 486 Micro

Computer for spectrum data evaluation and analysis were

used. The detector operates on a bias voltage of 3000 V and

has resolutions of 0.85 keV (FWHM) and 1.8 keV

(FWHM) for 57Co and 60Co gamma-ray energies of 122 and

1332.5 keV, respectively. The relative efficiency of the

detector was 25 %. The qualitative analysis, which involves

the identification of Ca and Mg elements in the samples, and

the quantitative analysis of concentrations were achieved

using the gamma-spectrum software of the MAESTRO 32.

Stable isotopes of oxygen and hydrogen were deter-

mined using Los Gatos Research DT-100 Liquid-Water

Isotope Analyzer (Model 908-008-2000). The water

samples for oxygen isotopic analyses were prepared by

conventional H2O–CO2 equilibration (Epstein and

Mayeda 1953) where 5 mL of each sample was equili-

brated with CO2 gas at 25 ± 0.1 �C for 24 h. The CO2

gas was then extracted and cryogenically purified in a

vacuum line. For deuterium analysis, Cr at 850 �C was

used to produce hydrogen gas (Coleman et al. 1982). Both

d18O and d2H values were determined relative to internal

standards that were calibrated using Vienna-Standard

Mean Ocean Water (V-SMOW). The data were normal-

ized following Coplen (1988) as follows: d = [(RS/RV-

SMOW)-1] 9 1000, where RS represents either the
18O/16O or the 2H/1H ratio of the sample and RV-SMOW is
18O/16O or the 2H/1H ratio of the V-SMOW. The analy-

tical reproducibility was ±0.1 and ±1.0 % for the oxygen

and deuterium, respectively.

For the statistical analysis, hierarchical cluster analysis

(HCA) or squared Euclidean distance scheme was chosen

as a similarity/dissimilarity measure among parameters and

the linking distances among initial clusters were deter-

mined using the Ward’s linkage algorithm. Squared Eu-

clidean distances were computed from Eq. (1):

dxy ¼
Xp

j¼1

ðxj � yjÞ
" #

; ð2Þ

where dxy is the squared Euclidean distance between points

x and y in p-dimensional space and j defines each pa-

rameter. A combination of the Euclidean or squared Eu-

clidean distance as a similarity measure and the Ward’s

agglomeration scheme to link clusters was determined to

yield optimal results in HCA. This combination is com-

monly used in the literature for hydrochemical analysis

(e.g., Farnham et al. 2002; Kuells et al. 2000; Güler and

Thyne 2004; Helstrup et al. 2007; Yidana et al. 2008). Both

Q-mode and R-mode HCA were performed on the hydro-

chemical parameters. The R-mode HCA was done to

classify the parameters into groups based on their similarity

with each other, whereas the Q-mode HCA was done to

highlight spatial relationships among the sample points.

Dendrograms were produced to illustrate the relationships

revealed by the HCA.
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In the factor analysis, principal components were used

with Kaiser criterion (Kaiser 1960) and varimax rotation.

The Kaiser criterion allows only factors that form unique

sources of variance in the hydrochemistry to be included

in the final factor model. In the Kaiser criterion, factors

which represent unique sources of variance in the hy-

drochemistry are defined as those with an eigenvector

sum of at least 1.0. Naturally, it is possible to obtain as

many factors as there are variables, but most of these

factors cannot be relied upon to correctly interpret the

processes taking place from the hydrochemical point of

view. Therefore, they are not included in the factor

model. Varimax rotation is one of the most commonly

used rotation schemes in factor analysis. This is because it

maximizes the differences among dissimilar parameters

and results in factors, each of which represents a process

in the watershed. The factor loadings of each variable in

the factor model were used to calculate the factor scores

for each location where data were taken. This way, it is

possible to explain the impact of each process at each

location.

In this study, the SPSS 16.0 for Windows statistical tool

was utilized for the description of multivariate analysis to

support the conventional hydrochemical techniques. Thir-

teen hydrochemical variables (pH, Temp, EC, TDS,

HCO3
-, Mg2?, Na?, K?, Cl-, Ca2?, NO3

-, SO4
2- and

PO4
3-) were used in the statistical analyses. All the data

were log transformed and subsequently standardized to

their standard scores (z-cores) as outlined by Brown

(1998), so that each variable measured with different units

was rescaled to a range of 0–1 to have equal weight for the

multivariate statistical analysis.

The sodium adsorption ratio (SAR), magnesium ratio

(MR), permeability index (PI) and Kelly’s ratio (KR) were

also employed to check for the suitability of the river water

for irrigation.

To determine the possible source of recharge of the

water in the area, the d18O values were plotted against the

corresponding d2H values and the line of best fit was

compared to the Global Meteoric Water Line (GMWL) as

well as the Local Meteoric Water Line (LMWL).

Results and discussion

Tables 1 and 2 provide a statistical summary of the che-

mical parameters analyzed for the river water in the study

area. It is obvious that the concentrations of most of the

parameters are within acceptable ranges for most uses. The

lowest pH of 6.45 at sampling site 65L in the wet season

could be due to photosynthetic activity and microbial res-

piration as well as decomposing activities at the site af-

fecting the pH value.

The salinity of all the water samples was recorded to be

0 %. This is an indication that the water is not saline and

there is no seawater intrusion. Hence, the salinity was not

included in further analysis. The mean values for the pa-

rameters for both seasons are presented in the form of

standard error bars and gives a general idea of how accu-

rate the measurements are or how far from the reported

value the true (error free) value might be (Fig. 3). High

levels of PO4
3- have been known to cause digestive

Table 1 Statistical description for the 38 samples analyzed in the wet

season

Parameter Unit N Min. Max. Mean SD WHO

(2004) Std

pH 38 6 .45 7.25 6.89 0.19 6.5–8.5

Temp oC 38 26.5 30.2 28.9 0.19 –

EC lS/cm 38 61.7 82.2 69.76 5.23 1400

Salinity % 0.0 0.0 0.0 0.0 0.0 –

TDS mg/L 38 29.7 39.1 33.28 2.11 500

HCO3
- mg/L 38 23.16 46.33 35.26 3.6 –

Mg2? mg/L 38 2.92 23.33 9.67 3.38 50

Na? mg/L 38 7.8 11.0 8.53 0.61 200

Ca2? mg/L 38 3.2 12.8 5.55 1.85 100

K? mg/L 38 4.0 5.9 5.1 0.31 12

Cl- mg/L 38 1.99 13.99 3.99 2.46 250

NO3
- mg/L 38 1.0 24.77 11.58 8.16 50

SO4
2- mg/L 38 6.89 28.11 16.97 6.43 250

PO4
3- mg/L 38 1.33 10.67 4.73 2.67 –

N total number of data points, WHO Std World Health Organization

standards, SD standard deviation

Table 2 Statistical description for the 38 samples analyzed in the dry

season

Parameter Unit N Min. Max. Mean SD WHO

(2004) Std

pH 38 6 .59 7.26 6.91 0.19 6.5–8.5

Temp oC 38 27.5 30.9 29.43 0.11 –

EC lS/cm 38 62.5 83.6 71.01 5.50 1400

Salinity % 0.0 0.0 0.0 0.0 0.0 –

TDS mg/L 38 29.7 39.4 33.83 2.39 500

HCO3
- mg/L 38 23.16 46.33 35.31 3.71 –

Mg2? mg/L 38 2.92 23.33 10.33 3.57 50

Na? mg/L 38 7.9 11.0 8.77 0.76 200

Ca2? mg/L 38 3.2 14.4 6.40 2.76 100

K? mg/L 38 4.0 5.9 5.2 0.35 12

Cl- mg/L 38 1.99 13.99 4.9 2.96 250

NO3
- mg/L 38 1.11 24.89 11.89 9.33 50

SO4
2- mg/L 38 6.56 28.11 18.0 6.26 250

PO4
3- mg/L 38 1.44 11.67 5.23 3.2 –

N total number of data points, WHO Std World Health Organization

standards, SD standard deviation
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problems and also endanger aquatic life if concentrations

are above 5 mg/L (Morrison et al. 2001). About 35 % of

the sampling site had their concentrations above this level.

The high levels of PO4
3- could originate from municipal

wastewater discharges, since it is an important component

of detergents. Non-point sources of phosphates may in-

clude natural decomposition of rocks and minerals, agri-

cultural runoff, erosion and direct input by animals/

wildlife. It must be emphasized that average concentrations

of some variables such as pH, EC, TDS, HCO3
-, Mg2?,

Na?, K?, Cl-, Ca2?, NO3
- and SO4

2- contents of the river

water were found within the limits set by the WHO (2004)

standards for human consumption and domestic use

(Tables 1, 2). The low concentrations of these parameters

could mean that less anthropogenic processes are occurring

in the study area. It is also important to note that the excess

Na? over K? could be attributed to the fact that K-feldspar

is more resistant to weathering than albite. The relatively

low concentrations of Mg2?, Na?, K? and Ca2? in the

water samples are attributed to the fast mean annual flow of

the lower Volta River (298 m3 s-1) (Opoku-Ankomah

1998). This probably caused less weathering of rocks

containing these minerals, resulting in their low concen-

trations. Generally, the average physicochemical pa-

rameters showed slightly higher values in the dry season

compared to the wet season, although NO3
-, SO4

2- and

PO4
3- differed in this sense (Tables 1, 2; Fig. 3). This may

be due to the reduction of the water volume in the study

area attributable to increase in temperature causing

evaporation and resulting in higher concentrations.

Box plots of individual variables in both the wet and dry

seasons were examined. Figure 4 shows examples of box

plots for some meaningful variables related to the quality

of the river water in the study area. The line across the box

represents the median, whereas the bottom and top of the

box show the locations of the first and third quartiles (Q1

and Q3). The whiskers are the lines that extend from the

bottom and top of the box to the lowest and highest ob-

servations inside the region defined by Q1 - 1.5(Q3 - Q1)

and Q3 - 1.5(Q3 - Q1). Individual points with values

outside these limits (outliers) are plotted with asterisks.

Box plots provide a visual impression of the location and

shape of the underlying distributions. For example, box

plots with long whiskers at the top of the box (such as that

for Cl- in the dry season) indicate that the underlying

distribution is skewed toward high concentration. Box plots

with large spread indicate seasonal variations of the water

composition (see NO3
-, PO4

3- and SO4
2- box plots). The

variability in the data of each parameter is also apparent in

Fig. 4 as indicated by the position of the median bar and

the relative lengths of the whiskers on both sides of the box

of each of the parameters (Vega et al. 1998).

Multivariate statistical analysis

Cluster analysis

Cluster analysis allows the grouping of river water samples

on the basis of their similarities in chemical composition.

Unlike PCA that normally uses only two or three PCs for

display purposes, cluster analysis uses all the variance or

information contained in the original data set. Hierarchical

agglomerative clustering by the Ward’s method was se-

lected for sample classification because it possesses a small

space distorting effect, uses more information on cluster

Fig. 3 Standard error bars presenting statistical description of physicochemical parameters for both seasons
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contents than other methods, and has been proved to be an

extremely powerful grouping mechanism (Willet 1987);

also, Ward’s method yielded the most meaningful clusters.

The method was applied to the normalized data using

squared Euclidean distances as a measure of similarity

(Massart and Kaufman 1983).

In the R-mode HCA, the dendrogram reveals three

main water groups (Fig. 5). These groups, respectively,

represent the effects of two main factors in the hydro-

chemistry: natural and anthropogenic factors. Group 1

indicates that EC in the water has a dominant contribu-

tion from the HCO3
- in the water. It comprises TDS,

HCO3
-, PO4

3-, temperature and EC. Group 1 represents

the effect of precipitation on the water chemistry, do-

mestic waste and the decay of organic matter which

enriches the water with HCO3
- ions. Group 2 is made up

of K?, Ca2?, pH, Na?, Mg2? and Cl- and represents

mineral water reaction and household wastewaters which

contain high concentrations from salts and soaps in the

study area. Group 3 comprises SO4
2- and NO3

- which

are derived from aquaculture activities and organic and

artificial fertilizers from farmlands located along the

banks of the river. The dendrogram for the Q-mode HCA

is also presented in Fig. 6. In Fig. 6 it was realized that

the sampling sites did not change significantly in terms

of physicochemical parameters and indicated that there

were no spatial and temporal characteristics among the

sampling sites.

Principal component analysis (PCA)/factor analysis

(FA)

The coefficient of correlation was worked out to under-

stand the relationship between the various parameters and

to test the significance of the models. Table 3 shows the

correlation of the different parameters and some clear hy-

drochemical relationships can be readily inferred. High and

positive correlation can be observed between pH and

Fig. 4 Box plots for physicochemical parameters for both seasons

Fig. 5 A dendrogram of the

measured parameters
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temperature, EC, TDS and Na? and EC and NO3
-, which

are responsible for water mineralization. Ca2? is negatively

correlated to Mg2? and NO3
-. Thus, an increase in Ca2?

will cause a decrease in Mg2? and vice versa, and only one

of these parameters (Ca2?, Mg2?) will contribute to total

hardness in the study area. The rest of the parameters

(Table 3) showed no significant correlation with any other

variables. Correlation analysis established on sampling

sites (Table 4) corroborates the results of the Q-mode HCA

(Fig. 6) and indicates that the parameters are from the same

source which is natural and anthropogenic (domestic and

agricultural activities). It also means that physicochemical

parameters in the study area did not change much from one

sampling site to the other.

The R-mode factor analysis suggests that there are three

major processes (domestic factor, natural process and

agricultural effect) controlling the river water hydro-

chemistry. The HCO3
-, K?, Cl- and PO4

3- were dropped

after the initial analysis as they presented critically low

communalities and therefore their contributions to the final

factor model were regarded to be insignificant. Tables 5

and 6 presents the final factor model as well as the variance

explained and the communalities of the individual

parameters. Four distinct factors have been discriminated

based on the Kaiser criterion and explain 78.67 %

(Table 5) of the total variance in the hydrochemistry,

suggesting that within the limits of the data obtained from

the field, the most important processes are captured in the

factor model. PC1 explains 29.41 % of the variance and is

highly contributed by EC, TDS, Na? and, to a less extent,

by NO3
- (Table 6). These variables were demonstrated to

be correlated (Table 3). PC1 can thus be interpreted as

including a mineral component of the river water, contri-

bution of domestic wastewaters and organic matter in the

study area. PC2 (19.96 % of the variance) is positively

contributed to by pH and temperature (Table 6) which are

also shown in Table 3. The pH is a measure of the acidity

or basicity of water. The pH of a natural water can provide

important information about many chemical and biological

processes and provides indirect correlations to a number of

different impairments.PC2 represents high biological ac-

tivity (Saravanakumar et al. 2008) and less dilution of acid

into the water, which can have an immediate or a long-term

effect by influencing the chemical composition and pH

fluctuations of the river water (Preda and Cox 2000;

Abubacker et al. 1996) due to high temperature associated

Fig. 6 A dendrogram based on

concentrations of

physicochemical parameters

based on all the sampling sites
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Table 3 Correlation matrix of the 13 physicochemical parameters

pH Temp EC TDS HCO3
- Mg2? Na? K? Cl- Ca2? NO3

- PO4
3- SO4

2-

pH 1 0.702 0.114 0.112 -0.057 -0.072 0.193 -0.005 0.267 -0.058 0.212 -0.004 0.235

Temp 1 0.096 0.01 0.209 -0.11 0.19 -0.009 0.26 -0.184 0.321 -0.048 0.156

EC 1 0.727 0.083 -0.009 0.53 0.093 0.076 -0.151 0.588 -0.229 0.153

TDS 1 0.018 -0.202 0.563 0.084 0.067 0.111 0.294 -0.273 0.06

HCO3
- 1 -0.051 -0.028 0.009 -0.016 -0.261 0.214 0.119 0.071

Mg2? 1 -0.167 -0.066 0.137 -0.514 0.089 0.155 -0.017

Na? 1 -0.054 0.141 0.068 0.07 -0.229 -0.035

K? 1 -0.157 -0.051 0.062 -0.059 0.085

Cl- 1 -0.065 0.347 0.142 0.02

Ca2? 1 -0.515 -0.115 0.279

NO3
- 1 0.18 -0.09

PO4
3- 1 0.091

SO4
2- 1

Table 4 Correlation matrix for some sampling sites based on physicochemical parameters

70R 68L 65L 62R 60R 58 M 55R 53M 51M 86M 88M 47M 43M 39 M 41L Ad33 M Ad31R 75R 77L 79R 81L 84L

70R 1.00 0.95 0.79 0.96 0.96 0.96 0.97 0.92 0.84 0.96 0.78 0.94 0.98 0.78 0.95 0.97 0.98 0.99 0.99 0.95 0.86 0.77

68L 1.00 0.90 0.91 0.93 0.91 0.91 0.93 0.79 0.90 0.86 0.93 0.94 0.86 0.89 0.92 0.93 0.97 0.97 0.92 0.79 0.88

65L 1.00 0.95 0.95 0.95 0.96 0.91 0.84 0.94 0.79 0.90 0.97 0.80 0.97 0.99 0.97 0.97 0.98 0.95 0.86 0.76

62R 1.00 0.99 0.99 0.99 0.93 0.83 0.99 0.70 0.89 0.92 0.73 0.96 0.91 0.97 0.95 0.96 0.92 0.85 0.76

60R 1.00 0.99 0.98 0.97 0.84 0.98 0.76 0.91 0.93 0.79 0.96 0.92 0.98 0.97 0.97 0.94 0.87 0.82

58M 1.00 0.99 0.95 0.85 0.99 0.71 0.90 0.94 0.73 0.96 0.91 0.98 0.96 0.96 0.95 0.88 0.77

55R 1.00 0.94 0.85 1.00 0.72 0.91 0.93 0.75 0.96 0.93 0.98 0.97 0.97 0.93 0.88 0.77

53M 1.00 0.83 0.94 0.82 0.88 0.92 0.83 0.94 0.89 0.95 0.94 0.94 0.95 0.85 0.89

51M 1.00 0.84 0.76 0.70 0.79 0.76 0.86 0.82 0.85 0.83 0.82 0.78 0.97 0.73

86M 1.00 0.70 0.89 0.91 0.73 0.95 0.90 0.97 0.95 0.95 0.91 0.87 0.76

88M 1.00 0.72 0.79 0.99 0.82 0.83 0.75 0.79 0.82 0.77 0.67 0.95

47M 1.00 0.91 0.72 0.84 0.90 0.89 0.97 0.94 0.90 0.78 0.75

43M 1.00 0.78 0.93 0.96 0.97 0.96 0.97 0.97 0.81 0.77

39M 1.00 0.84 0.83 0.77 0.79 0.83 0.76 0.67 0.96

41L 1.00 0.95 0.96 0.93 0.96 0.93 0.85 0.82

Ad33M 1.00 0.95 0.95 0.97 0.93 0.83 0.78

Ad31R 1.00 0.97 0.97 0.96 0.88 0.78

75R 1.00 0.99 0.95 0.88 0.80

77L 1.00 0.96 0.84 0.83

79R 1.00 0.82 0.79

81L 1.00 0.67

84L 1.00

Table 5 Extraction values of the total variance using PCA for nine water quality parameters

Component Initial eigenvalues Extraction sums of squared loadings

Total % of variance Cumulative % Total % of variance Cumulative %

1 2.647 29.408 29.408 2.647 29.408 29.408

2 1.797 19.964 49.372 1.797 19.964 49.372

3 1.622 18.026 67.398 1.622 18.026 67.398

4 1.016 11.288 78.686 1.016 11.288 78.686
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with the dry season. PC3 represents 18.03 % of the total

variance (Table 5) with high positive loadings for Mg2?

and NO3
- and high negative loadings for Ca2? (Table 6).

PC4 explains 11.29 % of the total variance and has high

Ca2? and SO4
2-. PC3 and PC4 variables were also cor-

roborated (Table 3). This clustering of variables points to a

common origin for these minerals, likely from dissolution

of limestone, marl and gypsum soils. Factors 3 and 4 also

suggest contamination from anthropogenic activities

specifically from surface contamination processes, such as

agricultural chemicals used on rice farms in the area to

enhance yields.

Suitability of river water for irrigation

Poor-quality water may affect irrigated crops by causing

accumulation of salts in the root zone and loss of perme-

ability of the soil due to excess sodium or calcium leach-

ing, or by containing contaminants which are directly toxic

to plants or to those consuming them. Contaminants in

irrigation water may accumulate in the soil and, after a

period of years, render the soil unfit for agriculture. Even

when the presence of pesticides or pathogenic organisms in

irrigation water does not directly affect plant growth, it

may potentially affect the acceptability of the agricultural

product for sale or consumption.

The effect of salinity on the osmotic pressure in the

unsaturated soil zone is one of the most important water

quality considerations, because this has an influence on the

availability of water for plant consumption. All the samples

had 0 % (Tables 1, 2) salinity in the study area, suggesting

that salinity has no influence and water will be readily

available for plant consumption. High sodium concentra-

tions in irrigation waters can adversely affect soil structure

and reduce the rate at which water moves into and through

soils. Sodium is also a specific source of damage to fruits

(FAO 1985). Sodium concentrations were low and ranged

from 7.8 to 11.0 mg/L (Tables 1, 2); thus in terms of

sodium measurements, the water samples in the area are

good for irrigation purposes. Water with TDS less than

450 mg/L is considered good and that with greater than

2000 mg/L is unsuitable for agricultural purposes (Ayers

and Westcot 1985). In the study area, TDS ranges from

29.7 to 39.4 mg/L (Tables 1, 2). Also, water salinity haz-

ards are measured using EC. If EC is greater than 3000 lS/
cm, then crop productivity is affected very much; it is good

if EC is 250 lS/cm (Ayers and Westcot 1985). If EC in-

creases, water intake by the plant significantly decreases

and, hence, the productivity is also considerably reduced.

In our study area, EC varied from 61.7 to 83.6 lS/cm
(Tables 1, 2); thus based on these values, the river water

can be considered to be good for irrigation.

Another index is sodium adsorption ratio (SAR) which

measures the suitability of water for use in agricultural

irrigation, because sodium concentration can reduce soil

permeability and soil structure (Todd 1980). SAR is a

measure of alkali/sodium hazard to crops and it was esti-

mated by the following formula:

SAR¼ Naþffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Ca2þ þMg2þð Þ

2

q ; ð4Þ

where sodium, calcium and magnesium are in meq/L. The

SAR value of water for irrigation purposes has a significant

relationship with the extent to which sodium is absorbed by

the soils. Irrigation using water with high SAR values may

require soil amendments to prevent long-term damage to

the soil, because the sodium in the water can displace the

calcium and magnesium in the soil. This will cause a de-

crease in the ability of the soil to form stable aggregates

and loss of soil structure. This will also lead to a decrease

in infiltration and permeability of the soil to water, leading

to problems with crop production. The calculated values of

SAR in the study area vary between 0.69 and 2.17

(Table 7; Fig. 7). The classification of water samples based

on SAR values reported by Todd (1959) and Richards

(1954) are as follows: excellent (\10), good (10–18),

doubtful (18–26) and unsuitable ([26). The SAR values of

all the samples (100 %) are found within the range of ex-

cellent, which is found to be suitable for irrigation pur-

poses. For rating irrigation waters, the United State salinity

diagram (USSL) was used, in which the SAR was plotted

against EC (Fig. 7). Both axes are divided into four major

sections: S1–S4 for low to very high sodicity (SAR) and

C1–C4 for low to very high salinity, respectively. The

USSL (1954) plot (Fig. 7) indicates that all the river water

samples (100 %) fall in C1–S1 (low salinity–low sodium

type) category representing waters of acceptable quality for

Table 6 Loadings of nine experimental variables on four significant

principal components for river water samples in the study area

Component

1 2 3 4

pH 0.082 0.879 -0.009 0.170

Temp 0.042 0.929 0.064 0.004

EC 0.894 0.035 0.252 0.145

TDS 0.906 -0.022 -0.092 0.050

Mg2? -0.191 -0.206 0.769 0.224

Na? 0.736 0.157 -0.214 -0.119

Ca2? 0.018 -0.162 -0.803 0.537

NO3
- 0.425 0.331 0.566 -0.172

SO4
2- 0.046 0.168 -0.090 0.938

Extraction method: principal component analysis. Rotation method:

Varimax with Kaiser normalization

Appl Water Sci (2017) 7:729–744 739

123



irrigation activities, because such waters do not cause Na

permeability effects resulting from high exchangeable Na

percentage.

Magnesium ratio (MR)

In natural waters, Mg2? in equilibrium state will adversely

affect crop yields. The MR of irrigation water is proposed

by Szabolcs and Darab (1964) and presented in Eq. 5:

MR =
Mg2þ � 100

Ca2þ + Mg2þ
: ð5Þ

MR values exceeding 50 % is considered harmful and

unsuitable for irrigational use. In the analyzed river water

samples, it is found between 27.3 and 88.89 with a mean

of 72.95 (Table 7). In the study area, 97 % of the

samples collected showed MR ratio[50 % (unsuitable

for irrigation) and 3 % in the suitable category with

MR\50 %. The evaluation illustrates that Ca2? and Mg2?

do not maintain a state of equilibrium in river water and

could be due to the high concentration of Mg2? as compared

to Ca2? (Tables 1, 2). The inverse relationship between

Mg2? and Ca2? was also evident in Tables 3 and 6.

Permeability index (PI)

Continuous usage of water for irrigation will affect the

permeability quality of the soil. It is influenced by Na?,

Ca2?, Mg2? and HCO3
- contents in soil. Doneen (1964)

has shown the suitability of water for irrigation based on

the permeability index (PI) which is presented in Eq. 6 as

follows:

PI =
ðNaþ þ

ffiffiffiffiffiffiffiffiffiffiffiffiffi
HCO�

3

p
Þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðCa2þ + Mg2þ + NaþÞ

q � 100: ð6Þ

According to the classification by Doneen (1964), Class

I and II ([75 %) pose maximum permeability and are good

for irrigation, while Class III (\25 %) shows maximum

permeability and is unsuitable for irrigation purposes. In

the present study, PI values range from 52 to 121 (Table 7).

On the bases of PI classification, the river water in the

study area fall under Class II; hence, the water is

considered for irrigation.

Kelley’s ratio (KR)

Kelly (1951) has suggested that the sodium problem in

irrigation water could be very conveniently worked on the

basis of the values of Kelly’s ratio. In general, water with

Kelly’s ratio greater than one is unfit for irrigation.

Kelly’s ratio is presented in Eq. 7 as follows:

KR =
Naþ

Ca2þ + Mg2þ
: ð7Þ

KR calculated for our study area ranged from 0.83 to

3.5 meq/L (Table 7). About 31 % of the water samples

Table 7 Irrigation quality parameters of river water samples

Minimum Maximum Mean SD

SAR (Meq/L) 0.69 2.17 1.44 0.32

MR (%) 27.29 88.88 72.94 10.68

PI (%) 52.38 121.35 93.81 15.38

KR (Meq/L) 0.83 3.47 2.23 0.53

Fig. 7 USSL diagram for SAR

and EC for samples at the study

area
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recorded KR values\1 which are suitable for irrigation.

The rest of the water samples (69 %) had their KR values

above 1 which are unsuitable for irrigational purposes.

Stable isotope hydrology

Environmental isotopes, such as oxygen-18 and deuterium,

are compositions of water molecules and they approximate

water behaviors (Clark and Fritz 1997) and serve as suit-

able tools for tracing water pathways and contributions.

Stable isotopic compositions of water are constantly frac-

tionated by temperature, season and evaporation effects.

The results and statistical summary of stable isotopic

composition of the Volta River and stream water samples

in the study area are presented in Tables 8 and 9. The

stable isotope data are expressed as per mil deviations from

the VSMOW standard.

Values of d18O for the Volta River samples in the study

area ranged from ?2.52 to ?7.69 % vs VSMOW with a

mean value of ?5.70 % vs VSMOW (Table 9). The d2H
also ranged from ?5.18 to ?16.2 % vs VSMOW with a

mean value of ?11.85 % vs VSMOW (Table 9). The

values are narrowly spread showing that the Volta River is

homogeneous in isotopic composition. The d18O and d2H
content of the Volta River water are much enriched and

this can be attributed to the fact that, being a large open

river, it might have been subjected to high level of

evaporation and also due to deforestation along the banks

of the river. It was observed by Akiti (1980) that the d18O
content at Yapei in the Northern Region of Ghana was -

1.10 % and it was ?0.7 %VSMOW at Akosombo in

Southern Ghana. This suggests that isotopic enrichment

occurs as one moves toward the southern parts of the

Volta River. This is in tandem with observed trends in the

study area.

The isotopic content of any river is the contributions of

the various tributaries and their geographic locations.

Stream samples from Canal (S1), Lome (S2), Odzador

(S3) and Okue (S4) were evaluated for stable isotope

analysis. The d18O values were -1.25, -0.90, -1.26 and

-0.53 % vs VSMOW for S1, S2, S3 and S4, respectively,

while the d2H values were -3.53, ?0.58, -3.13 and

?1.89 % vs VSMOW, respectively (Table 8). These

values indicate that the stream waters are relatively de-

pleted in these isotopes (d18O and d2H). Figure 8 shows

the relationship between d2H and d18O isotopic composi-

tion for the Akiti’s Line (LMWL), GMWL, river water

and stream water samples, respectively. It evidences that

the narrow scattered river water samples had undergone

some degree of evaporation as a result of non-equilibrium

process (kinetic) fractionation and therefore plot below the

meteoric line.

The point of intersection for the evaporative line and

LMWL corresponded to -3.40 % vs VSMOW on the d
18O % axis (Fig. 8). This may indicate the isotopic com-

position of the rainfall source from which the evaporated

Table 8 Stable isotope results of river water samples and some

streams in the study area

Sample code d2H (%) d18O (%)

70R ?10.39 ?5.16

69R ?10.08 ?4.97

68L ?10.91 ?4.93

66R ?11.13 ?5.43

65L ?13.05 ?6.61

63R ?13.57 ?6.79

62R ?12.95 ?6.18

61R ?13.93 ?5.69

60R ?14.03 ?6.85

59L ?14.15 ?6.59

58M ?14.36 ?6.78

57R ?15.47 ?6.95

55R ?15.17 ?6.53

54L ?10.49 ?4.97

53M ?10.68 ?5.49

52R ?10.79 ?4.53

51M ?10.95 ?4.93

49L ?16.20 ?7.69

47M ?15.47 ?7.12

45R ?10.56 ?5.55

43M ?9.74 ?4.82

35L ?12.6 ?5.88

39M ?12.01 ?5.92

Bt37R ?9.67 ?5.53

41L ?8.59 ?4.70

Ad33M ?9.11 ?4.66

Ad31R ?12.05 ?5.61

74L ?12.53 ?6.19

75R ?13.16 ?5.56

77L ?9.70 ?5.03

79R ?12.42 ?4.84

81L ?11.27 ?5.87

82R ?15.14 ?6.35

84L ?11.16 ?5.61

85R ?5.18 ?2.52

86M ?9.89 ?5.59

87L ?10.92 ?6.07

88M ?10.74 ?6.12

S1 -3.53 -1.25

S2 ?0.58 -0.90

S3 -3.13 -1.26

S4 ?1.89 -0.53
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water originated prior to experiencing kinetic fractionation

effects, which slightly conforms with the average stable

isotope composition of the rain that fell in the upper

reaches of the Volta Basin which was -3.75 % vs

VSMOW as reported by Akiti (1980). The relatively de-

pleted nature of the stream waters may be due to the natural

flow of water from the Akwapim Mountains (located at the

western part of the Volta River) and rainfall, which are

themselves depleted, and also the forested area, from which

the samples for the streams were taken as the streams were

not much exposed to sunlight causing evaporation. These

stream waters are subjected to evaporation as they flow

toward the Volta River, but it was observed that the

evaporation was not as high as that of the Volta River.

Conclusion

Water quality data of a river were analyzed by unsuper-

vised pattern recognition (HCA) and display methods

(PCA) to extract correlations and similarities between

variables and to classify river water samples into groups

with similar quality. Q-mode HCA and correlation ana-

lysis indicate that the sampling sites did not differ sig-

nificantly in relation to hydrochemical parameters. Hence,

the above results will aid in designing an optimal tem-

poral and spatial monitoring plan with a sharply reduced

number of monitoring periods and sites and corresponding

costs (Simeonov et al. 2003; Singh et al. 2005). A vari-

max rotation of these PCs led to a reduced number of

factors, each of them related to a small group of ex-

perimental variables with a hydrochemical meaning:

mineral contents for factor one, water temperature for

factor two and anthropogenic activities for factors three

and four. The assessment of river water for irrigation has

been evaluated by standard guidelines. Hundred percent

(100 %) of the data points fall in C1–S1 (low salinity–low

sodium type) fields of the USSL (1954) SAR-EC

categorization scheme for irrigation waters. On the basis

of this, river water from the study area appears to be of

good irrigation quality. PI supports this finding, as all the

samples fall in Class II revealing suitability for irrigation.

MR and KR had 3 and 31 % of the river water samples

suitable for irrigation purposes, respectively. The study

reveals that the river water requires a special type of ir-

rigation method to control the low ions that will improve

the yield of crop production. Analysis of stable isotopes

(d18O and d2H) in the study area shows that the Volta

River water is undergoing evaporative processes and is

enriched in heavy isotopes. In contrast, stream waters

joining the much evaporated Volta River are depleted in

terms of the heavier isotopes. The stream waters are

therefore isotopically lighter than the isotopically heavy

waters of the Volta River. This difference could be due to

natural flow of water from the Akwapim Mountains and

rainfall which are depleted in these isotopes but recharge

the streams. This research work will aid in the develop-

ment and management of surface water resources for

domestic consumption, agricultural purposes and isotopic

study and update in the area.

Table 9 Statistical summary of stable isotope results of water sam-

ples in the area

Permil

(%)

Water N Min Max Mean Median SD

d18O Volta River 38 ?2.52 ?7.69 ?5.70 ?5.61 0.95

Stream waters 4 -0.53 -1.26 -0.99 -1.08 0.35

d2H Volta River 38 ?5.18 ?16.2 ?11.85 ?11.22 2.28

Stream waters 4 -3.53 ?1.89 -1.05 -1.28 2.69

Fig. 8 A graph of d2H against

d18O
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