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3. 2 RELATIONSHIPS BETWEEN MAJOR IONS  

Fig.

+ 2+ -Na  and Ca  correlate perfectly well with Cl  (correlation coefficient r = 0.92, 0.87) 
indicating most likely a common source of saline water (Fig. 4). 

 

The Na/Cl molar ratio after (Singh et al., 
2010) ranges from 0.80 to 5.54, implying 
that halite dissolution is not the sole 
hydrogeochemical process responsible 
for the contribution of Na ions. Silicate 
weathering is therefore a contributing 
factor as indicated in (Fig. 5). 

The Br/Cl ratios (0.0055-0.7087) of the 
analyzed groundwater samples are mostly 
higher than that of seawater 
(0.0035 ± 0.002), suggesting minimal 
seawater intrusion in the area.

-Fig. 4 Relationship between ions and Cl  contents in the Central Region 
+ - 2+ -

groundwaters: (a)Na  versus Cl , (b) Ca  versus Cl

3.1 HYDROGEOCHEMICAL CHARACTERISTICS 

 

+ + 2+ 2+Concentrations of major cations such as Na , K , Ca  and Mg  showed significant 
+ +

variation in the study area. The dominant cation in the area is Na , followed by K , 
2+ 2+

Ca  and Mg  whilst the dominant 
- -anion is Cl  followed by HCO  and  3

2-
then SO . The main  4

hydrochemical facies in 
the study area are NaCl and 
NaHCO   water types (Fig. 3).3

Fig. 3 Trilinear piper diagram 
showing the various
 hydrochemical facies in the
Central Region groundwaters

3.  RESULTS AND DISCUSSION

(a) (b)

1. INTRODUCTION 

Groundwater development in the Central Region of Ghana (Fig. 1) is being hindered by poor 
water quality. High salinity waters have been reported in the area (Armah, 2000)]. Significant 
numbers of boreholes have been abandoned because of high salinity(Fig. 2). Since the study 
area is close to the coast, various hypotheses have been advanced for the high salinity of the 
groundwaters. These include seawater intrusion, marine aerosols, soluble salts  in the soil 
zone and sluggish movement in the groundwater flow system. Even though some 
investigations have been carried out in the area, the source of the high salinity waters is not 
well known.
 
In this research, major ions in groundwater 

18 2and stable isotopes ( O and H) are being 
used to understand the hydrogeochemical 
processes controlling the overall chemistry of 
groundwater in the area.

 

 

 

2 18The relationship between H and O (Fig. 6) 
for both surface and groundwater  cluster 
around both the GMWL (Craig, 1961) and 
LMWL (Akiti, 1981), suggesting a meteoric 
origin for the groundwater. 

Figs 7 and 8 indicate evaporation may play
a minimal role in the salinisation of 
groundwater in the area
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Fig. 5 Scatter plot between TDS and 
Na/(Na+Ca), showing rock dominant 
weathering

3.4 STABLE ISOTOPES

4. CONCLUSIONS

Groundwater in the Central Region of Ghana is characterised by two major 
hydrochemical facies, which are Na-Cl and NaHCO  water types. The predominant 3

hydrogeochemical process controlling the chemical composition of groundwater
in the area is silicate weathering. The Br/Cl ratios of majority of the boreholes suggest 
minimal seawater intrusion.

Stable isotope compositions of the groundwaters plot around the global meteoric water 
line indicating that groundwaters in the area are of meteoric origin. 

- 18The relationship of EC and Cl  with O suggests evaporation is not a major cause of 
-salinity in the area. Enhanced Cl  content of the groundwater may result from marine 

aerosols.

2 18Fig. 6 Relationship between ä H and ä O

 Water temperature, pH, electrical conductivity (EC) and 
2+ 2+ + + - 2- -  were measured in-situ.  The  major ions (Ca , Mg  , Na  , K , Cl , SO , No4 3

- -
 HCO and some minor ions like (Br )were measured using standard methods.3

The ionic balance is estimated at ±10%. 

Stable isotope composition of the groundwater, oxygen-18  and deuterium  were 
determined using Liquid Water Isotope Analyser at the  National Nuclear Research 
Institute, Ghana Atomic Energy Commission (GAEC). 

 

 

total dissolved solids 
(TDS)

2. METHODOLOGY

18Fig. 7 Relationship between EC and ä O - 18Fig. 8 Relationship between Cl  and ä O

Fig. 1 Geological map of the study area showing sampling points Fig. 2 Abandoned hand-dug well due to high salinity at Nsuekyir in the Central Region of Ghana
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1.1 GEOLOGY

The area is underlain by Early Proterozoic 
Birimian rocks and associated Eburnean 
Granitoids (Fig.1).
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