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This study seeks to assess the bacteriological, physicochemical and some trace metals levels in water 
samples from seven boreholes and a hand-dug well within communities of Golden Star Wassa Mine 
Limited in Ghana. Five of the sampling sites were slightly acidic and were below the lower limit of the 
acceptable World Health Organization (WHO) and Ghana Standard Authority (GSA) permissible 
guidelines for pH. However, sampling from Kubekro well BH04, Akyempim BH07 and at New Akosombo 
BH06 reported pH mean of 6.9±0.352, 6.7±0.696 and 6.6±0.283, respectively. Well BH02 and that of BH06, 
respectively reported True Colour mean values of 36.5±6.097 and 17.4±1.930 true colour units (TCU) 
which were above the WHO/GSA permissible value of 15 TCU. Electrical conductivity, total dissolved 
solids (TDS), alkalinity, and total hardness were below their respective WHO/GSA permissible limits in 
the sampling sites with 100% compliance. Pb, Zn, As, Hg, Cu, and Fe recorded a marginal degree of 
non-compliance with their respective WHO/GSA guideline values of 0.01 mg/L for Pb, 3.0 mg/L for Zn, 
0.01 mg/L for As, 0.006 mg/L for Hg and 0.3 mg/L for Fe in all the sampling sites except Cu. All the 
boreholes indicated a non-detectable microbial load (total coliforms and Escherichia coli) except the 
hand-dug well at Kubekro Well (BH02) which showed some amount of total coliform bacteria load of 
6±6.594 coliforms forming unit (CFU). The mechanised borehole groundwater sources within the study 
area, except the well at BH02 is good for drinking, and hence have not been adversely impacted by 
mining operations baring the continuous impoundment of the gold processing tails or slurry. 
 
Key words: Groundwater, physicochemical, microbial and trace metal parameters, sampling sites. 

 
 
INTRODUCTION 
 
Potable and adequate water supply services are a 
prerequisite for public health and water-quality index is 
also one of  the  most  effective  tools   used   in   passing 

information on the quality of water to the concerned 
citizens and policy makers (Atulegwu and Njoku, 2004). 
Potability  is  therefore  an  important  parameter  for   the 
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assessment and management of water (Fagbote et al., 
2014). Many mining companies recognize this as a 
critical commodity, but water use, which ultimately 
depends on the needs, the area, quantity and availability, 
has immense implication for the community. Groundwater 
quality evaluations in different parts of the world have 
been studied by various researchers in the last two 
decades (Gallardo and Tase, 2007; Partey et al., 2010). 
Shah et al. (2008) have compared groundwater quality in 
Gandhinagar Taluka in India with standard values given 
by World Health Organization (WHO, 2011) and have 
come up with a water-quality index for that area. Good 
quality of water resources depends on a large number of 
physico-chemical parameters and biological characteristics 
(Medudhula, 2012). 

Many water resources in developing countries are 
unhealthy, because they contain harmful physical, 
chemical, and biological agents as a result of geological 
formation which may impact negatively on the water 
quality and thus affect human health (Aghazadeh and 
Mogaddam, 2010). In fact, heavy metal contamination of 
ground, stream and river water ecosystem is a worldwide 
environmental problem (Sekabira et al., 2010). 
Anthropogenic activities tend to impact negatively on 
aquatic ecosystems through alterations in hydrology, 
introduction of toxic chemicals and changes to other 
physicochemical and microbiological traits of water (Paul 
and Meyer, 2001; Asonye et al., 2007). 

Water can be a risk issue for mine sites and its 
reliability in terms of scientific evaluation may be 
questioned (Brown, 2010). 

Most mining communities in Ghana, depend mostly on 
well and boreholes as their main source of water. 
Generally, mining in Ghana is faced with a lot of 
environmental challenges such as water pollution arising 
from poor handling of ore processing tailings facilities and 
waste dump sites, land degradation through loss of 
vegetation cover and soil erosion (Smedley et al., 1996). 
As a result, there is growing awareness of mining 
activities that have been undertaken but with little 
concern for the environment. Groundwater quality may 
also be compromised as a result of anthropogenic 
activities close to boreholes and shallow hand dug wells. 
Poor sanitation, improper waste disposal, seepage of 
agrochemicals and mining have been observed to affect 
the quality of groundwater (Fianko et al., 2010; Jain et al., 
2009). To date, no studies have specifically addressed 
these threats in relation to pit latrines spatial differences 
and groundwater quality. In view of this, there is still the 
need to qualitatively ascertain whether the ground water 
around the catchment communities of Golden Star 
Wassa Limited (GSWL) mine site is potable for drinking 
and useful for other domestic purposes. 

The area under this study (Golden Star Wassa Limited 
Catchment Areas) has not been scientifically studied 
even though the communities around the catchment area 
largely   depend   on   borehole   water   installed   by  the  
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Table 1. Sample sites at Golden Star Wassa Limited (GSWL) used 
for water sampling. 
 

Site code Name of sampling location 

BH02 Kubekro well  

BH03 New Borehole at Kubekro 

BH04 New Borehole at Togbekrom 

BH05 Akyempim New Borehole 

BH06 Borehole at New Akosombo 

BH07 Akyempim Borehole near JSS school 

BH08 Akyempim Borehole near station 

 
 
 
company for drinking and other domestic activities. The 
importance of the groundwater resources in the area 
should not be underestimated, because they are the only 
water resource for drinking. Despite the importance of 
boreholes and hand dug wells in the Golden Star Wassa 
Limited Mining Catchment Areas, little is known about the 
natural phenomena that govern the hydrochemical and 
bacteriological composition of the groundwater. Thus, 
there is the need to continuously assess the water quality 
of boreholes and hand dug wells in these catchment 
areas. The study focuses on groundwater quality 
provided by the GSWL to the communities in the 
catchment areas in order to address its suitability as 
drinking water with the standards provided by the WHO 
and that of the Ghana Standard Authority (GSA). 
 
 
MATERIALS AND METHODS 

 
Golden Star Wassa Mine is located at 62 km north of Daboase, 
35 km northeast of Tarkwa and 40 km east of Bogoso, in the 
Mpohor Wassa East District of the Western Region of Ghana. The 
project vicinity is predominantly rural and there are no main urban 
settlements within 50 km.  The villages of Akyempim, Kubekro, 
Togbekrom, and the hamlet of Akosombo lie within the closest 
vicinity of the mine. 

 
 
Sample collection 
 

Sampling was conducted during the months of November and 
December, 2012 through to January, February, March and April 
2013 from eight different sampling locations around the Golden Star 
Wassa (Akyempim) Limited (GSWL) listed in Table 1. 

All the chemicals and reagents used were of analytical grade, 
BDH chemicals Limited, United Kingdom. Samples were collected 
in 500 ml capacity polythene bottle having doubly stopper. Prior to 
the collection, the well cleaned sample bottles were rinsed 
thoroughly with the sample water to be collected. Each sample 
bottle was clearly labeled and relevant details recorded. Water 
samples collected for metal analysis were preserved with 50% 
HNO3 to attain a pH of 2 in order to keep the metal ions in the 
dissolved state and also to prevent microbial influence (APHA, 
2005). At each sampling site, two samples were collected into 500 
ml sterilized bottles. These samples were stored in an ice chest 
containing ice cubes and transported to the Ghana Water 
laboratory, Takoradi for analysis within 24 h. 



586          Afr. J. Microbiol. Res. 
 
 
 

Table 2. Physicochemical properties of water samples from seven boreholes and a hand-dug well in the Golden Star Wassa (Akyempim) mine 
catchment area. 
 

Parameter 
 

BH01 BH02 BH03 BH04 BH05 BH06 BH07 BH08 
GSA/WHO 

Guidelines 

pH 
Mean 6.300 5.700 6.000 6.900 5.900 6.600 6.700 6.000 

6.5-8.5 
SD ±0.434 ±0.469 ±0.322 ±0.352 ±0.494 ±0.283 ±0.696 ±0.746 

           

EC (µS/cm) 
Mean 298.300 309.700 208.300 207.000 330.600 207.000 146.100 245.000 

1500 
SD ±93.698 ±163.318 ±52.355 ±36.858 ±150.421 ±36.858 ±38.391 ±109.625 

           

TDS (mg/L) 
Mean 346.800 105.100 172.800 194.000 168.900 454.000 73.600 135.700 

1000 
SD ±99.438 ±17.245 ±38.627 ±61.671 ±58.826 ±77.876 ±29.366 ±82.172 

           

TH (mg/L) 
Mean 88.000 50.000 31.000 56.000 73.800 14.300 10.600 28.000 

150 
SD ±13.251 ±9.066 ±4.136 ±12.285 ±11.414 ±2.577 ±1.524 ±14.531 

           

Alkalinity (mg/L) 
Mean 64.000 44.000 23.600 42.000 18.90 19.000 14.000 14.000 

500 
SD ±12.163 ±14.230 ±2.925 ±3.155 ±3.637 ±1.556 ±3.042 ±5.355 

           

True Colour (TCU) 
Mean 8.400 36.500 11.800 9.700 14.300 17.400 4.500 12.000 

15 
SD ±3.407 ±6.097 ±0.934 ±0.607 ±4.360 ±1.930 ±0.941 ±6.758 

 

SD: Standard deviation. 

 
 
 
Water analysis 

 
All the samples were analyzed in the laboratory employing standard 
methods for physicochemical parameters (pH, electrical 
conductivity (EC), total dissolved solids (TDS), total alkalinity, total 
hardness and true colour), microbial properties (Total coliforms and 
Escherichia coli) and some trace metals (Pb, Zn, Hg, Fe, Cu and 
As). EC, TDS, and pH were measured using potable Orion 5 star 
sensor multiparameter analyzer from Orion instruments (Model No. 
Orin 5 Star, S/N: A03158). The physical and chemical analysis of 
water samples were based on APHA (2005). Heavy metals were 
analyzed using the Perkin Elmer Optima 5300 DV for Inductively 
Coupled Plasma-Atomic Emission Spectrometry analysis. 

 
 
Statistical analysis 

 
Statistical analyses were carried out using AqQA (version 1.1.1) 
water-quality software and SAS (version 9.2), MINITAB (version 14) 
and Rockworks (version 15), respectively. 

 
 
RESULTS AND DISCUSSION 

 
Physicochemical analysis 

 
The physicochemical analysis of the groundwater 
samples of the eight sampling sites of Golden Star 
Wassa mine catchment communities was carried out and 
their mean variation concentrations are shown in Table 2 
and Figures 1 and 2. The results showed that TDS  mean 

value ranged from 73.6±29.366 mg/L at BH07 to 
454.0±77.876 mg/L at BH06. Even though a health-
based value has not been proposed by the WHO, 
however, a TDS above 1000 mg/L may be objectionable 
to consumers (Amoako et al., 2011). The EC showed a 
maximum EC of 330.6±150.421 µS/cm at the BH05 site 
with a minimum of 146.1±38.391 at BHO7. The low 
conductivity level is an indication of low levels of 
dissolved ions in the ground water within the project 
vicinity. Mean values reported for EC and TDS, 
respectively are much below the WHO (2011) and GSA 
(2009) compliance limit of 1500 µS/cm and 1000 mg/L, 
respectively (Table 2), giving a compliance percentage of 
100% for both parameters. The large variation in TDS 
values may be attributed to the variation in geological 
formations, hydrological processes, and the prevailing 
mining conditions in the region (Liu et al., 2012).  

 The mean total hardness ranges from 10.6±1.524 
mg/L at BH07 to 88.0±13.251 mg/L at site BH01. Singh et 
al. (2012) have stated that hardness of water mainly 
depends upon the amount of calcium or magnesium salt 
or both. It is also an important criterion for determining 
the usability of water for domestic, drinking and many 
industrial supplies (Mitharwal et al., 2009). The relative 
lower values recorded in this study for the hardness of 
water may be due to the presence of lower 
concentrations of dissolved calcium and magnesium in 
these water sources. 

 Ayers and Westcot (1985) reported that the pH of the 
water is always an I ndicator  of  its  quality  and  normally 
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Figure 1. Variation of mean Electrical Conductivity, Total Dissolve Solids and Total Hardness 
concentration in boreholes and hand dug well. 

 
 
 

 
 

Figure 2. Variation of mean pH, True colour and Total Alkalinity in boreholes and hand dug well. 

 
 
 
ranges from 6.5 to 8.4. The study showed that pH varied 
between 5.7±0.469 at BH02 and 6.9±0.283 at BH04 
(Table 2 and Figure 2). Five of the eight sampling sites 
were slightly acidic and were below the lower limits of 
WHO (2011) and that of GSA (2009). This could largely 
be attributed to the geology of the area since the baseline 
assessment confirms acidic nature of the area, hence, a 
non-compliance regime of 62.5%. Mitharwal et al. (2009) 
also reported that the pH of water is a very important 
indicator of its quality and provides information in many 
types of geochemical equilibrium. 

Results from the analysis of the true colour indicated 
that two out of the eight sampling sites showed a mean 
concentration values of 36.5±6.097 TCU at BH02 and 

17.4±1.9930 TCU at BH06 (Table 2 and Figure 2). The 
maximum permissible concentration of true colour for 
drinking water is 15TCU, based on taste considerations 
(WHO, 2011). Alkalinity (CaCO3) is the capacity of a 
solution to neutralise acids. The present study revealed 
that the mean values for total alkalinity (CaCO3) 
measured ranges from 14.0±3.042 and 14.0±5.355 mg/L, 
respectively at BH07 and BH08 to 64.0±12.163 mg/L at 
BH01. Generally, all the sampling sites analyzed 
achieved 100% compliance with the WHO (2000) and 
GSA (2009). This is expected since pH is positively 
correlated with conductivity and total alkalinity (Figures 1 
and 2). Specifically, the results from the environmental 
baseline assessment of the Wassa mine suggest that the 
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Table 3. Trace metal levels in water samples from seven boreholes and a hand-dug well in the Golden Star Wassa (Akyempim) mine 
catchment area. 
 

Parameter 
 

BH01 BH02 BH03 BH04 BH05 BH06 BH07 BH08 
GSA/WHO 

Guidelines 

Pb 
Mean 0.001 0.001 0.001 0.020 0.040 0.001 0.002 0.004 

0.01 
SD ±0.000 ±0.001 ±0.000 ±0.000 ±0.011 ±0.000 ±0.000 ±0.000 

           

Zn 
Mean 1.540 3.760 2.340 4.670 0.200 1.890 0.140 0.042 

3.0 
SD ±0.363 ±1.630 ±0.932 ±1.780 ±0.115 ±0.157 ±0.103 ±0.029 

           

Hg 
Mean 0.010 0.001 0.010 0.020 0.001 0.001 0.001 0.001 

0.006 
SD ±0.000 ±0.000 ±0.000 ±0.000 ±0.000 ±0.000 ±0.000 ±0.000 

           

Fe 
Mean 0.010 3.800 0.001 0.250 0.025 0.020 7.480 0.010 

0.3 
SD ±0.000 ±1.686 ±0.000 ±0.215 ±0.014 ±0.011 ±2.977 ±0.000 

           

Cu 
Mean 1.800 1.750 1.200 0.120 0.100 0.020 0.340 0.020 

2.0 
SD ±0.543 ±0.868 ±0.497 ±0.093 ±0.056 ±0.000 ±0.268 ±0.014 

           

As 
Mean 0.020 0.001 0.010 0.010 0.001 0.010 0.001 0.001 

0.01 
SD ±0.006 ±0.000 ±0.000 ±0.000 ±0.000 ±0.000 ±0.000 ±0.000 

 

SD: Standard deviation. 

 
 
 
soils have been mostly developed on weathered products 
on lower Birimian rocks (GSWL EMP, 2010). Domenico 
(1972) reported that hydrochemical properties of 
groundwater also depend on lithology, regional flow 
pattern of water, and resident time. 
 
 
Trace metal analysis 
 
The concentration of trace metals (Pb, Zn, Hg, Fe, Cu 
and As) was analyzed in the groundwater samples 
collected from the sampling sites (Table 3). For the 
protection of human health, guidelines for the presence of 
heavy metals in drinking water have been set by different 
International Organizations such as USEPA, WHO, EPA, 
and the European Union Commission (Min et al., 1996; 
Anyakora and Momodu, 2010). Heavy metals have 
maximum acceptable concentration in drinking water as 
specified by these organizations. In this study, only Cu 
showed 100% compliance with the GSA (2009) and 
WHO (2011) permissible guidelines. High levels of 
copper in drinking water can cause vomiting, abdominal 
pain, nausea, diarrhea and have been reported that 
copper leached into drinking water from copper pipes 
(DTMRP, 2001). On the other hand, Pb, Zn, Hg, Fe and 
As indicated traces of non-compliance (Table 3). 

According to Smedley et al. (2002), under natural 
conditions, the greatest range and highest concentrations 
of As are found in groundwater as a result of the 
favourable conditions for As mobilization and accumulation. 

In the present investigation, three of the sampling 
locations analyzed (BH01, BH03 and BH04) reported a 
non-compliance mean Hg concentration of 37.5% (Table 
3). These sites are reportedly associated with the 
historical gold ore processing with mercury from anti-
sanal activities in the study area. Asklund and Eldvall 
(2005) reported that sorption can considerably lower the 
metal concentration like Fe in ground water. The high 
concentration of Fe in the BH02 and BH07 samples is 
evidence of richness in naturally occurring Fe 
concentration in those locations (geology) which through 
dissolution and infiltration gets into underground water. 
Even though 75% of all the sampled locations reported 
compliance with the Maximum Compliance Limit (MCL) of 
WHO (2011) and GSA (2009) of 0.010 mg/L for Pb, there 
were marginally high levels of Pb recorded in BH04 and 
BH05. These results raise much concern since lead is 
known to be a poisonous metal that can damage nervous 
connections and cause blood and brain disorders (Ehi-
Eromosele and Okiei, 2012). Nkansah et al. (2011) report 
that lead in water resources is mostly attributed to 
haphazard disposal of waste from lead containing 
substances. The mean concentration of Zn for six 
sampled locations showed values of 75% compliance 
with the WHO (2011) and GSA (2009) maximum 
permissible limit of 3.0 mg/L for Zn. Recorded 
exceedance of Zn in boreholes at BH02 and BH04 might 
be as a result of the mobilization of Zn in seepage from 
waste dump and surface water sources which are 
facilitated by high levels of iron presence.  
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Table 4. Mean concentrations of metals in water sampled from seven boreholes and the hand-dug well. 
 

Parameter (CFU/100 ml) BH01 BH02 BH03 BH04 BH05 BH06 BH07 BH08 

Total coliforms 
Mean ND 6.000 ND ND ND ND ND ND 

SD - ±6.594 - - - - - - 

          

E. coli 

  

Mean ND ND ND ND ND ND ND ND 

SD - - - - - - - - 
 

ND: Not detected. 

 
 
 
Bacteriological analysis 
 
The results of the bacteriological analysis revealed that 
no coliform was detected in the seven sampled boreholes 
(Table 4). However, the hand-dug well at BH02 recorded 
a mean total coliform value of 6±6.594 CFU/100 ml, 
indicating non-conformity with the WHO (2011) and GSA 
(2009) guidelines of 0 CFU/100 ml. This might be due to 
septic pits and latrines in the vicinity that had extended 
their influence on water qualities. Cairncross and Cliff 
(1987) have shown that soakage pits and pit latrines can 
extend their influence on ground-water quality up to 10 m 
or more as groundwater flow is either lateral or vertical. 
This is of concern since water from the hand-dug well 
may contain a microbiological agent that may pose a 
health problem and that some action is needed (Brian, 
2012). It is however, important to note that coliform 
bacteria are widely found in nature and do not 
necessarily indicate faecal pollution (Binnie et al., 2002; 
Griffith et al., 2003). Water from deep boreholes is 
normally free of pathogenic microbial contaminants due 
to the relatively slow subsurface movement of water 
compared to water sources like deep wells which are 
open and heavily polluted (Zvidzai et al., 2007). 
 
 
Conclusion 
 
The results showed that only Cu showed 100% 
compliance with the WHO (2011) and GSA (2009) 
permissible guidelines while Pb, Zn, Hg, Fe and As 
indicated traces of non-compliance as follows, 
respectively; 25% for Pb, Zn and Fe, respectively, 37.5% 
for Hg and 12.5% for As. It was also observed that the 
mechanised borehole groundwater sources within the 
study area is good for drinking in its bacteriological, 
chemical and metal content and hence have not been 
adversely impacted on by the mining operations baring 
the continuous impoundment of the gold processing tails 
or slurry. In spite of this, the hand dug well at BH02 
should be monitored regularly in terms of spatial 
difference between the refuse dump and the proximity of 
the closest household latrine near the well site to ensure 
compliance with the WHO/GSA guideline for quality and 
potable water. 
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