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ABSTRACT 
Gold mining in Ghana has a long history.  It is hypothesized that, the mining of gold from Birimiam rock rich in 
arsenopyrite ore leads to the release of arsenic (As) and therefore, could contaminate groundwater resources in and 
around Obuasi Municipality.  Groundwater samples totaling 220 were collected from locations within and outside the 
municipality both during the dry and rainy periods.  Measured total As ranged from 1.32 to 12.27 µg L-1 and 0.30 to 
20.90 µg L-1 in the samples collected in the wet and dry seasons respectively.  The high concentrations in the wet period 
are the result of infiltration and percolation of flood water containing dissolved As through the rock layers.  This further 
suggested that the observed levels of As in the water is coming from both human activities (mining) and natural sources.  
The dry-season value is the result of As mineral dissolution.  However, As co-varied very weakly with the determined 
concentrations of other trace elements (Fe, Cu, Pb, and Zn) as well as some water-quality parameters except for pH, 
alkalinity and hardness.  This indicated that many of these parameters had little influence on the ambient levels of As in 
the groundwater.  Additionally, the recorded numbers in the study except Site 9 [20.9 µg L-1 (wet), 12.27 µg L-1 (dry)] do 
not exceed the WHO guideline maximum value of 10 µg L-1 for drinking water.  In contrast with well-known As 
contaminated environments like Bangladesh and West Bengal in India where As ranges from <0.5 to 3200 µg L-1, the 
measured dissolved As in the groundwater is very low, which is supposedly believed to be due to the removal of As from 
the water by iron oxides unlike these nations where As is re-mobilized in solution.  Finally, the study revealed that the 
inhabitants in the Obuasi municipality and its vicinity are not at risk of As poisoning.  Though, As concentrations are low 
in the wells except Site 9, yet the fear of long term accumulation can result in an epidemic with time as boreholes/wells 
are not regularly monitored. 
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INTRODUCTION 
Arsenic (As) is a known toxin, carcinogen and mutagen.  Traces of As is found in our food, water, air and 
soil, a growing public concern.  Being environmental toxicants and carcinogens, arsenicals affect both 
human and animal health.  Thus, today As contamination of natural resources is one of the major public 
health problems in many countries.  Chronic exposure to As can result in health risks diseases like 
vascular diseases, jaundice, cancers of the skin, lung, and bladder.  Like mercury, As remains permanent 
in the environment; it cannot be transformed from the toxic to non-toxic form however, it cycles through 
the environment [1,2]. Arsenic is the chief component of more than 200 minerals of which the most 
common is arsenopyrite, FeAsS.  Residual and waste materials generated by mining activity represent a 
significant anthropogenic source of environmental As contamination.  Other human activities are 
combustion, fuels, wood preservation, use of As based pesticides, etc., besides natural processes such as 
weathering reactions, biological activity and volcanic emissions.  These actions are responsible for the 
emission of As into the atmosphere, from where it redistributes on the earth’s surface by rain and dry fall-
out.  Arsenic is also mobilized by dissolution in water, with aquatic and soil/sediment concentrations 
being controlled by variety of input and removal mechanisms [3]. In most mining areas in Ghana 
particularly Obuasi, until the introduction of the bio-oxidation (BIOX) technology of extracting gold, the 
processing of the ore for gold  involved the crushing and grinding of ore to fine powder followed by 
dissolution and precipitation of free gold.  During the ore preparation by roasting, sulphur dioxide and As 
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trioxide were released into terrestrial and atmospheric environments.  In addition, As rich tailings heaped 
and kept in dams were left at the mercy of the rain with subsequent leaching into rivers, streams and 
aquifers [4].  Other mine wastes as particulates were transported far and near through the air.  There is 
also continuous wet/dry deposition of particles unto land, water and plants.  Humans and animals are 
exposed to As through drinking, diet and inhalation.  In this regard, several scientific studies on As have 
been conducted in mining towns especially where the geology is known to be pyrite and arsenopyrite in 
many parts of the world (e.g. USA, [5]) unlike the third world gold mining nations of similar geology 
including Ghana.  Therefore it is hypothesized that the mining of gold in from arsenopyrite ore leads to 
the release of As and could contaminate ground and surface water resources in Obuasi locality and its 
surroundings. Earlier studies in Obuasi and other mining and non-mining centers in Ghana indicated high 
levels of As in soils, fruits, and surface waters [6,7,8,9,10,11,12,13].  Thus, there is relatively little 
published information on As in groundwater in most gold mining areas in Ghana, including Obuasi. Here, 
we report results of seasonal variations of As concentrations as well as other water quality parameters in 
groundwater in Obuasi Municipality and its vicinity.  Additionally the variation of these water quality 
parameters with As and their impact on the groundwater quality besides As are also discussed. 
 
MATERIALS AND METHODS 
Study Area 
Obuasi Municipality and its vicinity are located in the Ashanti Region of Ghana (Fig. 1) in West Africa.  It 
covers an area of about 160 square kilometers and has a population of about 116,000 with an estimated 
annual growth rate of 3.4 % as at 2000 [14].  The main commercial/industrial activity in the area is gold 
mining, although the indigenous inhabitants are farmers. 
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Fig1. Location of sampling sites. 

Others also engage in trading and illegal small-scale gold mining also known as “galamsey” (gather and 
sell). More importantly, gold mining in this is part of Ghana predates back to the 19th century.  Obuasi 
mine accounts for more than 50 % of the total annual gold production in the country.  Gold brings about 
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45 % of the total export revenue to the nation [15,16].  Nevertheless, mining and processing of the ore 
have contributed immensely to environmental degradation and pollution in the area.  
The geology of Obuasi consists of Birimian and Takwaian rocks, believed to have resulted from folding, 
faulting, metamorphosis, igneous activity, erosion and sedimentary processes, giving birth to the current 
gold belts that exist in the locality [17].  Gold is associated with arsenopyrite and during its processing, As 
and other trace elements (e.g Pb, Cu, Zn) from processed mine wastes are released into rivers.  Similarly, 
mine tailings deposited on large tracts of land as dams ooze leachates containing hazardous trace metals 
reaching streams, rivers and groundwater resulting in widespread environmental contamination.  The 
contamination in Obuasi and its surroundings is further exacerbated by high annual precipitation and 
very active fluvial processes characteristics of tropical regions impacting drinking water and food 
resources respectively for the communities [12]. 
The investigation was conducted at past and present mining areas in and non-mining surroundings 
(Figure 1).  The location of sampling sites (ten in number) marked in numerals was chosen.  Site 1 is 
located in a past mining site as far back as 1887 managed by formerly Ashanti Goldmines Corporation 
(AGC) now Anglogold Ashanti.  Sites 2 and 3 are outside the municipality (Adansi North District) with no 
known mining activity.  Sites 4, 6, and 7 are within the Obuasi municipality with no history of mining 
activities.  Site 5 has a dam for the mine tailings, whereas Site 8 is known for underground mining and a 
site for mine tailings storage facility.  The rest (Sites 9-10) has river (the Gyimi River, not indicated) 
flowing through them.  This river receives mine effluents from the Pompora Treatment Plant (PTP) 
Anglogold Ashanti via streams Kwabrafo and Pompo (not indicated). 
Sample collection 
Sampling was designed to cover 12 months monitoring, covering the annual dry and wet periods.  The 
groundwater samples were collected at monthly intervals.  Overall, nine boreholes and a hand-dug well 
(Site 10) were sampled, totaling 220 water samples.  Samples were collected in acid-cleaned 
polypropylene bottles using the “ultra-clean free-metal sample protocol [18].  Once the acidified water 
was emptied, bottles were rinsed with the sample waters before being filled completely, acidified with 
high purity nitric acid to a pH less than 2, capped and double bagged in pre-cleaned polyethylene bags 
and stored on ice before delivery to the laboratory.  Prior to sampling, wells were purged for at least 10 
minutes.  Additional water samples were also collected in pre-cleaned polyethylene bottles for the 
determination of anions and other water quality parameters.  Upon arrival at the laboratory, the samples 
were removed from the ice chest, unbagged and analyzed in AngloGold Ashanti Environmental laboratory 
in Obuasi. 
Analysis 
Arsenic and other trace elements 
Total arsenic and other trace metals (Fe, Cu, Pb, and Zn) were quantified using hydride generation atomic 
absorption spectrometer (HG-AAS) and flameless atomic absorption spectrometry (FAAS) respectively.  
The data obtained are averages of triplicate analysis.  The sample concentrations were verified using a 
series of standards of known concentrations for each element.  The detection limit of the HG-AAS and 
FASS were 0.01µg L-1 and 0.01 mg L-1 accordingly. 
Other water quality parameters 
Methods of chemical analysis of water APHA and AWWA (1998) were used in the determination of the 
various water quality parameters.  Water pH, temperature, electrical conductivity (EC), dissolved oxygen 
(DO), total dissolved solids (TDS) and redox potential (Eh) were measured at each well site using portable 
(field-type) instruments (Hanna H19032 micro conductivity meter and Hanna digital pH meter).  Total 
suspended solids (TSS) were determined on a 1 liter sample volume, vacuum filtered through a 0.45µm 
pore size pre-weighed filter, and dried in an electrical oven at a temperature of 104 ºC.  Total alkalinity 
and total hardness of were estimated titrimetrically using standard 0.2 M HCl and 0.1 M EDTA 
accordingly.  Anions chloride (Cl-), nitrate (NO3

-), sulphate (SO4
2-) were determined on filtered ground 

water using ion chromatographic techniques (Model, Dionex-120) [19]. 
Bacteriological analysis 
The membrane filtration technique was employed in the detection of total and fecal coliform bacteria in 
the water samples after filtration through a membrane filter paper (0.45µm).  The agar used for the 
detection of both total and fecal coliform was the M-Endo Broth and M-FC Broth base respectively.  The 
tryptone water was used for E. coli detection.  Samples were incubated at 37 °C for 24 hours for total 
coliform and 44.5 °C for a period of 24 hours for fecal coliform and Escherichia coli.  The colonies on the 
media were identified and counted.  
Quality Control 
Quality control samples including replicates and field blanks were prepared according to [20].  A quality 
control (QC) standard was run routinely during the sample analysis to monitor instrument drift and 
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overall quality of the analysis.  Analysis of all blank samples showed no inherent bias in the method of 
analysis for total As, other trace elements (Fe, Cu, Pb, and Zn) and water quality parameters of interest.  
 
RESULTS AND DISCUSSION 
Total Arsenic (As) in Groundwater 
Concentrations of total As determined on samples collected during both the rainy and dry seasons are 
presented in Figure 2 and Table 1.  Measured As concentrations ranged from 1.32 µg L-1 to 20.9 µg L-1 in 
the wet season and from 0.30 µg L-1 to 12.27 µg L-1 in the dry season.  In both seasons, trends in total As 
concentrations showed peak values at site 9 (Fig. 1).  The overall mean As values for both seasons were 
3.80 µg L-1 (wet) and 1.83 µg L-1 (dry) respectively.  The high levels observed in the wet season suggested 
that during this period, there was rise in the water table making the subsurface water susceptible to 
contamination from infiltrating flood water which contain dissolved As from surface. 

 
Fig 2 Total arsenic distributions (µg L-1) in waters from boreholes collected from sampling locations 
during the wet and dry seasons.  
 

Table 1 Mean Concentrations of total As (µg L-1) and other metals (mg L-1) in groundwater samples 
collected during the dry and wet periods 

Sampling Location Sites As Cu Pb Fe Zn 

  Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry 

Akrokerri 1 2.15 0.71 0.03 0.02 0.05 0.07 0.06 0.01 0.05 0.03 

Kwapia 2 2.17 0.31 0.03 <0.01 0.05 0.06 0.05 0.02 0.04 0.04 

Kyekyewere 3 1.58 0.50 0.00 <0.01 0.03 0.10 0.04 0.01 0.04 0.03 

Dunkwa-Nkwanta 4 2.22 0.56 0.03 <0.01 0.05 0.11 0.49 0.18 0.03 0.04 

Dokyiwaa 5 1.83 0.44 0.40 0.01 0.06 0.08 0.18 0.44 0.02 0.05 

Abankrom 6 2.10 0.45 0.05 <0.01 0.06 0.05 0.43 0.04 0.03 0.04 

Nhyiaso 7 1.67 0.58 0.01 0.00 0.04 0.04 0.27 0.02 0.02 0.03 

Sanso 8 2.02 0.30 0.01 0.02 0.03 0.06 0.69 0.91 0.02 0.03 

Odumase 9 20.90 12.27 0.03 <0.01 0.06 0.08 0.19 0.06 0.02 0.04 

Akrofuom 10 2.13 1.32 0.06 0.01 0.10 0.09 0.26 0.40 0.05 0.22 

Average  3.80 1.83 0.07 0.01 0.05 0.07 0.27 0.21 0.03 0.06 

Median  2.06 0.53 0.03 - 0.05 0.08 0.23 0.05 0.03 0.04 

Min  1.32 0.30 0.00 0.00 0.03 0.04 0.04 0.01 0.02 0.03 

Max  20.90 12.27 0.40 0.02 0.10 0.11 0.69 0.91 0.05 0.22 

WHO Standard  10.00 1.00 0.05 0.30 5.00 

 
This mixed water in the subsurface eventually find their way into the well which could explain the 
possible increase in the As level in the Site 9, the dugout well.  On the other hand, the low value recorded 
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in the dry season could be attributed to rock dissolution from the aquifer.  In general, higher total As were 
recorded during the rainy period than the dry season at all sites, revealing systematic seasonal variations 
in groundwater As concentrations.  Moreover, there were significant variations among sites in the 
compositions of the groundwater that were independent of sampling time.  These well-to-well variations 
were probably because of the degree of interaction between groundwater and rock, variations in the type 
of rock weathered by a given groundwater, and or variations in groundwater redox conditions.  The 
seasonal impact despite, showed that waters had significant residence times in the aquifer prior to 
collection in boreholes.  
Besides, in both seasons, total As data obtained from site 1 (Table 1) were amongst the highest measured 
values, which could be linked to past gold mining operations.  Sites 2 and 3 (located in the Adansi North 
district) with no mining activity recorded levels about the same as site 1 and sampling sites 4-8 and 10 
(Figure 1).  When sites are compared individually in relation to the seasons, As concentration increases 
with the shift from dry to wet season.  The peak values in the rainy period were likely due to inputs of As 
contaminated particles from run-offs, top surface soil and frequent flooding seeping through the semi-
permeable rock layer, whereas, in the dry season, low As levels were sustained by perhaps contribution 
due to only rock interaction with the water.  Additionally, the peculiar trend in both seasons observed at 
Site 9 suggested that the high As value in the dry period is due to rock dissolution and loss of water 
leading to increased As concentration after the rainy period.  In fact, all the sampled locations in the study 
area were obviously less contaminated compared with locations of well known contaminated wells (e.g. 
Alaska, Nevada and California in USA [5,21], Bengal in India and Bangladesh have similar geology.  
Further the total As when compared with safe guideline value for groundwater consumption on one hand 
and As levels in similar groundwater systems elsewhere impacted by the geology or gold mining activities 
on the other hand, the following trends are observed: First the recorded numbers in the study area except 
Site 9 (Table 1), do not exceed the WHO guideline maximum value of 10 µg L-1 for drinking water.  
Secondly As concentrations in and around Obuasi municipality are far less than values reported for As 
contamination from mining activities in a number of areas in the USA [5,22], for example up to 48,000 µg 
L-1 has been reported for Fairbanks gold mining district of Alaska [5], California and Nevada [21].  In 
Wisconsin up to 12,000 µg L-1 have been documented as a result of the oxidation of sulphide minerals 
present in the aquifer [23].  In contrast, total As values up to 5000 µg L-1 have been found in past tin and 
gold mining operations sites at Ron Phibun district in Thailand [24,25] several orders of magnitude 
higher than numbers obtained from the study sites.  Accordingly, the mobilization of As in the 
aforementioned locations is believed to be caused by oxidation of primary sulfide As-bearing sulfide 
minerals exacerbated by the mining activities and re-mobilization of As from iron hydroxides or other 
secondary As-bearing phases.  Overall, the low As concentrations in the groundwaters at all sites except 
Site 9 could be due to As adsorption on the iron oxyhydroxide, an effective mechanism of As attenuation 
[26,27].  The high concentration in Site 9 samples might be due to dissolved As from the geology as well 
as sulphide materials generated by anthropogenically disturbance as a consequence of the mining.  
Variation of Arsenic Levels with Physico-chemical Composition of Groundwater 
In the groundwater sampled for this study, the low As groundwater (< 10 µg L-1, WHO guideline value) 
generally had mean low pH values of 5.4 and 5.6 for both wet and dry periods respectively (Table 2).  The 
acidity is believed to be due to the slowdown of As by adsorption onto iron oxyhydroxides; as well as the 
high rainfall and the short residence time of the groundwater as indicated in earlier findings within the 
Obuasi municipality [12].  The borehole waters in the wet season had pH values ranging 4.58-6.67, 
whereas the dry period ranged 4.76 – 6.82. These values generally increased with residence time because 
of mineral dissolution.  

 
Table 2: Concentrations of mean values of water quality parameters measured in groundwater 

samples collected during rainy and dry periods. 
Sampling 
Location 

Site
s 

pH Conductivity 
(Cond) 

Total 
Dissolved 

Solids (TDS) 

Total 
Suspended 
Solids (TSS) 

Total 
Alkalinity 

(T-Alk) 

Total 
Hardness 
(T-Hdn) 

Electro
de 

Potenti
al 

(Eh) 

Dissolv
ed 

Oxygen 
(DO) 

  We
t 

Dr
y 

Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Wet 

Akrokerri 1 5.1
7 

5.5
4 

236.7
0 

210.9
0 

94.80 105.2
0 

1.30 2.00 69.00 57.60 31.30 41.20 107.83 1.40 

Kwapia 2 5.4
3 

5.6
0 

288.2
0 

247.5
0 

161.9
0 

123.9
0 

0.80 2.60 128.2
0 

102.8
0 

51.00 43.20 92.67 0.81 

Kyekyewe
re 

3 4.5
8 

4.7
6 

103.3
0 

79.20 51.60 39.76 0.80 2.20 53.80 27.20 17.30 23.60 163.67 0.51 

Dunkwa- 
Nkwanta 

4 4.9
5 

5.2
6 

123.5
0 

124.2
0 

61.70 62.22 0.80 2.40 44.70 49.60 24.30 19.40 119.17 0.68 
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Dokyiwaa 5 5.1
8 

5.2
6 

120.1
0 

126.8
0 

60.10 63.62 1.30 4.00 83.00 39.60 41.30 26.00 107.50 1.30 

Abankro
m 

6 5.2
3 

5.3
0 

114.0
0 

101.5
0 

57.00 50.74 1.00 2.20 68.70 59.20 29.30 32.00 107.50 1.10 

Nhyiaso 7 5.1
2 

5.1
6 

115.1
0 

113.6
0 

57.60 56.72 2.30 2.60 66.50 49.60 22.30 26.40 114.00 0.88 

Sanso 8 5.4
8 

5.7
0 

145.7
0 

168.4
0 

97.30 78.32 1.70 4.80 96.70 105.6
0 

51.30 58.40 89.33 0.93 

Odumase 9 6.6
7 

6.8
2 

477.7
0 

519.2
0 

245.0
0 

260.6
0 

4.70 3.80 570.7
0 

365.6
0 

196.0
0 

218.2
0 

24.67 0.30 

Akrofuom 10 6.2
0 

6.3
2 

899.3
0 

717.2
0 

449.7
0 

359.4
0 

13.3
0 

21.6
0 

258.0
0 

103.6
0 

107.3
0 

58.60 41.28 0.75 

Average  5.4
0 

5.5
7 

262.4
0 

240.9
0 

133.7
0 

120.0
0 

2.80 4.80 143.9
0 

96.00 57.10 54.70 96.72 0.87 

Median  5.8
4 

6.0
0 

383.0
0 

383.4
0 

78.30 71.00 1.30 2.60 76.00 58.40 36.30 36.60 107.50 0.88 

Min  4.5
8 

4.7
6 

103.3
0 

79.20 51.60 39.80 0.80 2.00 44.70 27.20 17.30 19.40 24.67 0.31 

Max  6.6
7 

6.8
2 

899.3
0 

717.2
0 

449.7
0 

359.4
0 

13.3
0 

21.6
0 

570.7
0 

365.6
0 

196.0
0 

218.2
0 

163.67 1.40 

WHO  6.5-8.5 700.00 1000.00 20.00 400.00 500.00   

Units (other than pH) are mg L-1, Conductivity 
 
Deeper more reducing as well as longer residence time groundwater in the municipality therefore tend to 
have higher pH values as was the case at Site 9; the highest As levels were found at the higher pH 
groundwater in both wet and dry periods which was characterized by lower Eh (24.67 mV; Table 2) 
measured only in the wet season.  As discussed earlier, the rock interaction, relative reducing conditions 
and the longer residence times accounted for the elevated As concentrations at Site 9.  Thus [12] 
proposed that, under such conditions total As largely existed as As3+.  Accordingly it seems that, the 
sorption of solute As species onto ferric oxide and hydroxide produced comes via laterization process, as 
a result sulphide mineral oxidation should therefore be greatest in the shallow weathered parts of the 
Obuasi aquifer, where ambient conditions are oxidizing and pH values are relatively low [12].  Under 
these conditions, much of the As is likely to be present as arsenate, which could also explain Site 3, which 
had the lowest pH values for both seasons.  Further without DOC data, it could only be presumed that the 
low values in the wet season are likely due to infiltration of run-off into the groundwater supply.  The 
observed variation in pH from the ten sites therefore, may be attributed to the differences in the 
geological material and chemistry of the groundwater.   
The concentrations of As in water in the boreholes were further evaluated for variation with other water 
chemistry variables.  Arsenic was poorly related to any of the trace elements, Tables 3-4 (e.g. Pb: r = 
0.09{wet}; r = 0.12 {dry}) in both seasons, and anions Table 5 (e.g.  NO3

- : r = -0.37) in the wet season.  
Likewise, the physical variables specific conductance (Cond), total dissolved solids (TDS) and total 
suspended solids (TSS), as revealed in the computed Pearson correlation Tables 3 and 4.  Generally, all 
correlation coefficients for As and the chemical and physical variables were very weak (< 0.3) and none 
was significant except pH, hardness, and alkalinity for both seasons.  Therefore, it seemed anthropogenic 
factors besides mining such as land use could affect As concentrations.  The presence of close-by landfills 
could also alter the natural geochemistry of the underlying groundwater. 

 
Table 3 Pearson correlation coefficients (r) for groundwater data collected during wet season 

 As pH Cnd. TDS TSS Alk. Hnd. Cu Pb Fe Zn 
As 1.00           
pH 0.71* 1.00          

Cnd. 0.25 0.77 1.00         
TDS 0.26 0.79 1.00 1.00        
TSS 0.11 0.67 0.95* 0.94* 1.00       
Alk. 0.90* 0.91 0.63 0.64 0.50 1.00      
Hnd. 0.86* 0.95 0.68 0.70 0.56 0.99 1.00     

Cu -0.11 -0.05 -0.10 -0.11 -0.04 -0.09 -0.05 1.00    
Pb 0.09 0.60 0.84 0.81 0.83 0.42 0.47 0.26 1.00   
Fe -0.10 0.04 -0.16 -0.11 -0.01 -0.14 -0.08 -0.13 -0.11 1.00  
Zn -0.36 -0.07 0.46 0.41 0.35 -0.15 -0.13 -0.28 0.38 -0.48 1.00 

*p < 0.01; ** p = 0.05 
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Table 4 Pearson correlation coefficients (r) for groundwater data collected during dry season 
 As pH Cnd. TDS TSS Alk. Hnd. Cu Pb Fe Zn 
As 1.00           
pH 0.77* 1.00          
Cnd. 0.53** 0.87* 1.00         
TDS 0.53** 0.87* 1.00 1.00        
TSS 0.02 0.50** 0.82 0.81 1.00       
Alk. 0.96* 0.87* 0.60 0.60 0.09 1.00      
Hnd. 0.98* 0.85* 0.59 0.59 0.09 0.99 1.00     
Cu -0.24 0.14 0.10 0.09 0.23 -0.14 -0.10 1.00    
Pb 0.12 0.03 0.21 0.22 0.24 0.02 0.04 -0.08 1.00   
Fe -0.17 0.17 0.11 0.09 0.35 -0.03 -0.04 0.64* 0.02 1.00  
Zn -0.01 0.45 0.80 0.80 0.99* 0.04 0.04 0.14 0.27 0.23 1.00 

*p < 0.01; ** p = 0.05 
Table 5 Pearson correlation coefficients (r) for groundwater data collected during wet season 

 As SO4 Cl NO3 
As 1.00    
SO4 -0.15 1.00   
Cl -0.24 0.89* 1.00  
NO3 -0.37 0.75 0.90* 1.00 

*p < 0.01; ** p = 0.05 
Impact of Water Quality Parameters on the Groundwater Quality 
Physico-chemical, bacteriological and other trace metals data for boreholes are given in Tables 1-2 and 6-
7.  Waters were usually acidic with mean low pH values of 5.4 and 5.6 for both wet and dry periods 
respectively discussed previously.  The groundwater was mostly oxidizing with Eh values ranging 24.7 – 
163.7 mV in the wet period. No data was collected in the dry period.  The deeper water, site 9 had lower 
redox potentials about 24.7 mV.  These relatively high Eh values (Sites 1-8 and 10) for oxidizing waters 
reflected the low pH of the groundwater.  Oxygen demand (DO) was measured only in the wet period 
(Table 2).  The low values at most sites could not be ascertained without dissolved organic carbon data.  
Thus it is difficult to conclude if the DO had any relation with DOC.  All the same it is speculated that the 
presence of oxygen in the boreholes could accelerate the oxidation of arsenopyrite which could result in 
the production of more acid, hence the low pH and DO observed in most sites.  Specific conductivities of 
the waters were generally low except at Site 10, where higher values were found in both seasons.  Site 3 
recorded the least value during the two seasons.  The mean values for both seasons were 262.4 (wet) and 
240.9 (dry) µS cm-1 respectively.  The large value at Site 10 could be the result of the open nature of the 
well allowing increased atmospheric particulate matter deposition unlike the rest of the sites which were 
boreholes (enclosed). Likewise, total dissolved solids (TDS) and total suspended solids (TSS) gave trends 
similar to specific conductivity (Table 2).  The low overall TDS concentrations suggested that the waters 
had short contact times with host rock materials and that rock dissolution had been relatively small, the 
borehole waters having undergone the greatest amounts of reaction.  With the exception of Site 9, 
alkalinity values were low ranging from 44.7 mg L-1 to 571 mg L-1 in the wet season Table 2 and 27.2 mg L-

1 to 366 mg L-1 (dry season).  The relatively high alkalinity and hardness concentration at Site 9 is likely 
due to dissolution of the underlying bedrock of carbonate.  Waters with high total alkalinity are 
considered undesirable because of excessive hardness and high concentration of sodium salt while 
waters with low alkalinity has little capacity to buffer acidic inputs hence are susceptible to acidification.  
The hardness of natural waters depends mainly on the presence of dissolved calcium and magnesium.  
Total hardness measurements of the groundwater in this study were soft to moderately hard water, 
according to [28] definition of degree of hardness (soft, < 75 mg CaCO3 L-1; moderately hard 75-12075 mg 
CaCO3 L-1; hard 120-201 mg CaCO3 L-1; very hard > 201 mg CaCO3 L-1 ).  Values ranged from 17.3 mgL-1 to 
196 mgL-1 (wet season) and 19.4 mgL-1   to 218 mgL-1 (dry season), Table 2. Generally, the major ions 
(chloride [Cl-], nitrate [NO3

-], and sulphate [SO4
2-]) in the groundwater samples were low measured only 

in the wet season, Table 6.  Whereas no sulfate was found in Site 5, an elevated SO4
2- concentration was 

recorded at site 10.  The low values suggested no anthropogenic influence because of the minimal 
industrial activity in the municipality and its surroundings besides the mining.  On the other hand, NO3

-, 
concentration from most sites was above the WHO maximum permissible level (MPL) of 10 mg L-1 (Table 
6) particularly, Sites 1, 2, 4 and 10 is particularly noteworthy.  Little is found in the period sample taken 
from Site 9 (borehole), which is relatively deeper (average depth of about 48 m).  The higher 
concentrations besides Site 9 could create a health concern when such water is ingested.  According to 
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[29], (2005), nitrate is reduced in the body to nitrite ions, which subsequently react with hemoglobin to 
form methaemoglobin.  The methaemoglobin is unable to transport oxygen and can therefore, in severe 
cases, which could lead to asphyxia.  However, these high concentrations could also indicate that the 
water contained harmful bacteria or other pollutants, being the result of inadequate or improper waste 
disposal practices, handling and applications of organic and inorganic fertilizers and other insanitary 
conditions prevailing at these areas since human and animal waste constitute one of the major sources of 
NO3

-. 
 
Table 6 Mean values of the major anions measured in water samples collected during the wet period, (mg 

L-1) 
Sampling Location Sites SO4

2- Cl- NO3
- 

  Wet Dry Wet Dry Wet Dry 
Akrokerri 1 1.01 nd 17.43 nd 29.40 nd 

Kwapia 2 5.73 nd 11.08 nd 26.80 nd 

Kyekyewere 3 2.59 nd 2.97 nd 9.06 nd 

Dunkwa- Nkwanta 4 2.03 nd 11.13 nd 11.17 nd 

Dokyiwaa 5 0.00 nd 6.51 nd 8.56 nd 

Abankrom 6 2.11 nd 6.03 nd 6.31 nd 

Nhyiaso 7 0.05 nd 4.24 nd 8.37 nd 

Sanso 8 0.40 nd 6.20 nd 8.99 nd 

Odumase 9 2.22 nd 4.84 nd 2.87 nd 

Akrofuom 10 27.03 nd 35.03 nd 39.52 nd 

Average  4.32 - 10.55 - 15.10 - 

Median  2.06 - 6.35 - 9.02 - 

Min  0.00 - 3.97 - 2.87 - 

Max  27.03 - 35.03 - 39.52 - 

WHO  200 250 10 

 
Fig 3 Variation of physico-chemical parameters along sampling sites in the wet season 
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Fig 3 Variation of physico-chemical parameters along sampling sites in the dry season 

 
Fig 5 Variation of chemical parameters (anions) along sampling sites during the wet period 

 
Table 7 Mean concentrations for bacteriological analysis for groundwater sample collected during wet 

and dry periods (100 cfu ml-1) 
Sampling Location Sites Fecal coliforms Total coliforms Escherichia coli 

  Wet Dry Wet Dry Wet Dry 

Akrokerri 1 0.0 0.0 0.0 0.0 0.0 0.0 

Kwapia 2 0.0 0.0 0.0 0.0 0.0 0.0 

Kyekyewere 3 0.0 3.0 0.0 0.0 0.0 0.0 
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Dunkwa Nkwanta 4 0.0 0.0 0.0 0.0 0.0 0.0 

Dokyiwaa 5 0.0 0.0 0.0 0.0 0.0 0.0 

Abankrom 6 0.0 1.0 0.0 0.0 0.0 0.0 

Nhyiaso 7 0.0 0.0 0.0 0.0 0.0 0.0 

Sanso 8 0.0 0.0 0.0 0.0 0.0 0.0 

Odumase 9 0.0 0.0 0.0 0.0 0.0 0.0 

Akrofuom 10 >200 >200 >200 >200 0.0 0.0 

WHO Standard  0 10 0 

 
In all, the variation of water quality parameters along sampling sites revealed Site 9 to be exceptional in 
all cases Figures 3-4 in both seasons.  The trend was different with the major ions; Site 10 was 
outstanding in all respects for the three anions analyzed (Figure 5).  Microbiological analysis showed 
almost no microbes except Site 10 where Total coliforms exceeding 200 cfu/100ml were recorded in both 
seasons (Table 7). Fecal coliforms were also detected in water samples collected in the dry season for 
Sites 3, 6 and 10 which were possibly thought of to be due to sewage littered in most surroundings. Site 
10 unacceptable bacteriological quality could be due to lack of well lining, inadequate protection and the 
poor sanitary conditions, which result in infiltration surface runoffs especially during rainy periods. 
The other trace metals concentrations besides As in the groundwater were very low in both seasons 
(Table 2) because of low level of industrial activities in the study area besides the mining. In most cases, 
the wet period values were higher than dry season.  Nevertheless, significant concentrations of metals 
such as iron (Fe) and lead (Pb) were found at most sites in groundwater.  Iron was the highest occurring 
metal with mean concentrations of 0.49 (Site 3), 0.43 (Site 6), 0.69 (Site 8) mg L-1 for wet period; and 0.44 
(Site 5), 0.40 (Site 10), and 0.91 (Site 8) mg L-1 for dry period which were all above the WHO limit of 0.3 
mg L-1 for drinking water.  The higher concentration of Fe in the water samples is a reflection of the 
geology of the study area.  Thus, elevated levels could result in reddish brown coloration of the water 
[30].  These elements further did not co-vary significantly with themselves as well as other water quality 
parameters throughout the seasons except Cu and Fe which co-varied moderately in the dry period (r = 
0.64).  
 
CONCLUSION 
In conclusion, total As in groundwater in the study area varies from season to season with the wet period 
always being higher.  The high value in the wet period is the result of dissolved As particulates which 
come with the run off permeating through the rock layers whereas in the dry season As entry into the 
groundwater comes from rock dissolution.  Groundwater As enrichment is not likely to be a problem in 
the Obuasi and its environs with the exception of Site 9.  The total As in all the groundwater samples were 
below the WHO recommended value of 10 µg L-1.  In general, none of the water quality parameters 
exceeded the WHO guideline values with the exception of the following: Alkalinity and conductivity 
values exceeded the recommended values [30] at Site 10 (conductivity values of 900 and 712 µS cm-1 for 
both wet and dry periods respectively); whereas Site 9 recorded alkalinity value of 571 mg L-1 in the wet 
period (see Table 4.2).  Also among the trace metals measured, almost all the sampling sites recorded Pb 
values ≥ 0.05 mg L-1 WHO guideline value while Fe concentrations were exceeded at  sites 4, 6 and 8 [30] 
(Table 1).  Sampling Sites 1, 2, 3, and 4 also gave Nitrate values exceeding maximum permissible levels 
(WHO, 1996).  Site 10 also gave unacceptable bacteriological quality. 
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