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INTRODUCTION 

Small scale gold mining is a common practice in 

most developing countries. It offers employment 

to millions of people in most developing nations 

and contributes an estimated 12% of the world’s 

gold production or approximately 330 tons per 

year (Telmer and Veiga, 2008). The miners use 

simple methods to extract and process the gold 

(Lacerda, 1997; Villas Boas et al., 2001). Usu-

ally located close to water bodies (mostly along 

the banks of rivers), the industry is noted for its 

effects on water bodies through pollution of both 

ground and surface waters (Lombe, 2003).  

Enormous amounts of waste are generated espe-

cially sand, gravel and rock dumps in small-

scale gold mines. These wastes are normally 

dumped haphazardly without proper planning.  

ABSTRACT 

Sampling and analysis of water samples from rivers and boreholes in the Bogoso/ Prestea mining 

area in the Western Region of Ghana were conducted with the aim of assessing the possible effects 

of mining on water quality. Water samples were collected for 6 consecutive months at ten sampling 

sites within the study area and levels of some heavy metals (Hg, Fe, Mn and As) and nutrients 

(sulphates, phosphates, nitrates and chlorides) were determined. The results show mean concen-

trations of 0.001-0.017 mg/l, 0.013-13.64 mg/l, 0.003-1.06 mg/l and 0.001-0.02 mg/l, respectively 

for Hg, Fe, Mn and As in the water samples. Respective mean concentrations measured for sul-

phates, phosphates, nitrates and chlorides are 0.1-48 mg/l, 0.8-7.0 mg/l, 0.32-4.73 mg/l and 7.9-

135.5 mg/l. The results indicate that most of the measured parameters were present at levels that 

are above the WHO guidelines for drinking water, depending on the proximity of the sampling site 

to a mining activity 

Ore and waste stockpiles on the surface com-

monly contain large amounts of sulphides which 

lead to acid rock drainage. The impact of acid 

rock drainage on the ecosystem may be severe 

and may result in the total elimination of animal 

life from the receiving waters (Ravengai et al., 

2005). 

Another major problem with small scale gold 

mining is the use of mercury amalgamation 

process and panning to extract gold from ores. 

Amalgamation is the ideal gold recovery method 

engaged by almost all small-scale gold miners 

because it is a simple technique used in gold 

extraction. However, it is well known that the 

process is devastating to health (Lombe, 2003). 

Moreover, panning and amalgamation are com-

monly done along water bodies resulting in wa-
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ter pollution. Roasting gold bearing amalgam 

releases an estimated amount of 5 tonnes of mer-

cury to the environment each year in Ghana 

from small scale gold mining operations (Hilson, 

2001). 

Small-scale gold mining is increasing in Ghana 

and causing lots of environmental and health 

problems. The industry is largely informal, un-

developed, unmonitored and unrestrained. The 

heavy reliance on fresh water resources for the 

processing or refining of the gold threatens the 

availability and quality of fresh water within the 

areas of operations. Often, these water resources 

are the main sources of water to the inhabitants 

in these communities.  

This study examines the effects of small-scale 

gold mining on the quality of surface and ground 

waters within the Bogoso / Prestea mining area 

to assess the potability of the water resources.  

 

MATERIALS AND METHODS 

Study area 

The study area is Bogoso / Prestea in the Prestea

–Huni Valley District of the Western Region of 

Ghana. The area is located between latitudes 5°

N and 5°40’N and longitudes 1°45’W and 2°

10’W (Fig. 1), and lies within the south-western 

Equatorial Zone (Oduro, 2011). The landscape 

of the area is dominated by a range of hills that 

run in a northeast-southwest direction. These 

hills are aligned with the main gold bearing ores, 

and therefore accommodate majority of ore ex-

traction activities. The area is drained by the 

Mansi river and its tributaries (which include 

Asesere, Worawora, Bogo, Subri, Kokodabo, 

and Pram). The Mansi river ultimately flows into 

the Ankobra river, which is the major drainage 

in the Bogoso/Prestea mining area. The climatic 

condition of the area is hot and humid, with a 

double wet season from April to June and Octo-

ber to November, and a main dry season from 

December to February. Mean annual tempera-

ture is 26oC with daily maximum temperature 

reaching 28-30oC. The annual mean humidity is 

86%, and ranges from 70 to 90%. Mean annual 

rainfall is 1803.7 mm, ranging from 984 to 2,414 

mm. The area is devoid of mature forest due to 

large scale agriculture, lumbering, large and 

small scale gold mining, and other land uses. 

The area lies on the edge of the West African 

Craton and is underlain by the Precambrian me-

tasediments of the Birimian rock (pelites, grey-

wacke and occasional volcanics), dominating the 

west and central area of the Concession, and 

Tarkwaian rock (conglomerates, quartzites and 

phyllites) and Fahomegan systems (GSBPL 

EMP, 2008). Both the Birimian and Tarkwaian 

rocks have a general north-northeast strike direc-

tion with a steep of 60-90º north westerly dip. 

The Fault Belt comprises an anastamosing net-

work of reverse faults with a dominant set of 

three or more north easterly (40°-60°) striking 

faults (GSBPL EMP, 2008). 

 

Sample Collection, Preparation and Analysis 

Duplicate monthly water samples were collected 

from October 2010 to March 2011 at 10 sam-

pling sites within the study area (Fig. 1). The 

samples were collected in 1000 ml sterile plastic 

bottles and transported to the laboratory in a cool 

box (5-10oC) for analysis. Temperature, pH, 

dissolved oxygen and conductivity were deter-

mined in-situ at the time of sample collection 

using TPS WP 81 HANNA Multifunctional me-

ter.The positions of the sampling points were 

taken using a portable GPS device model 

GPSNO77 (Multi Navigator). 

Water samples were filtered using 0.45 μm 

membrane filter paper for the estimation of 

metal, chloride, phosphate and sulphate concen-

trations. For the estimation of the metals, the 

samples were also acidified with 1 ml concen-

trated HNO3 prior to analysis to prevent the pre-

cipitation of the metals. A digestion period of 

one hour was allowed (APHA, 2005).   

Alkalinity of the water samples was determined 

by titration using EDTA. Chloride concentration 

was by mercuric thiocyanate method based on 

the Standard Methods for the Examination of 

Water and Wastewater (APHA, 2005). The 

HACH DR 4000 spectrophotometer at a wave-

length of 450 nm was used for the determination 
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Fig. 1: Map of Bogoso / Prestea mining area showing the sampling points 

Sampling Site Code    Site Location 

S1 Surface water at Asesere 

S2 Surface water at Asesere (No human activity) 

S3 Surface water at Bogo 

S4 Surface water at Bogo (No human activity) 

S5 Surface water  at Worawora 

S6 Surface water at Worawora (No human activity) 

B1 Borehole at Kokoase 

B2 Borehole at Bogoso  Township 

B3 Borehole at Prestea Township 

B4 Borehole at Prestea Stadium 

Table 1: Characterization of the sampling stations 
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of sulphates, nitrates and phosphates.  Sulfa Ver. 

4, Nitrate Ver. 5 and Phos Ver. 3 reagent powder 

were added to the filtered water samples for the 

determination of sulphate, nitrate and phosphate, 

respectively (APHA, 2005). Heavy metal analy-

ses were carried out using atomic absorption 

spectrophotometer (Varian 220 Spectra AA 

model). The calibration curves were prepared 

separately for all the metals by running different 

concentrations of standard solutions. The instru-

ment was set to zero by running the respective 

reagent blanks. The concentrations of the total 

metals were determined at 1937, 279.3, 284.3 

and 295 nm wavelengths, respectively for As, 

Mn, Fe and Hg.  

 

Data Analysis 

Statistical analysis of the results was done using 

Microsoft Excel and one-way randomised analy-

sis of variance (ANOVA) in STATA. All statis-

tical tests were estimated at 95% confidence 

level. Results were expressed as mean ± stan-

dard deviation for all the sampling stations. 

 

RESULTS AND DISCUSSION 

Physico-chemical parameters 

The mean pH values of the surface water sam-

ples from the sampling sites ranged between 

6.62 and 7.08, and were within the World Health 

Organization (WHO) acceptable guideline of 6.5

-8.5 (Table 2). Similar values were recorded for 

the groundwater samples except at sampling 

sites B1 (Kokoase) and B2 (Bogoso Township) 

where more slightly acidic conditions were ob-

served (Table 2). The source of acidity in 

groundwater could be from drainage of metal-

rich rocks in the soil (Essumang et al., 2011), or 

from the oxidation of soil organic matter in the 

soil zone (Hounslow, 1995; Langmuir, 1997). 

Small-scale gold mining involves activities that 

loosen or disturb the soil structure, and, hence 

could facilitate the leaching of ions into ground-

water to increase the acidity. Acidity increases 

the capacity of the water to attack environmental 

materials and leach toxic trace metals into the 

water, making it potentially harmful for human 

consumption. Thus, the moderate acidity of the 

groundwater samples suggests that the waters 

are vulnerable to trace metal pollution (Kortatsi, 

1994). Statistically, no significant differences 

(p>0.05) in pH were observed for both surface 

and ground water samples. 

Mean temperatures generally were high (25.50-

30.38oC) in both surface and ground water sam-

ples but were generally within the WHO recom-

 Sampling 

Site Code 
pH Temp (oC) EC (µS/cm) Alk. (mg/L) DO (mg/L) TDS (mg/L) 

S1 6.66 ± 0.41 30.38 ± 1.71 90.65±52.43 30.34±12.41 4.86± 0.99 63.6± 27.15 

S2 7.08 ± 0.64 25.5 ± 0.95 28.5  ± 0.84 15.91 ± 2.68 5.81± 1.56 14.3  ± 1.21 

S3 6.76 ± 0.13 27.87 ± 1.24 213.4±41.85 87.88 ± 9.05 1.94± 0.65 106.± 20.83 

S4 6.62 ± 0.54 25.86 ± 0.38 77.6 ± 77.72 18.75 ± 5.88 6.11± 1.59 32.6± 28.56 

S5 6.85 ± 0.23 26.35 ± 0.93 82.57±15.47 43.38 ± 7.85 4.62± 1.32 27.8± 16.33 

S6 6.73 ± 0.18 26.5  ± 1.62 51.3 ± 35.39 16.9 ± 15.52 8.65± 7.96 28.5 ± 16.32 

B1 6.26 ± 0.17 27.7 ± 0.43 68.83 ± 3.25 21 ± 3.1 4.12 ± 0.9 35 ± 1.26 

B2 6.38 ± 0.30 27.75 ± 0.36 853.3 ± 31.7 93  ± 8.26 2.3 ± 0.74 425.± 17.57 

B3 6.5 ± 0.30 29.5 ± 1.97 178± 22.79 70.4± 34.70 6.06± 1.02 89.8± 11.05 

B4 6.65 ± 0.29 27.01 ± 2.21 227.3 ± 9.85 90.7± 31.22 4.6 ± 1.13 104.± 27.03 

WHO LIMIT 6.5-8.5 22-29 50-1500 500 - 1000 

Table 2: Physicochemical parameters of the water samples 
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mended guideline range of 22 to 29oC (Table 2). 

The only exceptions were at sampling sites S1 

and B3 where temperatures exceeded 29oC. The 

study was conducted in the dry season when 

temperatures were generally high and this could 

have resulted in the observed high temperatures 

of the water samples (Fritz, 2001). There were 

no significant differences (p>0.05) in tempera-

ture for the groundwater samples. However, 

statistically significant differences existed 

(p<0.05) among the surface water samples. 

The electrical conductivity (EC) values recorded 

in the study ranged between 28.5±0.84 and 

853.00±31.73 μS/cm (Table 2). The measured 

EC values indicate that all the 10 surface and 

groundwater samples had values that were 

within the WHO allowable limit of 50-1500 μS/

cm for drinking water (Table 2). A high EC 

value means high concentration of mineral salts 

which comes from the dissolution of minerals in 

the soil (Ntengwe, 2006; Morrison et al., 2001). 

Hence, the low EC values show that contamina-

tions due to dissolved ions are low. However, 

Bogoso Township borehole (B2) recorded an 

unusually high mean EC value of 853.3 μS/cm. 

Mining activities disturb mineralized rocks and 

could release absorbed ions into the water to 

increase the ion content, and subsequently the 

conductivity of the water. The differences that 

existed among the EC values for the streams and 

boreholes were statistically significant (p<0.05). 

Alkalinity values for all the water samples were 

below the WHO permissible limits of 500 mg/l 

for potable water (Table 2). The values for the 

surface water samples were higher at where 

there were mining activities than their respective 

areas where there was no mining activity. The 

values for the groundwater samples were gener-

ally high, ranging from 21±3.1 to 90.7±31.22 

mg/l. High alkalinity usually indicates the pres-

ence of natural salts such as bicarbonates or 

phosphates, or hydroxide ions, in the water 

(Dharmappa et al., 2000). Statistically signifi-

cant differences existed among the alkalinity 

values of the surface water samples (p<0.05). 

Mean dissolved oxygen (DO) values of the sur-

face and ground water samples ranged from 

1.94±0.65 to 8.65±7.96 mg/l and 2.30±0.74 to 

6.06±1.02 mg/l, respectively (Table 2). The gen-

erally high levels of DO (>3 mg/l) in the water 

samples could be attributed to natural processes 

such as diffusion and photosynthesis. However, 

small-scale gold mining could lead to acid rock 

drainage, which consequently could reduce the 

DO. Hence, the surface water samples (S1, S3 

and S5) recorded lower DO values than their 

respective control samples (S2, S4 and S6). Ac-

cording to Skousen et al. (1990), one main 

source of oxygen depletion in surface waters in 

mining areas is the build up of organic material 

in the surface waters which result from mining 

activities. There were significant differences 

(p<0.05) in dissolved oxygen values for both the 

surface and ground water samples. 

Mean Total dissolved solids (TDS) values ob-

tained for all the surface and ground water sam-

ples were within the acceptable limit of 1000 

mg/l recommended by the WHO (2004) for 

drinking water. According to WHO (2004), the 

palatability of water with a TDS level less than 

600 mg/l is generally considered to be good and 

becomes significantly and increasing unpalatable 

at TDS levels greater than 1000 mg/l. Hence, all 

the water samples appeared to be suitable for 

drinking in terms of TDS. The unusually high 

TDS value of 425.8±17.57 mg/l recorded for the 

Bogoso Township sampling site (B2) could be 

attributed to the nature of the mining operations 

around this borehole. The differences that ex-

isted among the TDS values for the streams and 

boreholes were statistically significant (p<0.05). 

 

Concentrations of anions in water  

The mean concentrations of sulphate (SO4
2-), 

phosphate (PO4
3-), nitrate (NO3

-) and chloride 

(Cl-) ions in the surface and borehole water sam-

ples varied between sites (Table 3). Values for 

the sulphate, phosphate, nitrate and chloride in 

the investigated water samples ranged 0.1-48 

mg/l, 0.8-7.0 mg/l, 0.32-4.73 mg/l and 7.9-135.5 

mg/l, respectively. Values for sulphate, nitrate 

and chloride in all the water samples were below 

the WHO permissible level for drinking water 
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(Table 3). These anions showed relatively higher 

values at Asesere (S1), Bogo (S3) and Wora-

wora (S5) which were close to mining activities 

as compared to the respective values at sites S2, 

S4 and S6, where no mining activities took 

place. These observations could be attributed to 

rocks being exposed to chemical weathering 

through mining activities. Chemical weathering 

could lead to an increase in the concentration of 

SO4
2- ions when sulphide bearing rocks are ex-

posed in this way. An unusually high chloride 

concentration of 135.5 mg/l was recorded for the 

Bogoso Township borehole (B2). This particular 

site also recorded extreme values for most of the 

other parameters, e.g. pH and TDS. The low pH 

(6.38) could have contributed to the dissolution 

of salts, hence the high chloride concentration at 

this site (Kortatsi, 1994). Statistically, differ-

ences existed among the chloride concentrations 

(p<0.05) and SO4
2- concentrations (p<0.05) for 

both surface and ground water samples.  

Phosphate concentrations at all sites exceeded 

the WHO guideline of <0.3 mg/l for drinking 

water (Table 3). It was observed that sites closer 

to where mining activities were taking place 

recorded higher phosphate concentrations than 

their respective sites where no activities took 

place. The high concentrations could be accred-

ited to the natural weathering of minerals in the 

drainage basin, from biological decomposition, 

and as runoff. There were significant differences 

in phosphate levels (p<0.05) between the surface 

water samples, and also among borehole sam-

ples. 

 

Metal Concentrations in Surface and Ground 

Water Samples 

The heavy metal content in the water samples 

including Hg, Fe, Mn and As are given in Table 

4. Mean mercury concentrations were found in 

the range 0.001-0.017 mg/l in the surface water 

samples while they were below detection limit in 

the borehole water samples. The WHO permissi-

ble level of Hg in drinking water is 0.001 mg/l. 

High Hg levels in the surface water samples 

could have resulted from the process of amalga-

mation, a popular method used to recover gold 

from ore minerals. Statistically, differences ex-

isted (p<0.05) in the Hg concentrations meas-

ured at the different sites. 

Mean Fe concentrations ranged from 0.013 to 

13.64 mg/l in the surface water samples and 1.26

-1.65 mg/l in the borehole samples (Table 4). 

Generally, Fe concentrations were high and ex-

Sampling Site Code SO4
2- (mg/l) PO4

3- (mg/l) NO3
- (mg/l) Cl- (mg/l) 

S1 48.00±11.26 7.00±4.16 1.45±0.55 14.95±2.38 

S2 3.00±2.03 1.8±1.5 0.30 ±0.11 8.1±1.4 

S3 8.00±6.27 1.85±1.10 1.18±0.68 80.60±3.22 

S4 2.00±2.16 1.90±1.61 0.36±0.15 7.90±1.14 

S5 15.5±9.0 3.25±1.64 2.75±1.63 13.50±2.09 

S6 4.00±1.92 1.90±1.65 0.46±0.16 8.40±0.83 

B1 0.100±0.001 1.60±0.75 0.80±0.53 13.30±1.99 

B2 1.00±1.24 1.40±0.47 4.73±1.96 135.50±11.98 

B3 9.00±2.43 0.8±0.8 0.5±0.3 9.8±5.1 

B4 4.00±1.44 3.10±1.59 0.32±0.24 13.8±2.67 

WHO Limit 250 < 0.3 50 250 

Table 3:  Concentrations of sulphates, phosphates, nitrates and chlorides in  

  surface and ground water samples 
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ceeded the WHO (2004) guideline value of 0.3 

mg/l for drinking water at all the sites. Sites that 

were close to mining activities recorded higher 

concentrations than the control samples. This 

may be attributed to the abundance of iron–rich 

rocks such as arsenopyrite and pyrite in the Bo-

goso / Prestea area where this study was con-

ducted. Iron concentrations in the range of 0.3-

50 mg/l in surface and groundwater sources are 

not unusual because of their natural abundance 

in such rocks (WHO, 2004). There were no sta-

tistically significant differences (p>0.05) for 

total Fe concentration in the groundwater sam-

ples but were significant (p < 0.05) in the surface 

water samples.   

The mean Mn concentrations measured in the 

samples ranged 0.003-1.06 mg/l and 0.003-1.23 

mg/l for surface and borehole samples, respec-

tively. For the surface water samples, all sites 

that were close to mining activities (i.e. S1, S3 

and S5) had mean Mn concentrations that were 

above the WHO allowable limit of 0.1 mg/l 

while the respective values at sites S2, S4 and S6 

were below this limit. With the exception of the 

borehole at Kokoase (B1), all the groundwater 

samples had Mn concentrations that were above 

the allowable limit of 0.1 mg/l. The higher val-

ues of manganese within the study area could be 

from the operations of small scale gold miners 

and natural sources. This occurs when mineral-

ized rocks are disturbed through mining. There 

were significant differences (p < 0.05) in Mn 

concentrations for both surface and ground water 

samples 

Arsenic concentrations in the surface water sam-

ples varied according to the closeness of the site 

to a mining activity. The WHO guidelines rec-

ommend As concentration of < 0.01 mg/l in 

drinking water. The Asesere, Bogo and Wora-

wora sampling sites recorded values that were > 

0.01 mg/l, whereas their respective control sites 

recorded values < 0.01 mg/l. Arsenopyrite rocks 

are very common in this area, and mining activi-

ties can liberate the As from these rocks.  Once 

As is in soils and rocks it is highly mobile and 

can migrate into water resources to increase the 

concentration. There were no significant differ-

ences for total arsenic concentrations in ground-

water (p>0.05). However, there were significant 

differences (p< 0.05) for As values for the sur-

face water samples. 

 

CONCLUSION 

Water samples taken from the Bogoso / Preastea 

mining area showed the presence of all four 

heavy metals considered in the study. At most 

sampling sites, the concentrations of these met-

als exceeded the WHO guidelines for drinking 

water, thus posing risks to human health and the 

aquatic environment. Most of the physico-

Sampling Site Hg (mg/l) Fe (mg/l) Mn (mg/l) As (mg/l) 

S1 0.007±0.002 5.85±6.48 1.06±0.52 0.02±0.003 

S2 0.01±0.003 0.04±0.015 0.04±0.02 0.001±0.0002 

S3 0.009±0.004 1.67±0.69 0.22±0.08 0.01±0.009 

S4 0.001±0.001 1.37±0.45 0.01±0.01 0.016±0.001 

S5 0.017±0.011 13.64±5.04 0.17±0.08 0.02±0.001 

S6 0.001±0.001 0.013±0.009 0.005±0.001 0.006±0.001 

B1 <0.0001 1.26±0.28 0.003±0.02 0.002±0.001 

B2 <0.0001 1.65±0.69 1.23±0.06 0.001±0.000 

B3 <0.0001 1.4±0.33 0.64±0.12 0.001±0.000 

B4 <0.0001 1.35±0.26 0.15±0.014 0.002±0.002 

WHO limit 0.001 0.3 0.1 0.01 

Table 4: Metal concentrations in surface and ground water samples 
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chemical parameters studied were within the 

guidelines set by the WHO (2004) for drinking 

water, except a few boreholes where some of 

these indicators fell outside these limits. Gener-

ally, the groundwater samples performed better 

in almost all the indicators than the surface water 

samples. Sulphate and chloride concentrations in 

the surface and ground water samples were 

within the WHO recommended guidelines for 

drinking water. Phosphate showed slightly 

higher concentrations than the WHO allowable 

limit. They, thus, generally pose neither physio-

logical nor aesthetic problem to the surface and 

ground water for drinking and other domestic 

purposes within the study area. Finally, the re-

sults of the study showed that, small-scale gold 

mining operations impact negatively on water 

resources in the study area. The impact was 

more evident in surface waters than in ground-

water. The negative environmental impacts of 

small-scale gold mining in Ghana, especially 

with respect to surface and groundwater pollu-

tion, cannot be over-emphasised. It is recom-

mended that small-scale gold mining should be 

legalized thereby enabling the operations to be 

regulated by appropriate authorities.  
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