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Chapter

Effects of Illegal Artisanal
Gold Mining Operations on

Groundwater Quality in Ghana:
The Case of Ahato-Ano South

District

Maxwell Anim-Gyampo, Belinda Seyram Berdie,
Enoch Bessah and Sampson Kwaku Agodzo

Abstract

The general properties and overall chemical quality for potability of groundwater
in Ahafo-Ano South District of the Ashanti Region of Ghana have been evaluated.
With respect to pH, about 92% of groundwaters were potable while 8% were acidic
and not potable. Approximately 4%, 32%, 56% and 8% of sampled groundwater
were soft, moderately soft, hard and very hard respectively. The overall chemical
quality analysis of groundwaters showed that 20%, 28%, 40%, 4% and 8% had
excellent, good, poor, very poor and unsuitable drinking water qualities respectively.
Approximately 12%, 40% and 84% of As, Ni and Pb exceeded their respective WHO
limits while 32% of Cd and Fe exceeded their respective limits for potable water. These
higher concentrations of heavy metals were observed to have occurred in communi-
ties with intensive illegal gold mining operations. Inhabitants in these areas could
potentially be more predisposed to potential health hazards including cancer, nervous
system damage, low IQ in children, reduced growth of foetus and premature birth in
pregnant women, and kidney damage. It is expected that illegal artisanal gold mining
activities will be banned while policies aimed at providing alternative livelihood be
instituted to minimize any potential health hazards on humans in the District.

Keywords: Illegal artisanal gold mining, groundwater, quality, Ahafo-Ano District,
Ghana

1. Introduction

Water from surficial and underground sources is critical for the sustenance
of all life forms on earth. Surface water is arguably the most easily available and
well-harnessed drinking water source since creation. In tropical rainforest regions,
surface water resources are the utilized and source of water supply to meet the
demands of domestic, industrial and agricultural purposes. However, certain human
activities and natural processes may alter the surface water quality, thereby limit-
ing its ease and scope of reliability and usage. Such natural processes may include
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earthquakes, volcanic eruptions, landslides and hurricanes, and when such events
are occurring at local and regional scales, they may alter the quality of surface water
sources. Anthropogenically, the progressive industrialization and application of
scientific methods in improving various livelihood demands by humans may result
in the generation of varied amounts of wastes of varying toxicities, which when not
properly handled may serve as potential sources of pollution to the environment
including surface and groundwater resources.

One key activity of man that contributes to the pollution of drinking water
sources is illegal artisanal gold mining activities. Globally, approximately 100
million people are considered to be directly or indirectly involved in such opera-
tions for their livelihood [1]. In Ghana, however, artisanal gold mining is estimated
to have begun several decades ago with approximately one million people directly
or indirectly involved [2]. The areas of operations are generally, rural settings
with few peri-urban centers and a much fewer large urban centers that depend on
both surface and groundwater resources for domestic, agricultural and industrial
purposes. The rapid growth in urban and peri-urban population, coupled with the
ever-increasing unemployment have resulted in the greater proportion of local and
migrant youth (male and female) in Ghana, Burkina Faso, Mali Niger as well as
Chinese nationals, getting in involved in illegal artisanal gold mining.

Despite the positivity of artisanal gold mining to the socio-economic develop-
ment of societies, especially in most developing countries like Ghana [3], illegal
artisanal gold mining activities utilizes crude and rudimentary techniques and
environmentally unfriendly extractive processes. Examples may include but are
not limited to the extraction of shallow alluvial gold deposits; diversion of streams
and river courses to expose otherwise inundated beds for excavation; washing of
alluvial ores at close proximities and many cases, inside river and stream channels.
These may contribute to land degradation and water quality deterioration among
others [4]. Furthermore, the utilization of mercury and cyanide to leach and/or
amalgamate the gold during extraction, have been found to contribute to the release
of harmful metals to the environment [5, 6]. These metals when found above
permissible limits in drinking water and/or the food chain could be detrimental to
human health and sustenance of the ecosystem [7].

According to [8], there is a great national concern with regards to the increasing
activities of environmentally unfriendly mining activities in Ghana. The Ahafo-Ano
South District in the Ashanti Region of Ghana is a predominantly rural area with
tew peri-urban and urban dwellings, where illegal artisanal gold mining activities
occur. This has led to an influx of various people majority of which are youth from
different parts of Ghana. Groundwater per the national water policy of Ghana [9]
is the major source of potable water in rural Ghana. The observed rapid influx of
people into the area to partake in the illegal artisanal gold mining requires that large
quantities of groundwater must be exploited to meet the ever-increasing potable
water demand. To this end, an evaluation of the quality groundwater in the area
becomes essential. Poor drinking water quality, according to [7] can expose humans
to potential health risks. Groundwater generally is considered to be of better quality,
compared to surface water in terms of potability. Deterioration in quality, however,
may occur over time due to certain natural processes and anthropogenic activities.
According to [10], some of the natural processes may include hydrogeochemical
processes such as water-rock-interaction, soil-water interaction, cationic exchange
reactions, mixing of waters; certain biological processes including selective uptake
by vegetation and evapotranspiration. Anthropogenic activities that may result in
leachates into groundwater resources may come from agricultural fields that utilize
especially, agro-chemicals and manures, municipal and urban wastewater sites, min-
ing activities and mine waste disposal sites, domestic and industrial effluents, etc.
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Consequently, this study is aimed at assessing the quality of groundwater
resources for drinking purposes and to evaluate the potential risk(s) to human
health in the Ahafo-Ano South District of Ghana, which is an artisanal gold mining
area. In the authors’ view, this will also provide a framework for any future ground-
water quality monitoring and evaluation exercise to ensure sustainable utilization
of the resources.

2. Materials and methods
2.1 The study area
2.1.1 Location, climate and drainage

The Ahafo-Ano South District (Figure 1), is located between longitude 1°45’
and 2°20’W and latitude 6°42" and 7°10°’N with an area of about 1190.7km” and an
estimated population as at 2010 census to be approximately 121, 659. The district is
bordered to the north-east by Tano-North District, north-west by Ahafo-Ano North
District; south by Atwima Nwabiagya district and to the east by Offinso-North
Municipal Topography is generally undulating with dominant hills being Aya,
Kwamisa and Tinte hills, which run from the west towards the northeast. The highest
elevation is about 763 meters above mean sea level [11]. According to [12], the area
falls within the wet semi-equatorial climatic region of Ghana, which is characterized
by the occurrence of two rainy seasons. The major season occurs normally between
March and June while the minor season spans September to November. The average
annual precipitation is about 1,700 mm - 1850 mm per year while the mean annual
temperature is around 30°C with the lowest temperature being about 26.1°C. Relative
humidity range is 70-75%. The area lies within the semi-deciduous forest belt with
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Figure 1.

Geology map of the study area.
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vegetation types controlled by precipitation and groundwater. Prominent rivers
draining the area include Mankran, Abu and Aboabo rivers and their tributaries.

2.1.2 Geology, soil and natural resources

The area is underlain by the paleo-proterozoic Birimian metasediments subgroup.
Common rock include phyllites and schist-intruded with their syngenetic basin-type
granitoids [13]. The area lies within the Kumasi-Offin-Dwinyama-Bechemso belt [14],
which contains extensive mineral deposits of great commercial significance such as
gold, bauxite, manganese deposits as well as extensive granitic outcrop within which
commercial quarrying operations occur. Gold-bearing rocks are very widespread
and are commonly found and mined communities including Afrensini, Piniwutrim,
Amakrom, Aburaso, Ahwirewam, Nyamebekyire, Kunsu, Mankranso, Sabronum,
Barniekrom and many other parts of the District. The district is one the most impor-
tant when it comes to natural resources in Ghana. It large forest reserves, namely,
Tinte, Tano, Opuro River, Kwamisa forest reserves, parts of Asufufu Basin and Offin-
North forest reserves. The study area is a major food basket in Ghana. About 80% of
the land is arable, over 60% of which is used for agriculture. The cultivation of cash
crops such as cocoa and cashew is very extensive with food crops such as corn, rice,
bananas, cassava, as well as vegetables such as tomatoes, cabbage, lettuce. As briefly
highlighted elsewhere, the district is known for extensive illegal artisanal gold mining
operations due to the widespread gold deposits. Bauxite deposits are found at Aya Hills
and Mpasaaso while manganese deposits can be found at Asirebuo Camp, close to the
south of Mpasaaso. There are also clay deposits at Hwibaa, Wioso, Asuadei, Biemso II
and Mankranso which have been tested by the Building and Road Research Institute
(BRRI) as one of the richest clay deposits in the country [11].

The distribution of soils in the area is as shown in Figure 2. Three different soil
types are commonly found in the area, namely Ferric Acrisols Rhodic Nitosols and
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Soil map of the study area.
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Haplic Alisols [15] (Figure 2). Ferric acrisols are the dominant soil in the district
follow by nitosols and then alisols. Ferric acrisols is a clay-rich soil and is associated
with humid, tropical climates and it mostly supports forest areas. Limited cultiva-
tion occurs in areas underlain by acrisols due to their low fertility and the toxic
amount of aluminum. Nitosols is a deep, red, well-drained soil with a clay content
of more than 40% and dominantly from moderate to strong well-develop fine to
mouth angular blocky structure [16].

2.2 Methods
2.2.1 Water sampling and analysis

The selections of sampling sites (Figure 3) were based on a number of factors
such as the ongoing land use activities (farming and illegal artisanal gold mining)
and geological settings. Twenty-four (24) well-distributed groundwater point
sources (boreholes) functioning hand pumps within the study area according to
protocols developed by [17, 18] were sampled in 0.5 litre polythene containers. The
containers were conditioned by thoroughly washing with detergent, rinsed several
times with acidified water (2%) HNO; to prevent contamination. Boreholes were
purged for over five (5) minutes so as to obtain fresh samples that were filtered
through a 0.45-micron membrane. At each well-site, two (2) samples were obtained
for the determination of heavy metals and major ions. To analyze for heavy metals in
the laboratory, one sample is filtered and acidified with 2% v/v of HNO; to keep ions
in solution while unacidified samples were used for major cation and anion analysis.
Electrical conductivity (EC), pH and alkalinity were measured at point sampling in
the field, using a calibrated WTW field conductivity meter model LFT 91, WTW
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tield pH meter model pH 95 and a HACH digital titrator respectively. A multipur-
pose electronic DR/890 Colorimeter was used to measure the color, turbidity, total
dissolved solids. Sodium and Potassium were analyzed in the laboratory using the
flame photometer. Calcium and Magnesium were analyzed using the AA240FS the
Fast Sequential Atomic Absorption Spectrometer whilst ICS-90 Ion Chromatograph
(DIONEX ICS -90) was used for carrying out chloride (Cl), fluoride (F), nitrate
(NO;) and sulphate (SO,) analyses. Phosphate was determined by the ascorbic acid
method using the ultraviolet spectrophotometer (UV-1201). Five (5) ml of each
acidified water sample was measured and 6 ml of nitric acid, 3 ml of HCl and 5 drops
of hydrogen peroxide (H,O,) were added for acid digestion and placed in a milestone
microwave lab station ETHOS 900. The digestate was then assayed for the pres-

ence of Zinc (Zn), lead (Pb), Copper (Cu), Chromium (Cr) and Cobalt (Co) using
VARIAN AAS240FS Atomic Absorption Spectrum in an acetylene-air flame. Arsenic
(As) and Mercury (Hg) were determined using argon-air flame.

2.2.2 Estimation of water quality index (WQI)

To evaluate the general suitability of groundwater for drinking purposes, the
water quality index (WQI), a rating and index concept, which was originally
proposed by [19] as has been found to be a widely acceptable approach. According
to [20], WQI is a rating that reflects the composite influence of different water
quality parameters on a picture of the quality of groundwater for most domestic
uses. The estimation of WQI requires the utilization of significant parameters that
may influence the purpose to which the water is required. Major cations and anions
as well as heavy metals that may impose health implications to human health
selected are pH, Electrical Conductivity (EC), Sodium, and Calcium, Nitrate,
Fluoride, Chloride, Sulphate, Zinc, Lead and Cadmium, and were used to calcu-
late the WQI for this study. The highest weight of five (5) was assigned to lead,
nitrate, and fluoride due to their health significance to human health. The water
quality index (WQI) for each groundwater source (borehole) is estimated using
the following series of relations (1, 2, 3 and 4), and the result was compared to the
criteria defined by [20];

W, = —s (1)

1 n
S
i=1 !

where, Wi is known as the relative weight; wi is the assigned weight to an
influential parameter relative to its impact on the overall quality for drinking
purpose and also health implications to humans; Z:Wi is the summation of

assigned weights of all the influential parameters

q; =%x 100 (2)

1

where, ¢, is referred to as the water quality rating; C; and S, represent the

measured concentration in sampled groundwater and the respective standard [7] of
the i™ influential parameter. The water quality sub-index for each of the influential
parameter (SI;) is estimated as

SI; =q; x W, 3)
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where, the symbols have their usual meanings.

WQI=>sI, (4)
i=1
Thus, the sum of all the water quality sub-indices is resulting in the estimated
water quality index for i influential parameter.
3. Results and discussion

The summarized results of the analyzed groundwater samples are shown in
Table 1.

3.1 General properties of groundwater
With the exception of pH and TH, all the measured physical and chemical

parameters (both cations and anions) of groundwater in the study area fell within
their respective acceptable limits for drinking water for humans. The pH of

Parameter Unit Min Max Mean [71
Temperature °C 279 29.700 28.728 N/A
pH pH units 4.42 8.540 7423 6.5-8.5
Turbidity NTU 0.000 2.000 0.926 5
TDS mg/L 25.000 573.000 175.185 1000
Conductivity uS/cm 48.900 990.000 317185 500
TSS mg/L 0.000 3.000 0.481 5
Hardness mg/L 48.000 348.000 186.222 150-300
Salinity mg/L 0.000 0.500 0.104 na
Na* mg/L 7.000 98.000 26.519 200
Ca** mg/L 8.000 59.200 32.000 200
Mg mg/L 29510 83.901 46.094 150
K* mg/1 2.000 36.000 16.778 50
HCO5” mg/L 19.520 363.510 137614 N/A
S0,* mg/L 8.000 185.000 33.000 400
Cr mg/L 6.000 102.000 27474 250
NO;~ mg/L 0.080 0.520 0.143 50
PO,* mg/L 0.042 3.573 1.900 30
F~ mg/L 0.680 1.450 1.165 0.5-1.5
Pb Mg/l 0.000 0.280 0.048 0.01
As mg/L 0.003 0.308 0.042 0.01
Fe mg/L 0.070 1.050 0.298 0.3
Ni mg/L 0.000 0.410 0.059 0.02
Cd mg/L 0.000 0.030 0.059 0.003
Table 1.

Summary of water quality analysis results.
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twenty-three (23) samples, representing about 92% of groundwater in the area fell
within the [7] acceptable range of 6.5-8.5 for potable water while two communities
(Sabronum Camp and Amakrom) representing 8% had values within the range of
4-6.5 with respective values of 4.42 and 4.48.

Thus, according to [21], 92% of groundwater was neutral while only 8%
were moderately acidic. Hardness varied from 48 to 348 mg/1 with a mean
of 186.22 mg/l, with the exception of two (2) samples from Adukrom and
Ahwirewan representing 8% exceeding the recommended limit of 300 mg/1 [7]
for drinking water. Water with hardness exceeding 300 mg/1, according to [22]
may cause encrustation. Furthermore, [23] classified groundwater based on hard-
ness as soft when hardness is less than 75 mg/1, moderately soft if hardness lies
between 76 and 150 mg/1, hard when values fall between 150 to 300 mg/1 and very
hard groundwater if values are greater than 300 mg/1. In this study, 4%, 32%,
56% and 8% of groundwater in the area could be described as being soft, moder-
ately soft hard and very hard respectively. Thus, groundwater could be generally
considered to be predominantly moderately soft to hard water. TDS fell below the
[7] limit of 1000 with values ranging from 25 to 573 mg/l with an estimated mean
value of 175.185 mg/1. This according to [24], indicate that groundwater in the
study area is fresh and young since TDS and conductivity values were generally
within acceptable limits.

3.2 Chemical quality of groundwater as drinking water

The potability of sampled groundwaters in the Ahafo-Ano south District was
evaluated using influential parameters (IPs). IPs is considered to be the drinking
water quality parameters that have significant implications for the human health
when ingested through water and food chain or by dermal contact [25]. By utilizing
Eq. (1), the estimated relative weights (W;) are presented in Table 2.

Egs. (2)-(4) above, were utilized to estimate the respective WQI for each
sampled groundwater was estimated and presented in Table 2. Based on the esti-
mated WQI values, the potability of each sampled groundwater was appropriately
classified by comparing to the scheme described in [20]. According to the scheme,
groundwaters with WQI being less than 50 are “Excellent’ for drinking by humans,
it ‘Good water’ when WQI range from 50 to 100; ‘Poor water’ if WQI range from
100 to 200; “Very poor quality’ if WQI range from 200 to 300 and ‘Unsuitable as
drinking water’ when WQI exceeds 300 from Table 2,

The status of drinking water quality of sampled groundwater resources in the
study area are shown in Figure 4.

Illegal artisanal gold mining is most intensive in Afrensini, Piniwutrim Amakrom
with water quality described as unsuitable, unsuitable and very poor, respectively.

It can be deduced that the anthropogenic activities in these three (3) communities
might have rendered the groundwater qualities unsuitable for human consump-
tion. Qualities of groundwater from ten (10) communities with lesser intensive

P pH Ca Mg Na Cl SO4 Fe As Pb Ni Cd >w;

Si 8.5 200 150 200 250 400 03 0.01 0.01 0.02  0.003

w; 4 1 2.00 2 3 3 3 5 5 3 4 39

W; 0103 0.026 0.05 0.051 0.077 0.077 0.077 0128 0.128 0.077 0.103

Table 2.
Assigned and estimated velative weights.
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Spatial distribution of drinking water quality of sampled groundwater.

illegal artisanal gold mining activities were described as poor. Conversely, sampled
groundwaters from five (5) and seven (7) communities (representing 20% and 28%
respectively) where illegal gold mining operations were non-existent had excellent
and good drinking water qualities respectively. Areas with excellent drinking quality
include Attakrom, Meyeeden, Kokotuaso, Fedieya and Hwibaa while areas with
good groundwater drinking quality include areas include Wioso, Nyamebekyire,
Adukrom, Pokukrom, Kunsu camp, Datro and Dotiem (Table 3).

3.3 Heavy metals and health implications

Figure 5 presents the spatial distribution of analyzed heavy metals (Pb, As,

Cd, Fe and Ni) in the study area. There was an observed elevated level of heavy
metals above their respective permissible limits for drinking purposes as defined

by [7]. For instance, eight (8) groundwater samples (representing 32% each) had
levels of Fe and Cd exceeding their permissible limits of 0.3 mg/l and 0.003 mg/1
respectively. The strong correlation between As-Pb (0.73) and As-Ni (0.5) as shown
in Table 4 could indicate a possible similar source. Twenty-one (21) samples out
twenty-five had Pb concentrations exceeding [7] permissible limit of 0.01 mg/1
while ten (10) and three (3) samples had Ni and As concentrations exceeding their
permissible limits of 0.02 mg/l and 0.01 mg/1, respectively.

The observed unsuitable, very poor and poor groundwater drinking quality
could therefore be due to the heavy metals such as Pb, Cd, Ni and As, which might
have been released into surface waters and soils as a result of improper disposal of
mined wastes by the illegal gold miners. Within the Piniwutrim, Afrensi, Amakrom
and surrounding villages for instance, virtually, all streams and perennial rivers
have been heavily polluted and their courses virtually blocked. In such situations,
infiltration of surface waters laden with heavy metals may be enhanced, leading
to the leaching of heavy metals infiltrating alongside the surface waters into the
groundwater system.
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No Community N E WQI Classification
1 Mankranso 753517 625904 132.38 Poor water

2 Kunsu Engineer 754916 623278 192.25 Poor water

3 Wioso 763951 607010 66.95 Good water

4 Hwibaa 764903 605689 38.94 Excellent water
5 Nyamebekyire 758695 611902 7715 Good water

6 Fedieya 764743 625492 4790 Excellent water
7 Aburaso 766466 621102 134.52 Poor water

8 Sabronum camp 776640 622439 175.79 Poor water

9 Nyameadom 782722 626003 102.15 Poor water
10 Adukrom 774933 621565 67.39 Good water
11 Ahwirewam 781807 619012 112.44 Poor water
12 Nyamebekyire 775544 609697 174.66 Poor water
13 Pokukrom 773880 615706 7738 Good water
14 Afrensini 749813 620545 363.56 Unsuitable
15 Kokotuasuwa 752580 614664 38.52 Excellent water
16 Piniwutrim 752848 613756 462.69 Unsuitable
17 Kunsu Camp 754657 614639 61.32 Good water
18 Kunsu M 755030 622626 108.26 Poor water
19 Bronikrom Pt 1 755248 625714 158.90 Poor water
20 Meyeeden 753206 595590 3913 Excellent water
21 Biemso No 1 760573 626656 151.08 Poor water
22 Datro 781059 616186 8721 Good water
23 Attakrom 756652 625429 4723 Excellent water
24 Dotiem 744527 585245 83.67 Good water
25 Amakrom 758242 624895 286.82 Very poor water

Table 3.

Estimated WQI and classification.

Figure 5.
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As -01 019 008 025 -01 022 019 045 001 014 018 046 073 04 035 023 003 039 -01 -01 045 1 :
Table 4.

Spearman correlation matrix of analyzed water quality parameters.
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3.4 Health effect due to elevated heavy metals in groundwater

The distribution of Pb in groundwater appears to be quite widespread. Twenty-
one (21) representing about 84% of sampled groundwater elevated Pb levels
exceeding [7] limit of 0.01 mg/1 for potable water in the study area. This presents
a potential health hazard to the inhabitants. According to [26], this is because, Pb
normally accumulates in human body and builds up over a long period of exposure
with no known documented usefulness to human health regardless of the pathway.
But instead, exposure to different levels of Pb may predispose children, pregnant
women and adults in general to serious health consequences [7]. According to [27],
low levels of Pb (Pb < 5 pg/dl) may lead to hearing impairment, malfunctioning
of blood cells in children, low IQ and damage to central and peripheral nervous
systems. In pregnant women, it may lead to reduced growth of foetus and prema-
ture birth. This may put the lives of both the unborn baby and mother at risk. Pb
may cause delayed puberty and reduction in IQ in children while there could be
incidences of increased blood pressure when humans are exposed to Pb concentra-
tions between 5 and 10 pg/dl. According to [26], exposure to Pb levels exceeding
15 pg/dl may predispose human to nervous disorders, reduced kidney function, low
sperm count in men, and delayed conception in women. In this study, measured Pb
concentrations fall within ‘low Pb level’ indicating that ingestion of groundwater by
human may predispose especially children and pregnant women to potential health
risks such as low IQ, damaged central and peripheral nervous system, impaired
hearing and functioning of blood.

The concentration of Ni in sampled groundwaters ranged from 0 to 0.41 mg/1
with a mean of 0.059 mg/l. Ten (10) out of the twenty-five (25) groundwater
samples, representing about 40% had levels of Ni exceeding [7] permissible limit
of 0.02 mg/l. According to [28], the commonest sources of Ni in mining areas may
include effluent water generated from mining and smelting operations, runoff
from tailing piles, or from utility water used for mine operations. Nickel has an
extensive range of carcinogenic mechanisms which include regulation of transcrip-
tion factors, controlled expression of certain genes and generation of free radicals.
Nickel has been shown to be implicated in regulating the expression of specific long
non-coding ribonucleic acids (RNA). It has also been demonstrated that nickel can
generate free radicals, which contribute to carcinogenic processes. Common adverse
health effects when Ni is ingested at high concentrations on humans include chronic
bronchitis, lungs and nasal sinus cancer and reduced lung function. The exposure to
nickel at high concentrations can be alarming as it causes chronic bronchitis, lungs
and nasal sinus cancer and reduced lung function [29].

Cd concentration in the area varied from 0 to 0.03 mg/l with average value of
0.059 mg/1. In the current study, about 32% of groundwater had Cd levels above
recommended limits for drinking water. High levels can be linked to the weathering
and subsequent dissolution of chalcopyrite and pyrite ores in the area [30]. These
minerals are common pathfinder minerals of gold within the meta-volcanics of
Ghana [14]. The ingestion of Cd at levels exceeding the [7] permissible limits for
drinking water can cause stomach irritation resulting to vomiting and diarrhea, and
also lead to degenerate bone disease such as osteoporosis (skeletal damage). Short-
term exposure to inhalation may lead to severe damages to the lungs and respiratory
irritation while long-term exposure may lead to deposition in bones and lungs. Cd
is highly toxic to the kidney and when accumulated in the proximal tubular cells
at higher concentrations may predispose humans to renal dysfunction and kidney
disease. Cd is also classified as group 1 carcinogens for humans by the International
Agency for Research on Cancer [31].
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Values of As in this study varied from 0.003 mg/I to 0.308 mg/l with an aver-
age concentration of 0.042 mg/1. Three samples out of twenty-five (25) sampled
groundwater, representing about 12% had As values exceeding the recommended
limit for potable water. Higher levels of As in groundwater may be due to anthro-
pogenic activities such as mining and processing of gold ores, and naturally from
water-rock interactions or soil-water interactions [7]. According to [32], As is com-
monly associated with ores containing metals, such as copper and lead. The strong
positive correlation (0.73) between As and Pb concentration in this study supports
this assertion and may indicate a common source. Exposure of As at lower levels can
cause nausea and vomiting, reduced production of erythrocytes and leukocytes,
abnormal heartbeat, pricking sensation in hands and legs, and damage to blood
vessels. Long-term exposure may result in the occurrence of skin lesions, internal
cancers, neurological problems, pulmonary disease, peripheral vascular disease,
hypertension and cardiovascular diseases, and diabetes mellitus [33].

4. Conclusion

The activities of illegal artisanal gold mining have led to widespread degrada-
tion in the quality of groundwater in the study area as a result of indiscriminate
dumping of mined wastes. Due to the potential interaction between contaminated
surface waters and groundwater resources, it is anticipated that surficial waters
with deteriorated quality arising from the contamination from the illegal small scale
mining activities in the area may have compromised the otherwise generally better
quality groundwaters in the area, which serve as the main source of potable water.
This study has evaluated the quality of groundwaters to ascertain the potability and
potential health risks associated with the consumption of groundwater resources in
the Ahafo-Ano South District of Ghana. It was observed that areas with intensive
illegal artisanal gold mining operations had much higher elevated levels of heavy
metals such as Pb, As, Cd and Ni in sampled groundwaters and vice-versa. It is
expected that the findings of this study will present a framework upon which, all
stakeholders involved in the management of water resources and water supply for
the inhabitants will develop an effective, efficient as well as preventive mechanisms
to minimize groundwater quality deterioration, minimize potential health risks and
to enhance the socio-economic development of the people.

13



Water Quality - Factors and Impacts

Author details

Maxwell Anim-Gyampo', Belinda Seyram Berdie’, Enoch Bessah’
and Sampson Kwaku Agodzo™*

1 Department of Geological Engineering, School of Engineering, University for
Development Studies, Nyankpala Campus, Tamale, Ghana

2 Earth Science Department, Faculty of Earth and Environmental Sciences (FEES),
C.K. Tedam University of Technology and Applied Sciences, Navrongo, Ghana

3 Department of Agricultural and Biosystems Engineering, Faculty of Mechanical
and Chemical Engineering, College of Engineering, KNUST, Kumasi, Ghana

*Address all correspondence to: skagodzo7 @usa.net

IntechOpen

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

14



Effects of Illegal Artisanal Gold Mining Operations on Groundwater Quality in Ghana...

DOI: http://dx.doi.org/10.5772/intechopen.100242

References

[1] World Bank, 2013. Artisanal and
Small Scale Mining. http://www.
worldbank. org/en/topic/
extractiveindustries/brief/artisanal-

and-small-scale-mining. (Accessed 15™
November, 2020; Time: 14:43)

[2] Amankwah, R. K. and Anim-Sackey,
C., (2003). Strategies for sustainable
development of the small-scale gold and
diamond mining industry of Ghana.
Resources Policy. 29 , pp31-138.
do0i:10.1016/j.resourpol.2004.07.002.

[3] Adu-Gyamfi, E., (2014). The effect
of illegal mining on school attendance
and academic performance of junior
high school students in Upper Denkyira-
West District of Ghana. Journal of
Education and Human Development, 3,
5523-5545.

[4] Hilson, G., Hilson, A. and Adu-
Darko, E., (2014). Chinese participation
Ghana’s informal gold mining economy.

[5] Kabata-Pendias, A. Trace Elements in
Soil and Plants, 4th ed.; Taylor &
Francis: Boca Raton, FL, USA, 2011.

[6] Ghana Minerals Commission,
(1995). Project Implementation Plan:
Mining Sector Development and
Environment Project.

[71 World Health Organization, (2010).
Guidelines for drinking water quality
WHO, Vol 1, Recommendation, Geneva.

[8] Eduful, M., AlSharif, K.,
Acheampong, M. and Nkhoma, P,
(2020). Management of catchment for
the protection of source water in the
Densu River basin, Ghana: implications
for rural communities. International
Journal of River Basin Management.
http://doi.org/10.1080/15715124.202
0.1750420.

[9] Anim-Gyampo, M., Anornu, G. K.,
Appiah-Adjei, E. K. and Agodzo, S. K.,

15

(2018). Hydrogeochemical evolution
and quality assessment of groundwater
within the Atankwidi basin: the case of
northeastern Ghana. Arabian Journal of
Geosciences 11: 439 https://doi.
org/10.1007/s12517-018-3753-6.

[10] Appelo, C. A.]., and Postma, D. P,
(2005). Geochemistry, groundwater and
pollution, 2nd edn. Balkema,
Rotterdam, 647p.

[11] Ghana Statistical Service, (2012).
2010 Population and Housing Census.
Summary Report of Final Results.
Ghana statistical Service, Accra, Ghana.

[12] Dickson, K. B. and Benneh, G.,
(1998). A New Geography of Ghana.
Longman Group UK Limited, Longman
House Burnt Mill, Harlow, pp. 27-52.

[13] Griffis, J. R., Barning, K., Agezo, F.
L. and Akosah, K. F., (2002). Gold
deposits of Ghana. Graphic Evolution in
Barrie, Ontario, 362p.

[14] Kesse, G. O., (1985). The Mineral
and Rock Resources of Ghana. Balkema
Publishing, Rotterdam, 600p.

[15] Ghana Shape Files, (2009).

[16] World Health Organization/Food and
Agriculture Organization, (2007). Joint
FAO/WHO Food Standard Programme
Codex Alimentarius Commission 13th
Session. Report of the Thirty eight
Session of the Codex Committee on Food
Hygiene, Houston, United States of
America, ALINORM 07/30/13.

[17] Claasen, H. C., (1982). Guidelines
and techniques for obtaining water
samples that accurately represent the
water quality of an aquifer. US
Geological Survey, open-file report
82-1024, 49p.

[18] Barcelona, M., Gibb, J. B., Helfrich,
J. A. and Garske, E. E., (1985) Practical



Water Quality - Factors and Impacts

guide for groundwater sampling. Illinois
State Water Survey ISWS, Contract
Report 374.

[19] Horton, R. K., (1965). An index
number system for rating water quality.
J Water Pollut Control Fed 37(3):
300-306

[20] Sahu, P. and Sikdar, P. K., (2008).
Hydrogeological framework of the
aquifer in and around East Kolkota
Wetlands, West Bengal, India.
Environmental Geology, 55: 823-835.
http://doi 10.1007.s00254-007-1034-x.

[21] Hounslow, A. W., (1995).
Water quality data: Analysis and
Interpretation. Florida, U.S.: CRC
Press Inc.

[22] McGowan, W., (2000). Water
processing, residential, commercial,
lightindustrial, 3rd edn. In: Harrison JF
(Ed) Water quality association. lisle,
Illinois pp 309.

[23] Saravanakumar, K. and Kumar, R.,
(2011). Analysis of water quality
parameters of groundwater near
Ambattur industrial area, Tamil Nadu,
India. Indian Journal of Science and
Technology, 4(5):560-562.

[24] Freeze, R. A. and Cherry, J. A.,
(1979). Groundwater. Prentice-Hall,
Englewood, 624p.

[25] Yidana, S and Yidana, A., (2010).
Assessing groundwater quality using
water quality index and multivariate
statistical analysis — the Voltaian basin,
Ghana. Journal of Environmental Earth
Science. 59 (7), pp. 1461-1473. http://
doi.org/10.1007/s12665-009-0132-3.

[26] Center for Disease Control and
Prevention, (2012). What do parents
need to know to protect their children?
Available: http://www.cdc.gov/eeh/lead/
ACCLPP [accessed 16th November,
2020, Time: 17:42].

16

[27] United States Environmental
Protection Agency, (2017). Risk
assessment guidance for superfund, Vol.
1, human health evaluation manual
(part A), Report EPA/540/1089/002,
Washington, DC

[28] Mann, H., Fyfe, W. S. and Kerrich,
R., (1989). Retardation of toxic heavy
metal dispersion from nickel-copper
mine tailings, Sudbury district, Ontario:
role of acidophilic microorganisms. I.

Biological pathway of metal retardation.
Biorecovery 1:155-172

[29] Agency for Toxic Substances and
Disease Registry, (ATSDR) (2005)
Toxicological profile for Nickel U.S.
Department of Health and Human
Services, Public Health Service,
Division of Toxicology 1600, Atlanta,
GA 30333.

[30] Autier, V. and White, D., (2004).
Examination of cadmium sorption
characteristics for aboreal soil near
Fairbanks, Alaska. ] Hazard Mater
106B:149-155.

[31] Davies, B. E., Bowman, C., Davies,
T. C. and Sellinus, O., (2005). Medical
geology: perspectives and prospects.
Essential Medical Geology, Elsevier Inc.,
pp- 1-14.

[32] Agency for Toxic Substances and
Disease Registry, (2007). U.S.
Department of Health and Human
Services, Public Health Service,
Division of Toxicology 1600, Atlanta,
GA 30333

[33] Smith, A. H., Lingas, E. O. and
Rahman, M., (2000). Contamination of
drinking water by arsenic in Bangladesh:
a public health emergency. Bull World
Health Organ 78(9):1093-1103.



