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Abstract
The discovery of gold in most parts of Ghana has resulted in the emergence of illegal
small-scale gold mining activities alongside water bodies. This paper investigated illegal
small-scale gold mining vis-à-vis the Black Volta River water quality in Ghana. Water
samples were collected from three sites along the Block Volta River and some
physicochemical parameters of the sampled water were analyzed. In addition, informal
interviews were conducted using purposive and simple random sampling methods to
understand the perspectives of the illegal small-scale miners on laws governing mining
and the environment in Ghana. The results showed that some physicochemical
parameters are high at the upstream of the Black Volta River. However, the illegal small-
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scale miners had poor knowledge of mining laws and the impact of their activities on the
Black Volta River water quality. The study proposes the strict enforcement of
environmental laws in Ghana to stop illegal small-scale mining activities on and near
water bodies.
Keywords: Physicochemical Parameters; Galamsey; Water Sampling; Laboratory
Analysis; Black Volta

1.0 Introduction
Water plays an important role in the maintenance of human health and wellbeing.
Consequently, water is recognized as the most basic and essential of all natural resources
globally, as it is obvious that neither social or economic development, nor environmental
diversity can be sustained without water (Baudoin and Arenas, 2020). However, for
many people the quality of water is poor. All-natural water contains substances derived
from the environment; the amount of these constituents in the water determines its
quality (Fu et al., 2019).
Water quality can be defined in terms of the physical, chemical and biological
characterization of water (Perrin et al., 2019). Surface water comprises inputs from
rainfall, runoff and base-flow. Each of these inputs to the surface-water system can
contribute natural compounds of relevance to water quality. Rainfall in highly
industrialized regions may consist of acidic precipitation, which is introduced to surface
water (Grennfelt et al., 2020). Similarly, runoff may carry natural organics and sediment,
whereas, base-flow may have elevated levels of hardness from the flow of the water
through flowing wells.
Notwithstanding these, anthropogenic activities, such as mining are the main causes of
water pollution, as human activities increase the concentration of the existing compound
in surface water or may cause additional compounds to enter surface water. Discharge of
wastewater (treated or otherwise) greatly adds to the organic load of surface water (Tran
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et al., 2019). Clearing of land for construction or farming, river course dredging, sand
production for construction material, etc., equally result in increased erosion and
sediment load in surface water.
The discovery of Gold in the Upper West Region of Ghana has resulted in the emergence
of illegal small-scale gold mining popularly known as ‘galamsey’. Its disorganized nature
and siting close to and dependence on water have negative effects on water quality
(Mujere and Isidro, 2015). Toxic chemicals such as mercury, cyanide, sulfuric acid, and
arsenic are often used in various stages of gold mining. The improper discharge or
release of these chemicals into the environment, especially into water bodies do not only
pollute the immediate environment and water bodies but also have rippling effects on
plant, animals and human populations.
The pollution of watercourses leads to rising levels of Biochemical Oxygen Demand
(BOD) and the presence of microbial contaminants in drinking water sources. A small
amount of toxic chemical is capable of contaminating a large volume of water, which in
turn can contaminate and affect biodiversity and enter the food chains (Singh et al., 2018).
The Black Volta River serves as the main surface water source of drinking water for the
Upper West Region of Ghana. A water treatment plant was recently built at Jambosi with
a direct intake from the Black Volta River to provide portable water for the Wa
Municipality. However, there is a potential increase in the pollution of the Black Block
River due to ‘galamsey’ activities in some parts of the Upper West Region along the Black
Volta River and its tributaries. According to the Water Resources Commission of Ghana,
60% of Ghana's water bodies are polluted (water.org, 2019). As a result, the Ghana Water
Company Limited (GWCL), the company responsible for urban water supply in Ghana,
has hinted of the possible increase in water tariffs due to the high cost of water treatment,
because of high pollution of the Company’s water sources.
Mining, especially surface mining results in adverse environmental impacts on water
bodies (rivers and streams) in Ghana through the release of effluents such as mercury,
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arsenic and solid suspensions. The impact of gold mining in general on water resources
can take the form of either or both physical and chemical impacts (Roy et al., 2019). The
chemical impacts include changes in acidity and alkalinity levels, and the release of
arsenic, mercury, cyanide and other heavy metals into water bodies; whereas, the
physical impacts include salinization, siltation, changed patterns of water use, and the
diversion of rivers and streams from their original courses (Kortei et al., 2020).
Although illegal small-scale gold mining provides indigenous and many poor people
with employment and contributes to foreign exchange earnings for Ghana, the problems
associated with this industry has far-reaching consequences, especially on water quality.
For instance, the management of GWCL in the Eastern Region of Ghana has been
struggling to produce water due to the pollution of the Birim River (the Company’s water
source) by the illegal small-scale gold miners because the company’s Water Treatment
Plant is intermittently shut down due to alarming levels of raw water turbidity of over
8000 NTU (Starr FM, 2020).
Therefore, the objective of this paper is to investigate the influence of illegal small-scale
gold mining on the Black Volta River water quality. The analysis of the Black Volta River
water quality concentrates on the physicochemical parameters: Turbidity, total dissolved
solids (TDS), and total suspended solids (TSS). Turbidity is caused by particles
suspended or dissolved in water that scatter light making the water appear cloudy or
murky (Pradesh and Sarup, 2018). Measuring the turbidity of water is an important test
of its quality, as it is one of the important methods of determining whether or not it is
safe to drink; pathogens harmful to human health can be suspended in turbid water
(Reed, Smith and Shaw, 2017). Accordingly, the World Health Organization (WHO) notes
that managing turbidity is important because it affects the acceptability of water to
consumers, and the selection and efficiency of treatment processes, particularly the
efficiency of disinfection with chlorine (WHO, 2017).
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Also, TDS affects the taste of the water and are one of the leading causes of turbidity and
sediments in water (Ugbaja and Ephraim, 2019). Although, reliable data on possible
health effects associated with the ingestion of TDS in drinking water are not available
(Daramola et al., 2019), the presence of high levels of TDS in water may be objectionable
to consumers owing to the resulting taste and to excessive scaling in water pipes and
household appliances (Stout et al., 2019). Nonetheless, water with extremely low
concentrations of TDS may also be unacceptable to consumers because of its flat, insipid
taste. Besides, water with low concentrations of TDS is corrosive to water-supply systems.
Similarly, high concentrations of TSS decrease the effectiveness of drinking water
disinfection agents by allowing microorganisms to “hide” from disinfectants within solid
aggregates (Gupta, Sati and Gupta, 2019). Levels of total solids that are too high or too
low can also reduce the efficiency of water treatment plants, as well as the operation of
industrial processes that use raw water (Song et al., 2019).

2.0 Materials and Methods
2.1 The study area
The Black Volta River has its source in Burkina Faso and flows roughly north and east for
about 200 miles (320 km) and then turns to flow south for 340 miles (550 km), forming a
border between Ghana and Burkina Faso and then between Ghana and Côte d’Ivoire (see
Figure 1). At Bamboi in Ghana, it turns again, first north and then east, and approximately
130 km farther east it empties into Lake Volta, after a course of about 1,160 km. Its
gradient is relatively gentle (40 cm per km), and the rainfall in its river valley is likewise
small (McKenna, 2020). The Black Volta River is the main surface water source for GWCL
in the Upper West of Ghana, particularly the Wa Municipality, where GWCL only
operates in the Upper West Region.
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Figure 1: The Black Volta River

Source: Ghana Water Resources Commission, 2020

2.2 Sample Collection, Processing and Analysis
Water samples were collected from three different points purposively selected to capture
the impacts of illegal small-scale gold mining on the Black Volta River water quality. Two
of the samples were collected from two illegal small-scale gold mining sites along the
Black Volta River, Tangesie and Duu; and one sample collected at Jambosi, where the
GWCL’s direct intake structure is located (see Figure 2). Both Tangesie and Duu are at
upstream of Jambosi.
500 ml plastic bottles were used in collecting the samples. Before collecting the samplings,
the bottles were cleaned and washed thoroughly, and rinsed with distilled water.
Furthermore, five drops of Aqueous Sodium Thiosulphate Solution was added in each
bottle to neutralize any residual chemical, which could affect the quality of the water to
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be sampled. The sampled water from the three sites was stored in an ice-chest containing
ice and transported to the GWCL laboratory in Wa in the Upper West Region of Ghana
within 12 hours.
Figure 2: Sampled water from the three sites

The Laboratory Analysis of the sampled water involved purely testing of water samples
and comparing the results to strike a balance with WHO’s benchmark or standards for
physiochemical properties of water. Turbidity, TDS, and TSS were the physicochemical
parameters examined. The methods used for the turbidity, TDS, and TSS analysis were
turbidity photometric method, TDS electrode method and TSS spectrophotometric
method respectively.
For turbidity analysis of the three water samples, a turbid meter was used. The turbid
meter was first calibrated by dipping the probe into a standard solution (formazine
suspension), with turbidity values of 0.00 and 10.00 Nephelometric Turbidity Unit
(NTU), and re-calibrated before taking the turbidity values of the three samples. The TDS
was analysed by filtrating a well-mixed sample of each of the three samples through a
standard glass fibre filter; the filtrate was evaporated to dryness in a weighed dish and
dried to constant weight at 179 -181 degree Celsius. The increase in dish weight
represented the TDS. Similarly, for TSS analysis, a well-mixed sample of each of the three
samples was filtered through a weighed standard glass fibre filter and the residue
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retained on the filter was dried to a constant weight at 103 – 105 degree Celsius. The
increase in weight of the filter represented the TSS.
In addition, informal interviews were conducted using purposive and simple random
sampling methods. Sixty-five (65) illegal small-scale gold miners at both Tangasie and
Duu illegal small-scale gold mining sites were sampled for the study. The objective of the
informal interviews was to obtain indebt information on the knowledge of the illegal
small-scale gold miners on gold mining laws in general and small-scale gold mining in
particular. The informal interviews were recorded, transcribed and analyzed using
percentages.

3.0 Results and Discussion
3.1 Physicochemical Parameters of the Black Volta River
The physicochemical parameters of water quality assessment provide a proper indication
of the status, productivity and sustainability of a water body (Tyagi and Malik, 2018). The
changes in the physicochemical characteristics like transparency and chemical elements
of water such as dissolved oxygen, turbidity, TSS and TDS give important information
on the quality of the water, the source of the variations and their impacts on the effective
functioning of water treatment plants. Considering the importance of understanding
physicochemical properties of water in drinking water treatment, a study was carried out
on the physicochemical status of the Black Volta River, which is the main surface water
source for the GWCL in the Upper West Region of Ghana. The following parameters were
analyzed:
3.1.1 Turbidity
Raw water was sampled from three sites (Jambusi, Tangasei, and Duu) and analyzed
using a turbid meter. The results as indicated in Figure 3 revealed that the turbidity level
for the Jambosi sampled water, the location of the GWCL intake structure and Water
Treatment Plant, was satisfactory per the GWCL standard and WHO guidelines of ≤
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5 𝑁𝑇𝑈, as the water sampled from Jambusi turbidity value was 4.51 𝑁𝑇𝑈. This can be
attributed to the downstream location of Jambusi as compared to the other two sites that
are at the upstream of Jambusi along the Black Volta River; water usually has a selfcleansing ability as it flows. However, the water sampled at Tangesie and Duu, both of
which are illegal small-scale mining communities, produced 607 𝑁𝑇𝑈 and 173 𝑁𝑇𝑈
turbidities respectively, indicating very high turbidity levels. Meanwhile, high turbidity
levels of water leads to an increase in the cost of water treatment for drinking and food
processing (Laghari et al., 2018).
Figure 3: Turbidity Values for the Three Sampled Sites

Particulate matter that causes turbidity usually include sediment - especially clay and silt,
fine organic and inorganic matter, soluble colored organic compounds, algae, and other
microscopic organisms. However, Lisi and Hein (2019) indicate that any watershed has
multiple sources of the pollutants or physical features that can affect water clarity, which
can be divided into natural or background, and human-induced sources. Natural sources
can include erosion from upland, riparian, stream bank, and stream channel areas
(Manning, Julian and Doyle, 2020). On the other hand, the human-induced sources
include mining of all forms, particularly illegal small-scale gold mining, which was the
focus of this study.
Furthermore, noticeable turbidity decreases the aesthetic acceptability of drinking water
among consumers. According to WHO (2017), turbidity can vary in colour and
appearance, ranging from milky-white clay-based particles to muddiness from sediments
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and soils, red-brown iron-based particles and mercury-based particles. Aesthetic impacts
can lead to indirect health impacts if consumers lose confidence in a drinking-water
supply and drink less water, or choose to use lower turbidity alternatives that may not
be safe.
3.1.2 Total Dissolved Solids (TDS)
Total dissolved solids (TDS) is the term used to describe the inorganic salts and small
amounts of organic matter present in solution in water. The analysis of TDS for the threesampled water from Jambusi, Tangasie, and Duu sites was satisfactory and below WHO’s
recommended guidelines of ≤ 500 𝑚𝑔/𝑙, as indicated in Figure 4. Panels of tasters
concerning TDS levels have rated the palatability of drinking water as follows: excellent,
less than 300 𝑚𝑔/𝑙; good, between 300 and 600 𝑚𝑔/𝑙; fair, between 600 and 900 𝑚𝑔/𝑙;
poor, between 900 and 1200 𝑚𝑔/𝑙; and unacceptable, greater than 1200 𝑚𝑔/𝑙 (Idris,
Darma and Koki, 2019; Muleya et al., 2020). However, water with extremely low
concentrations of TDS may also be unacceptable because of its flat, insipid taste.
Figure 4: TDS Values from the three sites

The principal constituents of TDS in water are usually calcium, magnesium, sodium, and
potassium cations and carbonate, hydrogen carbonate, chloride, sulfate, and nitrate
anions (Selvakumar et al., 2017; Roy et al., 2019). These chemicals were not used by the
illegal small-scale gold miners in their operations and was the possible reason for the low
TDS values in all the three sites. However, the researchers observed that mercury was the
main metal used by the illegal small-scale gold miners in their operations.
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3.1.3 Total Suspended Solids (TSS)
Surface waters often contain a variety of solid or dissolved impurities. The TSS analysis
of the three samples produced results that were not satisfactory for all the three sites, as
TSS level for all the three sites were larger than 2 𝑚𝑖𝑐𝑟𝑜𝑛𝑠, as indicated in Figure 5. High
concentrations of TSS decrease the effectiveness of water disinfection agents by allowing
microorganisms to “hide” from disinfectants within solid aggregates (Teh et al., 2016;
Gupta, Sati and Gupta, 2019), and it is one of the reasons for the removal of TSS of water
treatment facilities. Also, flocculation and coagulation may be slow in raw water with
high TSS concentration during drinking water treatment.
Figure 5: TSS Values for Three Sampled Sites

3.2

Illegal Small-scale Gold Mining Operatives Perspectives

The researchers further interacted with some illegal small-scale gold miners through
informal interviews to understand the illegal miners’ perspectives on their operations.
Sixty-five (65) illegal small-scale miners were sampled for this study. The demographic
characteristics of 65 illegal small-scale gold miners sampled in this study showed that
85% were males and the remaining 15% being female. Illegal small-scale mining involves
manual digging and the use of strength; thus, the males were undertaking the digging in
all the sites visited, whereas, the few females were fetching water for the washing of the
soils in search of gold.
Notwithstanding that, the analysis of the physiochemical parameters indicates the
potential pollution of the Back Volta River by illegal small-scale mining activities,

11

COMMUNICATIONS IN APPLIED SCIENCES

majority of the operatives of the small-scale mining did not agree that their operations
could affect the Black Volta River quality in any way. Through informal interviews with
65 small-scale miners in Tangasie and Duu, 80% of the small-scale miners interviewed
responded that their operations did not have any impact on the Black Volta River water
quality.
However, on the knowledge of the small-scale miners on gold mining laws in general
and laws governing small-scale mining in particular in Ghana, 90% of the small-scale
miners claimed that they had good knowledge of the laws governing small-scale mining,
with some of the small-scale miners admitting that their activities were illegal.
Nonetheless, some illegal small-scale miners claimed that the central government was
not fair to them by disallowing their activities, with a leader at Tangasie explaining that:
“We were hear when all of a sudden Asumah Resources Ghana Limited invaded our
community without our knowledge and took over our farmlands without compensation but
we know we are sitting on gold. Should we sit aloof and allow them to destroy our land,
take away our gold and allow us to still wallow in our poverty?”
Asumah Resources Ghana Limited is a subsidiary of Asumah Resources Limited; an
Australia based mining company that has been licensed to mine gold in parts of the
Nadowli-Kaleo District, including the Tangasie enclave. Thus, the opinion of the smallscale miners’ leader at Tangasie supports other researchers and institutions who found
out that small-scale mining has been a support for many rural folks who are usually
coerced to sacrifice their farmlands and sources of livelihoods to multilateral mining
companies in Ghana (Ladu, Athiba and Demetry, 2019; Pokorny et al., 2019).
Whiles laws have been enacted in Ghana to safeguard the environment against illegal
small-scale gold mining, including water bodies; many unemployed youth see smallscale gold mining as their only source of income and usually defy all the odds to engage
in it. Worst of all, the lack of proper enforcement of laws on illegal small-scale gold
mining has led to non-compliance with the laws by illegal small-scale gold miners. For

12

COMMUNICATIONS IN APPLIED SCIENCES

instance, bulldozers and other earth moving equipment that were seized by a tasked force
established by the Government of Ghana to stop illegal small-scale gold mining, cannot
be traced. Meanwhile, it is speculated that the seized equipment have been re-distributed
to some members of the ruling party to engaged in the same illegal small-scale gold
mining activities for which the equipment were seized. Thus, the lack of political will to
effectively enforce mining laws and the non-compliance with these laws lead to the
pollution of water bodies in Ghana.
4.0 Conclusion
The study revealed that, turbidity was very high in water sampled at two illegal smallscale mining sites (Tangesie: 607 NTU and Duu: 173 NTU) and far above the 5 NTU
turbidity prescribed by WHO. However, the turbidity for the water sampled at the
Jambosi site (the location of GWCL’s Water Treatment Plant) was 4.51 NTU, and was
acceptable per WHO’s guidelines for drinking water quality. The results on TDS were
satisfactory for all water sampled from the three sites. Whereas, the results for TSS test
showed the sampled water from the three sites were not satisfactory per the WHO’s drink
water quality guidelines. The study findings indicate that illegal small-scale gold mining
activities in the Upper West Region have the potential of negatively influencing the Black
Volta River water quality. However, an assessment of the illegal small-scale gold miners’
perspectives on gold mining in Ghana showed that the illegal small-scale gold miners’
had poor knowledge of mining laws and the impact of their activities on the Black Volta
River water quality. The study, therefore, proposes the strict enforcement of
environmental laws in Ghana to stop illegal small-scale mining on and near the
tributaries to Black Volta River and other water bodies.
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