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Abstract

Despite its often illegal nature, artisanal gold mining in Burkina Faso contri-
butes to the economic and social development of the country. However, the
rudimentary techniques used in gold panning have a significant impact on
the environment due to inappropriate practices and the use of various chem-
ical substances. This study aims to assess the impact of artisanal gold mining
on the quality of water resources in a rural community at Méguet, Burkina
Faso. To this end, surface and groundwater samples were collected and ana-
lyzed at the BUMIGEB laboratory. Field results show that the waters are
slightly alkaline (6.97 < pH < 8.1), weakly mineralized and conductive (124 <
EC < 543 uS/cm), with temperatures ranging from 24.6°C to 31.6°C. In addi-
tion, trace metals (TMEs) analyzed from surface and subsurface waters show
very high levels, generally deviating from the levels recommended by WHO
guidelines for Burkina Faso. Trace metals contamination of water resources
in the commune of Méguet is mainly due to Fe (3.78 - 11.12 mg/kg), Hg (0.03
- 0.29 mg/kg), As (0.01- 6.31 mg/kg) and Pb (0.01 - 3.8 mg/kg). This study
can serve as a basis for guiding national environmental policies to protect the
water resources of the Méguet mine.
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1. Introduction

Mining is the process of extracting a natural material from the earth for profit.

DOI: 10.4236/jwarp.2024.164016  Apr. 16, 2024 281

Journal of Water Resource and Protection


https://www.scirp.org/journal/jwarp
https://doi.org/10.4236/jwarp.2024.164016
https://www.scirp.org/
https://doi.org/10.4236/jwarp.2024.164016
http://creativecommons.org/licenses/by/4.0/

I. Ouedraogo et al.

Many precious metals (cobalt, nickel, iron, gold, etc.) are found in the earth. Pla-
tinum, silver and gold are the rarest and most sought-after metals in the world
[1]. Their extraction has always been controversial in terms of protecting the en-
vironment and human health. Gold can be extracted by both industrial and arti-
sanal mining methods. Although panning is done with rudimentary means and
little or no mechanization, it is an activity that adds significant quantities of the
“yellow metal” to the global gold cycle. In developing countries, tens of millions
of people depend on artisanal and small-scale mining [2].

Hirwa et al [3] states that, the most basic element required for the mining
industry is water. According to Cole and Hogarth [4], water is used to operate
equipment (e.g., drilling, grinding, flotation, smelting) and for health and safety
(dust suppression, hydration), it can have a significant impact on local resources.
Deteriorating water quality is growing concern worldwide [3]. This phenome-
non is attributed to human activities that contribute to its increase ([5] [6]).
Water pollution can take many forms: the most common are discharges from
industrial processes such as mining, domestic wastewater, and spills of chemicals
used in agriculture [7]. The major sources of wastewater from mining operations
fall into three broad categories: mine water, process wastewater, domestic waste-
water and runoff [8]. Mining activities produce wastewater containing a number
of chemical contaminants that alter the quality of surface and groundwater and
are often the source of significant pollution (Koryak [8] cited in Hirwa et al [3]).
According to Ellis ef al [9], the effects of water quality degradation are not only
felt in the local area of the mine, but are often felt downstream of the mine, far
away from the source of the pollution. Thus, the impacts of mining activities can
cause problems in ecosystem functioning [10]. As affirmed by Koryak [8], that
wastewater from waste rock dumps can be the cause of acid rain in rivers (cited
in [3]). The author McMenemy [11] cited by [3], reported fish non-survival in
Ely Brook River (USA) due to extremely poor survival and growth conditions
caused by mining effluents.

In Burkina Faso, nearly 800 artisanal mining sites were identified in 2018.
They are distributed throughout the national territory and employ more than
two million miners. In addition, according to the National Survey of the Gold
Panning Sector (ENSO) organized by the National Institute of Statistics and
Demography (INSD) in 2017, artisanal production of 9.5 tons of gold was rec-
orded in 2016 [12], with a value of FCFA 232.2 billion.

It is true that gold mining is a source of income for the country, but gold
mining also has traditional characteristics that threaten the environment and
human health. Toxic chemicals and certain heavy metals such as mercury, cya-
nide, zinc and nitric acid are used in the gold panning chain [13]. Of these, cya-
nide and mercury are of particular concern. The use of mechanical methods
which are even more environmentally friendly by eliminating chemical treat-
ment, could be a profitable and sustainable solution.

In view of the major challenges in the supply of drinking water to communi-

ties, the protection of ecological systems and the knowledge of the quality of wa-
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ter resources in the gold mining area remain a priority. The general objective of
this study is to assess the impact of artisanal mining on the quality of water in
the rural commune of Méguet in Burkina Faso. The aim is to ensure better qua-
litative and quantitative management. The levels of certain heavy metals and a
number of physical parameters were determined. This research will therefore
enable us to understand the existing baseline of the impact of mining activities
on water quality in this gold mining area of Burkina Faso. It will also provide
guidance for environmental policies for the sustainable management of mining

in Burkina Faso.

2. Materials and Methods
2.1. Location of the Study Area

The area of interest is the Central Plateau region, located at 2°15' and 0°20" west
longitude and 11°45' and 13°00' north latitude. The study area belongs to the
Northern Sudan climatic zone, which is characterized by an alternating dry sea-
son from mid-October to mid-May and a rainy season from mid-May to mid-
October. The average annual rainfall in the area varies between 650 mm and 800
mm and is characterized by a low spatio-temporal distribution. The average an-
nual temperature in this zone is about 28.5°C, with mean and absolute minima
of 16°C in December and January and mean and absolute maxima of 39°C in
March and April. The warmest months are March, April, and May, while the
coldest months are December, January, and February.

The Central Plateau region is part of the geology of the West African Craton.
The West African Craton is a magnet for mining industries and small-scale arti-
sanal gold miners because of its numerous gold deposits. With respect to the ge-
ology of the study area, the bedrock is mainly leucocratic to sub leucocratic gra-
nite with biotite and sometimes muscovite. Banded and foliated granodiorite,
tonalite and quartz diorite are also found, with significant quartz vein crosscut-
ting (Castaing et al 2003) [14] Figure 1.

The study was conducted in the rural commune of Méguet, located 26 km
north of the commune of Zorgho, capital of Ganzourgou Province in the Central
Plateau region, and about 100 km from the capital city of Ouagadougou, Burkina
Faso. This rural commune which is the subject of our study has leached tropical

ferruginous soils.

2.2. Sampling and Preparation

During this phase surface water (dams and site), groundwater (boreholes) and
mine sediments were sampled (Figure 2). During this phase, physical parame-
ters such as temperature, hydrogen potential (pH) and electrical conductivity
were measured 7n situ using a multi-parameter instrument. To obtain samples
ready for laboratory analysis, the following steps are followed preparation of
sampling sheets and labels to be attached to the bottles; use of latex gloves to

avoid contamination of the samples; use of 1 liter polyethylene bottles previously
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Figure 1. Geological and hydrographic map of the study area.

Legend

©  Mineralization indice
— Fault

[ Study area
Geology

[ Alluvium

[ ] Amphibolite

[ Conglomerate

[ | Quartziferous diorite
[ Dolerite

[ Hypovolcanic vein
[ ] Gabbro

[ Gabbro-diorite
[ Gneiss

Granite

7] Leucogranite

[ ] Pegmatite

Il Quartz

[ Quartzite

Schist

[ syenite

[ Tonalite

7] Volcanic rock

[ Acidic volcanic rock
[ Basic volcanic rock

Ganzourgou province

190 km

[ study area 16.000 46.000

@7 OpenStreetMap (and), _contributors, CC-BY-SA; Source ... Esri, Maxer,
Earthstar Geographics, and the GIS User Community

g —t— E

F# [ Meguet Municipality #

. other Municipalities - . .
50 > a0 @ Sampling points

= Hydrographic network

Figure 2. Sampling map of the commune of Meguet.

DOI: 10.4236/jwarp.2024.164016

284

Journal of Water Resource and Protection


https://doi.org/10.4236/jwarp.2024.164016

I. Ouedraogo et al.

washed in distilled water, including two (02) per sampling point, one for heavy
metals analysis and the other for free cyanide; use one bag to collect 1 kg of
mining sediment from each site and another bag for 1 kg of control soil at a depth
of 30 to 40 cm as a neutral sample; For heavy metals and cyanide analysis, rinse
the water points for a few minutes to remove supernatants and obtain represent-
ative samples; thoroughly rinse the bottles at least three times with the water to
be analyzed prior to sampling while wearing latex gloves; empty the bottle with
the opening facing down before immersing it vertically in the water. When it’s
well submerged (about 30 cm), tilt it about 45°, fill it halfway and add the stabi-
lizing additive. Immediately rinse the cork and carefully close the bottle; use ni-
tric acid (NHO;, 1 ml) as a stabilizing additive in bottles intended for heavy
metal analysis and sodium hydroxide (NaOH) as a stabilizing additive for cya-
nide analysis; use an airtight cool box with a cold preservative (“boxe glace™) to
keep the samples at a temperature below 4°C suitable for laboratory analysis; re-

turn the samples to the laboratory within 24 hours.

2.3. In Situ Measurements of Physical Parameter

Physical parameters were analyzed in situ to study their correlation with heavy
metal concentration. Physical parameters such as hydrogen potential (pH), tem-
perature (°C) and electrical conductivity (uS/cm) were sampled in the field using
a branded multimeter. Sampling points were geolocated and coded by sample.
Samples included wash sediments, drilling water, wash water, dam water and

control soil.

2.4. Laboratory and Statistical Analyses

Heavy metals such as Ag, As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Ti, and Zn
were determined by the Inclusive Coupled Plasma (ICP) method. Cyanide was
analyzed using a titroprocessor equipped with a CN-specific electrode. However,
the values obtained were subjected to statistical analysis. All statistical analyses

were performed using Microsoft Excel 2013 for graphical presentation.

3. The Results

3.1. Presentation of Physical Parameters

All physical parameters of the water measured in sifu are summarized in Table 1.

3.2. Correlation of Physical Parameters

A correlation graph (Figure 3) between the three parameters (pH, electrical
conductivity and temperature) shows that the borehole water from Site 2 has the
highest relative value for electrical conductivity, with a lower pH near of an av-

erage temperature of 29°C.

3.3. Presentation of Heavy Metals

A total of 14 samples were analyzed for heavy metals (see Table 2) and another
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Table 1. Physical parameters measured in the field.

Geographic coordinates

Physical parameters in situ

Study sites Cond Tem
P .
Sample code X Y H Date Observations
P PP (ustem) ()
S1 Sol-T 750093 1375188  --- Control soil sample
S1 Sedi-ML 750088 1375278 --- --- --- mining waste
Kietenga
(site 1) S1/EFML 750089 1375277  7.39 359 304 Drilling near the site
N ber, Mineral washi t ddish
SIESML 750088 1375278 7.64 355  28g | \ovember Mineral washing water (reddis
15th 2022 to yellowish color)
Fatmatenga S2/EFML 748485 1374131  6.97 543 29.2 Nearby drilling, drinking water
(site 2) S2/ESML 747450 1373071  8.32 387 31.6 Reddish washing water
Dam EBML 749560 1373319  8.01 124 24.6 Washing dam
Table 2. Heavy metal analysis results.
Content in ppm (mg/kg)
Number Sample code s e
Ag As Cd Co Cr Cu Fe Hg  Mn Ni Pb Ti Zn
1 S1 Sedi-ML 0 6.31 0 0 3875 194 32071 4.6 625.7 128.1 3.8 8958 543
2 S1 Sol-T 0 7.43 0 0 55.2  40.7 48855 5.82 680.6 26.5 143 20674 50
3 EBML 0.04 0 0 0 0 0 0,03 0 0 0 0.01 0.5 0.07
4 S1EFML 0.01 0 0 0 0 0 0.1 0.03 0 0 0.01 0.48 0
5 S2EFML 0.09 0 0 0 0 0 0.1 0.03 0 0 0 0.47 0
6 S1IESML 0 0.02 0 0.01 0.04 0.02 11.12 0.05 0.03 0.01 0.02 0.51 0
7 S2ESML 0.04 0 0 0 0.01 0.01 378 029 0.04 0.01 0.01 049 0
8 WHO standard - 0.01 0.003 0.07 0.05 2.0 0.3 0.006 0.5 0.07  0.01 -- 3
600.00 543
c
2
€ 500.00
©
o 387
g 400.00 359 355
g
< 300.00
T
o
S 200.00
-y 124
<
Q- 100.00
730l %4 764l B8 g P2 gapf PO gpn] 246
000 — —_ —_ — —
S1 EFML S1_ESML S2_EFML S2_ESML EBML
Sample code
EpH = Cond(pS/cm) = Temp (°C)

Figure 3. Correlation between physical parameters; pH, temperature and electrical con-

ductivity.

seven samples were analyzed for free cyanide (CN) (see Table 3). The distribu-

tion and comparison of the elemental concentrations present in the samples
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Table 3. Cyanide analysis results.

Number Samples code CN in ppm (mg/kg)
1 S2 Sedi-CN 0.00
2 $2 Sol-T 0.00
3 EBCN 0.00
4 S1EFCN 0.00
5 S2EFCN 0.00
6 S1ESCN 0.00
7 S2ESCN 0.00
8 WHO standard 0.005

from the two sites, as well as from the dams, boreholes and control soil, will al-
low us to determine their origin (natural or anthropogenic) and to conclude
whether they are contaminated. In this case, the hypothesis of contamination by
gold panning would be confirmed, in accordance with the World Health Organ-
ization (WHO) [15] standards in force in Burkina Faso.

4. Discussion

4.1. Physical Characterization of the Water

Analysis of in situ physical parameters revealed that the waters analyzed are ba-
sic to slightly basic (6.97 < pH < 8.1). This is a favorable environment for chem-
ical and biochemical reactions. It is also a determining factor for the growth of
micro-organisms living in the water, specially bacteria according to Roudier
[16], since most of them prefer neutral or slightly alkaline pH values between 6.5
and 8.5 [17]. For this study, all samples had a pH well within the WHO stan-
dards (6.5 < pH < 8.5).

Temperature ranged from 24.6°C to 31.6°C. Between 10°C and 30°C, temper-
ature has a negligible effect on metal mobility [18]. However, in a mining envi-
ronment, an average temperature of 30.3°C could affect acid mine drainage
(AMD), which is the most significant environmental problem in the extractive
industry [18].

The different electrical conductivity measurements (124 < EC < 543 uS/cm)
indicate a low mineralization of the water in the analyzed samples. This low mi-
neralization could be explained by the fact that the water at the sites studied is
only slightly charged.

Mining mineralized veins releases more particles into the water. In fact, the
waters of the study area are loaded with sediments from gold panning and farm-
land erosion as explained by Mboudou et a/ [19], which promote the develop-

ment of microorganisms and other aquatic plants.

4.2. Chemical Characterization of the Water

Analysis of the samples revealed metal concentrations well above the normal
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range [15], especially in the solid samples, i.e. the control soil and the ore wash-
ing sediments.

These unusually high concentrations in the solid samples prove that trace
metals have a natural origin in the environment and are the signature of existing
geological formations. They are present in small quantities in rocks [20]. This
natural presence, under the effect of transport agents such as water erosion by
runoff, wind and infiltration, most often favored by agriculture and gold pan-
ning activities, could lead to a very high mobility of these elements towards wa-
ter points (streams, rivers, dams, boulders and boreholes) for consumption or
gardening. This abnormal distribution could contaminate the entire food chain,
causing health problems for humans and wildlife, as well as the decline or dis-
appearance of certain plant species and the impoverishment of the land.

The concentration of free cyanide (CN) monitored in the various samples was
zero. This may be due to the fact that mining regulations prohibit its use in gold
panning. In addition, we did not have access to certain ore processing areas that
were considered highly suspect. On the other hand, the absence of cadmium
(Cd) and cobalt (Co) concentrations in the various samples may be due to the
nature of the mined rock, which is poor in these elements.

The results obtained from the liquid samples show low or very low levels of
certain heavy metals. Mercury (Hg) and iron (Fe) were found in all liquid sam-
ples, with concentrations mostly above WHO recommended standards. These
two elements are found in very high concentrations, especially in surface water
and ore washing water at the two operating gold panning sites. Sulfur and iron
are present in sphalerite (ZnS), chalcopyrite (CuFeS;), galena (PbS) and pyrite
(FeS.), whose alteration is thought to be the reason for their presence in the en-
vironment [21]. The mineralization in the gold veins comes from quartz veins,
which would support the high probability of the presence of sulfur according to
Miquel, [22]. In addition, studies have shown that iron content is generally high
in West Africa due to leaching from lateritic terrains [23]. Manganese generally
accompanies iron in rocks and water. Not surprisingly, manganese concentra-
tions in groundwater are on average 10 times lower than iron concentrations
[24]. In our case, the concentrations of manganese are significantly lower than
those of iron. The presence of manganese in water is primarily an organoleptic
(metallic taste) and aesthetic (black color) nuisance. This nuisance can be per-
ceived by the consumer at a concentration of 0.03 mg/L [22]. The mercury is
therefore partly due to the geology of the area, although the high concentrations
observed are directly related to its use in amalgamation during ore concentra-
tion.

The content of As, Cr, Ni, Mn, Cu, Pb and Zn in some liquid samples is below
the WHO standards for Burkina Faso. This could be justified by the geological
nature of these environments, which are probably low in these elements. High
levels of trace metals in surface waters analyzed in a mining context are generally
attributed to mining activities. In fact, for Mengnjo [25], the substances found in

the surface waters of the region are derived from the chemical alteration of mi-
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neralized bedrock and gold panning, as surface water is the main transport route.
All of the chemical elements monitored occur naturally in rocks, and their pres-
ence in surface water is also normal. They are also present in the groundwater
surrounding the sites, in varying concentrations in the places where monitoring
is required. In fact, given the interconnectedness of these waters, it would not be
out of the question to find levels of certain chemical elements that are not rec-
ommended for drinking in some wells used by local residents.

Based on the results of our field surveys and chemical analyses, which revealed
water concentrations that generally deviated from natural levels of heavy metals,
we can confirm our initial hypothesis that gold panning contributes to water
pollution. This study allowed us to determine the extent of the elements analyzed
and to specify the elements with which these waters are polluted. Among the
elements analyzed, we found that Hg, Fe and, to a lesser extent, Pb and As, are at
the origin of the pollution.

In short, metals are naturally present in trace amounts in the human body.
They are essential for the proper functioning of our organism. For example, we
have traces of calcium, potassium, iron, zinc and magnesium.

On the other hand, they can be toxic when present in excessive amounts. For
example, cadmium damages the liver; lead causes lead poisoning, which is par-
ticularly serious in children; mercury is neurotoxic [22].

Chronic exposure to TMEs often results in fatigue, headaches, sleep distur-
bances, difficulty concentrating, mental disorders, and digestive problems. TMEs
appear to be associated with the development of serious diseases such as mul-
tiple sclerosis and neurodegenerative diseases such as Alzheimer’s and Parkin-
son’s.

TME damage the respiratory and digestive systems and can cause kidney fail-
ure. Heavy metal contamination can have both short- and long-term side effects,
damaging systems and organs that cannot always be completely reversed by

treatment in cases of prolonged overexposure.

5. Conclusions

In the Central Plateau region, and more specifically in the Kietenga and Fatma-
tenga areas of the Méguet commune, gold is mined on an artisanal basis, some-
times using chemicals that are harmful to human health and the environment.

Although gold panning contributes to improving the living conditions of gold
miners by providing them with substantial income and employment in a context
of gradual land degradation, and consequent agricultural yields and insecurity, it
is a polluting activity. The clandestine and limited use of mercury and cyanide in
the homes of gold miners is well-known, making control very complex. The dis-
charge of these heavy metal-laden waters into the environment is the main anth-
ropogenic source of contamination of surface water and even groundwater.

This study allowed us to make a bibliographic summary of certain environ-

mental problems caused by gold panning in general and its impact on water re-
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sources in particular. The analytical synthesis of the laboratory results also re-
vealed the presence of significant levels of mercury in sediments, soils, water re-
sources (ground and surface) and aquatic resources (dams). In addition to the
elemental mercury used in the production of the gold-mercury alloy, the popu-
lation of Méguet is exposed to methylmercury through the consumption of fish
contaminated by mercury discharges from ore washing at a nearby dam. This
exposure can lead to adverse health effects such as kidney, autoimmune, and
neurological disorders, all of which are effects of mercury exposure.

In fact, our analyses show that mercury (Hg) concentrations in all liquid sam-
ples and Fe concentrations in surface water exceed standards. Concentrations of
arsenic (As) and lead (Pb) in surface water at the sitel exceed WHO limits.

The concentration of these same metals in the water produced by ore washing
far exceeds the environmental discharge standards set by mining regulations in
Burkina Faso. These high levels are the result of acid attack by the metals which
either accompany the gold ore or are added during the treatment process. This
solubilization and addition of mercury leaches these elements into the ground-
water consumed by the population. This can lead to a number of health prob-
lems associated with the ingestion or inhalation of metals.

Analyses of collected soil samples have also shown that gold panning has con-
tributed to the exposure and abnormal expansion of elements in the soil to heavy
metals. The practice of gold panning does not leave the physical environment
indifferent either. The physical degradation of the environment and the defore-
station of trees and shrubs also accompany artisanal gold mining in the Central
Plateau. It is with great hope that we believe that the recommendations formu-
lated at the end of this study will make it possible to significantly improve the
practice of gold panning in Méguet sites, while preserving the miners’ health and
the environment in which they live. As part of the implementation and moni-
toring of these measures, it is equally important that the mining administration,
such as the National Agency for the Supervision of Artisanal and Semi Mecha-
nized Mining operations (ANEEMAS), adopts these recommendations.

The presence of the mining administration in gold panning areas should not
be limited to the sale of the gold panner’s card or the collection of taxes. It must
also ensure compliance with health and environmental measures and raise aware-
ness of good environmental practices among gold panners. Over time, this aware-
ness should lead to the adoption of more responsible, environmentally friendly
artisanal gold mining practices. In conclusion, we dare to believe that EMAPE

has a bright future ahead of it in Burkina Faso.
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