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 Artisanal gold mining (AGM) is one of Mali's most significant economic activities. 
This activity become a serious environmental concern because of the chemicals used 
for AGM. The artisanal gold processing method uses a significant amount of water. 
The operating waste, often toxic by chemical mercury, is discharged or drained into 
watercourses. This study describes the main actors and the different methods of 
exploration, extraction, and processing of gold by artisanal miners, as well as their 
perception of environmental impacts. The methodology adopted is based on surveys 
and observations conducted at the Lollè and Sinty sites. The results show that no 
mining legislative rules were applied. Still, non-standard customary rules for a very 
long time. AGM has a particular organizational chart that actors manage. This study 
shows that AGM can cause health and environmental problems, especially with the use 
of chemicals, contamination of water resources, land degradation, and destruction of 
fauna and flora. Analysis of water samples shows that the mercury concentration at 
Lollè exceeds the WHO standard, while most mercury concentrations at Sinty are 
below this standard. The geomorphology of the study area shows a watershed with an 
area of 88.40 km2 with four orders of the hydrographic network in Lollè and 404.02 
km2 with five orders in Sinty. While the slopes range from very weak to strong, and 
the study areas are practically flat. This study will provide accurate information to 
policy-makers for implementing environmental management strategies in a manner 
that miners can understand and evaluate. 
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1. Introduction 

Nowadays, gold is important in the international 
system and the general economy. The gold reserve 
of any nation preserves the strength and stability of 
a country's wealth [1]. Artisanal gold mining 
(AGM), or gold panning is practiced for centuries 
and affects millions of people worldwide. Ten to 
fifteen million people are involved in this activity 
in more than 70 countries [2]. Gold panning, 
although often rudimentary and poorly 
mechanized, contributes significantly to the global 
gold market, representing 15 to 20% of global 
production [3]. In developing countries, this 
activity is an essential source of income for 
millions of people, providing jobs and supporting 
the fight against poverty and rural exodus [4,5]. 
Artisanal mining is defined as small-scale mining 

operations that are often informal and characterized 
by low levels of mechanization [6]. Sana et al. [7] 
highlighted the lack of knowledge of the miners on 
the health and environmental impacts of artisanal 
gold mining. While Cuya et al. [8] indicated that 
miners that economically rely on informal ASGM 
are aware of and concerned about the associated 
environmental problems and generally have 
positive perceptions of nature. However, Araujo et 
al. [9] emphasized the importance of formalizing 
gold mining operations, organizing social activities 
around cooperatives, and continuously pursuing 
technical and educational efforts. 

In Mali, traditional mining is defined as any 
small-scale operation that consists of extracting 
and concentrating mineral substances from primary 
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and secondary outcropping or sub-outcropping 
deposits and recovering marketable products using 
manual or traditional methods and processes, 
including artisanal gold panning [10]. According to 
Hussein [11], traditional mining was widely used 
worldwide in the early 1900s. In sub-Saharan 
Africa, most of the population is poverty-stricken 
and supports themselves by exploiting nearby 
natural resources such as gold. Gold panning is an 
activity often considered ancestral and intensified 
in recent decades, especially in West Africa, 
creating significant challenges for the environment. 
In the Kayes, Koulikoro, Sikasso, Gao, and Kidal 
administrative regions, artisanal mining of gold is 
much more coveted than agriculture. It provides 
more than 500,000 people, according to estimates 
by the international NGO Human Rights Watch 
(HRW) with employment [12]. However, it is 
difficult to give exact statistics on the population of 
gold miners with the involvement of other foreign 
nationals. The Sikasso region records 92 active 
sites, according to the 2017 mapping report by the 
National Service of Geology and Mines, including 
13 in the commune of Fourou [13]. According to 
statistics from the Ministry of Mines presented on 
February 2, 2021, the total production of gold 
panning in 2020 in Mali was 6 tons, and it is 
exploited on dry land or in river beds. In both cases, 
water and chemicals are involved, which are very 
dangerous for human, animal, and environmental 
health [12]. This polluted water, considered to be 
the source of life, is used for domestic, industrial, 
and irrigation purposes. 

Uncontrolled exploitation of mineral resources 
such as gold can lead to severe disruptions in the 
natural drainage of watercourses and seriously 
pollute groundwater. It destabilizes the 
hydrographic network by the presence of multiple 
exploitation holes in the beds [14]. The artisanal 
gold processing method requires the use of a 
significant amount of water. The operating waste, 
often toxic by chemical elements (cyanide, 
mercury), is discharged or drained into 
watercourses that can penetrate and reach the water 
tables [14]. AGM is an activity that denudes areas 
and promotes water erosion, reducing water 
infiltration that ensures the recharge of water 
reservoirs [15]. Several studies have been 
conducted in Mali in gold mining areas [13-16, 17, 
18,19, 20, 21]. These studies were based on the 
impact of gold mining, specifically on the 
environment (water, soil, vegetation) and job 
creation in the country. The dual effect of artisanal 
mining and its morbidity was also studied [22].  

In a context where extractive activities continue 
to grow, it is crucial to commensurate the voices of 
affected communities to promote sustainable gold 
mining practices that respect the rights of local 
populations. Such an approach could promote 
harmonious development that balances the need for 
economic resources with the preservation of the 
environment and community well-being. Sidibe 
and Camara [23] worked on the socio-economic 
effects of gold mining areas in the Kadiolo counties 
in Mali. Their results indicated that the gold mining 
sites have positive and negative effects on the 
population and the environment. Also, Keita [18] 
worked in artisanal mines in Mali and found that 
the gold mining must be promoted to increase its 
positive impacts and reduce its harmful effects. 
Keita et al. [24] investigated the socio-economic 
causes that pushed farmers to abandon agriculture 
in favour of gold panning at the Farabacoura site, 
Sikasso region in Mali. As for Sissoko et al. [19], 
they analyzed the negative and positive 
environmental effects of gold panning in Kéniéba, 
Kangaba, and Yanfolila, in Mali. Their findings 
showed that gold panning is a beneficial activity to 
reduce unemployment and migration but is harmful 
to health and children's education. Teschner [20] 
studied the role of artisanal gold mining in the 
commune of Yallankoro-Soloba during the 
transitional period in Mali and show that the gold 
panning activity has a positive effect on the 
community. Toure [25] studied the trauma of gold 
miners during their gold panning activities in the 
Emergency Department of the Gabriel Touré 
University Hospital in Mali. Konaté et al. [26] 
analyzed child labor in the artisanal gold mines in 
the rural commune of Fourou, cercle de Kadiolo, 
and revealed that children start work at a very early 
age in order to contribute to family income and they 
are involved in all stages of gold extraction. 

Most of these studies focused on the socio-
economic impacts of gold panning. Previous 
studies successfully used surveys in artisanal gold 
mining areas. However, no study conducted on the 
assessment of the impact of artisanal gold mining 
on the environment in the commune of Fourou in 
the Republic of Mali. It is the second region where 
gold panning activity is more practiced, with 
40.4% after the Kayes region [27]. This study aims 
to understand the perception of artisanal gold 
miners and the impacts of their activities on the 
environment. The knowledge produced and data 
collected will serve as the basis for environmental 
policies to protect local communities. 
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2. Materials and Methods 
2.1. Presentation of studied area 

The Rural Commune of Fourou was created by 
Law No. 96-059 of 04/11/1996. It comes from the 
former Arrondissement of Fourou, following the 
territorial division of 1996 as part of the 
implementation of decentralization. The commune 

of Fourou is located in the circle of Kadiolo, 
Sikasso region in Mali. It is located to the West of 
the Circle of Kadiolo at 55 km from the city and 
approximately 155 km from Sikasso, the regional 
capital. It is located between -6° and -6° 30 West 
and 10° and 10°30 North. A former village of the 
Senufos, the rural commune of Fourou covers an 
area of 1,400 km2. Figure 1 presents the study area. 

 
Figure 1. The localization of the studied area. 

The commune of Fourou consist of 23 villages 
and 06 hamlets [28]. It has experienced a huge 
population increase in the last decade due to the 
exploitation of the Syama gold mine by SOMISY 
and 13 gold panning sites. The population is 
estimated at 47,492 inhabitants, including 24,680 
men and 22,812 women, and the growth rate was 
3.6% [29]. The population is composed of the 
Senufo and Samogho ethnic groups, with some 
minorities of Malinké, Fulani, Bambara, Minianka, 
Sonrhaï, Dogon, Bozo, Mossi, Kassonké, Sarakolé 
[16]. At present, gold panning is the primary source 
of the economy, plus agriculture, livestock 
breeding, gathering, fishing, trade, and crafts. The 
socio-cultural organization is dominated by the 
traditional chieftaincy in the villages [28]. 
Formally, the management of artisanal mining of 
mineral substances falls under the jurisdiction of 
local authorities. The following texts govern 
artisanal mining: 

- Law No. 2023-040 of August 29 on the mining 
code in the Republic of Mali. According to the 
mining code, artisanal gold mining or traditional 
gold panning is carried out within an exploitation 

corridor by holders of an artisanal mining 
authorization. This authorization is materialized by 
the issuance of a gold panning permit exploitation by 
local authorities (art. 64; 65). The artisanal mining 
permit is granted to individuals and groups of natural 
persons of Malian nationality or nationals of 
countries granting reciprocity to Malians (Art 66). 
The duration of this permit is three years, renewable 
for periods of three (3) years (Art 67). The code 
prohibits the use of explosives and dangerous 
chemical substances, including cyanide, mercury 
and acids, in artisanal mining activities (Art 67). 
Holders of artisanal or semi-mechanized mining 
permits are required to carry out their activities in 
accordance with the legislation and regulations in 
force on environmental protection. Artisanal mining 
is submitted to the environment and social impact 
assessment (Art 64).  

- Decree No. 2017-0555 /PRM of June 29 on the 
transfer of powers to local authorities in the field of 
Mines allows the Municipality to exercise its powers 
concerning traditional gold panning. 

- Law No. 2021-032 of May 24, 2021, relating to 
pollution and nuisances, which makes environmental 
assessments mandatory for any activities likely to 
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harm the environment and the quality of the living 
environment). 

The commune of Fourou is watered by the 
Bagoé River, which separates it from the Republic 
of Côte d'Ivoire and the Banifing, and serves the 
communes of Tiongui (Kolondiéba circle), Fourou 
(Kadiolo circle) and Lobougoula (Sikasso circle). 
The Bagoé River is the main water channel in the 
south of Mali [30]. The two rivers (Bagoé and 
Banifing) are confluences of the Bani (900 km 
long), which is the major tributary of the Niger 
River in Mali [31]. These rivers help facilitate gold 
processing in the commune. The Bagoé River is 
very turbid due to the increase in the sediment rate. 
The most important ponds are Lollè, which is 7 km 
far from Fourou, and the second one is Diéou, 12 
km to the North East. 

2.2. Data collection 

Interviews were conducted, and observations 
were made to identify beliefs, values, and social 
dynamics that influence communities' behaviors 
and attitudes toward the changes brought by gold 
mining. AGM often results in the degradation of 
the environment (water resources, soil, vegetation), 
and is crucial for local communities. 

2.2.1. Direct observations 

During this observation, the investigator must 
focus not only on a person's statements but also on 
their behavior. Direct observations on gold panning 
sites made it possible to examine the perception of 
the population studied in usual situations and to 
identify their behavior towards the environment. It 
enables to visualize the artisanal mining sites, the 
waterways, the flora, and the state of soil 
degradation, as well as to observe the different 
techniques and technologies applied by the actors 
in the artisanal exploitation of gold. Several 
photographs of gold miners during their routine 
work (digging; raising, screening, washing and 
processing of ore) were taken. 

2.2.2. The interviews 

The non-directive interview (or "free 
interview") is a qualitative study research method 
that allows data to be collected. It is used to obtain 
detailed information on a general subject and allow 
an investigation to be carried out. The field 
interviews were conducted to examine the gold 
panning sites and their environment, and 
understand the technique, technology, perception, 
environmental aspects, and consequences on 

biodiversity. To this end, interviews were 
performed with the gold panners and households. 
The interview questions were developed using the 
koobotoolbox and the kobotoolcollect tools. Thus, 
30 people from Lollé and Sinty agreed to 
participate in the interviews as people in the gold 
mining areas are very suspicious of surveys. 
Questionnaires were administered by trained 
research students from the High Institute of Mines 
and Geology of Boké, Guinea. The language used 
for interviews was the local language (Bambara). 
Informed consent was sought from the 
respondents, and data were handled following the 
General Data Protection Regulation [32]. 

2.2.3. Group discussion 

According to Cissé [33], the idea of the group 
discussion is to confront the perceptions of the 
actors to gather a large amount of information. This 
discussion concerned landowners, women, and 
men gold miners active in the gold panning sector 
(Figure 2.a and Figure 2.b) to understand the 
genesis of the gold panning activity, gold panning 
techniques, technology, and their perception of the 
impacts of gold panning, the difficulties 
encountered and the solutions they propose. 

2.3. Data analysis 

Descriptive statistics were used to summarize 
the responses from the different participants. The 
responses obtained were analyzed using Microsoft 
Excel. This software facilitated the presentation 
and visualization of the obtained data in a more 
meaningful way, which allows for more 
straightforward and more accurate interpretation. 

3. Results and Discussion 
3.1. The actors and stages of gold panning 
3.1.1. The main actors 

In Mali, artisanal mining takes place on land 
belonging to the land heritage of a family or 
village. The village chief or landowner monitors 
this activity. During the opening, no mining 
legislative rules were applied, but non-standard 
customary rules existed for a very long time. This 
activity has a particular organization chart 
managed by actors. Among these actors, we have: 

3.1.1.1. Chief of the village 

According to chieftaincy rules, he is generally 
the oldest in the village. According to the mining 
regulations adopted by the villagers, the village 
chief does not receive his percentage of the gold 
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mined but benefits from the savings from the 
tickets sold. He is the final decision-maker after 
consulting with his council. 

3.1.1.2. The village elders 

The village elders are respected and listened to 
figures within the community. They have a deep 
knowledge of the authorship of the land and the 
history of gold panning in our study region. The 
customary chief, a leading traditional authority, is 
among these wise men. At the start of the dry 
season, a period conducive to mining activity, gold 

miners often request access to new mining sites. In 
this study, it was observed that the "Damantigui", 
representative of the local administrative 
authorities, systematically consults the village 
elders to obtain their support before authorizing 
mining in new sectors. After a careful study carried 
out by the customary chief, the Damantigui obtains 
the approval of the elders, who thus play an 
essential consultative role in the decision-making 
process. In addition, they participate in determining 
an auspicious day for the opening rituals of the new 
gold panning campaign by consulting the 
"Tombolomas", specialists in traditional calendars. 

 

  
(a) (b) 

Figure 2. Data collection with stakeholders; a) Discussion with the men's group;  b) Discussion with the women's group. 

3.1.1.3. The good managers "Damantigui"  

There are generally two to five people in charge 
of the "Damantigui". The group is made up of an 
individual who invests in the well by paying the 
cost of the access ticket (10,000 CFA) for 15 days, 
renewable, and who also ensures the daily supply 
of food for the miners. This sponsor receives its 
share when the profits are distributed. In addition, 
there are two to four people who dig and bring the 
ore up from the shaft. These workers may also be 
the ones financing the operation. 

3.1.1.4. Artisanal mining polices “Tombolomas” 

Tombolomas, or artisanal mining police, are 
indigenous men selected by village elders. The 
head of the police, called "Tomboloma koutigui ", 
is designated by consensus by the village chief 
based on criteria such as courage, trust and 
dedication to the community. The role of 
Tombolomas includes selling tickets, distributing 
extraction areas, maintaining order and safety of 

miners, and respecting local traditions. They direct 
the extraction process. 

3.1.1.5. Hunters "Donsos"   

The Donsos of the site are volunteer hunters 
determined to help the village. They have the same 
role as the Tombolomas, acting as intermediaries 
between the workers and the Tombolomas. They 
stand guard to secure people and their property. 

3.1.1.6. Diggers "Farassena" 

The "Farassena" are the people responsible for 
digging the mining shafts. Their job is to dig from 
the opening of the well until reaching the gravel or 
ore containing gold, using a unique pickaxe called 
"Kalassourouni". When they encounter difficult 
areas, they may resort to using a jackhammer or 
chisel for lack of anything better. To extract gold 
ore, they use a pickaxe called a "Kaladian", which 
allows them to follow the direction of the deposit. 
In the event of flooding, they use a motor pump to 
evacuate the water. In poorly ventilated areas, 
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ventilation devices are installed by those who work 
outside the wells. During the digging, the 
"Kaladjanti" use tree trunks to support the walls in 
case of risk of fall.  

3.1.1.7. Researchers “appareils Tiguiw” 

These are gold miners who use electromagnetic 
devices to search for gold. These device users limit 
themselves to the surface or a shallow depth. When 
the device detects metal or another object, it alerts. 

3.1.1.8. The charge shooters 
"Djouroussamana." 

They are the people who pull the loads from the 
depths to the surface using a bucket, a cut can, or a 
rope, using a winch system or a pulley. 

3.1.1.9. Carriers 

As for them, they transport the sediments to the 
washing basin with a metal bucket, a can, or a 
three-wheeled motorcycle. 

3.1.1.10. Caterers "Farakolaw"  

They are usually women who wash the 
sediment to obtain the gold using gourds and 
rubber cups. Strangers can also wash away the 
sediment with a slice and spittle. 

3.1.1.11. Businesses "Djatiguiw" 

Businesses are people who buy gold from 
artisanal miners to resell it. They are located on the 
site or in the village. This step in the artisanal gold 
mining process involves bringing the ore to the 
surface. This is done by tying a bucket or cut drum 
to a rope and then using a winch or pulley to pull 
the ore up. Generally, this task is carried out by 
men. The individuals responsible for this activity 
are called "rope pullers" (Djouroucountigiw). They 
also play a role in sharing the profits generated in 
the exploitation process. 

3.1.2. Transporting the ore 

It is the third step, which consists of 
transporting the ore to the watercourse or the basin 
set up near the wells. These basins are supplied 
with water by transferring old wells to the basins 
through a pipe and a motor or by irrigating water 
from the river to the basins. In these sites, the 
shooter sends the ore directly to the edge of the 
basin, which is close to the well. As for the spitter, 
their transport is done by men using three-wheeled 
motorcycles. 

3.1.3. Ore processing 

The techniques used on-site to process gold ore 
are panning/simple washing, sluice washing, 
spitter washing, and mercury recovery: 

3.1.3.1. Panning or simple washing 

Figure 5 shows the ore washing by panning or 
simply. This gold ore processing operation is done 
by women using a calabash in a shallower washing 
hole supplied with water from rivers or old mining 
wells or at the edge watercourses. This washing 
occurs following numerous rotational movements 
of the calabash currently replaced by basins. 
During these centrifugal movements, all the light 
minerals are carried away by the water. At the 
bottom of the calabash, only gold remains (if there 
is any) mixed with heavy minerals, generally black 
"Bli" in colour. This concentrate is put in a small 
bowl or a small gourd, and the process continues 
until it goes down and the mixture is taken to their 
business client. According to our findings, this 
Batée method is very rudimentary and tedious; 
however, it is less expensive and the least 
damaging to the environment because it does not 
use any chemicals [34]. 

3.1.3.2. Sluice treatment  

According to Sanoussi [35], the sluice is a 
device used to concentrate gold. Figure 6 shows an 
overview of gold ore sluice processing. The sluice 
is an inclined plane covered with a railing carpet. 
The ore is mixed with water and poured little by 
little into the sluice. The gold in the ore is trapped 
in the grooves of the mat, and the water drains away 
the other less dense particles. The mat is lifted after 
a few minutes of work to wash in a container, 
finally obtaining the mud containing gold and 
processing it to obtain pure gold nuggets. Next, 
they add mercury to concentrate. 

3.1.4. Operating stages and technology applied 
in the commune of Fourou 

Artisanal mining is carried out in several stages, 
which are: 

3.1.4.1. Prospecting 

The prospecting of the artisanal mine is done 
differently from that of the industrial mine. This 
prospecting was done after the consensus of the 
village chief, the councilors, and the Tombolomas. 
Several wells are dug in different places for tests to 
do this prospecting. The part of the wells that will 
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produce more gold will be the new area to be 
exploited by the community called "Béen". 

3.1.4.2. Digging or sinking 

It is the very first and most challenging step in 
artisanal mining. The hole is dug using a pickaxe, 
hammer, small shovel, and a motor for complex 
parts (pickaxe) (Figure 3).  

These wells can include hard and soft parts 
depending on the nature of the site. The gold 
prospector digs a vertical hole using a digging 
pickaxe. When he finds signs of the presence of 
ore, the gold prospector follows the direction of the 
ore using a cutting pickaxe. When digging, the 
digger leaves some parts (pillars) or uses tree 
trunks for support. After the subsoil has been 
exhausted, the digger goes to the surface with a 
torch attached to his forehead, which serves as 
lighting for the hole. The depth of the hole varies 
depending on its ore content, which ranges from 

three to twelve meters for alluvial and eluvial 
deposits and tens of meters for vein deposits. In the 
commune of Fourou, an exploitation well belongs 
to at least three people. There is one person who 
finances the work and pays the ticket but does not 
participate in the activity. After exploitation, the 
money is divided into two parts after subtracting 
the price of the motor pump if it was used. One part 
is shared equally between the three owners and the 
second between the others who participated in the 
work from digging to washing. The Tombolomas 
collect the price of the gold drilling ticket (10,000 
CFA francs). This money is presented to the village 
chief and his advisers as well as to the youth of the 
village, and it is used as part of local development. 

3.1.4.3. Raising the sediment 

After extraction, Figure 4 shows an overview of 
the sediment rising from a well.  

 

  
Figure 3. Sinking a well. Figure 4. Removal of sediment from a well. 

3.1.4.4. Transporting ore 

This is the third step which consists of 
transporting the ore to the watercourse or the basin 
set up near the wells. These basins are supplied 
with water by transferring old wells to the basins 
through a pipe and a motor or by irrigating water 
from the river to the basins. In these sites, it is the 
shooter who sends the ore directly to the edge of 
the basin which is close to the well. As for the 
spitter, their transport is done by men using three-
wheeled motorcycles. 

3.1.4.5. Ore processing 

The techniques used on-site to process gold ore 
are: panning/simple washing, sluice washing, 
spitter washing, and mercury recovery: 

3.1.4.5.1. Panning or simple washing 

Figure 5 shows the ore washing by panning or 
simply. This gold ore processing operation is done 
by women using a calabash in a shallower washing 
hole supplied with water from rivers or old mining 
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wells or at the edge watercourses. This washing 
occurs following numerous rotational movements 
of the calabash currently replaced by basins. 
During these centrifugal movements, all the light 
minerals are carried away by the water. At the 
bottom of the calabash, only gold remains (if there 
is any) mixed with heavy minerals generally black 
“Bli” in color. This concentrate is put in a small 
bowl or a small gourd and the process continues 
until it goes down and the mixture is taken to their 
business client. According to our findings, this 
Batée method is very rudimentary and tedious, 
however, less expensive and the least damaging to 
the environment because it does not use any 
chemicals [3]. 

3.1.4.5.2. Sluice treatment  

According to WHO [4], the sluice is a device 
used to concentrate gold. Figure 6 shows an 
overview of gold ore sluice processing. The sluice 
is an inclined plane covered with a railing carpet. 
To use this device, the ore is mixed with water and 
poured little by little into the sluice. The gold in the 
ore is trapped in the grooves of the mat and the 
other less dense particles are drained away by the 
water. The mat is lifted after a few minutes of work 
to wash in a container finally to obtain the mud 
containing gold and process it to obtain pure gold 
nuggets. Next, they add mercury to concentrate. 

 

  
Figure 5. Panning or simple treatment by women. Figure 6. Sluice treatment. 

3.1.4.5.3. Spitting treatment 

The spitter is a mill equipped with a water pump 
grinding and washing the ore. Figure 7. shows an 
overview of the processing/washing of gold ore 
with a spitter in the Commune of Fourou. The ores 
processed by the spitter are dug or excavated with 
the devices. The mixture of ore and water produces 
mud that crosses a layer of gold reservoirs and goes 
towards the bed of waterways or old wells. The 
carpet is lifted and washed afterward. In the gold 
panning sites of the commune of Fourou, this 
technique is generally used by "Burkinabè" 
foreigners. For the head of the Tombolomas, this 
technique is a way to close the old wells. However, 
it can also obstruct waterways and make the area 
unclean with mud and the elements accompanying 
gold. 

3.1.4.5.4. Recovery and sale of ore 

At the end of the daily activity, the mixture of 
gold and black metal in the small container is 
treated with great care to reduce impurities. Then it 
is put into the "Fanfan", which is in the form of a 

metal spoon (Figure 8.a), and added mercury 
(Figure 8.b) for those using it before placing it on a 
butane gas to dry (Figure 8.c). After drying, the 
concentrated gold is purchased by businesses who 
have a balance "Dia" scale in their possession 
which is used to weigh the gold. Before weighing, 
the "business" removes the rest of the impurities 
with a magnet. Mercury is used very little in the 
processing of ore in the commune. The majority of 
users are foreigners. 

 
Figure 7. Spitting treatment. 
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(a) (b) (c) 

Figure 8. Ore recovery and sales equipment. a) Electronic balance and metal spoon; b) Mercury; c) Butane gas 
for drying gold. 

3.2. The Perception of gold miners on the 
impacts linked to the activity on the 
environment 
3.2.1. General information about the 
respondents 

The data collected on artisanal mining sites in 
the commune of Fourou provide information on 
nationality, level of education, and the practice of 
gold panning and its effects. Table 1 presents the 
nationalities of traditional gold miners on artisanal 
mining sites. Analysis of this table reveals a 
diversity of nationalities from the West African 
sub-region. 

The results indicate that 81.08% of individuals 
are Malians. In addition, we observe the presence 

of Ivorians (8.11%), followed by Burkinabè and 
Guineans, each representing equally 5.41%. The 
strong growth of foreigners on these gold panning 
sites in the commune of Fourou can be explained 
by several factors, namely, the quantity and quality 
of gold on these sites. The massive concentration 
of gold miners on the sites and the use of chemical 
products causes health problems and negatively 
impact the quality of fauna, flora, soil, and water 
resources [21]. However, it is also the source of 
income for many families. Unlike Cissé [33], the 
author asserts that the arrival of many foreigners, 
notably Burkinabé gold miners, has caused a 
transition in technique and technology. 

 
Table 1. Nationality of traditional gold miners 

Native country Percentage 
Burkina Faso 5.41 
Guinea 5.41 
Ivory Coast 8.11 
Mali 81.07 

 

Table 2. Level of education of traditional gold miners. 
Level of studies Language of study Percentage 

Koranic Arab 8.11 
Secondary school French 8.11 
Primary school French 18.92 
University French 5.41 
Nothing Nothing 59.45 

 

The analysis of Table 2 reveals the level of 
education of traditional gold miners in the 
commune of Fourou: 59.46% of gold miners did 
not attend school. However, 8.11% followed 
Koranic education. Furthermore, 18.92% have 
reached the basic level, while 8.11% have a 
secondary education level. Finally, 5.41% of gold 
miners have a higher education level. 

Table 3. presents the distribution of traditional 
gold miners according to their marital status and 
the participation of members of their households in 
gold panning activity in the commune of Fourou. 
The results show that 94.59% are married, while 
5.41% are single. In addition, 97.30% of 
households have members who practice gold 
panning. The development of several gold panning 

sites could explain this sharp increase in the rate of 
households practising gold panning. It is 
considered the primary economic activity of the 
population. Authors such as [36, 37, 38, 39] came 
to the same conclusion. Several people engage in 
gold panning either temporarily (often after 
wintering and until the next rainy season) or 
permanently. 

Table 4. illustrates the impact of population 
growth due to gold panning activities in the 
commune of Fourou. Analyses show that 35.14% 
of those questioned believe that population growth 
has a positive impact on the development of the 
village. On the other hand, 29.73% think that 
population growth harms the development of the 
village. In addition, 32.43% of respondents believe 
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that population growth could have both a positive 
and negative impact on the development of the 
village. Finally, 2.70% of respondents chose not to 
give their opinion. 

3.2.2. Degrees of use of chemicals by 
respondents 

Table 5. The following presents the use of 
chemicals in the processing of gold during gold 
panning activities in the commune of Fourou. It 
reveals that 27.03% of respondents use chemicals, 
including mercury, in the gold processing process, 
especially during amalgamation. Furthermore, 

43.24% do not use chemicals. However, 29.73% of 
respondents chose not to answer this question. 

3.2.3. Perception of gold miners of the impact of 
the activity on the environment 

Table 6. shows the impacts of gold panning on 
natural resources, particularly water resources, 
fauna, flora, tree cutting, and soil degradation in the 
commune of Fourou. Surveys reveal that 24.32% 
of gold miners cut down trees during their gold 
panning activities. Figure 9 shows the impact AGM 
on tree cutting. 

Table 3. Distribution of traditional gold miners on their marital status and participation of household members 
in gold panning activity. 

Marital status Percentage Household participation Percentage 
Married 94.59 Gold mining households 97.30 
Single 5.41 Non-gold miners’ households 2.70 

 

Table 4. The impact of demographic growth due to gold panning activities. 
Nature of impact of growth Growth reviews Percentage 

Positive impact on growth Yes 35.14 
Negative impact on growth Yes 29.73 
No positive or negative impact Yes and No 32.43 
No idea NIL 2.70 

Table 5. Chemicals are used in the processing of gold during gold panning activities. 
Use of chemicals Nature of products Percentage 

User group Mercury 27.03 
Non-user group Nothing 43.24 
Neutral group No idea 29.73 

Table 6. Impact of gold panning on natural resources. 
Nature of impact Qualification of gold miners on impact Percentage 

Deforestation/cutting of trees or wood 
Tree cutter 24.32 
No tree cutter 37.84 
Neutral 37.84 

Destruction of fauna and flora Reduction of vegetation 70.27 
No decrease 29.73 

Water supply source 

Irrigator of the ancients 2.70 
Home shipments 5.41 
Irrigate watercourses 2.70 
Old wells or streams 2.70 
Did not respond 86.49 

Contamination of water resources 
Change in water quality 75.68 
Quality is not changed 18.92 
Did not respond 5.41 

Degradation of soil/cultivable land 
Impact of activity on the soil 81.08 
The soil is not impacted 13.51 
Did not respond. 5.41 

 
Regarding water supply, the results show that 

2.70% get their supplies by irrigating old wells, 
5.41% from their homes, 2.70% from rivers, and 
2.70% use either old wells or waterways. However, 
86.49% did not answer this question. On water 
quality, 75.68% of respondents believe that 

artisanal mining has had a negative impact, 18.92% 
think that water quality has not changed, and 5.41% 
did not respond. Figure 10. shows the impact of 
AGM on water resources. 

Regarding the impact on the soil, 81.08% of 
respondents affirm that gold panning has 
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significantly degraded or even impacted the soil, 
while 13.51% believe that the soil is not affected. 
Additionally, 5.41% did not answer this question. 

Figure 11shows the impact of AGM on soil 
degradation. 

 

  
Figure 9. The impact of AGM on tree cutting. Figure 10. Impact of AGM on water resources. 

 
Figure 11. shows the impact of AGM on soil 

degradation. 
 Finally, regarding the destruction of fauna and 

flora, 70.27% of respondents noted a significant 
decrease in vegetation due to the opening of 
multiple gold panning sites. In comparison, 
29.73% did not notice this change. The degradation 
of the fauna and flora is explained by the increase 
in the number of artisanal gold mining sites and by 
the influx of foreigners into the area. These new 
arrivals put pressure on nature for their settlement, 
contributing to the deterioration of forest and 
wildlife resources in the region studied [33, 40]. 

According to our surveys and observations 
made on the different sites, the physical impacts 
left, such as digging holes, forming piles of earth, 
and deforestation, have negatively influenced the 
quality of the soil. These physical changes have 
contributed to the decrease in the density and 
biological diversity of the locality. This 
degradation is manifested by the loss of the surface 
horizon (very marked water and wind erosion) and 

the reduction of nutrients (decrease in fertility and 
loss of organic matter in the soil), as well as by 
reducing water infiltration. AGM is generally 
located along watercourses. The process of 
mechanically treating mineralized gravels using 
washing tools such as "sluice" or "washing ramp" 
requires a permanent flow of water. The movement 
of gold miners to a new, more prosperous site by 
abandoning many exploitation wells offers the soil 
a process of intensive erosion, leading to the 
destruction of the surface soil. This imbalance can 
cause over-alluviation of the valleys and their more 
or less profound asphyxiation. These processes are 
almost irreversible and can become catastrophic on 
the scale of a few generations. Alluvial mining, 
which is frequently accompanied by the destruction 
of the banks and massive sediment inputs, can 
locally disrupt the balance of rivers. 

The two sites studied are crossed by the same 
river, the Bagoé river (see Figure 1). The main 
morphometric characteristics of the watersheds 
were determined by analyzing the watershed from 
SRTM images. The Lollè watershed has an area of 
88.40 km², while that of Sinty covers 404.02 km². 
Tables 7 and 8 present the statistics of the Lollè and 
Sinty watershed maps. It emerges from the analysis 
of Tables 7 and 8 that the slopes of the villages of 
Lollè and Sinty are divided into three classes: very 
low slope, low slope and steep slope. The different 
slopes are identifiable by distinct colors: very 
gentle slopes are designated by the color yellow, 
weak slopes by the color light green and steep 
slopes by the color dark green (Figure 12). The 
study areas are almost flat. Figure 13 shows the 
map of the hydrographic networks of the commune 
of Fourou, including the villages of Sinty and 
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Lollè. It can be seen in Figure13 that the 
hydrographic network of Lollè has four orders, 
while that of Sinty has five. In addition, we can also 
observe the direction of water flow towards 
streams or rivers. This information is crucial for 
understanding the hydrological dynamics and 
erosion processes in the studied region. 

The soil in the commune of Fourou is poor due 
to water erosion. The commune includes clayey 

soils, sandy soils, gravelly soils, loamy soils, 
clayey loamy soils, and clayey sandy soils. The soil 
and subsoil are greatly affected by AGM removing 
the topsoil, and exposing the saprolite substrates to 
the outside. Artisanal extraction wells are generally 
the cause of water erosion during the dry season 
[16]. 

 
Table 7. Statistics of Lollè watershed maps. 

Watercourses km 2 Slopes km 2 
1 1.2447 Very gentle slopes 38.5 
2 0.6507 Low slopes 42.2415 
3 0.3141 Steep slopes 5.5215 
4 0.2394   

Table 8. Statistics of Sinty watershed maps. 
Watercourses km 2 Slopes km 2 

1 5.0184 Very gentle slopes 38.5002 
2 2,733 Low slopes 42.2415 
3 1.8135 Steep slopes 5.5215 
4 0.2727   
5 0.8847   

 

  
(a) (b) 

Figure 12. The slopes of the villages: (a) Sinty; (b) Lollè. The slope is classified according to the classification of 
[41]. 

  
(a) (b) 
Figure 13. The hydrographic network: (a) Sinty; (b) Lollè. 
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The watersheds of the rivers were delimited 
with the hydrographic networks on the basis of the 
digital terrain model (DTM).The hydrographic 
networks were classified according to the Stralher 
classification [42]. This classification assigns 
values to each of the branches of the network. The 
value of 1 is assigned to any drain that has no 
tributaries and a drain of order n+1 comes from the 
confluence of two drains of the same order n. In 
addition, if a lower order joins a higher order in a 
confluence, then it is the value of the higher order 
that is attributed to the drain 

The creation of turbidity and the contamination 
of water by sludge can lead to an impoverishment 
of aquatic fauna. Watercourses can also be 
contaminated by heavy metals from ore washing. 
Gold miners' use of mercury constitutes the most 
significant impact on human and environmental 
health at mining sites [18]. Mercury is the chemical 
used in the various gold mining sites studied in the 
commune of Fourou. Surface water samples 
collected at the Sinty and Lollè sites and analyzed 
at the Analytical chemistry laboratory of the 
Faculty of Science and Technology of Bamako in 
Mali reveal a constant mercury concentration in all 
samples from Lollè (0.01 ppm). 

In comparison, Sinty's mercury concentration 
varies between 0 and 0.007 ppm. The mercury 
concentration at Lollè is significantly higher than 
at Sinty, indicating more significant 
mineralization. The mercury concentration at Lollè 
(0.01 ppm) exceeds the WHO standard (0.006 
mg/L), while most mercury concentrations at Sinty 
are below this standard. 

The gold panning sector operates with 
customary village rules even if it is governed by 
various texts that are not in force. In Mali, part of 
the power of the Ministry of Mines over artisanal 
mining is conferred on local authorities for its 
management and the application of the texts. The 
mayor of the commune thinks that the texts must 
be applied and wants the establishment of sales 
counters to have an environmental protection fund. 
Those responsible for artisanal mining believe that 
the application of the regulations in the commune 
is complex. Nowadays, with the presence of 
multiple gold panning areas, the commune faces a 
great environmental danger. This problem is 
explained by the population growth in the 
commune by nationals and foreigners. Through our 
surveys and studies carried out by other authors 
such as [21,43,44,45,46], it emerges that the 
artisanal mining sector can cause health and 
environmental problems, especially with the use of 
chemicals. However, gold panning is also a source 

of income for many families. The chemicals and 
explosives used by gold miners are prohibited in 
Mali, according to the mining code (Art 50). The 
state is considering solutions to this issue. These 
solutions consist of informing the actors on the 
texts of the mining code and raising their awareness 
of the good practice of this activity. In this work, 
the state is supported by NGOs such as the FDS 
(Foundation for Development in the Sahel), which 
plays a huge role in environmental management, 
raising awareness, and training the actors in the 
commune of Fourou. 

4. Conclusions 

In the artisanal mining sites of the commune of 
Fourou, more particularly on the sites of Lollè and 
Sinty, gold is mined in an artisanal manner with the 
use of chemicals that are dangerous to human and 
environmental health by miners. Artisanal mining 
has contributed to the development of the living 
environment of gold miners (construction of 
permanent houses, purchase of equipment, 
marriage, etc.) and villages by creating jobs. The 
results of this study show that no mining legislative 
rules are applied, but non-standard customary rules 
have existed for a very long time. Artisanal gold 
mining has a particular organizational chart that 
actors manage. This study shows that the AGM can 
cause health and environmental problems. 
However, The State must set up a mechanism for 
the correct application of the mining code on the 
sites through monitoring and environmental 
protection services. 

Analysis of water samples shows that the 
mercury concentration at Lollè exceeds the WHO 
standard, while most mercury concentrations at 
Sinty are below this standard. The geomorphology 
of the study area shows a watershed with an area of 
88.40 km2 with four orders of the hydrographic 
network in Lollè and 404.02 km2 with five orders 
in Sinty. While the slopes range from very weak to 
strong, and the study areas are practically flat.  

Communities that remain accessible, members 
are often unfamiliar with researchers and may be 
hesitant to participate in studies. This hesitancy 
limited the strength of this present study, as greater 
community involvement could have significantly 
improved data collection and outcomes. Future 
studies can overcome these barriers by building 
trust through long-term engagement, and involving 
communities in the research design process 
especially to ensure communities are fully aware of 
the importance of the research. To improve current 
study, specific studies on the impact of gold 
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panning on health, soils, aquatic flora, and fauna 
should be encouraged. 
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  چکیده:

 يجد  ینگران  کیبه  AGM يمورد استفاده برا  ییایمیمواد ش لیبه دل  تیفعال نیاست. ا  یمال  ياقتصاد  يهاتیفعال  نیتراز مهم یکی)  AGMطلا ( یاستخراج دست
 یســم ییایمیش ــ  وهیل جیکه اغلب به دل  ،یاتیعمل  يهازباله.  کندیآب اســتفاده م  یطلا از مقدار قابل توجه یدســت ي. روش فرآورشــودیم لیتبد  یطیمحســتیز

تند، به درون آبراه وندیم یزهکش ـ  ای  هیها تخلهسـ ل  گرانیمطالعه، باز نی. اشـ تخراج و فرآور  يهاو روش  یاصـ اف، اسـ ط معدنچ يمختلف اکتشـ ت  انیطلا توسـ و   یدسـ
 ج یاسـت. نتا  Sintyو    Lollè  يهاتیو مشـاهدات انجام شـده در سـا های. روش اتخاذ شـده بر اسـاس بررس ـدهدیرا شـرح م یطیمحسـتیدرك آنها از اثرات ز  نیهمچن

اعمال شـده اسـت.   یطولان اریمدت زمان بس ـ ياسـتاندارد برا ریغ  یعرف  نیحال، قوان نیاسـتخراج اعمال نشـده اسـت. با ا يبرا  یقانون قانون چ یکه ه  دهدینشـان م
AGM ــازمان کی يدارا ــت که باز ینمودار س ــان م نی. اکنندیم  تیریآن را مد  گرانیخاص اس ــت  تواندیم  AGMکه   دهدیمطالعه نش ــکلات بهداش و   یباعث مش

ان م  يهانمونه  لیو تحل هی. تجزاهانیجانوران و گ  يو نابود  نیزم  بیمنابع آب، تخر  یآلودگ  ،ییایمیبا اسـتفاده از مواد ش ـ  ژهیشـود، به و  یطیمحسـتیز   دهدیآب نشـ
منطقه مورد    ياسـتاندارد اسـت. ژئومورفولوژ نیکمتر از ا  Sintyدر  وهیج  يهاغلظت  شـتریکه ب یدر حال  رود،یفراتر م WHOاز اسـتاندارد    Lollèدر  وهیکه غلظت ج

بکه ه  لومتریک  88.40با مسـاحت    يزیمطالعه، حوزه آبخ ان م ینتیمربع با پنج رده در س ـ  لومتریک  404.02در لوله و   یدروگرافیمربع با چهار رده شـ . در دهدیرا نشـ
 يجهت اجرا  گذاراناستیس يرا برا یقیمطالعه اطلاعات دق نیهستند و مناطق مورد مطالعه عملاً مسطح هستند. ا  ریمتغ  يتا قو  فیضع  اریها از بسکه دامنه یحال
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