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Abstract
Artisanal and small‐scale gold mining (ASGM) has become part of the livelihood strategy for a
large part of the rural population in Burkina Faso. This interdisciplinary and exploratory
research on four mining sites in the Center North region of Burkina Faso investigates the impact
on soil and water caused by the widespread use of mercury and cyanide in the extraction
process. Hotspots of contamination are found at the processing and tailing sites. Further, it
quantifies the health burden of the mining community due to cyanide exposure. The results show
elevated cyanide concentrations and related health patterns for workers exposed to cyanide.
Finally, the socio‐economic analysis reveals different mechanisms how agriculture and ASGM
activities interact at the household level and how labor and capital is allocated. The findings
suggest to expand development support from a predominantly agricultural focus towards an
explicit livelihood approach that includes ASGM reality. This includes engagement on the ASGM
work site for awareness rising in health and environmental issues as well as supporting means to
more effectively and sustainably combine mining and agriculture.

Figure 1: Study sites in the Bam and Yatenga Provinces of Burkina Faso
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1 Introduction
Burkina Faso is endowed with significant mineral resources deposits. The country is Africa’s
fourth largest producer of gold today whereby industrial mines produce around 33 tons of
gold with 5’500 employees. In contrast to capital‐intensive industrial mining, artisanal and
small‐scale gold mining (ASGM) has been developed in the country since the 1960s. Today, an
estimated 1 million people are exploiting gold as a full‐time or seasonal activity (Zabsonré
and Haffin 2017) using simple tools for extraction and processing. Mercury and increasingly
also cyanide are used for the extraction of the ore. Together, artisanal miners produce
between 0.5 tons as declared by the Ministry of Mining and 9.5 tons suggested by other
estimations (AFP2017). According to the Extractive Industries Transparency Initiative (EITI,
ITIE in French), only 37 of the certified 63 trading houses supposed to buy ASGM gold
declared their revenues to the Office of Mines and Geology (ITIE 2016).
While ASGM has become an important livelihood strategy, the lack of safety measures,
damage to the health of mining communities, environmental degradation, and negative social
impacts discredit the sector. Notwithstanding, the ASGM sector keeps booming. The effect of
expanding ASGM is sensed in agriculture as many farmers become miners and ASGM converts
agricultural land to mining areas.

1.1 Objective
At the national level, Burkina Faso struggles to find adequate responses to this boom. It
remains to be seen whether the country’s adoption of the Minamata Convention
(www.mercuryconvention.org) triggers a policy response on the ground. Development
organizations such as the Swiss NGO Fastenopfer and their local partner organizations work
in the areas surrounding ASGM mining sites. They are confronted with the transformation of
the rural area previously dominated by agriculture on a daily basis. The feminization of
agriculture, fields mingled with mining sites and changing lifestyles require NGOs to re‐
consider their development approach and review their programs and interventions against
this new reality.
This report provides exploratory evidence of the ASGM reality in three regards: The
environmental impacts, health burden, and the socio‐economic interactions between farming
and ASGM.

1.2 Conceptual framework
Conceptually, this exploratory research is embedded in a livelihood framework. It
understands each household as endowed with a number of assets (capital) that allow the
household to devise a strategy to secure income and wellbeing, improve food security and
reduce vulnerability. Those capitals are natural capital (e.g. land, forest, water), human capital
(e.g. health, education), social capital (e.g. mutual support networks, institutions), and
economic capital (e.g. financial assets, infrastructure, tools, machinery).
The extent to which households can access and effectively use those assets strongly depends
on the context, for example by economic, political, technological changes, by shocks such as
epidemics or natural disasters, and by seasonality (e.g. prices, production, employment
opportunities). Access and use of the capitals is further conditioned by the prevailing social,
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institutional and political environment. They all affect the ways in which people can combine
their assets into promising livelihood strategies.
The emergence of ASGM can be understood as an external shock – understood as a relatively
sudden disruption of established pattern – impacting on previously purely agricultural
communities. This external shock affects both, the capitals available to households as well as
the valorization of those capitals. The health component analyses how exposure to cyanide
affects human capital of the mining communities. The environmental analysis measures the
impact of cyanide on natural capital, particularly soil, available to the households. The socio‐
economic analysis examines the impact of ASGM on social and financial capital and
investigates how livelihood strategies change in response to the ASGM shock.

Figure 2: Livelihood framework, adapted from DFID 2000.
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1.3 Study sites
The study was conducted in four ASGM sites (Balong‐Tenga, Zomnkalga, Tiba and Alga) in the
provinces Bam and Yatenga in Centre North region of Burkina Faso (Figure 1) and in close
cooperation with local civil society organizations supported by the Swiss NGO Fastenopfer.
Alga, located in the perimeter of the village Alga, has become a permanent ASGM site. It is not
only one of the oldest mines in Burkina Faso dating back 30 years but also one of the biggest
artisanal mining sites occupying several thousand miners (Figure 3). Balong‐Tenga is a
relatively small mining site located in the proximity of the village Tikaré. Zomnkalga and Tiba
are also two rather small mines close to the village Séguénéga (Figure 4). These three mines
were in a descending phase at the time of field research.

Figure 3: Overview of the geographical situation at Alga. Source: Own illustration with satellite
image provided by Google Earth 2017 CNES / Airbus.
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Figure 4: The ASGM site Zomnkalga a year before the gold rush and the same location in the
second year of extraction. Source: Google Earth 2017 CNES / Airbus.
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2 Environmental impact
Artisanal and small‐scale gold mining has quantitative and qualitative environmental impacts
on soil, water and air. Quantitative effects are process‐related land and water
consumption (Schueler et al. 2011; Barasa et al. 2016). Qualitative effects of ASGM include
land degradation, river siltation, dust and chemical pollution. Accidents in the transportation
of the chemicals, the unprofessional use of mercury and cyanide in the extraction processes
and the poor waste management aggravate both quantitative and qualitative adverse
environmental effects.
The goal of the environmental impact study was to get an overview on a possible
environmental contamination of soil and water from the usage of cyanide and mercury in
ASGM. ASGM is the greatest source of anthropogenic mercury emissions (UNEP 2015). From
the global mercury emissions, 37%, i.e. 727 tons, were caused by artisanal amalgamation
process in 2010 (Rajaee et al. 2015). The usage of cyanide in ASGM in Burkina Faso is a
relatively recent development (Jaques et al. 2006). Before 2005, cyanide was not used in
ASGM in Burkina Faso, but nowadays it is widespread (Butaré & Keita 2009; Razanamahandry
et al. 2016). The greatest threats to environment and health are seen in the lack of good
mining practice, which includes unprofessional waste management and transportation
accidents (WHO 2016).

2.1 Methodology
In accordance with the stakeholders, water and solid‐phase samples were taken along the
processing steps and in the environment. The sampling categories are depicted in Figure 5. At
the time of the field research towards the end of the dry season (May) surface water was not
available within distance of 10 km to the processing sites. Therefore, water samples were
taken from wells only. Solid‐phase samples were taken at the processing sites and the
surroundings. Generally, five 50ml falcon tubes were filled with solid sampling material from
four corners and the middle of a 40 x 40 cm square. Samples were taken at different depths
ranging from surface to a depth of 65 cm. All solid‐phase samples were dried in a plastic bowl
in the sun and sieved with a plastic sieve with a mesh size of 2 mm into plastic bags.
The samples were then analyzed for cyanide, mercury and other heavy metals such as zinc,
chromium, iron, cobalt, nickel, copper, arsenic and lead. On‐site analysis allowed the detection
of free cyanide in water samples and in the supernatant of solid‐phase samples after a
leaching test. Therefore, the cyanide test MColortest TM (from Merck, Darmstadt, Germany)
with a range of 0.03 – 30 mg/l was used. In this cyanide test, chlorinating agents and pyridine
are added to a water sample. If cyanide is present a red violet dye is formed (König
reaction) (DIN 38405‐13 (1981)). The intensity of this dye is proportional to the
concentration of free cyanide in the sample. The measurement of the test is semi‐quantitative
by a visual comparison on a discrete scale.
For the leaching test, the supernatant of the solid‐phase samples was produced with a 1:10
(weight, i.e. 4 g solids plus 40 ml solution) ratio of solid‐phase sample and deionized water.
This solution was shaken and a given a reaction time of 30 minutes to leach free cyanide from
the solid‐phase sample. After filtration it was analyzed similarly to the water samples.
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Figure 5: Sampling scheme with the categories at the processing sites (black) and the categories
in the surroundings (green).

In Switzerland, total cyanide, mercury and other heavy metals were determined in solid‐
phase samples. Total cyanide, which includes simple cyanide solids and complex
cyanides (DIN 38405‐13 (1981)), was determined photometrically. For total mercury, cold‐
vapor atomic absorption spectrometry (CV‐AAS) was applied. These measurements for total
cyanide and mercury were done by Bachema AG (Schlieren, Switzerland). Finally, mercury,
zinc, chromium, iron, cobalt, nickel, copper, arsenic and lead were determined by X‐ray
fluorescence (XRF) spectroscopy.

2.2 Findings
2.2.1 Free cyanide in well water and solid‐phase samples
In the cyanidation tailings of the four investigated mines, free cyanide concentrations of up to
20 mg/kg were detected (Figure 6). The concentration of cyanide in 22 (33%) of the samples
exceeded the guideline value for soils of 8 mg/kg as set by the Canadian Environmental
Quality Guidelines. 34 samples (51%) exceeded the accepted concentrations of free cyanide in
Burkina Faso of 0.5 mg/kg in soils (Compaoré et al. 2001).
In well water and soil samples in the surroundings, concentrations of free cyanide were below
the detection limit of 0.03 mg/l. In streambed sediments, two out of 27 samples showed
cyanide concentrations of 0.3 and 0.6 mg/kg. These were taken at 30 meters distance to
cyanidation sites.
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Figure 6: Comparison of free cyanide (soluble cyanide) concentrations in the cyanidation tailings
of the four investigated cyanidation sites (total number of samples: 67).

2.2.2 Declining Concentrations of Cyanide in the Cyanidation Tailings over time
Aging of the cyanidation tailings could be investigated over a time period from one day to five
years. A significantly decreasing Spearman’s rank correlation between the age of the tailing
material and free cyanide concentrations was found (n = 43, p = 9.7*10‐7). The same
relationship was tested for total cyanide, but was not statistically significant (n = 13, p = 0.07)
within a 5% interval (Figure 7).

Figure 7: Relationship of an aging of the cyanidation tailings material and the concentration of
free (soluble) cyanide and total cyanide.
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2.2.3 Characteristic of Environmental Contamination
Cyanide, mercury, zinc and copper contamination hotspots could be identified. Figure 8 shows
elevated concentrations for cyanide and mercury at the processing sites in contrast to the
surroundings. Total cyanide concentrations range from 7 to 210 mg/kg at the processing sites
and from 0.07 to 11 mg/kg in the surroundings. Compared to guideline values for soil quality,
four of 19 exceed the industrial guideline value of 100 mg/kg and 11 of 19 exceed the
residential guideline value of 50 mg/kg (BBodSchV 1999).
A comparison of the mercury contamination at the processing sites and the surroundings
shows a median of 1.8 mg/kg and 0.1 mg/kg, respectively. Finnish guideline values, which
represent an approximation at other national European guidelines, for industrial sites and
other uses are 5 mg/kg and 2 mg/kg, respectively (Tóth 2016). At processing sites, 6 out of 22
samples exceed the industrial guideline value and 10 out of 22 the guideline for other uses. In
the surroundings, the guideline values are not exceeded.

Figure 8: Total cyanide and total mercury concentrations at the processing sites and in the
surroundings
Threshold or guideline values from the Finnish Ministry of the Environment are also
consulted for other heavy metals (Table 1). Threshold values indicate a need for further
investigation. Lower guideline values are applied for residential and agricultural sites, higher
guideline values are applied for industrial sites. Copper, zinc and mercury show especially
high concentrations at acid‐disposal spots, where the majority of the samples exceeds the
higher guideline values. Zinc concentrations are up to two orders of magnitude higher at acid‐
disposal spots than in other categories. Copper concentrations are up to one order of
magnitude higher at acid‐disposal spots than in other categories. Zinc and mercury
concentrations in the cyanidation tailings are slightly elevated. Chromium, nickel and lead
concentrations in all categories are below the threshold values. Additionally, CV‐AAS
measurements for mercury of 7 and 110 mg/kg indicates a mercury contamination hotspot in
amalgamation tailings.
Arsenic and chromium concentrations are elevated throughout all categories. Arsenic
concentrations range between 1 and 4’521 mg/kg and chromium between 17 and 225 mg/kg.
As concentrations are with 10 out of 24 samples above the higher guideline values
considerably elevated and indicate a geogenic contamination.
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Table 1: Results of the sample analysis for selected heavy metals

2.3 Discussion
To evaluate the results a comparison to judicial standards from Burkina Faso, Canada, Finland
and Germany was drawn. Generally, guideline values for environmental contamination are set
up for the two subjects of protection: human health and environment. For human health,
exposure pathways are inhalation of ambient air, ingestion of soils, and dusts, food chain
exposure and consumer goods. Soil ingestion is of special importance for young children in a
residential setting (Merrington and Schoeters 2011). Guideline values for soils comprise both
a scientific and a political share (Carlon 2007) and vary for one substance across Europe
within four orders of magnitude. From a scientific perspective, this is a consequence of
uncertainties and different approaches. If the most precautionary values for both subjects of
protection are applied, the characteristic of the contamination hotspots for mercury, zinc and
copper do not change.
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Standards for cyanidation tailings and acid disposal spots are compared with standards for
soil and not e.g. with standards for hazardous waste. To be comparable to the category of
hazardous waste a comparable waste management and separation from cultivated land or
housing areas should exist. In the case of the cyanidation sites, however, workers, including
children, live in housing directly on the sites. They also cook and sleep in these areas,
permanently exposing them both during work and leisure hours to the contamination.
Therefore, a comparison to soil standards is appropriate.
Values more sensitive than these standards were estimated not to be dangerous also for
conditions in Burkina Faso. However, it is unclear, how the hotspot contamination changes in
future. One can assume that the punctual contamination spreads in the surroundings as under
certain conditions mercury and cyanide can be mobilized. The inhomogeneous geogenic
arsenic contamination could be distributed by mining activities.
Limitations of the study are that only an overview on the contamination can be given. First,
for a more precise description of the contamination more samples need to be analyzed.
Second, the characteristic of test of free cyanide only allows results in defined ranges.

2.4 Recommendations
To minimize environmental and human health effects from the amalgamation and cyanidation
process two general recommendations are made, resource conservation and waste
management.
Resource conservation is considered for the contaminants mercury and cyanide.
•

The observed amalgamation process was done without the use of retorts. With the use of
retorts up to 95% of the mercury could be recycled (Rajaee et al. 2015).

•

The elevated and highly variable concentrations of soluble simple cyanide compounds in
the cyanidation tailings waste lead to the assumption that the input of potassium cyanide
to the process is too high. A test with a small fraction of the material would allow to adapt
the necessary concentration for each batch.

•

The addition of lime to the process ore is common in ASGM (Hinton et al. 2003;
Velásquez‐López et al. 2011) but has not been observed or reported at the investigated
sites in Burkina Faso. Its usage might also enable lower concentrations of potassium
cyanide. However, this has to be further investigated.

Waste management for cyanide can be improved with several simple measures:
•

The most promising in the four cyanidation sites in Burkina Faso might be to precipitate
free cyanide with ferrous sulphate to Prussian blue or other ferrocyanide complex solids
(Mudder et al. 1991).

•

To protect the workers, the acid should not be dumped on cyanidation tailing material,
since free hydrogen cyanide can be formed.

•

Existing contamination spots should be marked to avoid cultivation or living there.

•

Processing sites should be in distance to living area, agricultural sites and surface water.
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3 Health
Human uptake of cyanide is through inhalation, ingestion, skin or eyes, and this often
directly (Lawson‐Smith, Jansen, and Hyldegaard 2011). Cyanide then rapidly diffuses into
tissue and binds to target sites where it is inhibiting cellular respiration (Hamel 2011).
Cyanide toxicity is ranging from mild, with symptoms such as headache, nausea, vertigo,
anxiety, altered mental status and tachypnea (Desai S 2016), to severe, where cases show
seizures, unconsciousness, convulsions, cardiovascular collapse followed by shock, pulmonary
oedema, and death. In high doses, cyanide is lethal within seconds.
As cyanide poisoning produces rapid blockade of cellular respiration, plasma and blood
lactate levels correlate with cyanide blood concentration (Baud et al. 1996). Serum or blood
lactate levels can therefore be measured and used as a proxy indicator for cyanide exposure.
In order to better understand how occupational and environmental exposure to cyanide
impairs the health of ASGM community members, the health study had the following ingoing
hypotheses:
•

Miners using cyanide, miners not using cyanide and other ASGM community members
report different patterns and frequencies of cyanide exposure and intoxication‐
associated symptoms showing a positive dose‐response curve.

•

Miners using cyanide and miners not using cyanide have different blood lactate levels
showing a positive dose‐response curve.

•

Other ASGM community members not involved in mining activities represent a control
group with a normal blood lactate level.

3.1 Methodology
An observational, cross‐sectional study design was applied. In consideration of different
exposure groups, stratified sampling was applied covering individuals that are directly,
indirectly and potentially indirectly exposed to cyanide on ASGM sites, namely:
1.

directly exposed individuals working in ASGM with regular direct contact with cyanide
(hereafter referred to as ‘M+CN’).

2.

indirectly exposed individuals working in ASGM not having regular, direct contact with
cyanide (hereafter referred to as ‘M‐CN’).

3.

potentially indirectly individuals earning their livelihood on ASGM sites but are not
directly involved in any ASGM activities (hereafter referred to as ‘non‐M’).

Sample size calculation was based on blood lactate concentration as the primary outcome
variable. In Balong‐Tenga and Alga 90 individuals were sampled each. The geographically
close and small sites of Zomnkalga and Tiba were taken as one site with 90 individuals
sampled. Each sample of 90 study subjects was split in the following strata: 30 M+CN, 30 M‐
CN and 30 non‐M, totaling to 270 individuals. The calculation considered an 85% power to
detect significant variation of average lactate levels across the three groups within sites if the
true range of group means equals half a within‐group standard deviation.
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The participants were recruited on the spot in ASGM sites and followed a segment sampling
approach. First, the ASGM site was mapped, including locations where cyanidation is done.
Second, this area was divided into segments of equal size. Third, a segment was randomly
selected for sampling. Forth, all the individuals present in the selected segment were sampled
until the required number of each exposure group was attained. Individuals aged 18 years
and older were eligible.
During data collection, selected participants were given information on the study’s objectives
and activities and on benefits and risks of participation followed by informed consent, which
was obtained in writing or by fingerprint. Then, participants were administered a
questionnaire covering the following topics: (i) socio‐demographic characteristics; (ii)
occupational history; (iii) physical activity prior to the interview; (iv) the use of protective
equipment; (v) environmental exposures; and (vi) health symptoms experienced in the 24
hours prior to the survey. Questionnaire data was collected by tablet devices using Open Data
Kit (ODK) software. Lastly, capillary blood samples were obtained by finger prick for
determining the blood lactated level using a portable lactate meter (Accutrend® Plus System;
Roche Diagnostics, Basel, Switzerland). Results were communicated to participants on the
spot.
Linear regression models adjusting for potential predictive factors of blood lactate level as
reported in the literature was performed. The model was adjusted for age, regular and recent
contact with cyanide, regular and recent contact with mercury, intensity activity in the 30
minutes before the test, exposure to smoke and current smoking. Statistical analyses were
performed using STATA version 14.0 (Stata Corporation, College Station, USA).

3.2 Findings
3.2.1 Socio‐economic characteristics of the study population
A total of 280 people participated in the survey comprising 90 (32.1%) non‐M, 88 (31.4%) M‐
CN and 102 (36.4%) M+CN. While the gender ratio in the community group was relatively
balanced (56.6% males vs. 43.3% females), the majority of participants in both mining groups
were male (87.5 and 99.0%, respectively). Mean age was 30.7 ± 11.0 standard deviation (SD)
and the majority were of Burkinabé nationality (92.5%).
The M+CN represented the youngest group (25.5 years), had the highest rate of singles
(45.1%) whereas about a quarter did not attend school, a quarter attended Quran school and
almost 30% did not complete primary school. Overall, the participant’s occupational activities
shift from mainly mining activities in the dry season (75.5% of all activities reported) to
mainly farming activities in the rainy season (46.8% of all activities reported). In the dry
season, most respondents reported to be involved in ‘digging gold ore’ (25.5%), ‘washing gold
ore’ (18.2%) and ‘working with cyanide’ (24.0%).

3.2.2 Environmental determinants of blood cyanide and blood lactate level
Cigarette smoke (55.3%) and smoke from cooking fires (45.0%) were the most common
smoke exposures to participants. 10.0% and 4.6% reported to be regularly exposed to waste
burn smoke and industrial smoke, respectively. M+CN were more frequently exposed to
industrial smoke (6.9%), cigarette smoke (68.6%) and mercury smelting smoke (13.7%) than
the other exposure groups.
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A small percentage of participants reported to cook inside the house (3.9%), while most
reported not to cook themselves (59.2%). Most of those cooking (n=114), used fire wood as
an energy source (95.6%).

3.2.3 Behavioral determinants of blood cyanide and blood lactate level
The proportion of smokers was high as 38.9% of men reported to smoke regularly at the time
of the survey. This percentage was highest in the M+CN, as almost half of them reported to
smoke (47.4%).
Lactate level in cells is elevated after anaerobic physical activity (Goodwin et al. 2017). In the
30 minutes prior to the blood lactate testing, study participants did not perform activities that
would bring them into anaerobic respiration. Hence, it is unlikely that physical activity has
influenced blood lactate. 56.8% of M+CN were working with cyanide, hence, were in direct
contact with cyanide in the 30 minutes before the survey.

3.2.4 Health issues, health seeking behavior and risk perception
Overall, 103 individuals (36.7%) reported having had any kind of health problem in the two
weeks preceding the survey. Although not significantly more than other groups, this
percentage was highest in the community group (non‐M; 46.6%). A third of all 103
participants who reported health problems were seeking medical advice. When comparing
non‐M with miners (M‐CN and M+CN), non‐M more often reported having had health
problems in the two weeks prior to the survey (46.6%) than miners (32.1%; p=0.018). Among
those reporting having had any health problems (n=103; 36.7%), most reported problems
were stomach or abdominal pains (17.4%), followed by biomechanical pains (16.5%), which
included pain of the hip, back, shoulders, feet and knee. When comparing the frequency of
reported symptoms between non‐M and miners (both groups), no significant differences were
found.
Across all participants, ‘getting sick from chemicals’ was the most reported perceived current
health risk at the time of the survey with 38.9% (109 out of 280) reporting this as main
perceived risk. 63 M+CN individuals reported this as the main perceived risk (61.7%) and this
was therefore significantly higher than in the other groups. The second most frequently
perceived risk was ‘Getting a sexually transmitted infection’, reported by 15.7% (44 out of
280), whereas non‐M were more likely to report this than miners. The third most frequently
perceived risk was ‘dying in a pit landslide’, reported by 13.2% (27 out of 280), whereas non‐
M were significantly less likely to report such (0.0%) as compared to the miners’ groups.

3.2.5 Exposure to mercury and cyanide
Table 2 shows participant’s contacts with mercury and cyanide.
Percentage of participants reporting regular contact with…
Group

...mercury

...cyanide

... mine tailings

Non‐M

4 (4.4)

0 (0.0)

1 (1.1)

M‐CN

58 (63.7)

0 (0.0)

12 (13.6)

M+CN

35 (35.3)

98 (96.1)

94 (92.2)

Table 2: Participants self‐reported contact with mercury, cyanide and mining tailings
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3.2.6 Blood lactate levels and associated factors and symptoms
The mean blood lactate level across all participants was 3.7 mmol/l, ranging from 1.0 mmol/l
to 20.9 mmol/l. M+CN individuals from Alga and males had significantly higher levels of
lactate as compared to their comparison groups (4.80 mmol/l, 4.48 mmol/l and 3.98 mmol/l,
respectively; Figure 9 and Table 3).
In the multivariate linear regression model (Table 4), the combination of regular and recent
(i.e. in the 30 minutes preceding the survey) exposure was found significantly associated with
elevated blood lactate level (p=0.036). Regular exposure alone was not found significantly
associated with blood lactate levels.

Mean (95% CI)

SD

Range

2.8 (2.4 ‐ 3.2)

1.9

1.0 ‐ 12.1

Group
non‐M
M‐CN

3.3 (2.9 ‐ 3.7)

1.9

1.1 ‐ 10.5

M+CN

4.7 (3.9 ‐ 5.6)*

4.4

1.1 ‐ 20.9

Balong‐Tenga

3.1 (2.6 ‐ 3.6)

2

1.0 ‐ 12.1

Zomnkalga and Tiba

3.1 (2.7 ‐ 3.5)

2.1

1.1 – 14.0

Alga

4.5 (3.7 ‐ 5.2)*

4.1

1.0 ‐ 20.9

Male

4.0 (3.5 ‐ 4.4)

3.4

1.0 ‐ 20.9

Female

2.3 (2.0 ‐ 2.6)*

0.9

1.0 ‐ 4.8

Total

3.7 (3.3 ‐ 4.1)

3.1

1.0 ‐ 20.9

Site

Gender

*significant difference

Table 3: Mean lactate level [mmol/l] by group, site and sex
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Figure 9: Mean lactate level by exposure group

Coefficient

p‐
value

Sex (male vs female)

‐0.33

0.0

Age (continuous)

‐0.01

0.5

Regular cyanide exposure (yes vs no)

‐0.01

0.89

0.3

0.04*

0.0

0.96

‐0.31

0.1

‐0.2

0.26

0.01

0.95

0.0

0.99

Regular and

recent1

cyanide exposure (yes vs no)

Regular mercury exposure (yes vs no)
Regular and

recent1

mercury exposure (yes vs no)

Intensity of physical activity prior to survey (low/medium vs
Exposure to any type of

smoke3

high2)

(yes vs no)

Current smoking (yes vs no)
2low/medium

¹In the 30 minutes preceding the survey;
e.g. resting, walking; high, e.g.
digging; 3Industrial smoke, cooking smoke, waste burn smoke, cigarette smoke;
*significant association with blood lactate level

Table 4: Factors associated with blood lactate level

Linear regression of blood lactate level was also performed for potential associations with
self‐reported symptoms in the two weeks preceding the survey. ‘Loss of immediate memory’
(p=0.036) was significantly associated with higher blood lactate levels. ‘Bizarre behavior’
(p=0.062) and ‘changes in taste’ (p=0.093) were borderline associated with higher blood
lactate levels.
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3.3 Discussion and limitations
The first initial hypothesis was that the assessed exposure groups were found with different
patterns and frequencies of health conditions and that those more exposed to cyanide had
symptoms associated with cyanide intoxication. Overall, non‐M reported more health
problems within the two weeks prior to the survey when compared with M‐CN and M+CN,
indicating the required physical fitness for young, male miners. Few studies exist on long‐
term effects of chronic cyanide exposure and the vague symptoms described so far – also
reported by participants in this study – are headache (by 12.6%), dysgeusia, vomiting, chest
pain (by 12.6%), abdominal pain (by 17.4%) and anxiety (Sullivan JB 2001). The symptoms
most frequently mentioned and associated with higher blood lactate levels – these being chest
pain, loss of immediate memory, bizarre behavior and changes in taste – are all potential
acute and chronic symptoms of cyanide exposure or intoxication (Desai S 2016).
The second initial hypothesis that cyanide exposure in ASGM is positively associated with
blood lactate levels can be considered confirmed as mean blood lactate levels increased from
2.8 (95% CI 2.4 ‐ 3.2) in the non‐M, to 3.3 (95% CI 2.9 ‐ 3.7) in the M‐CN, to 4.7 (95% CI 3.9 ‐
5.6) in the M+CN, and was thereby significantly higher in the latter. This was underlined by
linear regression showing the combination of regular and recent cyanide exposure
significantly associated with elevated blood lactate levels.
The third initial hypothesis that ASGM community members not involved in mining activities
represent a control group with a normal blood lactate level could not be confirmed. Possible
explanations are (i) direct or indirect exposure to cyanide unknown to the participants and
therefore not self‐reported and analyzed; (ii) other causes of lactic acidosis, such as anaerobic
exercise or Type A or Type B lactic acidosis where the latter can be associated with diabetes
mellitus (Scale and Harvey 2011), alcoholism (MacDonald et al. 1994) and HIV medication
(Velez and Janech 2010; Djibré et al. 2014); or (iii) other unknown cause(s). In light of the
potential exposure to cyanide in non‐M, this group cannot be considered a real control group.
The health study had several limitations. First, an important limitation of the study is its
cross‐sectional design, as this prevented the identification of causal associations between
exposure to cyanide and the effects of interest. Second, no real control group was sampled.
Third, self‐reported exposures and symptoms are subject to recall and information biases.
Finally, other factors that potentially might influence blood cyanide and blood lactate levels
were not assessed.

3.4 Recommendations
Given conclusions made by this study, the following recommendations are made:
•

The greater gold recovery rate through cyanidation and the lack of alternative economic
opportunities maintain the high profitability of gold mining, including illegal use of
mercury and cyanide. Coupled with lack of risk awareness, absence of occupational
health standards and continued risk taking, the exposure to cyanide is not likely to
decrease without progresses in sustainable development, including education, economic
opportunities and good governance. It is therefore important, that the underlying socio‐
economic, regulatory and political issues driving these harmful activities are addressed
(Hinton, Veiga, and Veiga 2003).
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•

The health sector needs to be prepared for cyanide‐related health issues and trainings,
resources and treatments must be put in place to allow health personnel to appropriately
manage cyanide‐affected cases.

•

At the individual level, personal protective equipment using boots, gloves, protective
glasses and masks could reduce direct skin contact with and inhalation of cyanide.

•

Mine owners and employers should also have a responsibility in protecting their
workforce according to article 238 of the Burkina Faso labor protection law (Nationale
2008).

•

Awareness raising in miners, ASGM communities, mining organizations and health staff
would be a prerequisite towards safer behaviors.

•

At the institutional level, potential ways forward could be improved law enforcement to
stop cyanidation on the country’s territory at one pole or institutionalizing ASGM as a
legal activity regulated by labor laws at the other pole.

•

Sound cohort and other longitudinal studies are needed to allow establishing causality
between cyanide exposures, i.e. different doses and types of exposure, and associated
health effects up to an older age.

•

Environmental monitoring and studies are needed linking environmental contamination,
cyanide biodegradability and environmental exposures to health outcomes and shed light
on indirect health effects of the cyanidation process in ASGM on humans.

4 Socio‐economic interactions between ASGM and agriculture
How agriculture and mining are linked and how households decide over the allocation of
production capitals such as labor, money is not sufficiently understood in the literature nor in
the particular case of our study sites in the provinces Bam and Yatenga. The public narrative
suggests that ASGM causes a de‐agrarianization process. If this holds, it would potentially
have profound consequences for rural development. The public narrative further posits that
agriculture and ASGM compete for land and labor force. In contrast, the academic literature
finds that agriculture and ASGM are more accurately described as complementing then
competing activities or as sectors that have become “‘interlocked’, propelling one another”
(Hilson & Garforth, 2012; Schueler, Kuemmerle, & Schröder, 2011; Pijpers 2014).
To shed light on the linkages between farming and mining, the socio‐economic study answers
the following research questions: How do ASGM workers combine farming and mining
regarding the allocation of labor and capital? What is the reasoning behind those decisions?
What are the perceived effects of mining on agricultural activities of the miners’ household?
We further investigate whether the answers to the above questions differ between types of
mining sites. Specifically, we distinguish between permanent mining sites (PS) and descending
mining sites (DS). The former produce gold at a steady level but do not reach the quantities
produced during the initial boom phase. Alga clearly belongs to this category. The latter face a
steadily decreasing production rate after the initial boom. Balong‐Tenga, Zomnkalga, and Tiba
display the characteristics of a DS.
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4.1 ASGM and agriculture as livelihood strategies
Every household follows a particular strategy to earn income and to make a living. In rural
Burkina, this is typically a combination of (mostly subsistence) agriculture and some cash
generating activity. A household changes its livelihood strategy in two instances only. One is
to seize a (perceived) opportunity to increase income, accumulate capital, and reinvest. The
high gold prices after the financial crisis of 2008 represented such an opportunity and fueled
the mining boom. The other is a forced change when earlier strategies do no longer provide a
livelihood, e.g. due to change in environmental conditions, change in precipitation or
population growth. If change is forced, a rural household has a limited number of options: It
can either intensify agricultural production, it can diversify the sources of income, or some (or
all) members of the household migrate. Under this perspective, a household can on one of
three trajectories (Scoones, 1998; Dorward et al., 2009):




A household ‘hangs in’: The current livelihood strategy is sufficient to maintain the
current livelihood level, assets remain just stable. A more precarious variant of this is
‘muddling through’
A household ‘steps up’: It invests earned income in production capital and intensifies
production in order to improve the livelihood
A household ‘steps out’: Accumulated production capital is used to diversify into a
new activity which promises higher or more stable returns

4.2 Methodology
The research questions are answered by analyzing the allocation of production capital (work
time and financial investment) for the permanent and the declining mine sites. Further, the
rationale motivating the decisions is reported and compared. In a final step, the perceived
effects of the investment decisions on the familial agriculture are presented and discussed.
A mixed‐method approach with a convergent parallel design was applied. For the quantitative
analysis, a subset (n=237) of the health survey data on socio‐demographic characteristics and
occupational history was analyzed for socio‐economic differences between DS and PS with
contingency analysis and non‐parametric variance analysis tests. The subset contains all
individuals that indicated working on the ASGM site and whose families farm. The analysis
was conducted with the software SPSS Statistics.
For the qualitative analysis, 35 interviews with ASGM workers, 12 interviews with non‐
mining inhabitants of the community and 19 interviews with authorities were conducted in
the local language Mooré and translated and noted in French in the field. The interviews with
the ASGM workers were semi‐guided oral history interviews, going through people’s work
history, investment of mining income, and future plans. Whenever one interviewee revealed
that he or his family is active in agriculture, we inquired how the ASGM activity influences the
agricultural activities of their family. The sampling was purposeful, covering the encountered
socio‐demographic diversity of people on site. The notes were digitized, coded, ordered, and
thematically categorized with the software MaxQDA12.
The quantitative and qualitative data sets were analyzed individually, but in parallel. This and
a concurrent literature review informed further analysis and research question development
following an inductive Grounded Theory approach. The quantitative data allowed to put the
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interviews into perspective. The qualitative approach allowed to learn from each interview
and ask more and more detailed questions throughout the weeks of fieldwork.

4.3 Findings
4.3.1 Work Force and Time Investment in Agriculture
Some of the ASGM workers spend the entire year at the ASGM while others return to their
families during the rainy season. Combined with the permanent and declining mining sites,
this results in four distinct groups of ASGM workers:





PS‐PW: Permanent ASGM workers on permanent mining sites
PS‐CW: Cultivating ASGM workers on permanent mining sites
DS‐PW: Permanent ASGM workers on declining mining sites
DS‐CW: Cultivating ASGM workers on declining mining sites

There is a significant difference in the share of PW and CW between the DS and the PS. In the
DS of Balong‐Tenga, Zomnkalga and Tiba, over 80% of the workers return home to cultivate
during the rainy season. This is different in Alga (PS) where 60 % of the miners work on site
all year around (Figure 10).

Figure 10: Activities performed by ASGM workers during the rainy season.

The four groups differ statistically significant in the matrimonial status, the place of origin,
and the last activity before working at the ASGM site. At DS, the PW are mostly singles while at
the PS the majority is married, whether cultivating or not. At the PS it is mostly the locals from
the closest village nearby that keep on working on site; in contrast, at the DS, the PW are more
likely to be from further away than their CW colleagues (Table 5).
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Descending
Site
Permanent
Site

Local [%]

Last activity
agriculture
[%]

Siblings working
on a ASGM site
[% (sd)]

Siblings working in
agriculture
[% (sd)]

Children
[number]

54.2

79.2

29.2

32.02 (23.83)

65.08 (29.89)

1.64 (2.44)

104

23.1

87.5

58.7

43.19 (26.41)

75.47 (25.76)

2.99 (3.41)

Permanent worker

65

29.2

58.5

41.5

34.7 (22.40)

64.13 (30.89)

2.09 (2.84)

Cultivating worker

44

36.4

45.5

70.5

47.51 (29.08)

75.72 (27.31)

1.66 (2.25)

237

30.4

70.9

54.3

40.51 (26.05)

71.34 (28.31)

2.33 (3.00)

15.476 p
= .006

33.651 p =
.000

15.567 p =
.001

0.017

0.049

0.015

**

***

**

*

*

*

CC

.275 p =
0.002

.351 p = .000

.249 p = .001

Cramer‐V

.203 p =
0.002

.375 p = .000

.257 p = .001

n

Single
[%]

Permanent worker
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Cultivating worker

Total
Exact Fisher Test
Contingency
Analysis/
Kruskal‐Wallis
Test

Significance

Table 5: Socio‐demographic differences between cultivating ASGM workers (CW) and permanent
ASGM workers (PW).
In the qualitative interviews, ASGM workers provided a broad range of explanations why they
remain involved in agriculture. Some argued that it was just normal to them, they had always
done agriculture and knew it. Miners who cultivate the entire season usually expressed their
strong emotional connection to agriculture. In contrast, those who cultivate only during the
rainy season, see cultivation as something they still do, but it is not their priority. Rather, they
want to pursue new income opportunities, even at the risk of neglecting their cultivation
duties. Finally, permanent mining workers explain that ASGM offers the highest profit
compared to any other occupation open to them.

4.3.2 Remittances
Three out of four ASGM workers support their families with remittances of varying amounts.
These funds are at least partly invested in the agricultural activities of the household. Only
two demographic factors are significantly different between those remitting and those not
remitting: gender and work migration status. Women only rarely support their family of
origin financially. Miners who are mobile and keep moving to new promising mining sites are
more likely to support their families compared to miners who are stationary. The findings are
summarized in Table 6 and 7.
According to survey data, miners at the three DS report consistently lower transfers
compared to those working at the permanent site of Alga. Non‐local workers send the highest
amount of remittances. Also, PW remit close to double the amount to the family compared to
the CW. Other socio‐demographic characteristics such as matrimonial status or education do
not influence remittances. While these patterns are consistent, the amounts remitted are
highly variable over time and between individuals.
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Lifecycle
stage
Sex

Migration

Activity
rainy
season

Activity dry
season

n1

Percentage
supporting
family
financially

Descending Site

128

78.1

Permanent Site

109

73.4

Male

209

81.3

Female

28

35.7

Financial support
for family

Contingency Analysis
Exact
Fisher

Sig.

1.65
p=.443

no

25.09
p = .000

***

12.59
p= .024

*

CC

n2

[F CFA/month
(sd)]

85

25'282 (19'816)

68

55'132 (54'395)

.331
p = .000

145

40'135 (42'160)

8

9'813 (16'729)

.211
p=.073

59

35'076 (32'081)

23

22'131 (17'473)

Local settled

96

69.8

Non‐local settled

41

68.3

Local mobile

72

88.9

57

44'377 (52'921)

Non‐local mobile

28

75

14

56'429 (46'675)

Permanent ASGM
worker (PW)

89

74.2

58

55'759 (57'778)

Cultivating ASGM
worker (CW)

148

77

95

28'042 (22'346)

Digging/milling

100

82

69

33'442 (32'426)

ASGM service

76

78.9

58

46'672 (43'172)

Selling food/drinks

25

64

13

20'538 (18'693)

Business

30

63.3

11

55'455 (82'142)

.939
p =.773

10.11
p = .079

no

no

Kruskal‐Wallis/
Mann‐Whitney U
Indep.
samples

Sig.

0

***

0.001

**

0.013

*

0.001

**

0.058

no

Table 6: Remittance decision, average amount and nominal factors (n1: all respondents
reporting remittances; n2: respondents who also reported the amount remitted).

Financial support for family
[F CFA/month]

Supporting family financially
Mann‐Whitney U

Spearman‐Rho

Yes

No

n

(n=180; 76%)

(n=57; 24 %)

Ind. Samples

Sig.

n

Coefficient

Sig.

Age

237

27.57 (8.85)

34.82 (11.42)

0

***

153

‐.010 p=.905

no

Number of children

223

1.85 (2.5)

3.8 (3.82)

0

***

141

‐.101 p=.233

no

Number of sites worked

237

1.75 (1.06)

1.38 (0.7)

0.02

*

153

.198 p=.014

*

Number of siblings

237

7.39 (4.59)

5.68 (4.17)

0.007

**

153

.144 p=.076

no

Part of siblings in
agriculture

237

69.61 (28.83)

77.81 (27.66)

0.066

no

153

‐.189 p=.019

*

Table 7: Remittance decision, average amounts.
25% of the mining workers do not transfer remittances to their families at all.
Representatives of this group argue during the interview that they would just earn enough to
look after themselves and therefore could not afford to remit any money.
Data on remittances is self‐reported in the survey and might include a recall or desirability
bias. However, this does not fundamentally change the basic patterns revealed: The majority
of mining workers support their families on a regular basis. The amounts remitted are higher
in permanent sites than in declining sites.
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4.3.3 Investment in agriculture
Most of the money is spent for buying cereals to complement the harvest. Further, it is
invested in animals, inputs for cultivation (e.g. fertilizer) or wheelbarrows and motorcycles.
Figure 11 shows in what else the interviewees have invested their revenues.
Some ASGM workers invest a part of the mining revenues themselves (e.g. buy cattle which
they rear with the family’s drove), the rest is remitted to the head of the family either on a
regular basis or on demand when the family has a specific need (Figure 11, information below
the horizontal line). There is no significant difference in the investment categories between PS
and CS.

Figure 11: Spontaneous answers to the question what they spend their money on. The bigger the
font the more frequently it was mentioned. Investments in relation to agriculture are in black.
The area below the horizontal line depicts the different modes of remittance.
The rationales put forward during the interviews to explain the investment choices are as
diverse as their choices. They are displayed in Table 8, ordered horizontally according the
interviewees work orientation. Citations that were made at the PS are shaded in grey.
Vertically, the first investments people generally make is at the top, the latest at the bottom.
Concluding from the expense categories and investment priorities at the PS and the CS the
standard of living seems to be higher at the PS where investments are more capital intense.
All interviewees invested either in livestock or in cultivation and about half of the
interviewees spontaneously mentioned their investment in cultivation without being
specifically asked for.
In contrast to the investment priorities reported by the miners themselves, interviewees who
are not involved in mining themselves claim that it was lifestyle and motorcycles the miners
would buy with their ASGM gain in the first place. Even if lifestyle was a big expenditure,
miners would not easily admit. For example, the motorcycle was mentioned as an
expenditure, but not as the first priority. It was beyond the scope of this research to calculate
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the full budget available and put the amounts remitted in perspective to self‐consumption,
lifestyle and other expenses. This would require a far more detailed inquiry of income and
consumption expenses using dairies or other more sophisticated reporting techniques such as
diaries.

Agriculture oriented

ASGM oriented

The harvest gets
worse due to lack of
rain in the past
years.

We harvest much less, but
we can buy what is
missing and even more.
Our meals are more
varied now.

The people do not
want to cultivate any
more [...] there are
much less working
hands then there used
to be 10 years ago.

If you are successful in orpaillage you can
buy cereals. If you only do agriculture you
cannot be certain whether you can feed
your family well.

Livestock

Keeping livestock is
profitable.

The people here can buy
bigger animals now and
the number of animals
rose in the village.

I can eat meat every
now and then or I can
solve a problem at
home by selling or
butchering an animal.

I cannot invest in livestock, because I do
not have enough to feed them.

Mobility

Many orpailleurs say
We were able to buy because they took the risk,
bicycles, now we can all the money should be
get water much
for themselves. They
more easily.
always buy a motorcycle
first.

Buying
cereals

Cultivation

We add fertilizers
and have been able
to rent a plough and
an ox. Our harvest
has doubled.

Construction

Everyone who has a
bad house nowadays
has not been lucky
enough as an
orpailleur.

Lifestyle

I can easily get somewhere with the
motorcycle, e.g. if someone is ill. At the
moment I am borrowing, this makes me
dependent.

I bought a
motorcycle first, in
order to reach
new sites quicker.

I rent a tractor and
I employ people to dig
buy fertilizer with
We bought a little wagon
zai for me, buy
the ASGM money.
and wheelbarrow to
ingredients and
With good rain, I did
manure with the
transport the compost.
not have to buy any
ASGM money.
cereals anymore.

Young men have built many houses. The quality
has improved. They are more stable and many
have a tin roof.

What I do not use to solve social problems and a
motorcycle I will use for a good life e.g. my
wedding.

They blow the money
with women.
Especially the young
spend their money
quickly.

I send them
fertilizer.

I have built a house here on site, where I
would like to open a little shop.

They spend money unnecessarily with
cigarettes, alcohol, while they do not
even have the money to wash
themselves.

Table 8: ASGM workers’ and their bosses’ explanations of investment choices.
Grey: statements at PS
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4.3.4 Perceived effects on agriculture
At PS and DS, about half of the interviewees claimed that their harvest had increased due to
the investment in improved agricultural material and new techniques such as cultivating with
plough and ox. The other half saw their harvest decrease. At DS, this was ascribed to a lack of
male workforce in agriculture; at PS, external factors such as changing environmental
conditions were believed to reduce harvest (Table 9).

Decreased

Increased

There are too many children now. The plots have become
smaller and they keep getting smaller. This is then the reason
why people leave.

My parents’ harvest was just for them and not even sufficient.
With the new techniques, we can also cultivate bad fields and
can sell a part of the harvest.

It is a very tiring task and we are lacking the force to cultivate
every square meter we could cultivate. During the harvest
season can we hardly harvest everything because we lack the
work force, but all our children are helping.

We used to cultivate without compost, but now with compost
we produce the same amount on a smaller area. The compost
allows us to produce the same amount but with less work.

Some fields are degraded. We decided to let them go wild.
They are not even good enough to keep the animals on it.
A third of my fields is occupied by orpaillage. It is bearable
because my family is also involved. It is painful, but as soon as
they have found some gold, it is ok for me.
Some husbands only support their families a couple of days.
This diminishes the harvest
We used to be able to fill 5 granaries. Now the rain is not good
anymore we only fill 2‐3 granaries.

We succeed in cultivating all our fields. We add fertilizers and
for a few years we have been able to rent a plough and an ox
since then our harvest has doubled.

Ever since we have been able to invest in our farming, we
produce more and of better quality.

Table 9: ASGM worker’s perception of the quantitative effect of ASGM on the familial harvest.
Statements at PS are shaded in grey.
The change caused by ASGM has not only influenced the amount harvested, but has also
changed, cultivation techniques, work distribution, as well as livestock keeping (Table 10).
The younger generation is clearly not as attached to agriculture as the older generation
leading to intergenerational tensions.
Typically, ASGM workers who invest in the familial agriculture change their cultivation
techniques to intensify production. Those working on PS invest in more expensive assets to
increase labor‐productivity (e.g. renting a tractor or a plough and ox) while those on DS buy
inputs such as fertilizer that still demand a high labor effort. While people working on a PS
stated that mostly women, elderly, children or hired labor do the bulk of cultivation work, this
was not stressed the same way for the DS.
The investment in livestock is seen more as risk management (having animals to sell in a case
of an emergency) or as a way to save towards a bigger investment, similar to a bank account.
None of the interview partners intends to develop a big livestock activity due to limited
meadowlands and the size of investments required to develop livestock breeding on a larger
scale
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Table 10: ASGM workers’ perception of effects of ASGM on the familial harvest. Statements at PS
are shaded in grey.

The ASGM dynamics have effects on the cost for food incurred by households. The
opportunity to earn income from mining led some families to focus on ASGM and rely mainly
or even fully on the market to buy basic food stuffs. This together with the rising number of
inhabitants attracted by ASGM has increased the demand for food. As a consequence, market
prices for staples have increased with profound effects on the household budget for farming
families: Farmers who produce more than they consume (e.g. due to the investment made
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with money earned in ASGM) are net‐suppliers. They benefit from the market dynamics and
see their income from agriculture increase. Families whose production doesn’t match their
needs are net‐buyers and have to get the cereals from the market for up to six months or
more. They face a significant increase in their expenses for basic needs. ASGM workers who
minimized or abandoned agriculture but are less successful in mining may face at least at
times serious challenges. The result of these dynamics is an increase in inequality in ASGM
areas.

4.4 Discussion
Although agriculture is not the only source of income for households in ASGM areas, the
assumption of a de‐agrarianization process in Bam and Yatenga is not supported by the
findings. Most ASGM workers are indeed ‘Mining Farmers’. Farming and mining are
complementing rather than competing activities. Following the introduction of ASGM, farming
has become just one out of many activities open to the rural population. This is also supported
by official data. According to the most recent statistics, the total area of land farmed and the
absolute yield in the region has remained stable (Ministère de l’économie, 2016a; Ministère
de l’économie, 2016b). Our study found that 81.3% of the ASGM workers at DS still cultivate.
This rate decreases to 40.4% at PS. ASGM workers invest a variable share of their mining
income in agriculture by buying ingredients, tools, machinery or livestock. 75.9% of ASGM
workers remit to their family and the amount depends on the ASGM stage (DS or PS).
Rather, the rural population undergoes an immense social restructuring which changes the
patterns of agricultural production. The data gathered in the quantitative survey and through
qualitative interviews allow to identify a number of different livelihood trajectories on which
households embark in response to the external shock caused by the upcoming ASGM sector
(Figure 12). The majority of households engaged in a PS follow a ‘stepping up’ or ‘stepping
out’ livelihood strategy or a combination of both. Some managed to increased their harvest
through investment (‘step up’) or accumulated capital to start off a new activity which
promises higher or more stable returns (‘step out’). Some households are ‘hanging in’, their
current assets are stable and the livelihood strategy untouched.
At DS, the situation is different and more diverse. Most of the households rely on agriculture
as a backbone and security anchor for times when only little gold is extracted. The ASGM
workers on DS are very much aware that the gold comes and goes and one should not rely on
it too much. The majority of households engaged in a DS are ‘hanging in’. Some also lost assets
they have gained during the boom period of the mine and are ‘muddling through’. Other
households have invested in farm‐based assets like livestock; they still profit from the former
gold boom and ‘step up’ their agricultural production.
The arrival of ASGM creates a new small gold mining elite which makes the economic
differentiation in the rural population of the Bam and Yatenga provinces more pronounced.
Access to land is no longer the only asset stratifying society. Households that have embarked
on a ‘stepping up’ trajectory, pursue a capital‐led intensification of their cultivation or rent out
their fields in times of successful ASGM production represent an emerging ASGM‐based
capitalist class of people. Due to their success in mining and subsequent increase in
productivity in agriculture they have become net‐suppliers to the market and see their overall
income increase. Those succeeding in ‘stepping out’, i.e. developing successful livelihood
strategies based on off‐farm activities, also belong to this new rural upper class. Both have in
common that they can afford to hire labor to work for them. This further contributes to the
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accumulation of income and capital of the new patrons while hired labor only earns a minimal
wage.
ASGM involved households that are ‘hanging in’ manage to hold their relative social position
as compared to the families who are not engaging in ASGM. Others whose investment choices
were less sustainable lose a part, they ‘muddle through’. The socio‐economic position of
households without sufficient profit from ASGM and without sufficient food production tends
to worsen. Rising staple food prices weigh heavy on families in Bam and Yatenga, where most
families rely on the market to complement their harvest.

Figure 12: Livelihood pathways for Permanent and Descending Sites. The boldness of the solid
arrows indicates the number of people surveyed belonging to each category. The pointed arrows
are based on the interview data. Here, bold arrows signify the livelihood aspiration of the
majority of people but is not statistically representative.

Farming has become a low status occupation that people want to avoid, especially the
younger generation. Those without an alternative income opportunity remain in agriculture.
They work on their own fields or increasingly on the fields of the more successful and
expanding new patrons who managed to ‘step up’. It remains open whether this reflects a
profound and permanent process of cultural change and those despising farm work will not
return to agriculture later on in their life.

4.5 Recommendations
Based on the findings in the socio‐economic study the following recommendations are made


Support to rural households should be based on a livelihood approach rather than a
sectoral approach, focused on agriculture only. This opens the possibility to consider
livelihood strategies in a more comprehensive and diverse manner.



Consider how to best support the households in successfully combining agricultural
and ASGM activities throughout the seasons and within their families. This might
include facilitating the acquisition of tools or machinery that increase productivity and
that can be used in agriculture as well as ASGM (e.g. tricycles).
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Support rural households in developing long‐term economic strategies for their
families. This can include the provision of savings opportunities or support towards
investment choices that provide higher or more stable returns.



The ASGM triggers a demand for supply and support services. The systematic analysis
of this secondary economic sector may result in targeted skills development programs
that add value and provide alternative sources of income.

5 Strategic implications
Taking the livelihood system as overall theoretical framework (Figure 2), the three
exploratory studies looked at how the external shock caused by the introduction of ASGM has
affected the environmental, human and financial assets of the rural population and how this in
turn influences the livelihood strategies of these farming communities.
The findings suggest that ASGM is here to stay. Farming and mining have become interlinked
and the allocation of capital and labor is split between the two depending on strategic choices
of the individual household. Those successfully reinvesting the mining revenues emerge as
the new local economic elite. Those who are less successful do not benefit over all or may
even see their economic situation decline. Even if the commonly held assumption of two
competing camps (“farmers” versus “miners”) does not hold, it doesn’t mean that there are no
conflicts over access to resources.
The impact of cyanide and other chemicals on human capital (health) is measurable and
significant for people exposed to the chemicals. Basic safeguard measures will go a long way
in reducing short‐ and long‐term health effects.
Impact on natural capital is found mainly around hotspot areas (processing and tailings sites)
but uncertainty remains how contamination spreads. Simple technological improvements are
available to reduce the environmental effects of cyanide and mercury. Spatial management
such as the separation of the residential area from the mining site and the separation between
operations and tailing site are entry points to minimize the effects of chemicals on human
health.
Based on the findings of these studies, we see three complementary avenues along which
Fastenopfer could contribute to more sustainable ASGM practice in their areas of intervention
in Burkina Faso. While the first option is close to the organization’s core business, the second
and third would include venturing into new areas. However, as we argue below, the situation
could be supportive of exploring additional activities in the ASGM sector. We outline three
complementary options which can inform an future ASGM‐strategy of Fastenopfer.

5.1 Expand the approach with farming communities
Fastenopfer has a longstanding engagement with local civil society organizations in the ASGM
areas studied. Their work with the rural communities focuses mainly on agriculture. Yet,
given the difficult agro‐ecological conditions, most of the households struggle with surviving
form their land. Recognizing the importance of ASGM in devising livelihood strategies
suggests that a proactive integration of this aspect could make the support provided by
Fastenopfer more relevant and comprehensive.
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A shift from a predominantly agricultural focus towards an explicit livelihood approach that
includes ASGM reality could support households and communities in devising their livelihood
strategies. Examples include basic finance management instruments such as the facilitation of
saving or support in investment decisions of mining revenues. Alternatively, skills
development programs could identify non‐agricultural options to earn income.
As a start, this would require Fastenopfer and its partners to invest (as e.g. through this
study) in understanding this interrelationship and the diversity of livelihood strategies.

5.2 Work on site
From the findings emerges that basic safeguard measures could avoid major health as well as
environmental impacts. Still assuming that mining is here to stay, various options could be
considered as outlined in the environmental and health studies: Fastenopfer might engage in
awareness raising among the ASGM community regarding health issues in combination with
providing access to basic protective gear. It also could engage in awareness raising among the
ASGM community regarding environmental issues and providing practical support in
adjusting practices, including technical training and financing mechanisms to invest in
improved technology.
Such an engagement might require to identify additional local partners who have (or are
willing and capable to acquire) the capacity and skills to work on site, starting in smaller sites
with pilot interventions.
We suggest to combine such activities with external (academic) support in the design of the
activities as well as in the monitoring of the effects.

5.3 Support the system
A sustainable integration of ASGM in the rural economy will require public institutions to
provide the regulatory framework and to deliver adequate services. Burkina Faso has ratified
the Minamata Convention in April 2017 (http://mercuryconvention.org). This brings the
obligation to develop a National Action Plan (NAP) to address ASGM. A NAP includes a
mapping of the current ASGM activities, the formalization of the sector, and the provision of
health care to mining communities. Given the limited capacity on the side of the government
to act on this commitment, there is a need for an engagement at different levels, including
mapping, institutional assessments, and capacity building.
Access to health care is very limited and health centers lack the capacity to deal with chemical
intoxication. We see an opportunity to support local health structures in developing the
capacity to detect, diagnose and treat cyanide and mercury poisoning.
Similar support at the system level might be considered for the formalization of ASGM
activities. We recommend Fastenopfer not to engage in formalization of ASGM activities at
this point in time given the complexity of the issue. This would rather be the task of
multilateral and bilateral donor agencies. However, the experience gained through other
interventions might be a valuable input into the formalization discussion in the context of the
implementation of the Minamata Convention later on (see below).
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The potential avenues for interventions outlined above indicate a range of possibilities to
contribute to a more sustainable ASGM sector. Given Fastenopfer’s relations at the community
level, the first two options might be more feasible and successful starting points for the
organization than an engagement as the system level. Based on our discussions with various
bilateral donors in Ouagadougou in April 2017, there is considerable interest in ASGM and
several are looking for opportunities to invest in meaningful projects. We therefore see an
opportunity to leverage the knowledge and local network of Fastenopfer in ASGM areas to
develop specific interventions.
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