
 

 
Assessment of Metal Enrichment in the Koma 
Bangou (Niger) Gold panning Area Soils and 
Tailings  
 
 

.

ABSTRACT 
 

Artisanal and small-scale gold mining at Koma Bangou (Niger) has been going on since the 
Sahelian 1984’s drought, with introduction of ore leaching in the year 2009. The use of 
chemicals in the ore processing results in metal enrichment and pollution at the cyanidation 
sites. The aim of this work is to assess the metal enrichment of soils and tailings at Koma 
Bangou. Geochemical data acquired with portable XRF analyzer corrected with ICP-MS 
data, were used to assess the enrichment level of As, Cr, Cu, Mn, Pb and Zn in the soils 
and tailings samples using the enrichment factor and soil-geochemical baseline data for the 
Koma Bangou soils. The metallic enrichment generated by the ore processing was 
identified in the tailings (cyanidation and acidification waste) and the soils from the 
cyanidation areas. The perimeter soils (soils outside cyanidation sites) show no metal 
enrich-ment. As and Pb enrichment is highest in the cyanidation waste, while Zn, Cu and 
Cr enrichment is highest in the acidification waste. Mn enrichment is very low in all of the 
soils and the tailings samples. The gold ore leaching activities generate metallic pollution of 
the soil, water and vegetation around the cyanidation sites. 
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1. INTRODUCTION  

"Artisanal and Small-scale Mining" refers 
to all artisanal or semi-mechanized mining 
operations that don’t require large 
equipment and big investment [1-3]. 
Communities and local economies in many 
developing countries often depend on 
revenues generated by this labor-intensive 
activity [3]. Artisanal gold mining is the 
main mining sector employer and is carried 
out in over 80 countries worldwide [4].  

Artisanal gold mining began in Niger at the 
Koma Bangou site in the Tillabéri region 
[5], following the drought and poor 
harvests of 1984 in Niger [6-9]. Gold 
panning is the most widely performed non-
agricultural income-generating activity in 
Niger [6,8]. It was interrupted at Koma 
Bangou in 1989 due to industrial mining 

exploration [10]. It was resumed in 1999, 
with the introduction of hydrometallurgical 
cyanide ore processing in 2009 [11]. From 
1984 to present day, gold panning at Koma 
Bangou has produced large quantities of 
tailings [10]. These tailings have a negative 
impact on the surrounding environment by 
enriching the soil and water with metals 
[10-15]. This metallic enrichment may lead 
to contamination or even metallic pollution 
of Koma Bangou soil and water [13].  

Assessing the metal enrichment in soils is 
important for the environmental protection. 
Among geochemical approaches is the 
enrichment factor (EF). Enrichment factor 
reflects the degree of metal accumulation 
[16] and has been widely used in 
environmental pollution studies [16-20]. It’s 
a universal index for assessing the metal 
accumulation degree [21]. The enrichment 
factor reflects also the disturbance degree 
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of the natural environment caused by 
human activities [22]. Metal concentrations 
are normalized by a conservative element 
such as Fe, Al, Ti [17,23] in order to reduce 
the mineralogical variability and the 
granulometric variations [24]. The aim of 
this work is to assess the metal enrichment 
in soils and tailings of Koma Bangou due 
to the hydrometallurgical ore processing. 

2. MATERIAL AND METHODS  

2.1. Study Area  

Koma Bangou gold panning area belongs 
to Téra department, in the Tillabéri region 

(southwestern part of Niger Republic) [11]. 
Koma Bangou gold panning area is located 
between Lat. 14°01'41''N and 14°07'56''N 
and Long. 01°02'12''E and 01°10'00''E, 
and covers 150 km2 [10,12]. Geologically, 
Koma Bangou is located in the Liptako 
birimian greenstone belt of Diagorou-
Darbani [25] (Fig. 1b). The Liptako Niger 
forms the northeastern end of the Léo-Man 
Ridge (Fig. 1a), on the West African craton 
[26]. Geological features of Koma Bangou 
(Fig. 1c) consist of metabasalt and 
metasediment [26-28], with quartz diorite, 
qabbro, rhyolite and andesite intrusion 
[28]. The rock is overlain by lateritic and 
eolian deposits [28].  

 

Fig. 1. Geological map of the Léo-Man ridge [31] and location of gold deposits [32]; b) 

Geological map of Liptako Niger [33]; c) Geological features of Koma Bangou [27]. 

The Liptako gold mineralization is hosted 
by greenstone belts and linked to regional 
faults [29]. The gold mineralization of 
Koma Bangou is a quartz-vein type, 
controlled by fractures [28-30]. Sulfides 
related to the mineralization consist of 
pyrite, chalcopyrite, chalcocite, sphalerite 
and galena [10].  

Gold ore extraction at Koma Bangou is 
manual [7]. It involves digging vertical 
shafts (Fig. 2a) with 0.8 to 2 m in diameter 
[34] to extract barren rock and mineralized 
quartz. Shaft sinking is done by hand, 
using makeshift tools such as pickaxes, 
picks, hammers, shovels, plastic bags, 
ropes and flashlights [7]. A manual rope 



 

 

winch (Fig. 2a) is fixed above the hole on 
wooden supports to raise and lower the 
workers into the hole, as well as to raise 
the bags filled with ore or waste rock. 
Waste rock and ore are brought to the 
surface. The ore is then sorted and the 
mineralized quartz undergo to crushing 
(Fig. 2b), grinding, physical treatment with 
sluice (Fig. 2c) and chemical cyanide 

treatment (Fig. 2d) to recover the gold. The 
gold contained in the cyanide juice is 
recovered by zinc plates using the Merill-
Crowe process [35]. The zinc plates 
loaded with gold are dissolved with sulfuric 
and nitric acids to obtain residues 
containing gold. These residues are then 
burned with water and sulfuric and nitric 
acids to obtain the concentrated gold [36]. 

 

Fig. 2. Stages of artisanal gold mining at Koma Bangou. a) Ore extraction shaft fitted with 

winch; b) Manual crushing of ore; c) Gravity concentration of gold in sluice; d) Cyanide leach 
tanks for gold-bearing ore; e) Spreading of cyanidation waste; f) Acidification waste dump.

2.2. Sampling 

Soils (perimeter soils, cyanidation area 
soils) and tailings (acidification waste and 
cyanidation waste) samples were collected 
from Koma Bangou area. Tailings from the 
ore leaching consist of cyanidation and 
acidification waste. Cyanidation waste is 
made up of fine particles of crushed ore 
that have first undergone to gravity sluicing 
and then cyanide leaching (Fig. 2e). 
Acidification waste result from the final 
stage in the ore leaching chain, which 
involves acidification of the gold-bearing 

zinc plates (Fig. 2f). Cyanidation area soils 
are the soils of the sites where ore leaching 
operations are carried out. Perimeter soils 
are soils located outside the sites of the 
chemical ore processing. Systematic grid 
sampling for soils and stratified random 
sampling for tailings were used (Fig. 3). 
Soil samples were taken with a hand auger 
at 0-40 cm depth. Tailings samples were 
taken from the waste piles with shovel. 400 
samples: perimeter soils (70), cyanidation 
area soils (122), acidification waste (27), 
cyanidation waste (181) were collected.



 

 

 

Fig. 3. Sampling plans on the Koma Bangou gold panning area. a) Sampling ground-plan; b, 

c, d, e) Systematic and stratified random sampling plan on the cyanidation areas.

2.3. Chemical analysis 

The 400 samples of soils and tailings were 
first air-dried, then sieved. The < 2 mm 
fraction was ground to 75 µm before being 
analyzed by portable X-ray fluorescence 
spectrometer (pXRF). XRF analysis was 
carried out under laboratory conditions at 
the "UFR STRM" of Félix Houphouët 
Boigny University, Cocody-Abidjan (Côte 
d'Ivoire), using a Thermo Niton XL3t XRF 
analyzer. 55 samples representative of the 
soils and the tailings were analyzed by 
inductively coupled plasma mass 
spectrometry (ICP-MS) at the "CETA-ISO 
platform, OSU OREME of the University of 
Montpellier". Soil and tailings samples 
were first digested with hydrochloric acid 
(HCl), hydrofluoric acid (HF) and nitric acid 
(HNO3). Digested solutions were analyzed 
using ICP-MS (iCAP TQ, Thermo 
Scientific®) after dilution in 0.15 M HNO3. 
The concentrations of Al, As, Cr, Cu, Fe, 

Mn, Pb, Ti and Zn were determined using 
external calibration and correction of the 
internal standards (Sc, Ge, Rh and Ir) to 
adjust for variations in sensitivity induced 
by matrix effect or instrumental drift.  

2.4. XRF data correction 

XRF data were calibrated with ICP-MS 
data. XRF data were corrected by using 
the regression coefficients (Eq. 1). 

[X]ICP-MS = exp(b±db)([X]pXRF)
(b±db)

(1) 

where: 

[X]ICP-MS is the X element ICP-MS 
concentration; 

[X]pXRF is the X element pXRF 
concentration;  

a, b; da, db are the coefficients of the 
regression line and their related errors. 
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2.5. Enrichment assessment  

Metal enrichment is assessed using the 
normalized enrichment factor. The 
normalized enrichment factor is calculated 
as the ratio of the element concentration in 
the normalized sample to a reference 
concentration [17-19]. The normalization is 
performed with element that isn’t expected 
to be enriched by anthropogenic sources 
due to its high natural concentration [37]. 

 The Kolmogorov-Smirnov test [38] was 
applied to Fe, Al and Ti concentrations to 
check their distribution in the Koma 
Bangou perimeter soils. The Kolmogorov-
Smirnov test is applied if the number of 
samples is greater than 50 [39]. The null 
hypothesis is that the variables are 
normally distributed [40]. If the p-value is 
below the 5% alpha (significance level) 
[38], the null hypothesis is rejected [38]. In 
this case, the variables don’t follow a 
normal distribution. If the p-value is above 
alpha, the null hypothesis is accepted [38]. 
In this case, the variables follow a normal 
distribution.  

Pedo-geochemical baseline values of Al 
(63095, 73 mg/kg), As (58.05 mg/kg), Cr 
(172.89 mg/kg), Cu (76.25 mg/kg), Fe 
(92708.84 mg/kg), Mn (1478.31 mg/kg), 
Pb (18.95 mg/kg), Ti (3695.41 mg/kg) and 

Zn (133.29 mg/Kg) in the Koma Bangou 
perimeter soils [10], obtained by the 
cumulative frequency distribution curve 
method [41,42] were used to calculate the 
elements enrichment factor (Eq. 2) [18,19]. 

EF =
[

Cx
Crⅇf

] S

 [
Bx

Brⅇf
] B

       (2) 

where: 

[
Cx

Crⅇf
]S is the ratio of the concentration of 

the target metal and the reference metal in 
the sample; 

[
Bx

Brⅇf
]B is the ratio of the concentration of 

the target metal and the reference metal in 
the background material. 

The following metal enrichment categories 
are recognized: insignificant enrichment 
from natural source (EF < 1) and 
anthropogenic enrichment (EF ≥ 1) [23]: 
minor enrichment (1 ≤ EF < 2), moderate 
enrichment (2 ≤ EF < 5), significant 
enrichment (5 ≤ EF < 20), very high 
enrichment (20 ≤ EF < 40), and extremely 
high enrichment (EF ≥ 40) [18–20,23].  

To better classify and interpret the metal 
enrichment values, the logarithm 10 of EF 
values was used. 

3. RESULTS AND DISCUSSION 

3.1. Metal enrichment factor 

Table 1 gives the statistical values and the 
normality test result for Fe, Al and Ti in the 

Koma Bangou perimeter soils. Only Ti 
follows a normal distribution and was 
chosen as the enrichment factor 
normalizer for the As, Cr, Cu, Mn, Pb and 
Zn. 

Table 1. Statistics values and Kolmogorov-Smirnov test results for Fe, Al and Ti. 

Element 
Descriptive statistics Normality test 

TN Min Mean Max p-value Decision (5% significance) 

Al 70 6154 21902 71556 0 Rejected 

Fe 70 22211 60503 224789 0.01 Rejected 

Ti 70 398 2417 5441 0.15 Accepted 

  TN: Total Number; Min: Minimum; Max: maximum 

Table 2 gives the enrichment factor (EF) 
statistical values for As, Cr, Cu, Mn, Pb 

and Zn in the Koma Bangou soils and 
tailings samples. 



 

 

Table 2. EF Statistical values for As, Cr, Cu, Mn, Pb and Zn. 

EF Sample types TN Min Mean Max 

As EF  

Cyanidation area soils 122 0.37 17.75 140.04 

Cyanidation waste 181 0.32 34.96 758.14 

Acidification waste 27 1.61 24.05 183.04 

Perimeter soils 70 0.08 1.40 9.36 

Cr EF  

Cyanidation area soils 122 0.34 1.12 2.89 

Cyanidation waste 181 0.28 1.30 2.74 

Acidification waste 27 2.58 5.22 13.20 

Perimeter soils 70 0.34 1.18 5.41 

Cu EF  

Cyanidation area soils 122 0.73 3.10 11.33 

Cyanidation waste 181 0.62 5.98 37.21 

Acidification waste 27 3.48 29.46 157.48 

Perimeter soils 70 0.69 1.78 7.43 

Mn EF  

Cyanidation area soils 122 0.15 0.77 3.15 

Cyanidation waste 181 0.39 1.00 3.33 

Acidification waste 27 0.16 0.96 5.36 

Perimeter soils 70 0.18 0.70 7.07 

Pb EF  

Cyanidation area soils 122 0.77 23.01 217.97 

Cyanidation waste 181 0.45 44.96 490.63 

Acidification waste 27 5.77 38.81 121.81 

Perimeter soils 70 0.11 1.21 6.56 

EF Zn 

Cyanidation area soils 122 0.06 14.45 191.48 

Cyanidation waste 181 0.26 15.32 169.81 

Acidification waste 27 79.96 793.35 5943.62 

Perimeter soils 70 0.04 0.80 18.51 

According to the average values of As EF 
(Table 2), cyanidation waste (As EF = 
34.96) and acidification waste (As EF = 
24.05) have very high enrichment; 
cyanidation areas soils (As EF = 17.75) 
have significant enrichment, while 
perimeter soils (As EF = 1.40) have minor 
enrichment. According to EF classification 
(Fig. 4), As enrichment is higher in the 
cyanidation waste. 178 samples out of 181 
(98.34%) of the cyanidation waste show 
minor to extremely high enrichment (Fig. 
4). Only 3 samples from CA1 show 
insignificant enrichment. All acidification 
waste samples show minor to extremely 
high enrichment (Fig. 4). 117 of 122 
samples (95.90%) from the cyanidation 

area soils show minor to extremely high 
enrichment (Fig. 4). Only 5 samples (2 
from CA1, 1 from CA2 and 2 from CA3) 
show insignificant enrichment. 44 samples 
out of 70 (62.86%) of the perimeter soils 
showed insignificant enrichment (Fig. 4). 

According to the average values of Cr EF 
(Table 2), acidification waste (EF Cr = 
5.22) has significant enrichment; 
cyanidation waste (EF Cr = 1.30), 
cyanidation area soils (EF Cr = 1.12) and 
perimeter soils (EF Cr = 1.18) have minor 
enrichment. Depending on the EF 
classification (Fig. 5), Cr enrichment is 
higher in the acidification waste. All 
acidification waste samples show 
moderate to significant enrichment (Fig. 5). 



 

 

Cyanidation waste, cyanidation area soils 
and perimeter soils samples show 

insignificant to moderate enrichment (Fig. 
5).

 

Fig. 4. Classification of the As EF in the Koma Bangou ASGM area samples. 

 

Fig. 5. Classification of the Cr EF in the Koma Bangou ASGM area samples. 

According to the average values of Cu EF 
(Table 2), acidification waste (EF Cu = 
29.46) shows very high enrichment; 
cyanidation waste (EF Cu = 5.98) shows 
significant enrichment; cyanidation area 
soils (EF Cu = 3.10) show moderate 

enrichment and perimeter soils (EF Cu = 
1.78) show minor enrichment. According to 
the EF classification (Fig. 6), Cu 
enrichment is highest in the acidification 
waste. All acidification waste samples 
show moderate to extremely high 



 

 

enrichment (Fig. 6). 178 out of 181 
(98.34%) of the cyanidation waste samples 
show moderate to very high enrichment. 
Only 3 samples from CA1 show 
insignificant enrichment. 112 out of 122 
(91.80%) of the cyanidation area soil 
samples show minor to significant 

enrichment. Only 10 samples show 
insignificant enrichment (3 from CA1, 3 
from CA2, 1 from CA3 and 3 from CA4). 69 
samples out of 70 of the perimeter soil 
show insignificant to moderate enrichment. 
Only 1 sample shows significant 
enrichment (Fig. 6).

 

Fig. 6. Classification of the Cu EF in the Koma Bangou ASGM area samples. 

According to the average values of Mn EF 
(Table 2), only cyanidation waste (FE Mn = 
1) shows minor enrichment. Acidification 
waste (FE Mn = 0.96), cyanidation area 
soils (FE Mn = 0.77) and perimeter soils 
(FE Mn = 0.70) show insignificant 
enrichment. Depending on the EF 
classification, Mn enrichment is low in all 
the sample types (Fig. 7). Only 5 out of 27 
of the acidification waste samples (2 from 
CA1, 2 from CA3 and 1 from CA4) show 
minor to significant enrichment (Fig. 7). 
Only 74 samples out of 181 from the 
cyanidation waste (27 from CA1, 19 from 
CA2, 16 from CA3 and 12 from CA4) and 
21 samples out of 122 from the cyanidation 
area soils (11 from CA1, 4 from CA2, 4 
from CA3 and 2 from CA4) show minor to 
moderate enrichment (Fig. 7). Only 7 out of 
70 from the perimeter soil samples show 
minor to significant enrichment (Fig. 7). 

According to the average values of Pb EF 
(Table 2), cyanidation waste (FE Pb = 

44.96) has extremely high enrichment; 
acidification waste (FE Pb = 38.81) and 
cyanidation area soils (FE Pb = 23.01) 
have very high enrichment; perimeter soils 
(FE Pb = 1.21) have minor enrichment. 
According to the EF classification (Fig. 8), 
Pb enrichment is higher in the cyanidation 
waste. 179 out of 181 (98.90%) from the 
cyanidation waste samples show 
moderate to extremely high enrichment 
(Fig. 8). Only 2 samples from CA1 show 
insignificant enrichment. All the 
acidification waste samples show 
significant to extremely high enrichment 
(Fig. 8). 118 out of 122 (96.72%) from the 
cyanidation area soil samples show minor 
to extremely high enrichment (Fig. 8). Only 
4 samples (1 from CA1, 1 from CA2, 1 from 
CA3 and 1 from CA4) show insignificant 
enrichment. 45 out of 70 (64.29%) from the 
perimeter soils samples show insignificant 
enrichment (Fig. 8). 



 

 

 

Fig. 7. Classification of the Mn EF in the Koma Bangou ASGM area samples.

 

Fig. 8. Classification of the Pb EF in the Koma Bangou ASGM area samples. 

According to the average values of Zn EF 
(Table 2), acidification waste (Zn EF = 
793.35) shows very extremely high 
enrichment; cyanidation waste (Zn EF = 
15.32) and cyanidation area soils (Zn EF = 
14.45) show significant enrichment, 
perimeter soils (Zn EF = 0.80) show 
insignificant enrichment. According to the 
EF classification (Fig. 9), Zn enrichment is 

higher in the acidification waste. All the 
acidification waste samples show very 
extremely high enrichment (Fig. 9). 179 
samples out of 181 (98.90%) of the 
cyanidation waste show moderate to 
extremely high enrichment. Only 2 
samples (1 from CA1 and 1 from CA3) 
show insignificant enrichment (Fig. 9). 112 
out of 122 (91.80%) of the cyanidation area 



 

 

soil samples show minor to extremely high 
enrichment. Only 10 cyanidation area soil 
samples (2 from CA1, 3 from CA3 and 5 
from CA4) show insignificant enrichment 

(Fig. 9). 59 out of 70 form the perimeter soil 
samples show insignificant enrichment. 
Only 11 samples (15.71%) show minor to 
significant enrichment (Fig. 9).

 

Fig. 9. Classification of the Zn EF in the Koma Bangou ASGM area samples. 

3.2. Synthesis of metal enrichment 

Fig. 10. shows the enrichment factor 
values for As, Cr, Cu, Mn, Pb and Zn in the 
Koma Bangou soils and tailings. The 

highest enrichment factor values are 
observed for Zn in the acidification waste, 
followed by As and Pb in the cyanidation 
waste, Cu and Cr in the acidification waste 
and finally Mn in the perimeter soils. 

 

Fig. 10. Synthesis of the elements EF in the Koma Bangou samples. 



 

 

3.3. Discussion 

The results of the enrichment factor show 
As, Cr, Cu, Pb and Zn enrichment in the 
samples of acidification waste, cyanidation 
waste and cyanidation areas soils. As and 
Pb enrichment was highest in the 
cyanidation waste. Cr, Cu and Zn 
enrichment is higher in the acidification 
waste. Mn enrichment is insignificant in all 
the sample types, although it is more 
significant in the perimeter soils. As, Cr, 
Cu, Pb and Zn enrichment in the 
acidification and cyanidation waste may 
occur during the cyanide leaching of the 
gold-bearing ore, as shown by Abass-
Saley [10]. The fact that As and Pb are 
highly enriched in the cyanidation waste 
could be explained by the insolubility of As 
and Pb during the ore leaching. The 
insolubility of Pb and As in cyanide solution 
was demonstrated by Goettmann & Hesse 
[43]. Riveros et al. [44] showed that As 
occurs as stable (insoluble arsenic iron 
oxides) under most surface conditions. 
Goettmann & Hesse [43] have shown that 
Pb is absorbed by the cyanide solution in 

the form of a highly stable hydroxo-chloride 
complex. During the ore leaching with 
cyanide, certain soluble metals such as Cr, 
Cu and Zn present in the ore can be 
brought into solution and precipitate 
together with gold to form cyanide-metal 
complexes. The formation of cyanide-
metal complexes during gold leaching was 
demonstrated by Goettmann & Hesse [43]. 
Metal enrichment is higher in the 
acidification waste followed by the 
cyanidation waste and the cyanidation 
area soils, than in the perimeter soils which 
are characterized by very low metal 
enrichment. The metal enrichment around 
the cyanidation sites is due to the chemical 
processing of the ore in the sites [10]. The 
very extremely high enrichment of As, Cr, 
Cu, Pb and Zn in the acidification and 
cyanidation waste has led to metal 
pollution of the soil, water and vegetation 
around the cyanidation sites. Alassane-
Boukari et al. [45], Tankari-Dan-Badjo et 
al. [13] and Zakaria-Ibrahim et al. [14,15] 
highlighted the soil, water and vegetation 
pollution around the cyanidation sites of 
Koma Bangou.

4. CONCLUSION 

Artisanal gold mining at Koma Bangou has 
led to metal enrichment in the soils and 
tailings from the cyanidation sites. Data 
from the soil-geochemical baseline of the 
Koma Bangou area were used to assess 
the enrichment level of As, Cr, Cu, Mn, Pb 
and Zn in the soils and tailings, using the 
enrichment factor. The latter showed that 
the enrichment of As, Cr, Cu, Pb and Zn is 
associated to the cyanidation sites 
samples (cyanidation area soils, 
acidification waste, cyanidation waste). As 
and Pb enrichment is highest in the 
cyanidation waste, while Zn, Cu and Cr 
enrichment is highest in the acidification 

waste. All of the soils and tailings samples 
show insignificant enrichment of Mn. Metal 
enrichment at Koma Bangou is essentially 
anthropogenic, linked to the chemical 
processing of the gold-bearing ore. It is 
highest in the acidification waste, followed 
by the cyanidation waste and the 
cyanidation area soils. The perimeter soils 
are unaffected by the ore processing 
activities and show natural metal 
enrichment. Metallic enrichment at the 
Koma Bangou cyanidation sites is mainly 
due to the use of chemicals in the 
hydrometallurgical processing and the 
discharge of tailings into the environment. 
The chemical processing of gold ore 
results in metal pollution of soil, water and 
vegetation around the leaching sites. 
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