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Abstract  The study revealed high concentrations of cadmium (Cd), mercury (Hg) and uranium (U) in the 
tributary streams of the Lobaye river in the Moboma region. The results of mathematical models of sediment 
contamination suggest that anthropogenic activities may be the main sources of heavy metal pollution, which may 
come from gold mining activities. All the watercourses present a considerable ecological risk index. The effects of 
this pollution are devastating. Heavy metals, such as mercury, accumulate in sediments and bioaccumulate in the 
food chain, affecting not only aquatic fauna, but also the human communities that depend on these resources for 
their livelihood. The contamination of water resources by gold mining calls for effective decontamination solutions. 
Among the techniques available, media filtration, in particular the use of zeolite bricks, stands out as an inexpensive 
option that can be easily adapted to the CAR. Thanks to their porous structure and ion exchange properties, these 
local materials effectively trap heavy metals such as mercury, lead and others. This simple, cost-effective filtration 
system offers a sustainable alternative to costly chemical methods. By incorporating this technology, local 
communities can reduce the toxicity of their water resources while minimising environmental impacts. 
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1. Introduction 

Considered to be the backbone of the economy in 
developing countries, artisanal gold mining makes a 
significant contribution to GDP on the African continent 
[1,2]. Artisanal gold mining, commonly known as 
orpaillage, consists of searching for and mining gold 
contained in alluvial, eluvial or vein deposits [3]. This 
activity can be carried out using rudimentary means (peels, 
pans, tubs, packhorses, etc.) or mechanised means. Since 
the 2000s, the African continent has seen a boom in 
artisanal gold mining due to its attractiveness on the world 
market. This has contributed to the destruction of plant 
cover and the contamination of water by man-made 
chemicals such as mercury, cyanide, acids used in the gold 
extraction process to improve yield [4] and geochemical 

substances. Several authors have shown that gold mining 
has a considerable impact on the environment. In Côte 
d'Ivoire, L.M.Koudio et al (2023) have shown that the 
health risks associated with drinking contaminated water 
are very high in the gold mining area [4]. In addition, 
studies carried out in gold-mining areas in Ghana, Egypt, 
the Republic of Congo, Sierra Leone, Burkina Faso and 
Mali have confirmed the physical and chemical alteration 
of rivers and sediments and the extinction of aquatic 
species as a result of poor gold-mining practices [5,6,7,8]. 
The Central African Republic is not immune to the effects 
of gold mining. In 2019, an interministerial report showed 
that the Ouham River at Bozoum is heavily contaminated 
with heavy metals, particularly mercury [9]. These metal 
contaminants are known to affect the function of vital 
organs, delay neurological development in children, and 
many are linked to increased risks of cancer [10]. 

The Lobaye River and its tributaries in the Moboma 
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region of southwest Central Africa are currently under the 
influence of gold panning since the 2013 gold rush 
marked by the discovery of the Ndolobo deposit. In this 
region. gold mines use artisanal and semi-mechanized 
methods to extract gold. depending on the type of gold 
deposit exploited. To date. very few studies have been 
carried out on the possible impact of gold panning 
activities in Moboma. The main objectives of this study 
were to determine the distribution of heavy metals and the 
degree of pollution in sediments from Moboma gold 
panning sites. 

2. Materials and Methods 

2.1. Study Area 
The Moboma gold zone is located in the M'baïki sub-

prefecture in the south-west of the Central African 
Republic (CAR) between latitudes 3°66‘ and 3°85’ north 
and longitudes 17°65‘ and 18°98’ east (figure 1.A). The 
commune of Moboma is influenced by the humid tropical 
climate of the Central African Republic, with two seasons. 
The dry season is limited to the months of December, 
January and February, while the rainy season lasts longer. 
The region has numerous streams and temporary marigots 
alongside perennial watercourses. Moboma's watercourses 
have regimes that are closely linked to rainfall. Average 
annual rainfall varies between 1300 mm and 1600 mm. 
Average annual temperatures range from 21.5°C to 32.7°C. 
The watercourses in the commune of Moboma flow into 
the Lobaye river, which in turn feeds the Congo river. The 
Lobaye river, a right-hand tributary of the Oubangui, rises 
in the Yadé massif near Bouar, and is a favourite fishing 
ground for the local population, as it is rich in fish. The 
physiography of Moboma shows that the commune is 
formed by sandstone plateaux at altitudes ranging from 
330 m to 650 m and ancient peneplains. Many 
international researchers have taken an interest in the 
geology of the Central African Republic, particularly the 

LOBAYE prefecture. They have shown that the schisto-
quartzite formations are at the origin of Moboma's gently 
undulating landscape, and the cover formations observed 
are mostly quartzites resting on lower formations 
dominated by schists (figure 1. B).There are different 
types of soil in Moboma, depending on colour, texture, 
humus content and laterite evolution. Generally, the soils 
are impoverished lateritic with intrusions of hydromorphic 
soils. Their sandy texture on the surface and clay at depth 
allows good root penetration. The forest covers a large 
part of the commune, enabling the local people to grow 
coffee, oil palm, cassava, groundnuts and maize. 

2.2. Sampling 
The various sampling points (figure 1.C) were selected 

on the basis of site accessibility and the nature of the gold 
mining techniques used. We therefore targeted the semi-
mechanised extraction site at Nikékélé, where alluvial 
mining is carried out using dredges. To assess the impact 
of this activity, we took samples of water and sediment (0-
20 cm) deep at. manual coring) upstream (R2, Lobaye 
bac), at the site bank (R4, Nikékélé) and downstream (R3, 
Lobaye pont scad). Extraction activities were not taking 
place during the sampling period. Samples were also taken 
at seven other sites where gold miners were using the 
sluice and panning technique. These were points R1, R5, 
R6, R7, R8, R9 and R10. It should be noted that points R6 
and R10 are tributaries of the Lobaye river and flow 
upstream from R2, about 2 kilometres away. In addition to 
these sampling points, we took groundwater samples (six 
in total) from boreholes in the surrounding villages. 
During the sampling campaign, physical field 
measurements (pH and turbidity) were taken. Water 
samples for heavy metal analysis were taken in acidified 
scintillation vials (50µl, HNO3 37%). The samples 
(sediment and water) were kept in a cooler and then sent 
to LASIRE (advanced spectroscopy laboratory for 
interactions, reactivity and the environment) at the 
University of Lille for analysis. 

 
Figure 1. Geographical (A), geological (B) and sample point maps of Moboma (C) 
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2.3. Chemical Characterisation of the 
Sediment and Water 

In order to determine the concentrations of major and 
minor elements present in the sediments of the 10 sites, 
we carried out total attacks (total mineralisation) on the 
fine fraction of the sediment, which is generally 
considered to be the fraction in which metals are mainly 
associated. Chemical analysis of TMEs in sediments was 
carried out on the fine fraction (<63µm) of sediments to 
which trace metals preferentially associate (Bouih. 2005). 
Sediments were digested by total decomposition following 
the methods used by Lesven (2008) in his doctoral thesis. 
In a Teflon etching tube. approximately 0.2 g of fine. dry 
sediment was mixed with 10 ml of 50% concentrated 
hydrofluoric acid (Prolab) and 5 ml of supra-pure nitric 
acid (HNO3) (Merck. 65%). The tube is heated at 140°C 
for approximately 48 hours. This first step solubilizes the 
majority of carbonates. aluminosilicates. sulfides. certain 
oxides and organic compounds. Following evaporation of 
the solution. the residue is mineralized with a mixture of 6 
ml hydrochloric acid (HCl) (Merck. supra pure. 37%) and 
2 ml nitric acid (Merck supra pure. 65%). This mixture is 
heated to 120°C until the solid residue is completely 
dissolved. The latter solution is then almost completely 
evaporated (0.5ml); then 20ml milli-Q water is added to 
rinse the tube walls and solubilize the metals adsorbed to 
them. The solution is then filtered over a cellulose acetate 
membrane (Swinnex. Millipore) with a porosity of 0.45 
µm to remove any remaining carbon particles. Trace metal 
analysis was carried out by ICP-AES at the Laboratoire 
Avancé de Spectroscopie pour les Interactions. la 
Réactivité et l'Environnement (LASIRE) at the University 
of Lille. To validate our results. certified sediments 
(HISS-1; MESS-3 and PACS-3) were analyzed using the 
same mineralization protocol. 

Analysis of total mercury in sediments was carried out 
by AMA 254. The sample (50mg) was placed in a nickel 
scoop. The assembly is then introduced into the 
decomposition/calcination furnace. First. a temperature 
rise to 750°C. under a stream of oxygen. dries the matrix. 
decomposes it and then calcines it. The decomposition 
products and mercury are carried by the stream of oxygen 
through the catalytic furnace. heated continuously to 
550°C. At the outlet of this second furnace. the mercury 
vapor is trapped on a quartz tube filled with gold-coated 
sand (Timmerman trap). The entire system is purged for 
45 seconds. then the Timmerman trap is heated to release 
the mercury. Measurement takes place in a double 
absorption cell. and the signal given by the detector is 
processed by the software. The AMA 254 mercury 
analyzer is controlled by a PC running under Windows. 
The user-friendly software controls and diagnoses the 
instrument. and processes the results statistically. 

2.4. Assessment of Water and Sediment 
Quality 

2.4.1. Water Quality Index 
To assess overall water quality. The Water Quality 

Index (WQI) was used. This is a mathematical method for 
reducing an enormous amount of measurable information 

about water into a single piece of information in an 
intelligible format [11]. First we calculated the relative 
weight (Wᵢ) of each parameter using equation. 
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We assigned weights (wᵢ) to each parameter according 
to its importance for water quality. The weights range 
from 1 to 5 [12,13].  

Then we assessed the quality (qᵢ) of each parameter 
using the following equation: 
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Where qᵢ is the quality index. Sᵢ is the drinking water 
standard (mg/l) according to international guidelines 
(WHO. 2017) and Cᵢ is the average concentration (mg/l) 
of the parameter. 

Then the parameter sub-index (Slᵢ) was calculated for 
each parameter using the following equation: 

 Sl W q  i i i= ×  (3) 

Finally. the sum of the sub-indices for all parameters 
was estimated using the equation: 

 n
i 1IQE Sli== ∑  (4) 

The water quality index (WQI) is classified into five 
categories [14,15]: excellent (<50); good (50 -100); poor 
(100-200); very poor (200-300) and unfit for consumption 
(>300). 

2.4.2. Sediment Contamination Index 
There are several tools for diagnosing sediment 

contamination [16,17,18,19] in the literature. For the study 
of our sites, we focused on the geoaccumulation index 
(Igeo), the enrichment factor, the sediment pollution index 
and the ecological risk potential index. 

2.4.2.1. Geoaccumulation Index (Igeo) 
It was developed by Müller [16] and is widely used to 

determine the level of metal contamination in sediment. 
The principle is based on comparing the concentration of 
a metal in the sediment studied with that in the regional 
geological background. Due to insufficient data from the 
geological background of the Lobaye River, we worked 
with data from the upper continental crust presented by 
Taylor and McLennan (1985). The geoaccumulation 
index (Igeo) is determined according to the following 
formula [20,21]. 

 2
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Where Cn represents the concentration of the metal in 
the sediment (mg/kg) and Bn represents the geological 
background concentration of the same metal (mg/kg). The 
constant 1.5 takes into account natural and anthropogenic 
fluctuations in the content of a given substance in 
sediments. Based on the Igeo values, RUIZ (2001) [22] 
established a contamination intensity ranging from class 0 
(non-contaminated) to class 6 (extremely contaminated 
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sediment), see Table 1. 

Table 1. Metallic contamination intensity grid based on Igeo, by 
RUIZ (2001) 

Igeo 

≤ 0 Uncontaminé 

0 - 1 Not contaminated to moderately 
contaminated 

1 - 2 Moderately contaminated 
2 - 3 Moderately to heavily contaminated 
3 - 4 Heavily contaminated 

4 - 5 From highly contaminated to extremely 
contaminated 

>5 Extremely contaminated 

2.4.2.2. Enrichment Factor (EF) 
After determining the level of contamination of each 

sediment with respect to trace metals using the Igeo index, 
we proposed to determine the level of metallic 
contamination as a function of a parameter linked to the 
granulometry of the sediment, although the coefficient 1.5 
in the Igeo calculation takes into account the heterogeneity 
of the sediment, but remains debatable as it does not 
necessarily represent reality. It has been shown that heavy 
metals are mainly associated with fine particles (clays, 
iron oxides and hydroxides, organic matter, sulphides, 
etc.), so for our study we chose to normalise the 
concentrations of metals measured in relation to 
aluminium, a major constituent of clay minerals 
[23,24,25]. The enrichment factor noted FE has been 
widely used and is expressed by the following formula: 

 

M sample
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Where ‘’M‘’ and ‘’Al‘’ in the numerator indicate 
respectively the concentrations of ETM and aluminium in 
the sediment studied. And the ratio in the denominator 
represents the concentrations of the same metal and 
aluminium from the upper continental crust.. According to 
the Tomlinson (1980) grid, for values of FE<2, there is 
minimal enrichment (white), 2<FE<5, moderate 
enrichment (green); 5<FE<20 significant enrichment 
(yellow), 20<FE<40 very high enrichment (orange) and 

FE>40 very high enrichment (red). The different classes 
of contamination factor are listed in Table 2. 

Table 2. Metal enrichment factor intensity grid 

EF 

< 2 Minimal enrichment 
2 - 5 Moderate enrichment 

5 - 20 Significant enrichment 
20 - 40 Very high enrichment 

> 40 Extremely high enrichment 

2.4.2.3. Ecological risk index (ER) 
Because of the very high enrichment observed, we 

proposed to study the ecological risk in the watercourses 
in the Moboma region that are tributaries of the Lobaye 
River, which feeds the Congo River. To this end, we 
applied the mathematical model developed by the Swede 
Hakanson (1980) and widely used to assess the ecological 
risk associated with Moboma sediments. The formula for 
calculating the potential ecological risk index (IR) is as 
follows: 
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Where i
nT  is the toxicity response factor. The toxicity 

response factors for the elements Cd, Pb, Cr, Hg and Cu 
are 30, 5, 2, 40 and 5 respectively [26,27,28]. The ratio 

i
i
n
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 represents the concentration of the metal detected in 

the sediment compared with the concentration of the same 
metal in the continental crust. When RI <150, it was 
classified as a low risk level; 150≤RI <300 as a moderate 
risk level; 300≤RI <600 as a high risk level; 600≤RI <800 
as a very high risk level and RI ≥800 as an extremely high 
ecological risk level. 

3. Results and Discussion 

The average values for each parameter and the water 
quality index (WQI) are shown in the table below. 

Table 3. Average values for each parameter analysed in Moboma water, WHO guide values and water quality index 

 Unity Average WHO guide value wᵢ Wᵢ qᵢ=(Cᵢ/Sᵢ)x100 SLᵢ = Wᵢ x qᵢ 
pH  5,55 6,5 -8,5 4 0,077 65,265 5,02 

Turbidité NFU 22,49 5 3 0,058 449,863 25,954 
As µg/l 0,4 10 5 0,096 3,951 0,38 
Cd µg/l 0,05 3 5 0,096 1,8 0,173 
Cu µg/l 13,2 2 5 0,096 659,761 63,439 
Ni µg/l 2,4 70 5 0,096 3,428 0,33 
Pb µg/l 1,56 10 5 0,096 15,584 1,489 
U µg/l 0,1 15 5 0,096 0,649 0,062 
Hg µg/l 0,37 6 5 0,096 6,198 0,596 
Cr µg/l 1,89 50 5 0,096 3,781 0,364 
Fe µg/l 1579,13 300 5 0,096 526,375 50,613 

Total 52 1 1736,655 148,42 
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Physicochemical analysis of Moboma's water (Table 5) 
shows that it has freshwater characteristics, with a pH of 
between 4.01 and 6.65. The pH values are outside the 
guide value recommended by the WHO in 2017. The 
acidity of these waters could increase the risk of metals 
being present in more toxic ionic form. This acidity could 
be explained, on the one hand, by the tropical forest 
ecosystem and, on the other, by the geological nature of 
the soils in which the watercourses in the Moboma region 
originate. The turbidity of the waters studied ranged from 
0.42 to 129 NFU, with high values recorded in surface 
waters. This indicates strong pressure from gold-panning 
activity on streams and rivers. It should also be noted that 
all the metal ions do not exceed the WHO guide values, 
except for iron (Fe), copper (Cu) and lead (close to limit 
value). The high iron content found in surface water can 
be explained by the mineralisation or oxidation of laterite 
from land excavated on mine sites. Heavy metals such as 
Cu and Pb most often come from used batteries, used oil 
and other solid waste. Finally, the water quality index 
calculated confirms that the water in the Moboma gold 
mining region is of poor quality ((100<WQI<200). 

Minor elements are naturally present in small quantities 
in sediments. However, levels can vary considerably as a 
result of different types of natural or anthropogenic 
pollution, whether from watercourses, the atmosphere or 
run-off. 

The levels of trace metals in each sediment from the 
Moboma gold panning sites in the Lobaye are shown in 
the table below. 

Table 4. Cd, Pb, Cr, Hg, U and Cu contents (mg/kg) in the fine 
fraction of Moboma sediments compared with local values provided 
by other authors [29,30] 

 Cd Pb Cr Hg U Cu 
R1 3,6 11,2 33,2 0,03 4,73 7 
R2 2,8 68,1 44,03 0,08 4,49 58 
R3 4,4 21,1 64 0,1 6,69 13,44 
R4 1,6 16,6 61,4 0,05 3,73 22,34 
R5 5,7 31,02 57 0,1 7,11 34 
R6 1,8 100 101 0,2 6,62 51 
R7 2,9 23 164,1 0,12 4 75 
R8 2,5 68 197 0,04 7,7 46 
R9 1,5 19 100 0,2 3,46 25 
R10 1,8 8,32 41,13 0,14 2,05 19,15 

our study, average 2,8 36,6 86,3 0,1 5,1 35,1 
[29] - 18,7 71 - 2,5 - 
[30] 0,1 17 35 0,056 2,8 14,3 

 
Trace metal levels in Moboma sediments are higher 

than those found in uncontaminated geological beds. 
Comparison of our values with those of references and 
those derived from the work of J. Gaillardet [29,30] on a 
global geological mass balance applied to the rivers of the 
Congo basin, taking into account the Oubangui, Lobaye, 
Zaire, Sangha, Kassaï and Congo rivers, indicates 
significant contamination of the sediments with uranium, 
mercury, lead, copper and cadmium, and moderate 
contamination with chromium. The contamination of each 
sediment will be assessed on the basis of the trace 
elements showing significant contamination. 

The Igeo indices calculated are shown in the table 
below: 

Table 5. geo index calculated for Cd, Pb, Cr, Hg, U and Cu 

 Igeo 

 Cd Pb Cr Hg U Cu 
R1 4,54 -1,19 -0,66 -1,49 0,33 -1,62 
R2 4,21 1,42 -0,25 -0,07 0,26 1,44 
R3 4,84 -0,27 0,29 0,25 0,84 -0,67 
R4 3,38 -0,62 0,23 -0,75 -0,01 0,06 
R5 5,21 0,28 0,12 0,25 0,92 0,66 
R6 3,52 1,97 0,94 1,25 0,82 1,25 
R7 4,22 -0,15 1,64 0,51 0,09 1,81 
R8 4,00 1,42 1,91 -1,07 1,04 1,10 
R9 3,32 -0,42 0,93 1,25 -0,12 0,22 
R10 3,57 -1,62 -0,35 0,74 -0,87 -0,16 

 
Using Ruiz's (20001) contamination intensity grid, the 

geoaccumulation indices for sediments in the Moboma 
gold panning area show significant cadmium 
contamination at the 10 sites. Lead, chromium and copper 
contamination remains moderate at some sites. Similarly, 
there was moderate mercury contamination at Koungué I, 
which confirms the use of mercury in the gold extraction 
process at certain artisanal sites in Moboma, although 
contamination remains low at some sites (Lotémo and 
Moboma). We also observed moderate uranium 
contamination in the sediments of Ngouma, Koungué I 
and Moboma. Finally, Table 5 shows that, in addition to 
heavy cadmium contamination, the Lobaye River is 
contaminated downstream by uranium, mercury and 
chromium. This shows that the semi-mechanised artisanal 
gold mining site at Nikékélé is exerting pressure on the 
Lobaye River in the Moboma region. 

The enrichment factors calculated (Table 6) indicate 
very high copper contamination in all the sediments 
analysed. High Cd contamination was also observed in  
50% of the sediments and in the other sediments, the 
contamination was of the significant to very high type. In 
addition, the enrichment factors show contamination 
ranging from moderate to significant for U, Hg, Cr and Pb. 

Table 6. Enrichment factor values for heavy metals in sediments 

 EF 

 Cd Pb Cr Hg U Cu 
R1 140,85 2,67 3,86 2,17 7,67 2538,92 
R2 82,37 11,89 3,76 4,25 5,34 2078,70 
R3 172,58 4,99 7,40 7,19 10,77 3953,90 
R4 22,56 1,41 2,56 1,29 2,16 1398,26 
R5 175,29 5,76 5,18 5,65 9,00 3291,67 
R6 16,09 5,52 2,72 3,36 2,49 1335,92 
R7 56,42 2,72 9,50 4,32 3,22 704,57 
R8 19,88 3,31 4,69 0,59 2,55 1153,04 
R9 27,50 2,05 5,27 6,56 2,54 1177,83 

R10 55,20 1,51 3,66 7,75 2,54 1380,47 
 
The results show that gold mining activities at Koungué 

I and Koungué II contaminate the river Lobaye (Lobaye 
bac) with mercury. This substance is undoubtedly trapped 
in part on plant debris, which is then consumed by certain 
aquatic species such as fish. This could explain the 
reduction in mercury levels at Nikékélé. However, semi-
mechanised gold panning at this site, which probably 
involves the use of mercury, has released this substance 
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into the Lobaye river, which would confirm the presence 
of mercury at Lobaye pont scad.  

Finally, the enrichment factors, normalised to 
aluminium and calculated for our ten sites, confirm the 
conclusions drawn from the Igeo geoaccumulation index. 
All the sites therefore show major enrichment in copper 
and cadmium (some sites) in their sediments. In addition, 
the artisanal sites at Koungué II, Lobé and Moboma show 
significant mercury enrichment. This enrichment reflects a 
high level of contamination, both long-standing, since the 
Moboma gold mines have been exploited since 1956 by 
the Société Minière de Moboma (SMM), and more recent, 
following the gold rush that hit the region in early 2013, 
with the arrival of artisanal miners from other countries in 
the sub-region importing mining techniques. such as 
amalgamation to optimise the yield of extracted gold. This 
constant is observed at the semi-mechanised Nikékélé site, 
which shows significant mercury enrichment downstream 
(Lobaye pont bac). 

The results of the ecological risk index calculations, 
presented in the histogram below, show that the Kenga, 
Lobaye bac, Nikékélé, Moboma and Lotémo sites present 
an extremely high level of risk (RI ≥ 800), while the 
Koungué I, Koungué II, Ngouma and Lobé sites present a 
very high risk (600 ≤ RI <800). Finally, the Nikékélé site 
presents a high ecological risk. 

 
Figure 2. variation in the ecological risk index at the sites studied 

4. Conclusion 

The study carried out on the state of water and sediment 
contamination around the Moboma gold-panning sites 
enabled the level of contamination to be determined by 
calculating contamination indices. The results showed that, 
overall, the water is of mediocre quality, and some sites 
are enriched in trace metallic elements, mainly cadmium, 
uranium and mercury. This is due partly to the lack of 
legislation governing gold panning activities and partly 
to the lack of training and awareness-raising among 
artisanal miners. 

The contamination of water resources by gold mining 
calls for effective decontamination solutions. Among the 
techniques available, media filtration, in particular the use 
of zeolite bricks, stands out as an inexpensive option that 
is easily adaptable to the CAR. Thanks to their porous 
structure and ion exchange properties, these local 
materials effectively trap heavy metals such as mercury 
and lead. This simple, cost-effective filtration system 

offers a sustainable alternative to costly chemical methods. 
By incorporating this technology, local communities can 
reduce the toxicity of their water resources while 
minimising environmental impacts. 
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