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Assessment of Metallic Contamination
in Soils and Sediments in the Betare-Oya
Gold Artisanal Mine District, East-
Cameroon

ABSTRACT |

Mining is an activity that involves the use of chemicals and results in unsustainable and dangerous
conditions for the miners, their families, the community and the surrounding ecosystem. This study was
done to assess metallic contamination of soils and sediments in the Bétaré-Oya gold artisanal mine
district, East-Cameroon. A total of thirty (30) samples of exploited soils, control soils and sediments were
taken from the mining sites of Lom, Mbal and Mali. The concentrations of heavy metals and metalloids
(Fe, Sr, Cu, As, Pb and Zn) were determined by Inductive Plasma lonisation Source Atomic Emission
Spectrometry. The results show that in the sediments metals such as: As (1.82), Cu (24.22), Pb (18.04)
and Zn (65.69) have average concentrations slightly higher than the UCC and Average Shale reference
values. In the exploited soil As (1.93), Cu (16.86) and Zn (96.22) have average concentrations slightly
higher than the UCC and Average Shale reference values.While in the cotrol soils only As (1.62) and Zn
(59.72) shows an average concentration slightly above the UCC reference values. The average
concentrations of the different heavy metals and metalloids were then used to calculate the intensity of
contamination in soils and sediments. The results of this calculation indicate that the Enrichment Factor
(EF) of As, Sr, Zn and Pb indicate an extremely high enrichment in these elements. The geo-
accumulation Index (Igeo) (22.85-25), the Contamination (CF) (1.47), the low values of the ecological risk
indices suggest a low potential ecological risk and Pollution load index (PLI) (0.67) indicates extreme
contamination with these elements in the soils and sediments. However, only As indicates a slight
contamination (class 1) in soils and sediments. Gold panning activities and untreated mine tailings
discharges would be considered as the main sources of sediment and soil pollution in Bétaré-Oya.
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1. INTRODUCTION

Heavy metals are naturally occurring metallic elements characterized by a high density, greater than 59/cm3 [1], which is
the case for most transition metals. Metals are ubiquitous in surface waters, however, their concentrations are generally
very low, which is why they are referred to as "trace metals" or "trace metal elements" (ETM). Unlike most organic
contaminants, heavy metals are natural constituents in rocks and mineral deposits. These elements are present at low
levels (in trace amounts, less than 0.1%) in soils, sediments, surface waters and living organisms [1]. These low
concentrations of heavy metals form the geochemical background of a certain environment. Some metals are essential,
that is to say indispensable for biological processes, but are toxic at high concentrations (Cu, Zn, Fe, and Cr). For



example, zinc (Zn) at the concentration of one millimolar, is a trace element that is involved in many enzymatic reactions
(dehydrogenases, proteinase, peptidases) and plays an important role in the metabolism of proteins, carbohydrates and
lipids [2]. Others, however, are non-essential [lead (Pb), cadmium (Cd), arsenic (As), antimony (Sb) and tin (Sn)],
meaning they have no metabolic function and are often toxic at a lower threshold than the essential elements. Arsenic, for
instance, is regarded a human carcinogen from extremely low levels of exposure. Pb induces kidney tumours and disrupts
the normal functioning of the kidneys, joints of the reproductive system and the human system.

The heavy metal contamination of soils, atmosphere, hydrosphere and sediments is a major environmental problem.
These elements are of natural origin (weathering of rocks, volcanism, erosion, etc.) but they are also the result of
anthropogenic activities such as mining. However, the mining sector is an essential component in the economic and social
development of several countries and plays an important role in the economy. On the other hand, many researchers in
Africa have shown that this activity is at the origin of serious environmental and human problems such as pollution and
contamination of soils, plants, water, sediments, destruction of landscapes and even contamination of living beings. In
Nigeria and South Africa, for example, mining has contributed significantly to the contamination and pollution of soils and
sediments and a high ecological risk from heavy metals [3,4]. The arrondissement of Bétaré-Oya located in the East
region specifically in the department of Lom and Djérem is part of one of the largest localities in Cameroon where
artisanal gold mining takes place. It has more than a hundred mining sites in operation and abandoned without any
rehabilitation project in order to preserve the ecosystem and the health of the populations. The sites are abandoned as
they become unproductive, waste from gold washing is dumped directly into waterways and soils without prior treatment
and gold miners use mercury in the gold washing process. Not far from these sites, and sometimes even on these mining
sites, are the gold panners' villages and farmland. Soils, water, sediments, plants and even populations of this locality
could be exposed to contamination by trace metal elements from these gold panning activities. The environmental
problems caused by gold mining in Bétaré-Oya are often mentioned [5, 6, and 7]. This work reported the presence of
heavy metals in water, sediments and soils of some active mining sites. However, the studies have demonstrated that the
presence of heavy metals alone in an environment does not necessarily mean contamination and pollution [8]. In Ghana,
for example, [9] reported that toxic metals such as Cu, Zn, Cd and Hg are associated with anthropogenic sources caused
by mining activities in the Lower Pra Basin in Ghana (Africa), while As, Se and Pb could be linked to both anthropogenic
and natural geochemical processes. Although [10, 11] have assessed the pollution at some sites, its work is insufficient
for a locality that has about more than 100 gold mining sites, so it would be necessary to extend the study to other sites
with more pollution assessment indices to determine whether gold mining is solely responsible for the metallic
contamination in the sediments and soils of these sites.

The aim of this study is to determine the concentrations of certain heavy metals and metalloids and certain physico-
chemical parameters (pH and EC) in the soils (exploited and control) and sediments of the sites of Mbal, Mali and Lom,
then we will assess the degree of contamination based on pollution indices such as enrichment factor (EF), The Geo-
accumulation Index (Igéo), the Contamination Factor (CF) and Pollution Load Index (PLI).

2. Materials and methods
2-1- Study area

The district of Bétaré-Oya is located between 5°30' and 5°45' North latitude and between 14°00' and 14°15' East
longitude. It is located in the East Cameroon region, more precisely in the department of Lom and Djerem (Figure 1). It
covers an area of 12600 km2 with an estimated population of 63,882 inhabitants. The geology is mainly dominated by
post- to late-tectonic granites, meta-sediments, metavolcanics, quartzites, mylonites, and gneisses, [12]. The soils
encountered in the locality are ferralitic soils. Hydromorphic soils found in marshy valleys are also found here [6]. Bétaré-
Oya is flavoured by the Lom River. This River receives water from an important network of small rivers, the most
important of which are: Mbal, Mari Mboufana, Bédobo, Falls, Kokzara, Mbigala, Tigara, Kokzara, Lougere, Ndokayo etc
(figure 1). These waters are turbid and have a grey colour. The hydrological regime of the Lom River is controlled by
precipitation, with the lowest monthly flow observed in February (56 m3/ s), while the maximum flow is observed in
October (328 m3/ s) [5]Gold mining in this locality began in the 1930s and was practised on the riverbanks in an artisanal
mining manner by the natives [13]. The Environmental and Social Impact Evaluation of the Lom Pangar hydroelectric dam
had identified 13 tons of gold at risk of being submerged. It is in this perspective that the operation of the more extensive
mechanization of artisanal mining in Bétaré-Oya was born. From then on, the stampede for the precious metal intensified
and several foreign mining companies arrived and set up operations. At present we have two types of exploitation in this
locality: semi-mechanical exploitation practiced by mining companies and artisanal exploitation practiced by native
populations. During exploitation, all the layers of soil are removed until they reach the gravel layer, which is then
recuperated and washed to obtain gold. The residues of this washing are poured into the water and soil. These residues
are composed of rock fragments. However, the native populations use only rudimentary equipment, while the companies
use sophisticated and heavy machines. Mining methods are the same at all sites. Semi-mechanical mining produces



more tons of tailings and physical impacts than mining by native people. No studies have yet been done to show the
presence of DMA at the sites. Gold panning is the main activity practised by the populations and has always been carried
out in an artisanal manner. The farms are alluvial and are practised on the banks and in the watercourses. The main sites
studied are: Mbal (Mb), Mali (Ma) and Lom (Lm) (Figure 2). There are three types of operating sites in this locality: sites
operated only by mining companies, sites operated only by native populations and sites operated by both native
populations and companies. It is the latter type of site that was the subject of our study.

2.2. Sampling

The dry season was more favourable for sampling. The sites were selected according to their accessibility and the type of
exploitation practised. Sampling was done randomly for soils and sediments (Figure 2). A total of thirty samples (n=30)
were taken from the sites of Mbal, Lom and Mali. The distance between sampling points varied between 120 and 200
metres.
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Figurel: Localization map of the study area

Soil sampling was carried out on exploited and control soils. The exploited soils are soils on which gold mining activities
take place, while the control soils are soils on which no gold panning activities are carried out. A total of 21 soil samples
(14 mined soil samples and 7 control soil samples) were taken approximately within the first 15 cm of the soil surface [14]
demonstrated that metals always tend to accumulate in surface horizons rich in organic matter.

Surface sediments were collected along watercourses where mining takes place using a stainless steel spoon to avoid
any type of contamination. Nine (09) samples of about 500 to 800 g were taken from the Mbal, Mali and Lom rivers.
Samples were kept in new plastic bags, labelled according to the watercourses and numbered in the order of collection
and sent to the laboratory. The physico-chemical analyses (pH and EC) of the different soils and sediments were carried
out at the Chemistry and Environment Laboratory of the University Institute of Technology (IUT) of the University of
Ngaoundéré. Analyses of heavy metals in soils and sediments were carried out at the laboratory of Sejong University in
South Korea. After drying, each soil and sediment sample was crushed and sieved. The fine fraction was chosen because
metals associate more with it [15, 16 and 17]. A fraction of this sieve, greater than or equal to 10 grams, is analyzed for
heavy metals. Soil and sediment pH was determined using the method described by [18]. This consists of putting 20



grams of the sieved soil and sediment into 50 ml of distilled water each. The mixtures are then stirred with a glass rod and
left to stand before reading with the pH meter. According to [19] increasing pH promotes proton depletion and metal ion
fixation, while acidic pH promotes proton fixation and dissolution of metal salts. With the same proportions in a beaker, the
Electrical Conductivity was determined. The solutions were stirred and then filtered through filter paper and measured
using a HANNA conductivity meter with a conductivity cell with automatic temperature correction. The levels of Trace
Metal Elements (ETM) in soils and sediments were determined by inductively coupled plasma ionization source atomic
emission spectrometry (ICP -AES).
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Figure 2: Sampling map

2.3. Estimation of the intensity of contamination
To estimate the intensity of contamination, indices were used. Their principle is based on the comparison of measured
values with reference values such as averages of elemental contents in the earth's crust.

2.3.1. Enrichment Factor (EF)

The enrichment factor (EF) provides the number of times an element is enriched relative to the abundance of that element
in the reference material. The reference materials used are those of the average shale defined by [20] Iron (Fe) was



chosen as the immobile reference element for this calculation [21]. This choice is based on the fact that iron is naturally
present in the sediments and soils of our study area. In addition, it is one of the reference materials widely used in the
literature, [8, 22 and 23]. It is calculated according to the following formula:

EF= ([M]ech/[Fe]ech)/(M]RM/[Fe]RM)

Where: EF = enrichment factor; [M]ech= concentration of metal M in the sample; [Fe]ech= concentration of iron in the
sample; [M]JRM = concentration of metal M in the reference materials (RM) and [Fe]RM = concentration of iron in the
reference materials (RM).

The EF values are grouped in five different categories: EF < 2: absence to minimal enrichment; 2 < EF < 5: moderate
enrichment; 5 < EF < 20: significant enrichment; 20 < EF < 40: represent very high enrichment and EF > 40: extremely
high enrichment [24].

2.3.2. The Geoaccumulation Index (lgeo)

The intensity of metal pollution is evaluated by a second criterion, which is [25] geoaccumulation index. The degree of
contamination is estimated based on [26] continental crustal values. This empirical index compares a given concentration
to a normalized geochemical background according to the following formula:

Igeo = Log2 (Cn/ 1.5 Bn)

Where Igeo = geo-accumulation index; log2 = logarithm of base 2; n = element under consideration; C = measured
concentration in the sample; B = geochemical background; 1.5 = geochemical background exaggeration factor, the
function of which is to take account of the natural fluctuations of the geochemical background.

In addition, [25] defined a scale of values with six classes depending on the intensity of the pollution. This scale stipulates
that: Ilgeo< 0 (class 0): no contamination; 0~1 (class 1): no to slight contamination; 1~2 (class 2): moderate contamination;
2~3 (class 3): moderate to heavy contamination; 3~4 (class 4): heavy contamination; 4~5 (class 5): heavy to extreme
contamination and I-geo> 5 (class 6): indicates extreme contamination.

2.3.3. The contamination factor (CF) and Pollution load index (PLI)

Analysis of the Contamination Factor (CF) and Pollution Load Index (PLI) are other important tools for the assessment of
heavy metal pollution. For the calculation of CF, elements such as Fe, Sr, As, Pb, Cu, and Zn are normalized using the
corresponding mean values of metallic shales [20]. Indeed, the world average for shale is considered as a background
value. The contamination factor (CF) was estimated using the following formula:

CF = ( Cmetal )
Cbackground
The CF can be classified as follows: FC < 1: low contamination, 1 £ CF < 3: moderate contamination, 3 < CF < 6:
considerable contamination and CF > 6: very high contamination [27]

The pollution load index (PLI) of a single site is the root of number (n) of multiplied together contamination factor (CF)
values.

PLI = 1/(CFI < CF2x CF3x ... x CFn

Where, n is the number of metals and CF is the contamination factor. The pollution load index was interpreted after [28]. A
PLI value under zero indicate unpolluted soils or sediments; zero indicates perfection; a value of one indicates the
presence of only baseline levels of pollutants, and values above one would indicate progressive deterioration of the site
quality [29, 30].

2.3.4. Ecological risk assessment (ERA)

The Ecological Risk Assesment is applied to evaluate heavy metal pollution in soil to associate ecological and
environmental effects with their toxicology and the toxic-response factor. The ERA was carried out by potential ecological
risk index (RI) for this study. The potential ecological risk index (RI) of the heavy metals is known as the sum of the risk
factors, and it has been developed for six toxic metals using the equations of [27].

RI =YTEr and Er=Tr xCF



Where Er is the single index of ecological risk factor, and n is the amount of the heavy metal class, Tr toxic response
factor suggested by [27] for six metals Cd (10), Pb (5), Hg (40), Cu (5), Ni (5), Zn (1). Er and RI express the potential
ecological risk factor of individual and multiple metals respectively. The expressions and values used for the interpretation
of the potential ecological risk factor [27] are indicated as follows: Er < 40: Low potential ecological risk; Er = 40- 80:
Moderate potential ecological risk; Er:80- 160 Significant potential ecological risk; Er : 160- 320 High potential ecological
risk; Er > 320: Very high potential ecological risk.Rl < 150: Low ecological risk; RI: 150- 300 Moderate ecological risk; RI:
300- 600 Significant ecological risk; Rl > 600: High ecological risk.

2.3.5. Statistical analyses

In order to determine the different correlations (p < 0.05) that exist between metals (Fe, Sr, As, Cu, Pb and Zn) studied on
the one hand and between the latter and the physicochemical parameters on the other hand, Pearson correlation matrices
have been established using software XLSTAT 2007 with the level of significance maintained at 95% for all tests.

3. RESULTS AND DISCUSSION
3.1. Physico-chemical parameters

Table | presents the results of pH and electrical conductivity (EC) measurements for sediments and soils. The pH varies
for all samples from 5.01 to 8.34. The lowest value is recorded in sediments and the highest value in control soils. These
pH values are similar to those obtained by [5] (5.40 to 8.84) in surface waters of the same locality. [31] also reports pH
values between 5.5 and 7.8 in soils from a mining area in eastern Morocco. However, [32] found values between 4.20 and
7.70 in the exploited soils of Fel (kombo Laka-cameroon). The pH plays a very determining role in the behavior (mobility,
bioavailability and solubility) of ETM [33]. These pH values would be related either to the geology of the locality dominated
by the presence of metasedimentary rocks, volcano-sedimentary rocks and intrusive granites or to the gold mining
activities practiced in the locality [5]. The EC gives values between 417 and 788 uS/cm for all samples. The lowest value
is recorded in the control soils and the highest value in the mined soils. These conductivity values are greater than the
values obtained by [32] in the Kombo Laka Mining Zone. These high conductivity values could be explained by the high
positive charges of heavy metals contained in these samples, or by excessive mineralization attributed to leaching and
runoff from mine tailings.

Table 1: Concentrations (mg/kg) of heavy metals and the physico-chemical analyses

Samples Fe Sr As Cu Pb Zn pH CE

Exploited soils (n=14) | Min 166.52 | 4091 | 1.46 | 8.98 8.23 |37.15 |5.76 |514
Max 2089.97 | 397.62 | 2.68 | 32.21 | 9.57 216.83 | 8.11 | 788
Mean 923.78 | 170.96 | 1.93 | 16.86 | 8.84 | 96.22

Sediments (n=9) Min 249.63 |52.05 |0.69 | 11.04 | 15.17 | 38,55 |5.01 | 509
Max 5664.9 | 121.63 |2.81 | 36.92 | 25.91 | 113.85 | 8.05 | 737
Mean 1993.62 | 84.96 | 1.82 | 24.2 18.04 | 65.69

control soils (n=7) Min 57.96 1.64 0.84 | 1.22 0.33 |34,11 |5.19 |417
Max 2796 374.41 | 3.75 | 18.05 | 1.83 182.04 | 8.34 | 669
Mean 1257.45 | 73.48 |1.62 | 11.67 | 1.01 59.72
ucc 46700 316 2 14 17 52




Average | 46700 300 1.3 |45 20 95
Shale

(n=numbers of samples)

3.2.The concentrations of heavy metals in the sediments and soils of Bétaré - Oya

Table 1 presents the results of trace elements concentrations in sediments, exploited soils and control soils. These results
indicate the following values (in mg/kg):

In the sediment we have:

Fe: 249.63-5664.9 (mean 1993.62); Sr: 52.05-121.63 (mean 84.96); As: 0.69-2.81 (mean 1.82); Cu: 11.04-36.92 (mean
24.2); Pb: 15.17-25.91 (mean 18.04); Zn: 38.55-113.85 (mean 65.69).

In the exploited soils we have:

Fe: 166.52-2089.97 (mean 923.78); Sr: 40.91-397.62 (mean 170.96); As: 1.46 -2.68 (mean 1.93); Cu: 8.98-32.21 (mean
16.86); Pb: 8.23-9.57 (mean 8.84); Zn: 37.15-216.83 (mean 96.22).

In the control soils we have:

Fe: 57.96-2796 (mean 1295.12); Sr: 1.64-374.41 (mean 98.93); As: 0.84-3.75 (mean 1.77); Cu: 1.22-18.05 (mean 11.22);
Pb: 0.33-1.83 (mean 1.02); Zn: 34.11-182.04 (mean 70.47).

These results show that in sediments, Fe, Cu and Pb have higher average heavy metal concentrations than in exploited
and control soils, while Sr, As and Zn have slightly higher average concentrations in soils than in sediments. The
concentration of ETM is higher in sediments than in control and exploited soils because sediments are often considered
the site of heavy metal accumulation in the aquatic environment [34]. Sediment serves not only as a vector for the
transport of pollutants, but also as a place for the storage and accumulation of heavy metals. In addition, tailings
discharged to watercourses during operations can lead to a build-up of ETM in the sediment, which would subsequently
act as a reservoir of ETM in the short or long term.

The sequences of ETM contents are: for sediments Fe >Sr> Zn > Cu >Pb> As; for exploited soils Fe >Sr>Zn > Cu > Pb >
As and for control soils: Fe >Sr> Zn > Cu >As >Pb. These different sequences suggest that sediment and soil
contamination depends on both the frequency and intensity of gold panning activities in the locality.

Comparison of the mean concentrations of the various heavy metals in this study shows that Fe has elevated
concentrations in sediment (avg=1993.62 mg/kg), control soils (avg.=1295.12 mg/kg) and exploited soils (avg.=923.78
mg/kg) relative to other metals. These mean Fe levels (figure 3) obtained in the sediments are below the reference values
for Average shale (46700 mg/kg) [20]; and UCC [26]. The different average concentrations obtained are lower than the
average concentrations (16620 mg/kg) obtained by [7] on mine tailings discharges from the Mali Valley (Betare-Oya). The
presence of iron in the analyzed sediments could be related either to its ubiquity in the samples and in the source rock, or
to the oxidation of pyrite and sulphates in mine wastes that are rich in iron oxides, hydroxides and sulphides [34].
However, the decrease in Fe levels in soils relative to sediments could be explained by the possible migration of this
element to the underlying horizons or by its leaching.

Sr is concentrated in both soils and sediments (figure 3). This would be attributed to both a natural source (bedrock) and
leaching of this element from mine tailings into soils and streams that subsequently migrate to soils and sediments [11].

The mean concentration of Cu (figure 4) in sediment (24.2 mg/kg) is higher than that of exploited (16.86 mg/kg) and
control soils (11.67). The high presence of this element in the sediments can be explained on the one hand by the fact
that Cu is much more adsorbed in the sediment [36], and on the other hand by the oxidation of the chalcopyrite contained
in the mine tailings. Indeed, [34] has also shown that the Cu present in the sediments of the Val de Milluni in Bolivia came
from the oxidation of the chalcopyrite contained in mine tailings. The average Cu concentration in exploited soils is slightly
higher than the maximum allowable limit for Cu concentrations (16mg/kg) in South African soils [37]. High soil
concentrations are believed to be related to the high presence of organic matter in soils [36]. In fact, in the soils, the Cu is
well distributed along the profiles and is preferentially fixed on the organic matter.



Figure 3: Variation in concentrations of Fe and Sr

The mean Pb (figure 4) content in sediment (24.2 mg/kg) is higher than the UCC
reference value (14 mg/kg) [26] and the mean levels in exploited soils (
8.84 mg/kg) and control soils (1.02 mg/kg). These levels are lower than the average concentration (35.49 pg/g) obtained
by [38] in the stream sediments of the artisanal mining contamination in ljero, southwest Nigeria. The presence of Pb in
the sediments and exploited soils of the present study would be justified either by the oxidation of galena [34] or by the
release of fuels and motor oils used in the operation of machinery and motor pumps used for gold panning. In addition,
the mean Pb concentrations obtained in soils from this study are below the Canadian soil quality standard of 70 mg/kg
[39].

The mean Zn concentration (figure 4) (96, 22 mg/kg) in exploited soils is higher than in sediment (65.69 mg/kg) and
control soils (70.47 mg/kg), and these concentrations are above the UCC reference values (52 mg/kg) [26]. These high
concentrations would result from the alteration of the different phases of sulphide minerals such as sphalerite which is the
main ore of Zn contained in the source rock of the study area. Indeed, the work of [40, 41] noted the abundant presence
of sphalerite, chalcopyrite and galena in the rocks of this locality. In addition, mining also contributes to the increase in this
element through the direct discharge of mine tailings into watercourses and on land without vegetation cover. the average
Zn concentrations in soils obtained in this study are higher than the average Zn concentration obtained by [4]in soils of the
gold mining basin.



Figure 4 : Variation in concentrations of Cu, Pb and Zn

Mean As concentrations (figure 5) in exploited soils (1.93 mg/kg), sediments (1.82 mg/kg) and control soils (1.77 mg/kg)
are above the reference values for Average Shale (1.3 mg/kg) and higher than the maximum allowable limit for As
concentrations (1mg/kg) in Tanzanian soils [35]. For sediments and exploited soils, these high concentrations can be
explained by gold panning activities. On the other hand for the control soils their values are higher than the abnormal
because the gold mineralization is always accompanied by an enrichment in As these control soils abound in unexploited
gold deposits. The As values in soils obtained in the present study are higher than those obtained by [3] in the soils of
Anka artisanal gold mining area, Northwest Nigeria (0.64 pg/g. The high average As concentrations in contrdl soils may
be due to alteration of the shales and granites that form part of the various lithological formations in this locality.

Figure 5: Variation in concentration of As
3.3. Estimating the intensity of site contamination

3.3.1. Enrichment factor (EF)

The calculation of the enrichment factor (EF) is an essential parameter to distinguish heavy metals of natural or
anthropogenic origin [42]. The results of the soil and sediment EF for the study sites are presented in table 2. The
variations of EF presented in figure 6 show that in exploited soils, Sr, As, and Zn show extremely high enrichment, Cu and
Pb very high enrichment; however in sediments As and Pb extremely high enrichment, Cu and Zn show very high
enrichment and Sr significant enrichment. In control soils As and Zn show extremely high enrichment, Cu and Pb



significant enrichment and Sr enrichment represent very high enrichment. The enrichment of these various elements
confirms the close relationship between the metallic contamination of sediments and soils and the gold mineralization,

activities and gold panning methods practiced in this locality.

Table 2: Results of the EF calculation in exploited soils, sediments and control soils

Samples FE Sr FE As FE Cu FE Pb FE Zn

Exploited soils Min 4.94 32.29 9.22 10.37 11.97
Max 188.83 578.15 55.96 1154 165.28

Mean 49.03 163.88 26.53 39.18 79.53

Sediments min 2.28 15.23 6.74 10.68 8.49
Max 34.39 343.93 45.9 141.9 75.91

Mean 13.32 92.53 21.37 45.39 31.34

control soils Min 231 13.62 6.68 1.38 6.84
Max 137.8 1066.04 23.28 32.23 327.68
Mean 22.99 272.90 14.40 7.49 125.36

Figure 6: Variations of the Enrichment Factor (EF)

3.3.2 . Geoaccumulation Index (Igeo)

The results of the I-geo are presented in table 3. The variation of Igeo in exploited soils, sediments and control soils
presented in figure 7 show that As indicates a slight contamination (class 1) in soils and sediments. however, Fe, Sr, Cu,
Pb and Zn indicate an extreme contamination (class 6) of these elements in sediments and soils. The main sources of
contamination of these elements in soils and sediments in this study would be gold panning activities and natural sources
related to soil genetic processes (weathering of bedrock) that could also contribute to the contamination of these
elements. It should be noted that the natural contamination is well expressed in the control soils.

Table 3: Results of the calculation of I-geo

Samples | Igeo Fe Igeo Sr Igeo As Igeo Cu Igeo Pb Igeo Zn
Exploited soils Min 22.31 13.00 0.34 8.07 6.78 11.20
Max 25.96 16.28 1.22 9.92 7.00 13.75
Mean 24.78 15.06 0.74 8.98 6.88 12.57
Sediments Min 22.89 13.35 -0.74 8.37 7.66 11.25




Max 27.39 14.57 1.28 10.11 8.43 12.82
Mean 25.89 14.05 0.66 9.50 7.91 12.02
control soils Min 20.78 8.36 -0.46 5.19 2.14 11.08
Max 26.38 16.19 1.70 9.08 4.61 13.49
Mean 25.27 14.27 0.62 8.39 3.77 12.12

3.3.3 . Contamination Factor (CF) and Pollution Load Index (PLI)

The CF and PLI were used in this study to assess the sediment and soil environment of Bétaré-Oya and to understand
the changes in the degree of sediment and soil contamination in the different samples. Table 4 and figure 8 present the
results of the calculations and the variations in CF and PLI. It can be seen from this figures that in the exploited soils Fe,
Cu and Pb are the metals with a CF<1 corresponding to an absence of contamination to a low contamination, on the other
hand Sr, As and Zn have a 1<CF<3, which corresponds to a moderate contamination. In sediments Fe, Sr, and Cu show
an absence of contamination to low contamination (CF<1); Pb, As, and Zn show moderate contamination (1<CF<3). In the
control soils Fe, Cu and Pb also show an absence of contamination to moderate contamination. In exploited soils, As and
Zn show moderate contamination. The PLI values in this study are greater than 0, which corresponds to low metal
contamination. These various contaminations are said to be linked to gold panning, which is the main activity practised by
the local population. Contamination in the control soils would be justified by natural inputs (weathering of bedrock and
atmospheric deposition, etc.).

Table 4: Calculation results for CF and PLI

Figure 7: Variations of the Geo-accumulation Index (I-geo)

Samples | CFFe | CFSr | CFAs | CFCu | CFPb | CFzn | PLI

exploited Min 0004 | 014 | 112 | 0.2 041 | 0.39 [0.18
soils Max 0.045 | 1.33 | 2.06 | 0.72 | 0.48 | 2.28 |0.56
Mean 0.019 | 054 | 1.47 | 0.365 | 0.44 | 0.96 |0.37

Sediments min 0.005 | 0.17 | 053 | 0.25 | 0.76 | 0.41 [0.17
Max 0121 | 041 | 2.16 | 0.82 1.3 1.2 |0.67

Mean | 0.038 | 0.28 | 1.58 | 054 | 0.87 | 0.66 |0.42

control soils Min 0.0012 | 0.005 | 0.65 | 0.03 | 0.02 | 0.36 |0.03
Max 0.06 |1.248 | 2.88 | 0.4 0.09 | 1.92 [0.22

Mean [ 0.027 | 0.24 | 1.24 | 0.26 | 0.05 | 0.63 |[0.26




Figure 8: Variations of the contamination factor (CF) and Pollution load index (PLI)

3.3.4. Ecological risk assessment (ERA)

The Er and RI for heavy metals (Cu, Pb and Zn) at the study sites are shown in Table 5. Er in soils and sediments showed
a low potential ecological risk factor (Er < 40) and a low ecological risk (RI<150) for Pb, Zn and Cu. According to the
ecological risk assessment, the study area is a low ecological risk and therefore has no impact on living beings.

Table 5: potential ecological risk index (RI) potential ecological risk factor (Er)

Samples | ErCu | Er Pb | Er Zn RI
Exploited soils | Min 1 2,05 0,39 3,44
Max 3,6 2,4 2,28 8,28
Mean 1,825 2,2 0,96 4,985
Sediments min 1,25 3,8 0,41 5,46
Max 4.1 6,5 1,2 11,8
Mean 2,7 4,35 0,66 7,71
Control soils Min 0,15 0,1 0,36 0,61
Max 2 0,45 1,92 4,37
Mean 1,3 0,25 0,63 2,18

3.4. Correlations between heavy metals and physico-chemical parameters

Pearson correlation coefficients (r) were calculated using XLSTAT software (Addinsoft 2013) to examine the correlation (p
< 0.05) between metal concentrations in different parameters (tables 6, 7 and 8). The Pearson Correlation Matrix has
proven useful in providing a reliable classification of metals and physicochemical properties of soils and sediments. This
approach has been widely used in the classification of study sites in geochemical and water quality analyses [32, 36, 43
and 44].

In sediments (table 6), there is a positive and very significant correlation between: Fe/Pb, (0.934 to 0.998); positive and
moderately significant correlations are observed between: As/Zn and Pb/Zn (0.748 - 0.881) and positive and moderately
significant correlations are observed between: As/Pb, Fe/Zn and pH/CE (0.598 to 0.655).

Table 6: Pearson correlation matrix between physico-chemical parameters and heavy metals in sediments

Variables | Fe Sr As Cu Pb Zn pH CE
Fe 1

Sr 0.145 1

As 0.434 -0.109 1

Cu 0.188 -0.005 -0.359 1

Pb 0.968 0.055 0.613 0.042 1




Zn 0.655 0.444 0.733 -0.237 0748 |1

pH 0.111 -0.102 -0.028 0.178 0.018 | -0.082 |1

CE 0.417 0.124 0.101 0.532 0.336 | 0.167 0598 |1

In the exploited soils (table 7) there is a positive and very significant correlation observed between: Sr/Zn (0.935 - 0.924);
a positive and moderately significant correlation: Fe/Cu, (0.704 - 0.816), positive and moderately significant correlations:
Fe/Pb, Cu/CE and Pb/CE (0.502 - 0.660) and a negative and moderately significant correlation between: As/Pb (-0.561).

In the control soils, the analysis of table 8 shows that positive and highly significant correlations are observed between:
Fe/Pb and Sr/Zn (0.900 - 0.998); positive and moderately significant correlations are observed between : Fe/Cu and
Cu/Pb, (0.704 to 0.885); positive and moderately significant correlations between: Cu/ pH and Fe/pH (0.545 to 0.693) and
negative and moderately significant correlations between: pH/CE, Zn/CE, Cu/CE and Sr/CE (-0.668 to -0.525)

Table 7: Pearson correlation matrix between physico-chemical parameters and heavy metals in exploited soils

Variables | Fe Sr AS Cu Pb Zn pH CE
Fe 1

Sr -0.166 1

AS -0.378 -0.100 1

Cu 0.762 -0.446 -0.452 1

Pb 0.619 0.375 -0.561 0.420 1

Zn -0.063 0.935 -0.263 -0.317 0.497 |1

pH 0.066 0.137 -0.152 -0.144 0056 |0.275 |1

CE 0.419 -0.141 -0.468 0.582 0.516 |-0.030 |0.111 |1

Tables 8: Pearson correlation matrix between physico-chemical parameters and heavy metals in control soils

;/a”ab'e Fe Sr As Cu Pb Zn pH CE
Fe 1

Sr -0.222 1

As -0.069 0351 |1

Cu 0.885 0.025 |0228 |1

Pb 0.902 20062 |-0277 |0709 |1

Zn -0.382 0981 |-0329 |-0.183 |-0231 |1

pH 0.693 0199 |-0222 | 0699 |0494 |0122 |1

CE -0.387 20668 | 0056 |-0525 |-0425 |-0587 |-0.627 |1

The positive and significant correlations observed between most of the metals studied could be explained by a possible
common origin or could have the same chemical properties; on the other hand, the negative correlations could evoke
either different origins between these elements or also the fact that an increase in the concentration of one element could
lead to a decrease in the concentration of the other. The positive and very significant correlations observed between Pb,
Zn and Cu can be explained by the fact that Pb is readily associated in nature with zinc, silver and copper ores. Fe is
positively correlated with most metals at the sampling sites, and this may be explained by the fact that in soils, iron oxides
and hydroxides promote the concentration of these metals (Cu, Pb, Zn, As and Sr) [45]. The fact that most of the metals
studied (Zn, Pb, Cu, etc.) are from the chalcophiles family could also explain these correlations.

4. CONCLUSION

The objective of this study was to study the impact of gold mining on the metallic contamination of sediments and soils in
the locality of Bétaré-Oya. For this purpose, sediment and soil samples were taken to determine the pollution level of
heavy metals (Fe, Sr, As, Cu, Pb and Zn). The results obtained show that in As, Cu, Pb and Zn sediments have mean
concentrations slightly higher than the UCC reference values. However, in exploited soils only Zn shows an average
concentration slightly higher than the UCC reference values. Calculations of the enrichment factor, contamination factor,



geoaccumulation index, the ecological risk and PLI showed high contamination for Sr, As, Pb, Cu and Zn in sediments
and soils with these elements. The main source of this contamination is believed to be gold mining activities and
techniques. This study revealed that gold mining contributes to the pollution of the sediments and soils of Bétaré-Oya.
However, contamination in the control soils would be justified by natural inputs (weathering of bedrock and atmospheric
deposition). This pollution is a risk on the one hand for the populations who use these soils for crops and these waters for
domestic activities. On the other hand, groundwater contamination by these ETM is possible. At the end of this study we
suggest the restoration of the sites after exploitation and the respect of the environmental rules during and after the
exploitation for the reduction of the impacts of this activity and the pollution in this locality.
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