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This paper aims to investigate the level of pollution of water, sediment, and soil due to semimechanized artisanal gold mining in
Béké, Adamawa region of Cameroon. For this purpose, water and sediment samples were collected and analyzed. In order to
achieve this goal, several research studies and field observations were carried out. Questionnaires were also used to complement
field investigations. All these enabled the identification of the potential sources of impacts on the human, physical, and biological
environment. Three soil samples (S1, S5, and S7) were collected on the same spot with the water sample and analyzed to assess the
intensity of soil contamination. The water samples (W1-S9) were characterized physically, chemically, and microbiologically to
evaluate the water quality contamination. The results of the physicochemical analysis of the water samples showed that the rivers
in this zone are moderately acidic (with pH values ranging from 5.11 to 6.37) and slightly mineralized (with sample W2 collected
from the Béké river having an iron concentration of 6.7 g/L). The pattern of mean trace metal concentration in sediments was
Fe>Mn > Cr>Pb > Cu>Zn. According to pollution indices, the contamination degree (CD) varied from 4.03 to 4.56 corre-
sponding to low contamination. The index of ecological risk (E!) for all the trace metals was low (E<40) and the geo-
accumulation index (Ig,) ranged between uncontaminated and moderately contaminated (Ig, 0-1). The result of our field
investigations and analysis shows that the semimechanized artisanal gold mining in the locality of Béké has very significant
environmental consequences such as land degradation, deforestation, water pollution, and landscape modification.

1. Introduction

The boom in the global demand for certain minerals since
the end of the 20th century has led to the proliferation of
mining projects, particularly concerning highly coveted and
increasingly rare metals such as gold [1]. According to the
World Bank, 80% of global sapphire comes from artisanal
and small-scale production and 20% of gold mining. These

farms are found in many developing countries across Africa,
Asia, Oceania, and Central and South America and are an
important source of economic development. However, it
should be noted that mining is one of the most environ-
mentally destructive industries in general and artisanal gold
mining, in particular contributing significantly to the deg-
radation of the natural environment and the socioeconomic
conditions of the local populations [2, 3].
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Several studies in various African countries have been
conducted to assess the environmental and social impact of
artisanal and semimechanized gold mining activity. In
Southern Africa, the authors in [4] conducted studies on the
impact of artisanal gold mining on water quality in
Mozambique and Zimbabwe. They showed that artisanal-
scale gold mining (ASGM) leads to deforestation and water
depletion, siltation, turbidity and increased levels of heavy
metals, and destruction of aquatic organisms and their
habitats. In reference [5], aiming to assess the artisanal gold
mining impact in Lolgorian (Kenya), they collected a sample
of 250 questionnaires from surrounding populations. The
exploitation of the answers obtained revealed that 94.3% of
the operators did not carry out an environmental impact
assessment of their mining operations. Several recommen-
dations were made to this effect such as acceleration and
centralization of formalized ASGM and establishing ap-
propriate governance mechanisms to adopt for education
and socioeconomic development and enhance the skills and
knowledge of miners. In West Africa, the author in [6]
studied the quality of water sources in the gold mining areas
of Bibiani (Ghana) in terms of their physical and chemical
properties. In the same localty, the authors in [7] ascertained
the degree of contamination of the wastewater by charac-
terizing the tailings dam effluent of Central Africa Gold
Limited. The authors in [8] assessed the health and envi-
ronmental impact of artisanal gold mining in Ijesha-land.
They collected samples from surface, groundwater, bottom
sediment, fish, and aquatic plant to analyze. The results
obtained showed that higher concentrations of most major
and trace element were found in the fish guts and they
concluded that long-term environmental and human health
risks may arise from artisanal gold mining activities in the
study area. In addition, the authors in [9] analyzed the same
type of sample as Obiri et al. Their results revealed that the
concentration of some elements in surface water was higher
than the acceptable limits in drinking water; these are al-
uminium (305 + 950 ug/L) and iron (0.35 £ 0.56 ug/L). They
concluded that the activities of artisanal gold mining are
dangerous to human health. In addition, in [10], the Brong-
Ahafo Region’s Tano river catchment area near the Ahafo
mine has been studied for its physical and chemical prop-
erties and heavy metal status. The authors in [11] highlighted
the physicochemical characteristics of surface waters in Divo
division (Cote d’Ivoire). Their analysis showed that waters
near mining sites were the most mineralized.

In Cameroon, the authors in [12] assessed the impact of
artisanal gold mining on water quality in the Betare-Oya
locality in East Cameroon. In the same locality, the author in
[13] evaluated the impact of artisanal mining wastewater on
contaminated sites. In their article on the impacts of arti-
sanal gold mining on human health and the environment,
the authors in [14] noted these same observations with
regard to the health problems suffered by the local pop-
ulations. The authors in [15] obtained the correlation be-
tween different physicochemical parameters analyzed in the
mining waste of Betare-Oya using a statistical analysis tool
and carried out for heavy metals an absorption test on
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smectic clay to eliminate their concentration. The authors in
[16] assessed soil by trace metals in Bindiba (East Cameroon)
mining district.

However, several studies have been carried out globally
to specifically assess sediment contamination in mining
environments. In Brazil, the authors in [17] demonstrated
the impact of mining activities on sediments downstream of
the Currais Novos scheelite mine. In Turkey, the authors in
[18] studied the physical and chemical properties of tailings
and pond sediments in the Can Basin, as well as the heavy
metal content and their morphology. In Mexico, the authors
in [19] assessed the potential impact of runoff from aban-
doned artisanal mines and tailings in the Sonoran River
Basin on river sediment quality. The risk and pollution levels
of trace metals in the sediments on the river of the largest
gold production base in China were assessed in the
northwestern part of Shandong Peninsula, China [20]. In
High Moulouya-Morocco, the authors in [21] studied the
physical and chemical residences and whole content material
of doubtlessly poisonous metals (Pb, Zn, As, Cd, and Cu) in
sediments and floor waters from the pit lakes of the deserted
Pb mine and assessed the pollution level. The authors in [22]
investigated the distribution and stages of doubtlessly poi-
sonous metals in water and sediments. They explored the
pollution status and ecological risk levels of potentially toxic
metals in sediments and determined the source appor-
tionment of potentially toxic metals in Poyang Lake Basin.
The authors in [23] studied spatiotemporal version and
assessed hint steel illness in sediments alongside the Lom
River in the gold mining website online of Gankombol
(Adamawa Cameroon), and the end result printed that the
degree of infection in sediments in the studied area globally
led to widespread illness by way of hint metals. These re-
search studies have often proven that human activities can
have an effect on sediments in rivers. Trace metal concen-
trations above recommended standards were observed in
these studies, indicating high levels of trace metal con-
tamination. The sediments either absorb or release heavy
metals found in rivers, leading to continuous and permanent
degradation of water resources and the environment. Many
studies about artisanal gold mining impacts on the envi-
ronment in the East and Adamaoua regions have been
carried out. To our knowledge, no study concerning the
locality of Béké, municipality of Kétté (Eastern Region of
Cameroon), has been done.

The Béké mining site was chosen because of the nu-
merous negative impacts on gold panners, artisans, and the
entire population observed from the semimechanized arti-
sanal gold mining activity that takes place there and is also
the main source of subsistence of the population [24]. The
primary goals of this study are as follows:

(1) Assess the environmental and social impacts of
semimechanized artisanal gold mining in the locality
of Béké

(2) Evaluate the rate of contamination by determining the
following pollution indices and ecological risk assess-
ment: the contamination factor (CF), contamination
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degree (CD), pollution load index (PLI), Nemerow
index (NI), potential ecological risk index (RI), en-
richment factor (EF), and geoaccumulation index ()

(3) Determine the potential causes of pollution and
proposed remedial measures

2. Materials and Methods

2.1. Presentation of the Study Aread. The study area is located
in Kétté subdivision, department of Kadey, East Region of
Cameroon. Geographically, it is located between 14°40" and
14°42" latitude North and between —4°45’ and 4°47' East
longitude (Figure 1). It is characterized by a rugged and
varied relief with an average altitude of —450 m. The mean
temperature varies between 23.8° and 29°C, and the average
annual rainfall is estimated at 1600 mm.

2.2. Sampling Method. The sampling campaign was carried
out on a sunny day, and the flow rate of the river was
relatively average. Semirandom sampling was used. Nine
water samples, i.e., W1-W9 were taken using plastic mineral
water bottles at the format 1.5 liter, respectively, at the level
of the mineralized gravel washing sluice, the current of the
river where people do their laundry and where people drink.
Three sediments, i.e., S1, S5, and S7 were taken. All these
sampling points represented in Figure 2 were geolocated
using an eTrex 30 single-frequency GPS receiver.

2.3. Analysis Methods. The water and sediment sample ana-
lyses were carried out on sites after sampling for certain
physical parameters and at the physics-chemistry and micro-
biology laboratory of the Faculty of Sciences of the University
of Yaoundé I. pH and conductivity were measured using
a HACH HW-11d brand pH meter and a HACH HQ 14d
brand conductivity meter, respectively. Turbidity was measured
using a HACH DR/2000-configured spectrophotometer to
determine turbidity at a wavelength of 750 nm. The WikiHow
method was used to measure suspended solids in water. The
chemicals analysis were made on the major ions (SO~ K*,
Ca®", Na*, NOj, PO; ", and Cl™). Heavy metals (Pb, Fe, Hg,
and Zn) were determined by atomic absorption spectrometry
(AAS) using the Buck Scientific 205 spectrometer.

The preliminary work involved squeezing sediment
samples to obtain sediments in the form of powder pellets
before analyzing trace metal extracted from sediments. The
trace metals (Fe, Mn, Cu, Zn, and Pb) were analyzed by X-
ray fluorescence (XRF) spectrometry. The apparatus used
was Skyray Instrument EDX Pocket III brand with the
detection limit of 0.001-0.01%. Trace metals were analyzed at
the laboratory of the Framework of Support for the Pro-
motion of Mining Handicrafts (CAPAM) located in
Yaounde (Cameroon). The concentrations of trace metals
studied were compared with the WHO standard [25].

2.4. Contamination Evaluation Methods. Pollution indices
are extensively regarded a beneficial device for the complete
comparison of the degree of contamination. The environ-
ment has an effect on hint metals, and the degrees of illness

in sediments have been chosen with the use of the following
air pollution indices and ecological chance assessment: the
contamination factor (CF), contamination degree (CD),
pollution load index (PLI), Nemerow index (NI), potential
ecological risk index (RI), enrichment factor (EF), and
geoaccumulation index (I,,). The CF, CD, PLI, and NI had
been used to check the anthropogenic contribution of hint
metals in sediments and to decide the stages or ranges of hint
metallic contamination. The CF takes into account the in-
fection of a single element. The CF was once calculated by
evaluating the awareness of hint metals with the common
shale attention given by [26], which is used as the world
popular reference for unpolluted sediment. It is a ratio of the
concentration of potentially toxic elements (PTEs) in
a sample (C;, mg/kg) to its background/reference concen-
tration in sediment/roadside soil (C,, mg/kg) [27, 28]. The
calculation formula is as follows:

CF = C,;[sample]

" C, [background]’ M

The integrated degree of pollution of the environment is
represented by the CD, which is the sum of all the CFs [29].
The CD is expressed by the following equation:

CD = Z CF. (2)

The evaluation of PLI was done using the method
proposed by [30]. It is expressed by the following equation:

PLI = (CF, X CF, XCF, X ... X CF,)"", (3)

where # is the number of heavy metal. PLI=0 indicates no
pollution; PLI =1 indicates the baseline level of metals whereas
PLI > 1 indicates that the site is polluted [31]. All analyzed trace
metals’ concentrations are included in the NI, which allows for
the assessment of the overall degree of pollution of soil or
sediment [32]. The calculation formula is as follows:

NI = \JI(CFmean)zg (CFmax)z) (4)

where CF is the pollution index of element, CF,,, represents
the maximum value of the hint steel air pollution index, and
CF ean represents the common price of the hint steel air
pollution index. The CF and CD illness stages are given
through the following [29]: low illness (CF < 1 and CD < 8);
average illness (1 < CF < 3 and 8 < CD < 16); sizable infection
(3<CF<6 and 16<CD<32); and very excessive illness
(CF> 6 and CD > 32). Reference [33] gave the classes of NI
air pollution as follows: no air pollution (NI <0.7); highly no
air pollution (0.7 <NI<1); mild air pollution (1 < NI<?2);
reasonable air pollution (2 < NI<3); and excessive air pol-
lution (NI<3). The RI was once used to determine the
unfavourable outcomes of trace metals in sediments [34].
The RI can be calculated by the following formula:

E, =T} +C, (5)

where EL is the ecological risk index of trace metal i in the
sediment; C'; is the contamination factor of each metal; and
T’ is the toxic biological factor of each metal [35]. We gave
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the toxic response factors on each of the trace metals as
follows: Fe=1; Mn = 1; Cu=5; Zn=1; Cr=2; and Pb=>5.
The RI is the sum of E. of all the heavy metals:

n

RI= ) E. (6)

i=1

The pollution stages of E: and RI are classified as follows:
low risk (Ei <40 and RI < 150); moderate risk (40 < E’r <80
and 150 <RI <300); considerable risk (80 < E’r <160 and
300 < RI<600); high risk (160 < E’r <320 and RI > 600); and
very high risk (E! >320). Evaluating the degree of enrich-
ment and contamination of different environmental media is
easily made using the EF’s regular formula [36]. The EF
measures the potential impact of human activities on the
concentration of trace metals in sediment. In the existing
study, iron (Fe) is used to be chosen as the reference sta-
tionary issue to operate the calculations. The following
equation is the expression of EF:

[M]/[Fe]samp

EF = [M]/[Fe]RM °

(7)

where EF is the enrichment factor; [M] is the concentration
of the studied trace metal; [Fe] is the iron concentration;
samp indicates the sample; and RM is the reference material.
The five categories of EF are deficiency to minimal

enrichment (EF<2); moderate enrichment (2<EF<5);
significant enrichment (5 < EF <20); very high enrichment
(20 < EF <40); and extremely high enrichment (EF > 40). A
final criterion for evaluating the intensity of metallic con-
tamination is the I, [37]. This index is used to assess the
anthropogenic impact. This empirical index compares
a given concentration versus a value considered as a geo-
chemical background.

Cn
Iy = logZ[ ], (8)

n

where Iy, is the geoaccumulation index; log2 is the loga-
rithm to base 2; n is the issue considered; C is the awareness
measured in the sample; B is the background content ma-
terial of the common shale as described by [26]; and 1.5 is the
factor compensating background data (correction factor)
due to the lithogenic effect [38], the feature which takes into
account the natural functions of the geochemical back-
ground. Based on g, soil contamination levels can be
categorised into seven classes, i.e., uncontaminated (Iye, < 0),
uncontaminated to somehow contaminated (0<Iy,<1),
moderately contaminated (1 <Iy,<2), rather to closely
contaminated (2<Igep <3), closely contaminated
(3<Igen<4), closely to very heavily/extraordinarily con-
taminated (4 <I,,<5), and very heavily/extremely con-
taminated (Ige, > 5) [39].
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Pollution indices and ecological risk assessment had
been calculated primarily based on the common concen-
trations of studied trace metals. No research has been carried
out on the location to determine the geochemical back-
ground concentrations. Therefore, the common shale con-
centration (ASC) defined by [26] can be used as the
geochemical background value as it is regarded as the world
standard reference for contaminated sediments.

3. Results and Discussion

3.1. Water Analysis. The results of the physical parameters
studied here including the pH, electrical conductivity, tur-
bidity, suspended solids (MESs), salinity, and colour are
listed in Table 1. These chemical parameters were carried out
on the major ions (cations and anions) and on heavy metals
(iron, lead, mercury, and zinc). The obtained results showed
that the pH value ranged from 5.11 to 6.07 which were
moderately acidic. These results are similar to those obtained
by the author [40] in the Mari bassin (Bétaré Oya, Came-
roon) and by the authors in [41] in Kettara (Morocco). This
pH is slightly below the WHO pH requirement for drinking
water. These pH values can be attributed to the hydrolysis
due to the presence of sulphates, notably pyrite which mostly
accompanies gold. The different turbidity values for the
samples range from 4 NTU to 1770.02 NTU, respectively,
which is very high compared to the WHO standard (5 NTU).
Only the S3 sample shows a turbidity value equal to 4 NTU,

which is acceptable according to the WHO standards. The
high turbidity value of the water collected from the mining
site is due to the presence of organic particles from the soil
and the washing, while the low value from the drinking
borehole sample is because this bore is found very far from
the mining site. Turbidity values are far higher than those
obtained in previous studies [12, 42, 43]. The conductivity
values for the water are lower than the maximum value
recommended by the WHO norm (1055 ys/cm). This water
is very mineralized, and these values are justified by the
possibility of the presence of heavy metals at a high level in
these sampling points. The suspended solids represent all the
mineral and organic particles contained in the waters.

Figure 3 represents the results of the analysis of the
physical parameters of the water samples with respect to the
WHO standards for drinking water.

3.1.1. Major Ions. Table 2 represents the major ions con-
centrations for samples W3, W4, and W5 collected from the
drinking borehole compared to the WHO standards. This is
to enable a correlation between the health issues in this
locality with the drinking water quality. The major ion
concentrations in the Béké drinking borehole site were in the
following order: Ca®" > Cl™>Na* >NO;™ > SO,

It is noted that the values of these chemical elements do
not exceed the recommendation of the WHO standards.
This is an indication that the drinking borehole in this
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TaBLE 1: Results of the physical parameters of the analyzed water samples.
Samples
Parameters WHO standards
W1 w2 W3 W4 W5 Wé6 W7 W8 W9

pH 6.07 5.38 5.34 5.07 6.34 5.65 5.58 5.11 5.56 6.5<pH<85
Conductivity (us/cm) 35 32.5 17.35 35.87 43.52 41.02 26.48 23.98 8.83 1055 pus/cm
Turbidity (NTU) 1710 1020 4 64.02 1770.0 1080.02 1649.98 959.98 124.02 5 NTU
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FIGURE 3: Spatial variation of the physical parameters in water: (a) pH; (b) EC; (c) Tu.

TaBLE 2: Major ions concentrations in water samples.

Samples

Analyzed parameters WHO norm
W3 W4 W5

Phosphate PO,>~ (mg/1) 0 0 0 5mg/l
Sulphates SO,>~ (mg/1) 0 0.81 1.62 250 mg/1
Nitrates NO;~ (mg/l) 0.045 0.4 0.75 50 mg/1
Chlorides CI™ (mg/l) 45 45.45 44.55 250 mg/l
Sodium Na* (mg/1) 0.56 2.24 392 200 mg/1
Calcium Ca®* (mg/l) 65 67.43 62.57 100 mg/1

locality is fit for consumption in terms of its chemical ions
content. Figure 4 illustrates a comparison of the results of the
major ions in samples W3, W4, and W5.

3.1.2. Result of Heavy Metal Analysis. Heavy metals are
naturally redistributed in the surroundings by way of geo-
logical procedures and biological cycles. In general, the
tailings from gold extraction are a significant source of heavy
metals in water, as well as chemicals used during the

separation of gold and excavation. Their concentrations can
fluctuate widely, depending on the extent of exposure of
these minerals [44, 45]. However, above certain limits, they
come to be toxic to humans. The heavy metal concentrations
in the analyzed samples are introduced in Table 3. The order
of abundance was Fe >Pb>Zn>Hg.

The results of our analysis show that the Pb, Fe, and Hg
concentrations for samples W1-W9 except W3 are higher
than the values given by the WHO guideline. This in-
dicates the contamination of the water table by gold
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FIGURE 4: Spatial variation of ions concentration: (a) calcium; (b) sodium; (c) chlorides; (d) nitrates.

TaBLE 3: Results of heavy metal concentrations in water samples.

Samples WHO standards
Parameters (mg/L)
W1 W2 W3 W4 W5 W6 W7 w8 W9 (mg/L)
Lead (Pb) 0.31 1.52 0.01 1.19 1.49 2.27 2.67 0.34 2.37 0.01
Iron (Fe) 8.1 6.7 0 2.36 9.28 7.88 6.92 5.52 1.18 0.3
Mercury (Hg) 0.02 0.31 0 0.63 0.65 0.94 1.28 1.57 1.26 0.001
Zinc (Zn) — — 0.2 0.76 — — — — 1.32 3 mg/L

washing waste water. The gold washing waste water from
the mining site is channeled to the river course which
implies that the surface water in this locality is contam-
inated by heavy metals. The Pb, Fe, Hg, and Zn con-
centration values for sample W3 are below those of the
WHO guideline for drinking water. This indicates that the
water from the borehole is suitable for consumptions. This
can be explained by the position and distance between the
sampling point and the mining site. These heavy metals
are presented in Figure 5.

3.2. Result of Sediment Sample Analysis. The results of the
sediment sample analysis are represented in Table 4.
From the results of the sediment sample analysis, we
notice that Fe has the highest concentration amongst the
heavy metals found in the sediment sample. This can be
attributed to ferralitic soil type found in the Kétte-Béké
mining zone. This could also be as a result of the weathering
and erosion of Fe-rich rocks during the raining season. The
weathered and eroded materials from Fe-rich rocks which
are transported and deposited at the river banks could be
responsible for this high concentration. The average Fe
concentration (46118.43 mg/kg) was higher than that

reported for the sediments of Metaloui stream in the food
phosphate mud mining area [46] and also higher than the
value (35886.71 mg/kg) obtained by [47].

3.3. Impacts on Soil and Water. Gold mining in the site
where our studies was carried out has led to landscape
destruction due to the displacement of large quantities of
rocks and sterility which has created large artificial lakes
(Figure 6) and pits with stagnant water. It has also led to the
destruction of the vegetation cover and soil degradation. The
cutting down of trees has led to the loss of some key forest
objects leaving it sterile and poor in vegetation. The noise
from the installation and manipulation of machines has
chased away wildlife. The effluent from the washing of gold is
deposited in to the river (Figure 7). This effluent contains
chemicals and heavy metal vectors which can lead to water
and soil pollution. Sulphide mining residue when exposed to
air or water can generate acidic effluent, thereby causing
water and soil pollution.

Gold mining in the Béké mining site makes use of a very
large surface area which is the principal cause of landscape
modification (Figures 8(a) and 8(b)). This is also the case in
Ghana at Central African Gold Bibiani Limited, where we
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FIGURE 5: Special variation of lead, iron, mercury, and zinc in water samples: (a) Pb; (b) Fe; (c) Hg; (d) Zn.

TaBLE 4: Results of soil sample analysis.

Samples

Analyzed parameters

S1 S5 S7
Fe (mg/kg) 46118.76 43258.54 48978
Mn (mg/kg) 864.54 854.26 874.82
Cu (mg/kg) 6.98 31.26 19.12
Zn (mg/kg) 2.2 0.3 411
Pb (mg/kg) 25.06 24.62 25.5
Cr (mg/kg) 54.17 63.66 44.68

FIGURE 6: Artificial lake.

observed small-scale gold mining responsible for the removal
of large quantities of plant cover and massive deforestation
[48]. In order to access, gold excavation is done up to 15 meters
deep which also causes the displacement of large volume of
rocks and sterility. Gold mining in this zone also involved the

FiGgure 7: Effluent from gold washing.

cutting down of trees, soil excavation, and deviation of the river
course. It has also led to the destruction of the vegetation cover
and soil degradation. This activity also leads to the displace-
ment of some animal and plant species. These can be mitigated
by taking suitable measures to preserve some rare species.

The solid and liquid wastes such as waste oil from
machines are a source of soil pollution. The use of chemical
products such as mercury is also a potential source of soil
pollution. The erosion of hips of soil during the raining
season increases the amount of suspended solids and the
turbidity in the Béké river. This can be seen from the results
of the water sample analysis. These impacts can be corrected
or mitigated by the recycling or treatment of mining ef-
fluents before final deposition and also by the restoration or
rehabilitation of the site.
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F1GURE 8: Degradation of landscape.
TasLE 5: Contamination factor.
Samples CF (Fe) CF (Mn) CF (Cu) CF (Zn) CF (Pb) CF (Cr)
S1 0.98 1.01 0.02 1.25 0.60
S5 0.92 1.00 0.003 1.23 0.70
S7 1.04 1.02 0.04 1.27 0.49

3.4. Evaluation of Contamination Intensity. Anthropogenic
effects of investigated trace metals on sediment quality were
previously reported by CF in Table 5.

The CF of Fe ranged from 0.92 to 1.04 and was low at all
the sampling points except the sampling point S7 with
a moderate contamination (1.04), corresponding to the
maximum value of the study area but lower than those
obtained by [47] (2.66) and [23] (1.31). The CF of Mn ranged
from 1 to 1.02, corresponding to a moderate contamination.
For Cu, Zn, and Cr, the CF values indicated no contami-
nation. A moderate contamination was identified at all
points according to the CF of Pb which ranged from 1.23 to
1.25. Overall concentration of trace elements follows the
following order: Pb>Mn > Fe > Cr> Cu>Zn.

Figure 9 represents the results of CD, PLI, and NI cal-
culated from CF data.

The PLI was below 1 at all the sampling points. This
showed a perfect state of pollution of sediments according to
the PLI. The CD values of all samples showed a moderate
contamination (CD <6). These results show that the de-
velopment of the mining industry progressively increased
the inputs of trace metal concentrations into the environ-
ment. Despite the natural input of trace metals, they are
exposed during excavation operations on the mining site,
increasing their concentration and consequently the con-
tamination degree on the site. To assess the pollution risk
from several trace metals in the sediments of the Béke
mining site, the NI was used. The NI ranged from 1 to 1.03,
showing a light pollution.

The harm of studied trace metals in sediments was
evaluated by E! and RI. The results of E. and RI assess-
ments are reported in Table 6. The I, was applied to
certify the geochemical figures of the trace metals in
sediments.

Contamination/Pollution degree

S1 S5 S7
Sampling points
= CD
= PLI
= NI

FIGURE 9: Contamination degree, pollution load index, and Nemerow
index.

E! for all trace metals shows the decreasing order of
Pb > Cu > Cr >Mn > Fe > Zn. E. was low (E! < 40) for all the
studied trace metals, and the maximum value of RI (12.95)
obtained was also classified to low risk (RI < 150). According
to the RI, the concentrations of trace metals in sediments
along the studied section of Lom River were not alarming.

The results of EF assessment of studied trace metals in
sediments are presented in Table 7.

An EF between 0.5 and 1.5 indicates that the concentration
of a given metal is mainly the result of weathering of the
geological material, while values above 1.5 indicate the presence
of anthropogenic inputs or from other sources (Tang et al.,
2010). The EF for all trace metals showed the decreasing order
of Mn > Cr > Pb >Fe > Cu>Zn (Table 8). The EF of all trace
metals in the tree samples corresponds to a minimal enrich-
ment (EF < 2). For Cu, the EF value of sample S5 exceeded 1.5
and revealed the presence of anthropogenic inputs.
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TaBLE 6: Ecological risk index.
Sample E! (Fe) EL (Mn) Ei (Cu) Ei (Zn) Ei (Pb) E (Cr) RI
S1 0.98 1.01 0.77 0.023 6.26 1.2 10.25
S5 0.92 1 3.47 0.003 6.15 1.41 12.95
S7 1.04 1.02 2.12 0.04 6.37 0.99 11.58
TaBLE 7: Enrichment factor.
Samples EF (Fe) EF (Mn) EF (Cu) EF (Zn) EF (Pb) EF (Cr)
S1 1 1.09 0.02 0.98 1.03
S5 1 1.15 1.59 0.004 1.03 1.29
S7 1 1.04 0.86 0.04 0.94 0.8
TaBLE 8: Geoaccumulation index.
Samples Igeo (Fe) Igeo (Mn) Igeo (Cu) Igeo (Zn) Igeo (Pb) Igeo (Cr)
S1 0.19 0.18 0.004 0.25 0.12
S5 0.18 0.18 0.0006 0.24 0.14
S7 0.21 0.18 0.008 0.25 0.09

Table 8 summarizes the results of I, in sediments of the
study area.

The I, values of trace metals in sediments of the Béké
mining site are in the range of 0 to 1, corresponding to
uncontaminated to moderately almost equal to those ob-
tained by [23].

4. Conclusion

The main objective of this work was to carry out a physi-
cochemical characterisation of water and sediment of
semimechanized and artisanal gold mining activity in the
locality of Béké. A field work was carried out, and three soils
samples were collected and analyzed to assess the intensity of
soil contamination. The water samples (W1-W9) were
characterized physically and chemically to evaluate the water
quality contamination. The results of the physicochemical
analysis of the water samples showed that the rivers in this
zone are moderately acidic (with pH values ranging from
5.11 to 6.37) and slightly mineralized (with samples W2, W6,
and W8 collected from the Béké river having an iron
concentration of 6.7 g/L, 7.88 g/L, and 5.2 g/L, respectively).
All the physical parameters (pH, conductivity, turbidity,
total dissolve solids, suspended solids, salinity, and colour)
and chemical parameters (phosphate ion, calcium ion, and
potassium ion) of samples W1, W2, W4, W5, W6, W7, W8,
and W9 has significantly exceeded the limits prescribed by
the World Health Organization (WHO) guidelines for
drinking water. All the physical and the major ions (sodium
ion, phosphate ion, calcium ion, potassium ion, nitrate ion,
sulphate ion, and chloride ions) of sample W3 (collected
from the drinking borehole) on the other hand complies
with the WHO standards. Pollution indices and an eco-
logical risk assessment were used to evaluate levels of metal
contamination. Based on pollution indices and ecological
risk assessment, the level of metallic contamination in the
sediment was overall low to moderate. All of the above-
mentioned results provide ample evidence of the role of

mining in the deterioration of water quality. The identifi-
cation and evaluation of impacts reveal that the semi-
mechanized and artisanal gold mining in Béké though very
economically profitable has very significant environmental
consequences such as land degradation, deforestation, soil
pollution, water pollution, and landscape modification.
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