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Abstract: Heavy metal pollution is one of the most important problems in mining industry, causing serious effects to
humans and animals. The present study evaluates the spatial distribution of heavy metals in Kombo Laka mine area in Mbere
subdivision, and evaluates the characteristics of the pollution generated by mining activities in this locality. A total of 24 soil
samples were collected from Adamsi, Benou, Abattoir and Wantia mining sites along with two control soil samples. Parameters
such as pH, electrical conductivity and carbonate content were measured according to standard methods, while heavy metals
concentration in different samples was determined fluorescence x(XRF). Coarse sand (2.0-1.0 mm) and fine sand (0.250-0.125
mm) were the dominant fractions of all soils samples, ranging from 28.3 to 24.2 and 25.4 to 23.2% in Abatoir and Adamsi soils
respectively. At the same time, silty clay (<0.031 mm) was the dominant fraction ranging from 20.3 to 24.9%. The pollution
load index (PLI) was calculated to evaluate the degree of contamination. The results of PLI for the selected elements confirm
anthropogenic action in the area since all values are > 1. Contamination factors (CF) and pollution index (IP) were calculated
for Arsenic (As), Copper (Cu), Lead (Pb) and Zinc (Zn), in order to estimate the anthropogenic contribution of these elements
in the pollution of this locality. The results show that the area is polluted and measures need to be taken for remediation.
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of metals and other mineral generates high quantities of
liquid and solid waste. The high concentrations of potentially
toxic elements in these wastes can pose risks to ecosystems
and humans. The evaluation and characteristic of heavy
metals pollution near the mine were hotly discussed in recent
years all over the world. Environmental pollution by heavy
metals which affect soil and water quality poses a threat for
human health. Numerous sources of pollutants can
contaminate the soil and water environment, including inputs
from waste waters flowing from mines and waste storage,
runoff of pesticides from agricultural and or atmospheric
deposition [4]. Increasing industrialization has been
accompanied throughout the world by the extraction and
distribution of mineral substances from their natural deposits.
In the process of mining activities, heavier and larger
particles are directly discharged into natural depressions and
consequently, many kinds of risk elements enter the
environment, causing serious environmental problems [5-7].

1. Introduction

Metallic trace elements (MTE) are natural elements
characterized by high density, greater than 5g/cm’. Currently
in nature, 41 metals and 5 metalloids are identified [1].
Heavy metals are elements with atomic weights between 63.5
and 200.6 and a density greater than 5.0g/cm’ [2]. Unlike
most organic contaminants, heavy metals are naturally
occurring constituents in rocks and mineral deposits. These
elements are normally present at low levels (trace levels, less
than 0.1%) in soils, sediments, surface waters and living
organisms. Heavy metals are released into the environment,
either by natural processes (weathering), or anthropogenic
processes (mining). There are certain characteristics common
to all heavy metals which make them dangerous for living
systems [3]; they are toxic within tolerance limits. Today
mining is a vital part of the Global economy; the extraction
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Soil is a complex and dynamic system, constituted by several
layers that differ in relation to the physical, chemical,
mineralogical and biological nature. Soil plays an important
role in protecting the groundwater acting as a collector filter
of organic and inorganic residues, helping in sequestering
possible toxic compounds [8]. Excess heavy metal
accumulation in soils and water is toxic to humans and other
animals. Artisanal and small scale mining are more common
activities today in Cameroon, impacting negatively the
environment. In our previous study [9], we reported the
physicochemical characterization of soils at the gold
exploitation sites of Bétaré-Oya District in Cameroon and
pollution evaluation. Analysis of Bétaré-Oya gold mining
sites revealed a contamination by heavy metals at all primary
gold mining sites, presenting a risk of release and migration
of heavy metals if there is any slight change in environmental

conditions.

This Issue aims to study heavy metal accumulation in soil
and pollution evaluation of the gold exploitation site of
Kombo Laka, Adamaoua Region in Cameroon.

2. Materials and Methods

2.1. Site Description

The gold district of Kombo-Laka is located about 130km
on the axis Meiganga-Batoua-Godolé. This district covers an
area of approximately 90km’. Kombo-Laka is a site of
artisanal and semi-mechanized gold exploitation known
under the name of "Chantier Fel". The studied area is shown
in figure 1.
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Figure 1. Map of studied area.



26

2.2. Geological Context [10]
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The series has a monoclinal structure, rich in shale and sandstone with intercalations of quartzitic lenses having a
conglomeratic level at the base. The geological map of the study area is presented in figure 2.
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Figure 2. Geological map of the Lower and Upper Lom series.

(1) hornfels, (2) pan-African granites, (3) micro conglomerate chloritoschists, (4) schistsfelsicvolcaniclastic, (5) quartz micaschists, (6) graphiticschists, (7)
quartzites, (8) staurolite mica schists, (9) biotite gneiss, (10) S-type foliated granite.

2.2. Materials

Global Positioning System (GPS) was used to locate the
sampling point. Fluorescence X (XRF) was used to conduct
chemical analysis by mean of Genius 7000 XRF; a column of
Sieves for granulometric analysis.

2.3. Sampling Method

Stratified random sampling was used in this study [11], it
is a strategy based not only on a statistical approach [12], but
where, in addition, the studied area is divided into
homogeneous entities, called strata 4 sites were sampled
namely: Abattoir (artisanal mining site), Adamsi (semi-
mechanized exploitation site), Benou(abandoned mining site
and Wantia (artisanal and semi-mechanized exploitation site).

2.4. Samples Analysis

Soil samples were dried and passed through a 2-mm sieve.
The concentrations of As, Cu, Pb and Zn were determined by
means of XRF. Soil pH was measured in soil-H,O suspension
(1:2.5, w/w) and organic matter content was determined by
the Walkley and Black procedure [13]. Soil samples were
dried at 60°C for 72h; then each sample was crushed, sieved

(< 325pm), homogenized, and weighed. Soil particle size
distribution was measured using the hydrometer method [14].

2.5. Assessment of Potential Environmental Risk

In order to evaluate the quality of soils, a significant
number of indicators were used [15-17]. In this study the
assessment of soils contamination level was performed by the
quantification of the contamination factor (CF) and the
pollution load index (PLI).

For each soil sample and each heavy metal the CF has
been calculated as the ratio between the metal concentrations
with its background values as expressed by (1).

(M

CF < 1 indicates low contamination; 1 < CF < 3 is
moderate contamination; 3 < CF < 6 is considerable
contamination and CF > 6 is very high contamination [13].

For the entire sampling site, PLI has been determined as
the nth root of the product of the n CF as indicate in relation

2):

CF = Cheav metal/ C background

PLI = (CFx CF; x......x CE)'" )
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3. Results and Discussion

3.1. Mean Values (%) of the Grain Size Distribution of Different Soils from Kombo Laka Area

Textural characteristics of the studied soils are shown in Table 1 according to the classification of Shepard and Moore [18].

Table 1. Mean values (%) of the grain size distribution of different soils from kombo laka area.

Soil Abatoir Adamsi Benou Wantia Control Soil
Clay 203+22 249+ 3.0 242+ 1.3 25.2+2.1 26.4+2.5
Fine silt 17.1£1.8 16.4+2.6 25.9+2.2 25.7+x1.4 30.5+3.7
Coarse silt 9.1+1.3 8.6+1.4 25.5¢1.3 24.3+1.5 19.8£1.2
Fine sand 25.4+2.8 23.2+£3.2 14.7+4.3 15.6+£2.7 6.2+0.7
Coarse sand 28.3+2.3 24.2+2.1 8.2+2.1 15.4+1.7 6.1£0.4

From the table we can see that coarse sand (2.0-1.0 mm)
and fine sand (0.250-0.125 mm) were the dominant fractions
of all soils samples, ranging from 28.3 to 24.2 and 25.4 to
23.2% in Abatoir and Adamsi soils respectively. At the same
time, silty clay (<0.031 mm) was the dominant fraction
ranging from 20.3 to 24.9%.

3.2. Geochemical Characteristics of Different Soils Samples

Carbonate content, organic carbon content (OCC), pH, and
organic matter (Table 2) are geochemical soil characteristics
able to provide sufficient information to understand the soils
capacity to retain heavy metal pollutants [19].

Table 2. Geochemical characteristics of different soils samples.

Parameter Abatoir Adamsi Benou Wantia Control Soil
pH 7.02 6.13 5.6 7.9 7.8+0.2
OM (%) 4.7 £1.0 6.1+0.5 7.1+£0.7 5.3+1.2 4.2+0.2
OCC (%) 22403 4.1+0.2 3.8+0.9 3.3+0.3 2.5+0.5

Results from table 2, revealed that, in general, samples from
Abatoir and Wantia showed a neutral to alkaline pH ranging
from 7.02 to 7.9 similar to control samples. Low pH values in
Adamsi and Benou samples were related with heterogeneous
sulphidic residues deposits, which cause a decrease of the pH
by sulphide oxidation and of sulfuric acid formation. Among
the factors influencing the accumulation of nutrients, particle
size played a significant role. Fine grained soils often show
higher concentrations of nutrients due to their greater surface-
to-volume ratio and enrichment of organic matter (OM) [20].
Mean OM contents in studied soils were in the range of 4.7%
to 5.3% dry weight in Abatoir and Wantia; 6.1% and 7.1% dry
weight in Adamsi and Benou soil samples. These results show
that anthropogenic contribution from domestic sewage

discharge at Kombo Laka region was an important source of
OM to this mining area. High values of OM content were due
to agricultural activities around the area. The organic carbon
content (OCC) ranged from 2.2% to 3.8% in Abatoir, Benou
and Wantia samples. It reached 4.1% in Adamsi samples,
reflecting a corresponding decrease of the soil grain size. The
highest organic carbon contents occurred at the soils that had
the lowest sand contents and the highest silt and clay contents.

3.3. Mean Concentrations of Heavy Metals in Different Soil
Samples from Kombo Laka

Table 3 shows the mean concentration of As, Cu, Pb and
Zn in soils of Kombo Laka.

Table 3. Mean concentrations of heavy metals in different soil samples from Kombo Laka.

Metal (mg/Kg) Abatoir Adamsi Benou Wantia Control Soil
As 56.4+12.3 76.4+12.2 48.6+4/3 53.442.1 17.3+4.3
Cu 24.444.3 20.3+8.8 38.9+2.3 28.84+4.5 21.3+6.4
Pb 120.5+11.2 198.7+18.7 145.743/2 138.746.9 11.3+1.4
Zn 203.4+9.3 212.3+10.7 191.243.2 201.3+3.5 32.9+2.0

The concentrations of heavy metals were higher in Adamsi
soil. Heavy metal concentrations in these soils are strongly
determined by local geology or anthropogenic influences.
The weathering of minerals is one of the major natural
sources, while anthropogenic sources are related to the use of
fertilizers, irrigation and industrial effluent from mining
activities [21]. In this area, mining extract activities are likely
to be the major contamination sources. Total As showed
higher concentrations in Adamsi with 76.5 + 12.2 mg/Kg.
Total Zn also showed similar trends with highest level at the

same soils with 212.3 + 10.1 mg/kg. Compared to the control
soil (CS), the contents of other metallic elements show a
significant increase.

3.4. Contamination Factors (CF) and Pollution Load Index
of Different Soils in Kombo Laka Region

The contamination factors (CF) calculated as indicated in
the experimental section is found in table 4, and show the
extent of contamination processes in each location.

The pollution load index (PLI) is the arithmetic mean of
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CF of analyzed metals [22, 23], and it allows an assessment
of the degree of polymetallic pollution of analyzed soil
samples. Value greater than 1, indicates that the analyzed
sample had a metallic contamination caused by human

activities. The pollution load index (Table 4) shows that all
soil samples are highly contaminated with metals since PLI
values are above the legal pollution load index that is equal
to 1, with values ranging from 3.8 and 8.6.

Table 4. Contamination factors (CF) and pollution load index(PLI) of different soils.

CF
Samples As Cu b Zn PLI
Abatoir 0.75 0.35 6.12 0.26 1.0
Adamsi 0.82 0.12 4.81 0.08 1.9
Benou 0.92 0.25 3.15 0.15 4.6
Wantia 1.20 0.18 4.7 0.22 1.1
Upper Continental Crust 3.25 2 18 0.20

The pollution load index (PLI) was calculated to evaluate
the degree of contamination. The results of PLI for the
selected elements confirm anthropogenic action in the area
since all values are > 1.

4. Conclusion

After this study, it should be noted that coarse sand (2.0-
1.0 mm) and fine sand (0.250-0.125 mm) were the dominant
fractions of all soils samples, ranging from 28.3 to 24.2 and
25.4 to 23.2% in Abatoir and Adamsi soils respectively. At
the same time, silty clay (<0.031 mm) was the dominant
fraction ranging from 20.3 to 24.9%. Samples from Abatoir
and Wantia showed a neutral to alkaline pH ranging from
7.02 to 7.9 similar to control samples. Mean organic
mattercontents in studied soils were in the range of 4.7% to
5.3% dry weight in Abatoir and Wantia; 6.1% and 7.1% dry
weight in Adamsi and Benou soil samples; showing that
anthropogenic contribution from domestic sewage discharge
at Kombo Laka region was an important source of organic
matter to this mining area. High values of organic matter
content were due to agricultural activities around the area.
Mining activities are likely to be the major contamination
sources. Total As showed higher concentrations in Adamsi
with 76.5 £ 12.2 mg/Kg. Total Zn also showed similar trends
with highest level at the same soils with 212.3 + 10.1 mg/kg.
The pollution index shows that all soil samples are highly
contaminated with metals since PI values are above the legal
pollution load index that is equal to 1, with values ranging
from 3.8 and 8.6. This contamination is expressed by high
contamination factor and PLI values. These results reflect an
enrichment of elements of anthropic origin in comparison
with average levels in the Upper Continental Crust. Lead(Pb)
enrichment would be linked to mining activity whereas
Arsenic(As) would be derived from other human activities.
Understanding the degree, scale, and sources of heavy metal
contamination is essential for environmental management. It
is also important in reducing risks to human health, ensuring
food safety, and managing contaminated soil.
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