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Abstract

Introduction: This study investigated the mobility and bioavailability potential risk of heavy
metals in sediments affected by land use types in a gold mining environment.

Methods: The study employed the modified Community Bureau of Reference (BCR) sequential
extraction method to assess the mobility of arsenic (As), cadmium (Cd), and mercury (Hg) in
sediments from gold mining areas in Cote d’lvoire. Concentrations of these metals in surface
sediment samples (n=45) were analyzed using inductively coupled plasma atomic emission
spectroscopy (ICP-AES), and the Risk Assessment Code (RAC) was applied to evaluate the
potential risk associated with these metals.

Results: It was found that the metals were primarily associated with the residual fraction,
comprising 44-58% of the total concentration. The BCR method indicated that 41-56% of these
metals were prone to leaching into the water column. Pearson correlation analysis revealed
positive relationships among the extracted fractions but no correlation with pH or TOC across
the three land-use types. Principal component analysis (PCA) showed high positive loadings for
As and Cd on component 1, and for Hg on component 2, suggesting a geogenic influence for
Hg and mixed sources for As and Cd. The RAC indicated low risk for As and medium risk for Cd
and Hg across the sediments of the studied land-use types.

Conclusion: The sediments exhibit a dominantly geogenic distribution with localized
anthropogenic enrichment of Cd and As, and moderate ecological risk was mainly associated
with Cd and Hg mobility in the three land-use types.

Keywords: Heavy metals, Sequential extraction, Bioavailability, Gold mining, Sediments, Cote
d’Ivoire

Please cite this article as follows: Kinimo KC, Kouassi NGLB, Yao KM, Doubi BIHG, Trokourey A. Geochemical fractionation of heavy metals
under three land-use types in gold mining areas, Cote d’Ivoire (West Africa). ] Adv Environ Health Res 2026;14(2):123-131. doi:10.34172/

jaehr.1466

Introduction

species, whereas in polluted sediments, heavy metals are

Wetlands contribute in diverse ways to the livelihoods
of millions of people in Africa and are of huge economic
importance.! They contain a multitude of ecological
niches and supports a wide variety of flora and fauna with
different ecological functions.> Wetlands around gold
mine sites of different scales (large, small, and illegal)
are seriously threatened by wet and dry emissions from
smelters and by runoff waste accumulating in sediments.’
Thus, sediments become a sink where heavy metals
tend to accumulate and persist because they are not
biodegradable. In unpolluted sediments, heavy metals
exist in various chemical forms and can bind to silicates
and primary minerals, which form relatively immobile

generally more labile and bound to other sediment phases.
Trace metals in sediments serve as key indicators of metal
pollution in aquatic systems, particularly in contaminated
areas like gold mining.* Their partitioning is influenced by
sediment properties, such as pH, and organic matter and
chemical interactions, such as sorption.” Understanding
the binding sites and associations of trace metals is crucial
for evaluating their mobility and toxicity.® Sequential
extraction, involving various chemical reagents, facilitates
the analysis of these interactions, revealing insights
into the metal’s geochemical behavior and potential
environmental risks under changing conditions (e.g pH
and Eh).”
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The Community Bureau of Reference (BCR) sequential
extraction procedure was developed to standardize
previously inconsistent methodologies for determining
trace metal fractionation, thereby facilitating reliable
comparisons across studies.® This widely adopted protocol
is now applied to various environmental solid samples,
such as sediments, soils, and sewage sludge.®

The first three fractions (water-soluble, exchangeable,
and acid-soluble) constitute the most mobile, active,
accessible pool of heavy metals in sediment, also called the
effective available pool. The trace metals associated with
these fractions can be remobilized by different reactions
such as water solubilization, ionic exchange, and acid
dissolution. Trace metals present in the reducible and
oxidizable fractions are important for evaluating the
amount of transferable metals from sediments to aquatic
organisms and plants and represent the potentially
available pool, while those associated with the residual
fraction are considered immobile.’

Arsenic (As), cadmium (Cd), and mercury (Hg) are
highly toxic metals with minimal essential biological
functions, linked to numerous health issues such as
cancers and cardiovascular problems.>*! Various
extraction methods exist for theiridentification in soilsand
sediments, but differences in sequences and procedures
complicate data comparisons.'”> Moreover, the absence of
suitable reference materials hinders independent result
validation across laboratories. To address these challenges,
the European Community Bureau recommended (BCR)
sequential extraction method, which categorizes trace
metals in sediments into four fractions based on their
solubility and mobility, with the first two fractions being
more active and mobile, and the fourth being inert and
non-mobile.”

Trace metal pollution in the environment has been
investigated in Cote d’Ivoire, but these studies concerned
Ebrié lagoon water, sediments, and gastropods.'*'®
These studies reported that urban samples were more
contaminated by heavy metals than rural samples. Thus,
despite the development of gold mining activities in
developing countries in general and particularly in Cote
d’Ivoire this last decade, no study has been conducted on
the impact of gold mining and smelting on sediments in
wetlands and on crops grown around active or abandoned
gold mines. Therefore, information on the distribution of
toxic metals such as Cd, As, and Hg is still lacking. The
main objective of this study was (i) to investigate the
mobility of As, Cd, and Hg in sediment from three distinct
land uses; (ii) to evaluate the ecological risk posed by these
metals based on their bioavailability in the vicinity of a
gold mine.

Materials and Methods

Study Area

The present research focused on three wetland sites
affected by gold mining activities in Cote d’Ivoire (7.54°N,
5.54°W), West Africa (Figure 1). The country’s geology
consists mainly of Paleoproterozoic formations, making

it rich in mineral deposits. Two sites in south-central
Cote d’Ivoire - Bonikro and Agbaou (6.38°N - 5.21°N)
- and one in the southeast - Afema (5.41°N, 2.92°N)
were selected. Bonikro and Agbaou are about 230 km
from Abidjan, with mining operations beginning in 2008
and 2012, respectively. These sites feature granodiorite
intrusions into mafic volcanic basalts from the upper
Birimian series, with deposits stretching 1000 m long and
up to 300 m wide.' The area experiences an equatorial
climate with yearly rainfall reaching 1305 mm. The
Afema mine, located 42 km east of Aboisso and 160 km
from Abidjan, operated briefly from 1994 to 1998." This
region has a sub-equatorial climate, with temperatures
ranging from 21 °C to 33 °C and annual rainfall between
1400 and 2500 mm. Like the other sites, Afema’s geology
features Birimian formations, primarily metavolcanic
and metasedimentary rocks that extend into neighboring
Ghana.'” While Afema sits in the Ehanian River basin (a
Tanoe River tributary), Bonikro and Agbaou are within
the Bandama River watershed.

Sample Collection and Analysis

Between March and November 2015, surface sediment
samples (0-5 cm depth) were collected from wetlands
around all the three sites. At each location, 15 samples
were gathered: 5 from industrial mining areas, 5 from
artisanal mining zones, and 5 from unmined control
areas. A small Van Veen stainless steel grab sampler (0.02
m? area) was used to collect roughly 300 g of sediment per
sample, and 5 sub-samples were combined to account for
local variation. Samples were kept on ice during transport,
were frozen until processing, and were then air-dried
at room temperature. After being ground with an agate
mortar and sieved to 63 um mesh, the homogenized
samples were stored in sealed bags before being shipped
to the COBRA Laboratory at the University of Rouen in
France for analysis.

BCR Sequential Extraction Procedure

Various methods have been tried by scientists to analyze
how metals bind to sediments and soils, but there is still
no universally agreed-upon approach.’® In most methods,
the easily removable metals are extracted first using water
and salt solutions. Then, reducing and oxidizing agents
are used to remove metals bound to iron and manganese
compounds and organic matter. Finally, strong acids are
used to break down the most stubborn minerals where
metals are trapped in the sediment’s crystal structure.”
In this study, the distribution of As, Cd, and Hg across
four different fractions of sediment samples was
examined: exchangeable (F1: Exch), reducible (F2: Red),
oxidizable (F3: Org), and residual (F4: Res). The European
Commission’s Standard Measurements and Testing
Program (formerly BCR) protocol was used to analyze
these metals.”> The process involves three main steps:
First, acetic acid was used to extract the easily removable
metals. Next, hydroxylamine hydrochloride was used to
extract the reducible fraction. Finally, hydrogen peroxide
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and ammonium acetate were used to extract the oxidizable
fraction. An extra step using nitric and hydrochloric acids
was added to dissolve the remaining residual fraction.
For each extraction, 1 g of heated, powdered sample was
placed in a centrifuge tube. After being mixed with the
appropriate chemical, the liquid was separated from the
solid by centrifuging. The liquid was analyzed, and the
remaining solid was washed with ultra-pure water before
the next step was carried out. The final solid residue was
used to determine the residual fraction through acid
digestion. The operational details are presented in Table 1.

Risk Assessment Code (RAC)

The RAC is a widely used method to evaluate the potential
bioavailability and mobility of heavy metals.” It is based
on the fraction of metal that is weakly bound to sediment
and could become more rapidly bioavailable. According to
Perin et al,*' the RAC classification is as follows: < 1% =no
risk; 1-10%=1low risk; 11-30% =medium risk; 31-
50% = high risk; and 51-100% = very high risk.
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Control Quality and Method Efficiency

Replicate samples and analytical blanks were analyzed
for each sample, and the analytical error was within 6%.
The accuracy of the analytical procedures was evaluated
through the analysis of the certified reference material
CRM CNS 301-04-050 (Sigma-Aldrich; Missouri, USA)
for freshwater sediment. The percentage recovery was
calculated for each element in each extraction step by
dividing the measured concentrations by the certified
concentration values. The accuracy of the BCR extraction
procedure was assessed by comparing the sum of the four
fractions with the total metal content. The recoveries were
in the ranges: 84-118% for As, 104-119% for Cd, and 82-
117% for Hg.

Statistical Analysis

Pearson’s correlation analysis was employed on raw
data to explore the relationship between trace metal
concentrations in the different sequential fractions and
physicochemical parameters in sediments such as pH and
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Figure 1. Study Area and Sampling Point Localization

Table 1. BCR Three-Stage Sequential Extraction Scheme

Extraction step Reagents Nominal target phases

1 HOACc (0.11 mol/L) Carbonate exchangeable fraction (Exch)
2 NH,OH, HCI (0.1 mol/L) Reducible fraction (Red)

3 H,0, (8.8 mol/L) then NH,OAc (0.1 mol/L) at pH 2 Organic bound fraction (Org)

Residual HCI/HNO, +HF Residual fraction (Res)
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total organic carbon (T'OC). Principal component analysis
(PCA) was applied to the average metal concentrations
obtained from stations, which were pooled according to
land use to explore their similarities. Statistical analyses
were performed using SigmaPlot (version 12.0).

Results and Discussion

As, Cd, and Hg Fractionations

Table 2 and Figure 2 present the concentrations and
distribution of As, Cd, and Hg in surface sediments from
industrial, artisanal, and non-mining areas. Arsenic
fractionation revealed the following order of decrease:
Res-As>Red-As> Oxi-As>Exch-As. Overall, As content
was found to be preferentially associated with the residual
fraction of the sediments in the industrial and artisanal
mining areas, as well as in the non-mining area. At
industrial stations, on average, As content accounted for
54.1+14.7% in the residual, 32.9 +9.25% in the reducible,
6.59+3.95% in the oxidizable, and 6.49+3.95% in the
exchangeable fraction. Atartisanal stations, the As content
accounted for 57.8+11.8% in the residual, 32.8+10.5%
in the reducible, 5.14%2.09% in the oxidizable, and
4.31%2.16% in the exchangeable fractions. At non-mining
stations, the corresponding values were 55.3 £ 6.05% in the
residual, 33.6£5.75% in the reducible, 4.68 + 1.48% in the
oxidizable, and 6.45+2.63% in the exchangeable fraction.
No significant differences (P>0.05) were observed in the
heavy metal content of the different fractions, regardless
of the land-use type.

Cd partitioning showed the decreasing order:
Res-Cd>Org-Cd>Exch-Cd>Red-Cd in the three
land-use types. On average, cadmium was predominantly
associated with the residual fraction: 57.8+7.62% in the
residual, 17.3+7.03% in the oxidizable, 14.6+3.83%
in the exchangeable, and 10.4+3.67% in the reducible
fraction at industrial stations. At artisanal stations, the
distribution was 58.5+6.18% in the residual, 17.1£6.18%
in the oxidizable, 13.9+4.76% in the exchangeable, and
10.5+4.02% in the reducible fraction. At non-mining
stations, it was 58.2+6.63% in the residual, 18.6+8.21%
in the oxidizable, 13.0+3.73% in the exchangeable, and
10.1£3.15% in the reducible fraction. The ANOVA
indicated that there were no significant differences
(P>0.05) among the different Cd fractions in sediments
from the three studied land-use types. Hg fractionation in
sediments from industrial, artisanal,and non-mining areas
followedtheorder:Res-Hg > Org-Hg > Red-Hg > Exch-Hg.
This study reveals that the chemical fractionation of Hg
in the sediments was predominantly associated with
the residual fraction, regardless of the land-use type. At
industrial stations, on average, the percentage of Hg bound
to the different sediment fractions was 48.9+11.9% in the
residual, 13.3+5.12% in the reducible, 27.5+9.15% in the
oxidizable, and 10.2+4.63% in the exchangeable fraction.
At artisanal stations, the pattern was 43.7+15.1% in the
residual, 30.4 +11.8% in the oxidizable, 11.7 +2.65% in the
reducible, and 14.1+8.82% in the exchangeable fraction.
At non-mining stations, the distribution was 44.3 +14.4%

Table 2. Average Concentration and Mathematic Sum of the Most Labile of
As, Cd, and Hg in Different Fractions in Surface Sediments From the Three
Land-Use Types (n=15)

Mean Texch+Red+Org  CV (%) uce®

Industrial
Exch-As 4.12 172
Red-As 29.9 160
37.4+57.4
Org-As 3.32 146 2.00
Res-As 68.3 180
Exch-Cd 0.46 90.7
Red-Cd 0.38 98.6
1.43+1.19
Org-Cd 0.59 89.4 0.102
Res-Cd 1.90 86.1
Exch- Hg 0.01 105
Red- Hg 0.02 113 0.06
0.07+0.08
Org-Hg 0.04 100
Res-Hg 0.06 100
Artisanal
Exch-As 0.18 215
Red-As 0.97 120
1.13+1.82
Org-As 0.18 191 2.00
Res-As 1.44 86.4
Exch-Cd 0.41 36.0
Red-Cd 0.30 39.0
1.22+0.38
Org-Cd 0.51 50.3 0.102
Res-Cd 1.71 20.1
Exch- Hg 0.01 75.2
Red- Hg 0.01 41.0
0.04+0.02
Org-Hg 0.02 60.6 0.06
Res-Hg 0.03 55.0
No-mining
Exch-As 1.00 222
Red-As 6.37 199
7.98+11.83
Org-As 0.62 237 2.00
Res-As 8.18 201
Exch-Cd 0.78 56.7
Red-Cd 0.57 48.9
2.58+1.67
Org-Cd 1.22 96.2 0.102
Res-Cd 3.42 50.2
Exch- Hg 0.01 68.6
Red- Hg 0.01 52.9
0.03+0.01
Org-Hg 0.01 71.9 0.06
Res-Hg 0.02 60.7

in the residual, 30.3 + 13.6% in the oxidizable, 14.2 £2.54%
in the reducible, and 11.3+5.96% in the exchangeable
fraction.

No significant difference (P>0.05) was observed
between the percentages of Hg bound to the different
fractions of the sediments. It is well known that heavy
metals found in the residual fraction are strongly bound
to the crystalline structures of the minerals present in
the sediment matrix, and studies have proven that these
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Figure 2. Chemical Speciation of As, Cd, and Hg in Sediments from Industrial, Artisanal, and No-Mining Areas

metals are not labile.”® As Figure 2 shows, all metals were
predominantly associated with the residual fraction in
sediments from the three land-use types. No significant
difference (P>0.05) was observed in the partitioning of As,
Cd, and Hg among sediments from industrial, artisanal,
and non-mining areas. This result indicates that these
metals were strongly bound to the minerals and resistant
components of the sediment matrix. Thus, the similar
partitioning behavior in sediment fractions may be due
to the proximity of non-mining sites used for agricultural
purposes to gold mining areas. Moreover, extensive
agricultural practices, such as the application of pesticides
and excess nutrients, affect metal leaching.** Previous
studies have reported similar distribution patterns for Cd,
As, and Hg extracted from soil or sediment samples by the
BCR sequential extraction method.”

Correlation Analysis

Table 3 presents the Pearson correlation matrix for As,
Cd, and Hg contents in the sequential extraction fractions
and the physicochemical characteristics of the sediment
data sets. Weak correlations were observed between the
sediment physicochemical characteristics (pH and TOC)
and the heavy metal contents in the extraction fractions,
indicating that pH and TOC have little influence on the
binding behavior of As, Cd, and Hg in the three types
of sediments. In contrast, strong positive correlations
existed (P<0.05) among the concentrations of As, Cd,

and Hg in all sediment fractions from the three land-use
types. This suggests the possibility of shared sources and
transformation pathways for these metals.

Principal Component Analysis (PCA)

Two PCs with eigenvalues > 1 were extracted, explaining
68.64, 59.4, and 79.3% of the total variance for industrial,
artisanal, and non-mining sites, respectively, as shown in
Table 4. All extracted fractions of As and Cd were positively
correlated with PC1 in the three land-use types, while
Hg had a high positive loading on PC2 in the artisanal
and non-mining sites. The sediment properties (pH and
TOC) were weakly correlated with the two components.
The high positive loadings between the extracted fractions
of the selected metals and PC1 indicated that they share
the same source of anthropogenic inputs, which could be
derived from mixed natural and anthropogenic sources
such as gold mining and agricultural practices. The
main explanation for this is the high percentage of the
studied metals in the residual fraction (F4). This result
was confirmed by the Pearson correlation analysis for the
selected elements.

Mobilizable Concentration of As, Cd and Hg in Sediment
Fractions

It is assumed that the extractability (potential mobility)
of a metal is directly related to its proportion in
the first three fractions (acid-soluble/exchangeable

J Adv Environ Health Res 2026;14(2) | 127
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Table 3. Pearson Correlation Between Chemical Fractionation Concentration of As, Cd, Hg, TOC and pH in Sediments

Industrial ~ Exch-As Red-As Org-As  Res-As Exch-Cd Red-Cd Org-Cd Res-Cd Exch-Hg Red-Hg Org-Hg Res-Hg pH TOC
Exch-As 1

Red-As 0.93 1

Org-As 0.89 0.96 1

Res-As 0.98 0.97 0.95 1

Exch-Cd -0.29 -0.33 -0.31 -0.30 1

Red-Cd -0.27 -0.31 -0.29 -0.28 0.74 1

Org-Cd -0.36 -0.44 -0.39 -0.39 0.92 0.75 1

Res-Cd -0.32 -0.37 -0.35 -0.33 0.81 0.94 0.82 1

Exch-Hg -0.12 -0.07 -0.14 -0.11 -0.31 -0.35 -0.38 -0.37 1

Red-Hg -0.02 0.00 -0.02 -0.01 -0.30 -0.30 -0.30 -0.32 0.84 1

Org-Hg -0.06 -0.04 -0.07 -0.05 -0.26 -0.29 -0.31 -0.32 0.94 0.93 1

Res-Hg -0.21 -0.22 -0.22 -0.20 -0.21 -0.19 -0.21 -0.23 0.84 0.90 0.87 1

pH 0.01 -0.19 -0.22 -0.10 0.11 0.04 0.16 -0.04 -0.06 -0.28 -0.09 -0.13 1

TOC -0.50 -0.50 -0.56 -0.51 0.14 -0.09 0.21 0.11 -0.19 -0.24 -0.24 -0.22 -0.01 1
Artisanal Exch-As Red-As  Org-As Res-As Exch-Cd Red-Cd Org-Cd Res-Cd Exch-Hg Red-Hg Org-Hg Res-Hg pH TOC
Exch-As 1

Red-As 0.95 1

Org-As 0.98 0.94 1

Res-As 0.97 0.93 0.97 1

Exch-Cd -0.35 -0.33 -0.35 -0.40 1

Red-Cd 0.08 -0.04 0.07 0.13 -0.05 1

Org-Cd -0.32 -0.49 -0.32 -0.32 0.38 0.13 1

Res-Cd -0.28 -0.34 -0.29 -0.24 0.34 0.21 0.48 1

Exch-Hg 0.24 0.39 0.21 0.28 0.30 -0.18 -0.07 0.23 1

Red-Hg 0.34 0.43 0.33 0.42 0.41 0.21 0.05 0.21 0.77 1

Org-Hg 0.04 0.10 0.06 0.02 0.24 0.13 -0.05 0.13 0.03 0.34 1

Res-Hg 0.04 -0.02 0.03 0.04 0.66 0.17 0.41 0.10 0.30 0.59 0.03 1

pH -0.32 -0.48 -0.28 -0.29 0.02 0.51 0.55 0.26 -0.49 -0.24 0.25 0.11 1

TOC 0.32 0.33 0.29 0.29 0.21 0.15 -0.26 0.49 0.55 0.39 -0.12 0.09 -0.44 1
No mining  Exch-As Red-As  Org-As  Res-As Exch-Cd Red-Cd Org-Cd Res-Cd Exch-Hg Red-Hg Org-Hg Res-Hg pH TOC
Exch-As 1

Red-As 0.72 1

Org-As 0.98 0.59 1

Res-As 0.99 0.78 0.96 1

Exch-Cd 0.62 0.58 0.61 0.66 1

Red-Cd 0.57 0.28 0.64 0.57 0.69 1

Org-Cd 0.90 0.75 0.87 0.92 0.73 0.63 1

Res-Cd 0.65 0.45 0.68 0.67 0.87 0.84 0.76 1

Exch-Hg -0.32 -0.38 -0.29 -0.35 -0.47 -0.16 -0.43 -0.45 1

Red-Hg -0.35 -0.01 -0.45 -0.33 -0.61 -0.51 -0.35 -0.58 0.48 1

Org-Hg 0.05 0.55 -0.12 0.11 -0.11 -0.38 0.09 -0.30 0.17 0.65 1

Res-Hg -0.39 -0.40 -0.39 -0.40 -0.57 -0.40 -0.40 -0.40 0.34 0.66 0.01 1

pH 0.30 0.12 0.37 0.27 0.29 0.64 0.19 0.39 0.47 -0.21 -0.11 -0.31 1

TOC 0.19 0.13 0.15 0.16 -0.04 0.03 0.07 0.08 0.26 0.21 0.15 -0.02 0.25 1

(In bold significant correlation at 0.05 level).
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Table 4. Varimax-Rotated Loadings of Heavy Metals in Sediments From the Three Land-Use Types

Industrial Artisanal No-mining

Fractions

PC1 PC2 PC1 PC2 PC1 PC2
Exch-As 0.694 0.612 0.960 -0.05 0.90 0.283
Red-As 0.745 0.594 0.960 -0.05 0.68 0.623
Org-As 0.717 0.615 0.986 -0.04 0.90 0.124
Res-As 0.721 0.614 0.951 -0.07 0.91 0.32
Exch-Cd -0.755 0.155 0.951 -0.03 0.85 -0.149
Red-Cd -0.717 0.185 -0.326 0.77 0.77 -0.33
Org-Cd -0.825 0.122 0.007 0.19 0.91 0.25
Res-Cd -0.791 0.173 -0.486 0.40 0.87 -0.232
Exch-Hg 0.443 -0.805 -0.3 0.60 -0.46 0.154
Red-Hg 0.48 -0.752 0.412 0.66 -0.59 0.699
Org-Hg 0.454 -0.784 0.451 0.79 -0.11 0.882
Res-Hg 0.306 -0.842 0.0319 0.24 -0.59 0.185
pH -0.185 0.056 0.07 0.72 0.38 -0.17
TOC -0.485 -0.159 -0.505 -0.01 0.08 0.359
Eigenvalue 5.458 4.152 5.858 3.05 6.94 2.317
Explained variance (%) 38.986 29.659 39.05 20.33 49.56 16.55
Cumulative variance (%) 38.986 68.645 39.05 59.38 49.56 66.119

In bold significant loading at 0.05 level (2-tailed).

+reducible + oxidizable) of sequential extraction.”’ Based
on the average of the mathematical sum of the first three
fractions, the extractability decreased in the order: As
(industrial) 45% > As (non-mining) 44% > As (artisanal)
42% for As; Cd (industrial) 42% > Cd (non-mining) 41%
= Cd (artisanal) 41% for Cd; and Hg (artisanal) 56% >Hg
(non-mining) 55% > Hg (industrial) 51% for Hg (Figure 3).
Except for Hg, the concentrations of these metals bound to
the non-residual fractions were 4 to 25 times higher than
UCC values for As and Cd in the three land-use types.
This trend could be due to the high concentrations of As
and Cd previously reported in sediments from industrial
and non-mining sites at Aféma, Bonikro, and Agbaou.”®
Our results are consistent with those of Danga et al* in
sediments from the Meiganga gold district, Cameroon.

RAC Analysis

Figure 4 illustrates the results of the risk factor analysis,
with values given as percentages of the metal soluble in
acid (% F1) for the three metals according to land-use
type. In general, medium risks were observed for Cd and
Hg, with average RAC values higher than 11%, indicating
a substantial risk of remobilization from sediment across
the three land-use types studied, while As presented a
low risk (RAC<11%). It is assumed that variations in
environmental conditions, such as pH or salinity, could
increase the availability of the elements to the aquatic
system. Similarly, medium risks were observed for Cd in
sediments from a polymetallic mining region in China.*

Conclusion
This study focused on the geochemical fractionation of
As, Cd, and Hg in sediments from industrial and artisanal

gold mining areas and adjacent non-mining lands near
the Afema, Agbaou, and Bonikro gold mining sites in
southeastern and mid-western Cote d’Ivoire. A total
of forty-five surface sediment samples were collected
from March to December 2015. According to the BCR
sequential extraction procedure, the distribution of As,
Cd, and Hg among the exchangeable, carbonate-bound,
Fe/Mn oxide-bound, organic matter-bound, and residual
fractions did not vary significantly across the three
land-use types. Pearson correlation analysis revealed
no correlation between the extracted fractions and the
sediment properties (pH and TOC) in the three land-use
types. PCA revealed high positive loadings on PC1 for all
extracted fractions (F1-F4) of the selected metals at the
three sites, suggesting that the elements originate from
both anthropogenic inputs and geogenic sources. The
mobility assessment revealed that more than 41% of the
total metal concentrations are preferentially associated
with the more labile fractions (F1+F2+F3), and the
average equivalent concentrations were higher than
UCC values. These findings may serve as indicators of
inputs from anthropogenic sources in gold mining and
non-mining areas. The RAC values indicated that Cd
and Hg posed a medium risk to sediments from the three
land-use types and that they could easily be transferred to
water and plants through the mobile phase.
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