Statistical approach of heavy metals (Mo, Co, Cd, Ni, Sb, Bi) in the sediments of
the MFOUAT I river (south of Congo Brazzaville)
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Aims :

The general objective of this study was to evaluate heavy metals (Mo, Co, Cd, Ni, Sb, Bi) in
the sediments of the Mfouati River near the area impacted by the mining operation.

Study Design:

The sediments were collected in the area near the abandoned plant and in the vicinity. At the
end of the sampling, the samples were analyzed by Inductively Coupled Plasma Optical
Emission Spectroscopy (ICP-OES).

Place and Duration of Study:

Sediments were collected in the Mfouati River near the area impacted by the mining operation,
these samples were taken in September 2021.

Methodology :X-ray diffraction was performed on the sediments of the Mfouati River, the
physico-chemical parameters were measured with a Hanna type apparatus. The contents of
heavy metals (Mo, Co, Cd, Ni, Sb, Bi) in the sediments were measured by optical emission
spectroscopy (ICP-OES). The level of metallic contamination, the indices of evaluation of the
contamination (FC, FE, Igeo) were calculated by using the expressions which exist in the
literature.

Results :The results obtained show that the physical-chemical parameters (pH, EC and TDS)
measured are within the standards (WHO). Only the pH which presents a slightly acid character
at the stations (S4, S5, S6). The heavy metal contents found (mg/Kg) vary between Mo: [0,05-
23] ; Co:[10-39] ; Cd[0,1-63] ; Ni[7-36] ; Bi[0,164-0,169] ; Sb[1-29]. X-ray diffraction showed the
presence of the following minerals: Talc and Kaolinite. The results of contamination factor
showed the following order:FC(Cd)> FC(Sb) >FC(Mo) >FC(Co) >FC(Bi) >FC(Ni);enrichment
factor the order is as follows: FE(Cd)>FE(Sb)>FE(Fe) >FE(Bi) >FE(Mo); geo accumulation
index the order is as follows:lgeo(Ni)>Igeo(Co) >Igeo(Mo) >lgeo(Sb) >lgeo(Cd) >Igeo(Bi).
Conclusion :The levels of metals Co, Cd, Ni, Sb, Mo in the sediments of the Mfouati River are
higher than the concentrations in the terrestrial crust.
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1.Introduction



Every day in the world hundreds of tons of pollutants (polycyclic aromatic hydrocarbons (PAH),
polychlorinated biphenyls (PCB), pesticides and heavy metals are discharged into the environment.
These heavy metals are considered serious pollutants of the aquatic environment, because of their
persistence and tendency to bioaccumulate in sediments [1-2]. They enter the aquatic environment
through atmospheric deposition, water runoff, and direct discharge[3].Once they arrive in this
environment, they partition between the different compartments (water and sediment) [4-5]. Metals
bound to sediments are likely to be released into the water column; during changes in environmental
conditions such as redox potential, pH, desorption[6]. Indeed the accumulation of toxic metals will lead
to high concentrations and beyond a certain threshold they become dangerous for the environment
and for human health [7].The Mfouati River located in the Bouenza Department (southern Congo
Brazzaville) is a tributary of the Niari River. This river has been influenced by mining activities from the
activities of the poly-metal ore processing plant. This plant is currently in total abandonment. The
Mfouati River is located in front of the abandoned plant and receives heavy metals from water runoff. It
is in this perspective that we propose to evaluate the heavy metal content in the sediments of the
MfouatiRiver.

2. MATERIALS AND METHODS
2.1. Study area

Mfouati is a locality located in southwestern Congo, in the Bouenza.department,.at an average altitude
of 441 meters. It is the chief town of the Mfouati district and its geographic coordinates are: 4°23'26"S
and 13°48'41"E. The Mfouati district has an area of 560 km?, bordered to the east by the Mindouli
district in the Pool department, to the west by the Boko-songe district, to the north by the Yamba and
Bouansa districts, and to the south by the Central Congo DRC. The department of Bouenza is one of
the departments of Congo marked by an important agricultural{activity.
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Figure 1: Mfouati study area

2.2. Sediment Sampling

A sampling campaign was conducted in September 2021 during which six stations were selected. At
each station, surface sediments were collected at a depth of 10 to 20 cm. Sampling was done with a
plastic hand scoop until a representative mass of approximately 1 kilogram was obtained. The wet
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samples collected for each station were placed in food grade plastic bags, labeled and transported to
the laboratory.

2.3. Preparation and analysis

The samples arrived at the laboratory, were dried in ambient air. After drying, each sample was stirred
properly until a homogeneous mixture representative of the station considered was obtained. A2 mm
sieve was used to remove plant debris and coarse particles. Then the sediments were crushed and
sieved with a 90 um sieve. The particle size analysis was performed using the Robinson pipette
method based on Stokes. The Walkley and Black method was applied to determine the organic matter
content [8]. The pollution level of each metal in the sediment samples was determined using the
contamination factor (CF), geo-accumulation index (Igeo), pollutant loading index (PLI), potential
ecological risk assessment. The characterization of minerals was performed using X-ray diffraction.

2.4. Procedure

A mass of 0.5g of dry sample was mixed with a mixture of nitric acid (HNOs).and hydrochloric acid
(HCI), in the proportions 1:3 (1V/3V). The whole was heated in a digestion block'for 30, min. After dry
evaporation, the residue is diluted in 50 ml of deionized water. The sample is filtered through a
membrane and analyzed by optical emission spectroscopy (ICP -OES).

Table 1: Relative contents of the continental crust according [9].

Métaux Mo Co Cd Fe Ni Sh Bi

uccC 1.4 12 0,102 19 0,123 0,31

2.6. Assessment of metal contamination in Mfouati River sediments
To assess metal pollution, we used the pollution.indices.

2.6.1.Contamination factor (CF)

The contamination factor or CF is one“of the factors used to evaluate the contamination of a metal
analyzed in a sediment. It is expressed as the ratio between the content of the metal in the sediment
(Cs) and the content of the same metal in the geochemical background of the watershed of the study
area concerned (Cb) [10-11].

Concentration of metal in sediment

FC = - -
Background concentration of metal in crust

Table 2: Contamination factor class

Facteur de contamination (FC) class Category

CFis less than'3 classl uncontaminated
CF is'hetween 3 and 10 class 2 Polluted

CF is greater:ithan 10 class 3 A great risk

2.6.2.Enrichment Factor

The enrichment factor (EF) is commonly used as a first approach in metal source

approach in the determination of metal sources [15-17]. In our study, the metal enrichment factor of the studied
sediments was calculated by normalizing to Iron according to the following formula:

(Metal content) sediment

FE = e contensediment
" (Metal content) reference

(Fe content)reference



with :
CF: contamination factor; n: number of metals.
PLI >1 : presence of pollution ; PLI < 1 : no pollution

Table 3: Classification of enrichment factor values

Class Valeur Pollution intensity
1 FE<2 Low Enrichment
2 2<FE<5 Moderate Enrichment
3 5<FE<20 Significant enrichment
4 20 < FE< 40 Very strong enrichment
5 FE > 40 Extreme Enrichment

2.6.3. Geo-accumulation index

The index was introduced by Muller in order to determine the degree.of metallic contamination in
sediments [18].1t is calculated according to the following equation:

Igeo =log, (Cn/ 1.5 Bn)

With :Igeo geo accumulation index

Cn : Concentration in the sediment for element n

Bn : Geochemical background for element n.

1,5 : correction factor taking into account the natural fluctuations of the content of a given substance in
an environment and the weak anthropic influences. The:following table shows the class of geo-
accumulation indices.

Table 4: Geo-accumulation index classification

Class Value Pollution intensity.

0 Igéo< 0 Not polluted

1 0<lgéo< 1 Not polluted to moderately polluted

2 1 <lgéo< 2 Moderately polluted

3 2 <lgéo< 3 Moderately to severely polluted
3<lgéo< 4 Severely polluted

5 4 <lgéo<'5 Severely to very severely polluted

6 5<lgéo Very severely polluted

2.6.4.Ecological Potential Risk Assessment

The ecological potential risk index was established by Hakanson[19]. It is used to calculate the high
level of toxicity of different metal ions. The ecological risk assessment of heavy metals in sediment
samples is given by the ecological risk (Er) and the risk index (RI).

Er'=Tr.Cf

Er': potential ecological risk factor

T'r = toxic response factor, Cf : contamination factor

The toxic response factor (T'r) of the following metals Mo, Co, Cd, Ni, Sb :15, 5, 30, 5, 40.

3.Results and discussion
3.1. Mineralogical analysis of Mfouati River sediments
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The diffractograms of the six samples of sediments collected in the Mfouati River, reveal the presence
of characteristic peaks. The observation of these diffractograms shows us the presence of two clay
species, namely Talc and Kaolinite. These clay species are associated with impurities of Quartz and
Iron. The peaks corresponding to 2 theta = 9; 73 reflect the presence of talc in the sediment. The
intensities of these peaks being low, this tells us about the non abandonment of these species in the
sediments. The values of the peak at 2 theta = 12( 20; 26; 64) indicate the presence of Kaolinite in the
sediments of the Mfouati River. This result is in agreement with those obtained by (

Moutou ,2012) who had revealed the presence of Kaolinite as the only clay species. Kaolinite is in
abandonment compared to talc in the Mfouati River sediments. The peak values at 2 theta = 21(26,
42, 46, 50, 55, 76, 80) show the presence of quartz in the sediments. The intensities of these peaks
being large indicates the abandonment of these species in these samples. The peak corresponding to
2 theta = 24(35; 60) indicates the presence of iron in the sediments. The line at 2 theta = 60 of Iron, is
more intense than that of Kaolinte and talc, which tells us about the abandonment ofthis element in
the sediments. The diffractogram below shows the XRD spectra for the sediments of the six stations
collected in the Mfouati River.
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Fig. 2: diffractogram of the Loutété:River sediments|

3.2. Physico:chemical of the sediments Mfouati River
The results.of the physico-chemical analysis of the sediments of the Mfouati River are reported in the
table below:

Table 5; Characteristics of the surface sediments of the Mfouati [River

Station s1 S2 S3 s4 S5 S6
pH 6,1 6,2 5,9 5,7 4,58 5,68
CE(us/cm) 231,7 140,1 80,86 58,2 76,7 124,6
Argile (%) 2,7 2,9 11,9 4,9 35 0,9
LF (%) 7.1 12,4 13,1 10 85 3,2
LG (%) 12,5 9,5 10,6 8,3 7,2 93
SG (%) 52,5 48,02 36,2 50,3 59,3 60,7
SF (%) 23,2 224 24,3 18,4 13,6 20,5

MO (%) 0,21 0,29 2,29 0,25 0,15 0,26
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MO:organic matter, SF: fine sand, SG:coarse sand, LG:coarse silt, LF:fine silt

The pH values presented in the table show a maximum pH for S2 (6.2) and a minimum pH for S6
(4.58). This pH is slightly acidic and consistent throughout the river for stations S1, S2. Overall, the
sediments have a weakly acidic nature. This acidity can be explained by the presence of sulfide
minerals such as pyrite (FeS2) [21].

4FeS, + 150, +2H,0 4Fe(Q}); + 8H,S0,

The electrical conductivity varies between a maximum of 231.7us/cm (S1) and a minimum of 58.2
ps/cm (S4). The electrical conductivity of a solution is due to the movement of ions. The conductivity
values observed in the sediments are typical of those observed in freshwater sediments (EC< 750
ps/cm). The low values of electrical conductivity inform us that these ions are adsorbed in other
phases. With regard to the results of the clay fraction, we can see that the sandy. fraction is more
dominant than the other fractions.

3.3.Concentration of heavy metals in sediments
The table below presents the concentrations of heavy metals in the sediments of the Mfouati River.

Table 6: Concentration of heavy metals in sediments]| .| Comment [GdG7]: Withdraw the vigula and
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Stations Mo Co Cd Ni Bi Sh
s1 4 18 13 22 0,165 16
S2 23 16 63 12 0,166 29
S3 12 39 18 24 0,167 10
sS4 8 37 11 36 0,168
S5 0,05 15 0,6 16 0,169
S6 7 10 0,1 7 0,164
Minimum 0,05 10 0,1 7 0,164 1
Maximum 23 39 63 36 0,169 29
Average 9,008 225 17,61 19,5 0,16 10,66
Ecart-type 7,93 12,30 23,32 10,23 0,001 10,53
UcCc* 1,4 12 01 19 0,123 0,31

UCC :concentration of heavy metals in the earth's crust

The Molybdene content is between 0.05 and 23 mg/kg. On average, the Molybdene content is higher
than that ‘of the earth's crust, which is 1.4. The Cobalt concentration varies between 10 and 39 mg/kg.
On average the Cobalt concentration is higher than that of the earth crust which is 12 mg/Kg. The
Cadmium content varies between 0,1 and 63 mg/Kg. On average this concentration is higher than that
of the earth's crust which is 0,1 mg/Kg. The Nickel content varies between 7 and 36 mg/Kg. On
average, the Nickel concentration is equal to that of the earth's crust. The concentration of Bismuth
varies between 0,164 and 0,169. On average the content of Bismuth is lower than that of the earth's
crust. The antimony concentration varies between 1 and 29 mg/kg. On average this concentration is
higher than that of the earth crust which is 0,31 mg/Kg. The figures below show the distribution of
heavy metals in the sediments of Mfouati.
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The table below presents the values of the contamination factor
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Table 7: Contamination factor in the sediments of Mfouati

Contamination

factor
Stations Mo Co Cd Ni Bi Sb

S1 2,85 15 127,45 1,15 1,34 51,61
S2 16,42 1,33 617,64 0,63 1,35 93,54
S3 8,57 3,25 176,47 1,26 1,36 32,25
S4 571 3,083 107,84 1,89 1,37 19,35
S5 0,035 1,25 5,88 0,84 1,37 3,22
S6 5 0,833 0,98 0,36 1,33 6,45
Min 0,035 0,83 0,98 0,36 1,33 3,22
Max 16,42 3,25 617,64 1,89 1,37 93,54

Mean 6,43 1,87 172,71 1,02 1,36 34,4

Cadmium and antimony have contamination factor values greater than 10 in stations (S1, S2,
S3, S4), which means that these metals present a greatirisk for the sediments of the Mfouati
River. On the other hand, molybdenum is polluted at the stations (S2 and S3). On average
the FC(Cd)> FC(Sb) >FC(Mo) >FC(Co) >FC(Bi).>FC(Ni).The figure below shows box plots of

metal contamination factors.
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3.4.1. Geo-accumulation index

The table below shows the values geo-accumulation index

Table 8: Geo-accumulation index|
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Igéo
Stations Mo Co Cd Ni Bi Sb
S1 1,9 7,16 -0,17 8,12 -6,2 1,72
S2 4,42 7 2,09 7,24 -6,19 2,58
S3 3,48 8,28 0,29 8,24 -6,19 1,04
S4 2,9 8,2 -0,41 8,83 -6,18 0,31
S5 -4,42 6,9 -4,61 7,66 -6,17 -2,27
S6 2,7 6,32 -7,2 6,47 -6,21 1,27
Min -4,42 6,32 -7,2 6,47 -6,21 -2,27
Max 4,42 8,28 2,09 8,83 -6,17 2,58
mean 1,83 7,31 -1,67 7,76 -6,19 0,35

The mean values of Bi and Cd vary between - 6.19 and -1.67 respectively. The Bi in all the stations
does not present any contamination because Igeo< 0. The Cd does not present any contamination in
the stations (S1, S4, S5 and S6) except in the station S2'where the Cd presents a not polluted to
moderately polluted state and in the station S3 where the €d is in the moderately polluted to severely
polluted state. Co and Ni in all stations show Igeo values >'5 which shows that Co and Ni are very
severely polluted in the stations. Mo in stations S2 and S4 shows a severely polluted state against a
moderately to severely polluted state in station:S4. On average Igeo(Ni)>lgeo(Co) >lgeo(Mo)
>Igeo(Sb) >Igeo(Cd) >Igeo(Bi). The figure below showsbox plots of the Igeo index for metals.
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3.4.2. Enrichment factor
The table below shows the enrichment factor results

Table 9: Enrichment ffactor

FE
Stations Mo Co Cd Ni Bi Sb Fe
S1 0,22 0,12 9,92 0,09 0,10 4,02 1
S2 1,96 0,16 73,83 0,08 0,16 28,18 1
S3 1,39 0,53 28,69 0,21 0,22 5,24 1
S4 0,56 0,30 10,51 0,18 0,13 0,23 1
S5 0,00 0,09 0,43 0,06 0,10 0,23 1
S6 0,44 0,07 0,09 0,03 0,12 0,57 1
Min 0,00 0,07 0,09 0,03 0,10 0,23 1
Max 1,96 0,53 73,83 0,21 0,22 28,18 1
mean 0,76 0,21 20,58 0,11 0,14 6,41 1

The enrichment factor index values of heavy metals in sediments are presented in Table 9. The metals
Mo, Co, Ni and Bi in all sites (S1, S2, S3, S4, S5 and S6) are less than 2., This means that these four
metals show a low enrichment state in these sediments. Cd.in stations S2 and S3 show an extreme
enrichment state versus a significant enrichment ‘state in stations S1 and S4. Sb shows a low
enrichment state in stations (S4, S5 and S6). and a very high enrichment state in station S2. On
average FE(Cd)>FE(Sb)>FE(Fe) >FE(Bi) >FE(Mo).The figure below shows box plots of metal
contamination factors.
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3.4.3. Potential ecological risk
The table below shows the Ecological Risk Potential values

Table 10: Potential Ecological Risk|

Er
Stations Mo Co Cd Ni Sb ERI
S1 42,85 75 3823,52 5,78 2064,51 5944,19
S2 246,42 6,66 18529,41 3,15 3741,93 22527,60
S3 128,57 16,25 5294,11 6,31 1290,32 673557
S4 85,71 15,41 3235,29 9,47 774,19 4120,09
S5 0,53 6,25 3235,29 4,21 129,032 3375,32
S6 75 4,166 29,41 1,84 258,064 368,48
Min 0,53 4,16 29,41 1,85 129,032 368,48
Max 246,42 16,25 18529,41 9,47 3741,93 22527,60
Mean 96,51 9,37 5691,17 5,13 1376,34 7178,54

The potential ecological risk for Ni and Co in all stations, Er<.40. This reflects a low risk to the
environment as well as Mo and Cd in S5 and S6 respectively. Cd and.Sb having the values of potential
ecological risk is high which reflects a high risk to the envirenment. On average Er(Cd) >Er(Sh)
>Er(Mo) >Er(Co) >Er(Ni).
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3.5. Factor analysis

The table below represents the eigenvalues of the PCA performed on the sediments of the Mfouati
River. This table indicates that the first principal component (axis 1) explains 42.37% of the total
variance, the second principal component (axis 2) explains 31.73% of the total variance, for a total of
74.10%. The third principal component (axis 3) explains 14.17% of the total inertia. The fourth principal
component explains (axis 4) 7.45% of the total inertia.

Table 11: Inertia rates and eigenvalues of the first 4 axes

Val Propre % Total variance Cumul Val Cumul %
propre
5,932084 42,37203 5,93208 42,37203
4,442539 31,73242 10,37462 74,10445
1,984517 14,17512 12,35914  88,27957
1,043032 7,45023 13,40217 95,72980

3.5.1.Factorial design formed F1 and F2

The following elements: LF, Arg, MO occupy the F1 axis. These elements (LF,‘Arg, Mo) correlate
positively with the F1 axis. The following elements LG, pH and SF-being close to the center of the
factorial plane, their correlation is certainly not very strong.” The elements Sb, Cd, CE, As occupy the
factorial plane F2, they are strongly correlated between them in a positive way.The figure below
showsdistribution of the variables in the factorial design F1x F2.
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3.5.2. Factorial design formed F1 and F3

The following elements: Mo, Arg, MO occupy the F1 axis. These elements (Mo, Arg, MO) correlate
positively with the F1 axis. The following elements pH, Ni, Mo being close to the center of the factorial
plane, their correlation is certainly not very strong. The elements Sbh, Cd, CE, As occupy the factorial
plane F2, they are strongly correlated between them in a positive way.The figure below

showsdistribution of variables in the factorial design F1x F3.
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3.6. Hierarchical ascending classification

The ward method was usedaking into account the Euclidean distance. The figure shows the

dendrogram of the stations. This classification resulted in three groups of stations. Group 1 contains
stations S1 and S3, group 2 contains stations S2, S4, S5 and group 3 contains station S6.The figure
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4. Conclusion

The general objective of this work is to know the current status of heavy metal contamination (Mo, Co,
Cd, Ni, Sh, Bi) in the sediments of the Mfouati River. The sediments were characterized by particle
size analysis using the Robinson pipette method. Organic matter was determined by the black
method. Mineralogical analysis was determined by X-ray diffraction. The concentrations of heavy
metals (Mo, Co, Cd, Ni, Sh, Bi) were determined in the raw sediments. The level of contamination of
the sediments was evaluated through geochemical indices. The results of this study with regard to the
granulometric analysis show that we have a predominance of coarse sand in the sediments of the
Mfouati River 59.35% in the station S5. The results obtained show that the physical-chemical
parameters (pH, EC and TDS) measured are within the standards (WHO). Only the pH which presents
a slightly acidic character at the stations (S4, S5, S6). The results of the mineralogical analysis
revealed the presence of the following minerals: talc, potassium, iron. The contents of heavy metals
found (mg/Kg) vary between: Mo [0,05-23]; Co:[10-39]; Cd[0,1-63]; Ni[7-36]; Bi[0,164-0,169]; Sb[1-29].
The results of contamination factor showed the following order:FC(Cd)> FC(Sb) >FC(Mo).>FC(Co)
>FC(Bi) >FC(Ni);enrichment factor the order is as follows: FE(Cd)>FE(Sb)>FE(Fe) >FE(Bi):>FE(Mo);
geo accumulation index the order is as follows:Igeo(Ni)>Igeo(Co) >lgeo(Mo) >Igeo(Sh) >Igeo(Cd)
>lgeo(Bi).

References
Tchounwou PB, Yedjou CG, Patlolla AK,Sutton D J. Heavy metals toxicity and
theenvironment. Mol. Clin. Environ. Toxicol.2012;101:133-164.

1. HARTEJ, HOLDRENC, SCHNEIDERR. and, SHIRLEYC. Toxics A to Z, A Guide to
Everyday Pollution Hazards. Oxford, England ::University of CaliforniaPress.(1991). 478p.

2. SCHUURMANN G. and MARKERTB.  Ecotoxicology, Ecological Fundamentals,
ChemicalExposure, and BiologicalEffects. _John  Wiley & Sons Inc.And
SpektrumAkademischerVerlag.(1998). 900p.

3. BENAMAR N, BENAMAR Na, State of health and contamination of Oran coastal waters by
toxic heavy metals. (2000). 233p.

4. BINEY C, AMUZU, A.T.D. CALAMARI, I. L. MBAME, H. NAEVE, P. B.O, OCHUMBA, O.
OSIBANJO, V. RADEGONDE and M. A. H. SAAD. Review of Heavy Metals in the African
Aquatic Environment, Ecotoxicology and Environmental Safety.(1994). 28 (2)134 — 159.

5. BELABED B.E., MEDDOUR, A., SAMAOUI, B. and CHENCHOUNI, H. Mode ling seasonal
and spatial contamination of surface waters and upper sediments with trace metal elements
accros industrialized urban areas of Seybouse watershed in North Africa, Environmental
Monitoring and Assessment .(2017). 189 (6)19.

6. KOUAKOU A.R.(2017). Evaluation of the speciation, bioavailability and potential toxicity of
the metals cadmium, copper, lead and zinc in the sediments of the Vridi channel (lvory
Coast).Doctoral thesis, Félix HouphouétBoigny University, 180.

7. Sterckeman, T, Perriguey, J, Morel, J.L, Effect of rhizosphere and plant-related factors on
the cadmium up take by maize (zea mays L). Environmental and Experimental
Botany.(2008). vol 63, 1-3, (333-341) p.

8 Walkley A. and Black, I.A.An examination of the Degtjareff method for determining soil
Organic matter and a proposed modification of the chromic acid titration method. Soil Sci.,
.(1934). 37(1), 29-38.



9.WEDEPOHL, K.H. (1995). The composition of continental crust.Goechimica and
CocmochimicaActa, 59, 71217-1232.

10. Sigg, L, Stumm, w and behra, P. Chemistry of aquatic environments" chemistry of natural
waters and interfaces in the environment. (1992). Masson, Paris.

11. Alloways, B.J and ayres DC. Inorganic pollutants — heavy metals (chapter 5).Chemical
principles of environmental pollution.Academic and professional publishing, London.(1997).
190.

12. Sterckeman T, Douay, F, Balze, D, Fourrier, H, Proix, N. and Schwartz, C. Trace
elements in soils developed in sedimentary materials from Northern France. Geoderma.
(2006).136, 912-929.

13. Sutherland, R. Bed sediment-associated trace metals in an urbanstream, Oahu;. Hawaii.
Environmental Geology. (2000).39, 611-627.

14. Remy, S, Prudent, P, Hissler, C and Probst, J.: Mercury speciation in'soils and river
sediments of the industrialized Thur river catchment (Alsace,:France). Journal of Physics IV,
.(2003).107, 1131-1134.

15. Panichayapichet, P., Nitisoravut, S. and Simachaya;W.: Spatial distribution and transport
of heavymetals in soil, ponded-surface water and grass in a pb=contaminated water
shedasrelated to land-use practices. Environmental Monitoring and Assessment,
(2007).135,181-193.

16. Lu, X., Werner, |. and Young, T Geochemistry and bioavailability of metals in sediments
from northern San Francisco Bay. Environment International, (2005). 31, 593-602.

17. Yay, O., Alagha, O. and Tuncel;:G. Multivariatestatistics to investigatemetal
contamination in surface soil. Journal of Environmental Management, (2008).86, 581-594.

18. Rocher V. Introduction and storage of hydrocarbons and metallic elements in the Paris
combined sewerage network. Doctoral thesis, University of Paris Xll-val de Marne,
France.(2003). 231p.

19. Hakanson L. (1980). An Ecological Risk Index for Aquatic Pollution Control: A
Sedimentological Approach. Water Research, 14: 975-1001.

20. Moutou, J:M., Mbedi, R., Elimbi, A., Njopwouo D., Yvon J., Barres O. and Ntekela.,
Mineralogy and Thermal Behavior of the Kaolinitic Clay of Loutété, Research Journal of
Environmental and Earth Sciences. (2012).4(3), pp316-324.

21. WA NGOIE NKULU, G. (2012). Bioleaching of carrolite — Applications to polymetallic
sulphide ores from the Cupriferous Arc of Katanga in the Democratic Republic of Congo
(DRC) (Case of ores from the Kamoya/Kambove mine) Doctoral thesis. (2012).






