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Abstract: In this work, the concentrations of nutrients (NO3
-
, NO2

-, NH4
+, PO4

3-, SO4
2-), major (Ca, Fe, K, Mg, Mn and Na) and traces 

(As, Cd, Cr, Cu, Hg, Ni, Pb and Zn) were measured in different seasons over two successive years. The results show that the nutrient 

content in sediments and agricultural soils are generally higher in the rainy season than in the dry season. The levels of As in some 

stations of sediment and agricultural soils greatly exceed the standards set by the WHO during the two seasons, those of Cd in some 

stations of sediment and agricultural soils in the dry season and those of Hg in certain agricultural soils in the season. dried. The 

presence of other prohibited products present in certain soils demonstrates the fraudulent use of formulations containing these 

substances. Principal component analysis (PCA) and ascending hierarchical classification (AHC) have shown that pollution of these 

receiving environments is of natural origin but would be greatly intensified by human activities. This pollution could constitute risks of 

bioaccumulation and toxicity and generate negative impacts on the health of the population. 
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1. Introduction 
 

The pollution of the aquatic environment by toxic substances 

of anthropogenic origin, in particular metallic trace 

elements, is one of the major problems facing society today. 

These pollutants contaminate aquatic systems from point 

and diffusion sources (drainage, wastewater, industrial and 

agricultural wastewater) [1], [2]. In aquatic systems, 

sediments are studied for their role as indicators of 

environmental contamination, because sediments have the 

capacity to fix pollutants, in particular trace metal elements 

(TME), then to constitute a reservoir, then to become a 

potential source of water pollutants [3]. In fact, the pollution 

of aquatic ecosystems is not limited to one of the 

compartments (water, sediment or soil) and is not limited to 

the area close to the source of pollution. Unlike organic 

pollutants, TMEs hardly undergo biological or chemical 

degradation reactions and can accumulate in the food chain 

[4], [5]. Aquatic organisms can accumulate certain 

environmental pollutants at concentrations much higher than 

the concentration detected in the water column [5]. 

Numerous studies have shown the potential action of fish 

consumption in preventing cardiovascular disease and 

coronary heart disease [6], stroke [7], certain cancers [8], 

depression [9], and some neurodegenerative diseases [10]. 

 

In Côte d'Ivoire, mineral pollution in the ecosystem has 

attracted the attention of many researchers [11]-[13]. The 

environmental impacts associated with Ivorian mining 

activities are developing in a worrying manner. This leads to 

environmental degradation, the most obvious of which are: 

deforestation, loss of biodiversity, pollution and the impact 

on community and domestic sanitation. This concern affects 

the sub-prefecture of Zouan-Hounien, a town in the west of 

the Ivory Coast, where significant mining activity has been 

carried out since colonial times. This mining activity is 

materialized by several artisanal gold mining sites scattered 

throughout the Zouan-Hounien sub-prefecture and a gold 

mine, the Ity mine, fifteen (15) kilometers from the city. 

Therefore, it is important to study the results of 

contaminants in various abiotic and biological compartments 

and to determine the mechanisms that limit their transfer, 

capacity for bioaccumulation and toxic effects on different 

levels of biological integration. In this context, we assessed 

the level of contamination of sediments and agricultural soils 

in the Ity-Floleu area by nutrient salts, pesticides, major 

elements and metallic traces resulting from human activities. 

 

2. Material and method 
 

2.1. Study Area 

 

Ity is a village located 15 km south-east of Zouan-Hounien 
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(Ivory Coast), its county seat. The Ity sector is moderately 

rugged with altitudes varying between 255 m along the 

Cavally River and 450 m. The region is part of a vast forest 

area that covers both Côte d'Ivoire and Liberia [14]. 

Located in the west of the Ivory Coast, the Cavally 

watershed is between 6 ° 47 ’and 6 ° 52’ north latitude, and 

between 8 ° 5 ’and 8 ° 6’ west longitude. The basic 

products are mainly coffee, cocoa, palm oil, cassava, etc. 

 

The Zouan-Hounien region belongs to a mountain climate 

with alternation of two rainy seasons: large dry season from 

November to February, small rainy season from March to 

July, small dry season from late July to late August, large 

rainy season from September to November. The driest 

month is January, with 15 mm of rainfall. The most 

significant rainfall is recorded in September, with an 

average of 237 mm. The average annual rainfall is 1866 

mm and the average annual temperature in Zouan-Hounien 

is 25.6 ° C. 

 

The local geology is difficult to define, as there is no 

outcrop in the area. The Ity gold deposit is located in the 

Toulépleu-Ity Birimian unit located west of the Sassandra 

fault, in the Kénema-Man domain. This set is oriented in a 

NE-SW direction [15]. In the north, the basin is dominated 

by schist, rhyolite, and migmatite, while in the south, it is 

characterized by intrusions of metamorphic rocks, gneisses 

and mesozonal formations [16]. Erosion, violent, is a 

feature of rejuvenation of these soils [17]. 

 

The local geology is difficult to define, as there is no 

outcrop in the area. The Ity gold deposit is located in the 

Toulépleu-Ity Birimian unit located west of the Sassandra 

fault, in the Kénema-Man domain. This set is oriented in a 

NE-SW direction [15]. In the north, the basin is dominated 

by schist, rhyolite, and migmatite, while in the south, it is 

characterized by intrusions of metamorphic rocks, gneisses 

and mesozonal formations [16]. Erosion, violent, is a 

feature of rejuvenation of these soils [17]. 

 

2.2. Collection of samples 

 

The sediment samples were taken from the waterbeds of the 

Cavally River, the river and the paddy fields (Figure 1). 

Agricultural soils have also been sampled where mining 

activities (around SMI and gold washing) are practiced. 

Measurements were performed twice during the dry season 

and twice during the rainy season over a period of an 

annual cycle for two consecutive years at the study site. 

Sampling points were located using a Garmin etrex 20 type 

Global Positioning System (GPS) receiver. 

 

Sediment and agricultural soil samples will be collected with 

an American stainless steel shovel at the surface layer 

following the limits of the natural horizons. The depth of 

each sample will be limited by the highly indurated levels 

encountered in this environment. The collected samples will 

then be stored in hermetically sealed PET bags for analysis. 

Samples selected for pesticide analysis were taken in 

duplicate. The samples were taken to the laboratory, allowed 

to dry at room temperature in the laboratory. 

 
Figure 1: Map of the different sampling stations in the Ity-

Floleu study area 

 

2.3 Sample analysis 

 

The measurements of nitrates (NO3
-
), nitrites (NO2

-
), 

ammonium ion (NH4
+
), phosphates (PO4

3-
) and sulfates 

(SO4
2-

) were analyzed by colorimetric assay. The major 

elements (Ca, Fe, K, Mg, Mn and Na) and the mineral trace 

elements (As, B, Cd, Cr, Cu, Hg, Ni, Pb and Zn) were 

analyzed by the spectrophotometric method (precision ± 

1nm) using the Spectra 110 brand ICP-AAS method. The 

GC/MS was used for the analysis of all the molecules of the 

pesticide studied. The analyses were carried out at the 

Center for Research in Oceanology (CRO) in Abidjan (Côte 

d’Ivoire). 

 

2.4. Data and Methods 

 

The results are expressed as means with standard deviations 

calculated with Excel 2007 software. The comparison of 

means, correlations, Principal Component Analyses (PCA) 

and Ascending Hierarchical Classification (AHC) were 

made using the XLSTAT statistical software version 

2016.02.27444.  

 

3. Results 
 

The seasonal values of nutrient salts (NO3
-
, NO2

-
, NH4

+
, 

PO4
3-

, SO4
2-

), major elements (Ca, Fe, K, Mg, Mn and Na) 

and trace elements (As, Cd, Cr, Cu, Hg, Ni, Pb and Zn) 

measured in sediments and agricultural soils of the Ity 

mining environment from January 2017 to October 20, 2018 

are shown in the following tables.  
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Table 1: Seasonal variation in nutrient salt values (in mg/L) of sediments and agricultural soils 

Stations Seasons NO₂-   NO₃- NH₄+    PO₄3-    SO₄2-  

 S1 

 

SS 0.123 6.525 0.900 0.767 26.490 

SP 0.342 25.300 2.156 2.290 107.090 

 S2 

 

SS 0.125 1.267 0.647 0.430 14.779 

SP 0.215 4.400 1.324 0.300 78.850 

 S3 

 

SS 0.086 0.865 0.089 0.019 58.985 

SP 0.139 1.700 0.807 1.730 57.720 

 S4 

 

SS 0.130 3.721 0.090 0.292 9.498 

SP 0.234 3.800 2.406 1.080 148.260 

 S5 

 

SS 0.006 0.756 0.199 0.065 16.410 

SP 0.079 3.800 2.257 1.950 89.260 

 S6 

 

SS 0.084 0.986 0.544 0.102 25.367 

SP 0.102 11.900 2.332 1.520 88.640 

 T1 

 

SS 0.098 0.048 0.052 0.547 7.300 

SP 0.019 0.800 0.581 0.140 29.760 

 T2 

 

SS 0.011 0.857 0.246 0.038 6.802 

SP 0.135 2.300 2.151 2.600 69.660 

 T3 

 

SS 0.003 0.199 0.654 0.031 14.333 

SP 0.056 1.800 0.900 0.390 53.490 

 

Table 2: Seasonal variation of major elements (mg/kg) of sediments and agricultural soils 
Stations Seasons Ca Fe K Mg Mn Na 

S1 

 

SS 42.66 13504.65 82.23 26.00 5.63 8.52 

SP 691.68 4.41 391768.94 1135.93 0.02 94669.37 

S2 

 

SS 11.28 7523.82 31.54 19.83 13.78 < 0.010 

SP 579.62 4175.00 377043.94 1121.90 0.01 90595.89 

S3 

 

SS 4.53 20996.60 6.23 12.09 12.23 < 0.010 

SP 589.87 9500.00 383894.84 1203.03 0.01 96689.96 

S4 

 

SS 40.13 8404.31 39.89 32.96 < 0.005 < 0.010 

SP 664.12 3.31 381408.25 1317.99 < 0.005 21153.23 

S5 

 

SS 30.84 7623.99 211.16 91.52 10.25 2.36 

SP 567.35 635.00 357991.83 1130.77 < 0.005 89068.64 

S6 

 

SS 376.62 8327.97 98.55 33.83 23.68 11.90 

SP 676.02 705.56 378298.08 1076.71 < 0.005 83616.13 

T1 

 

SS 48.71 16021.44 71.91 47.26 15.96 < 0.010 

SP 751.28 5160.10 464061.19 1429.53 0.33 96711.18 

T2 

 

SS 62.59 14988.07 234.42 102.54 27.12 7.21 

SP 456.08 8116.00 286825.69 803.81 0.12 90340.46 

T3 

 

SS 104.67 11581.13 118.26 43.27 17.26 < 0.010 

SP 366.65 4130.00 222685.25 566.83 < 0.005 95120.91 
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Figure 2: Representation of the concentrations of ETM, major elements, nutrient salts and in situ parameters for agricultural 

sediments and soils in three dimensions according to factors F1, F2 and F3 in a PCA 

 

Table 3: Seasonal variation of trace mineral elements (mg/kg) in sediments and agricultural soils 
Stations Seasons As Cd Cr Cu Hg Ni Pb Zn 

 S1 

 

SS 614.27 0.00 6.74 7.05 5.93  <0.005 118.89 58.41 

SP  <0.005  <0.0005 1.12 24.70 1.59 <0.005  0.00 <0.010  

 S2 

 

SS 0.49  <0.0005 3.93 1.32 0.15  <0.005 19.67 61.10 

SP <0.005   <0.0005 0.98 90.74 0.59 <0.005  213.50  <0.010  

 S3 

 

SS 12.58 19.54 6.79 76.61 0.13 <0.005   <0.005 59.16 

SP 58.50  <0.0005 0.87 90.00 < 0.0001  18.64 1.44  <0.010  

 S4 

 

SS 1.36 0.02 0.29 1.75 < 0.0001    <0.005 0.44 25.84 

SP  <0.005  <0.0005 0.62 44.25 3.33 <0.005  0.01 <0.010   

 S5 

 

SS 40.37 0.01 5.30 2.88 0.18  <0.005 3.24 33.06 

SP  <0.005  <0.0005 0.61 41.20 < 0.0001    <0.005 2.26 <0.010   

 S6 

 

SS 779.90  <0.0005 6.63 12.49 0.13 <0.005  21.50 476.00 

SP <0.005   <0.0005 1.06 50.17 < 0.0001    <0.005 2.36 <0.010   

 T1 

 

SS 463.73 6.39 5.21 16.62 2.30  <0.005 15.76 49.63 

SP 0.16 5.84 0.74 0.17 0.22  <0.005 5.25  <0.010  

 T2 

 

SS 2.14 0.05 4.78 39.14 < 0.0001 7.21 1.71 49.11 

SP  <0.005 2.53 1.13 7.86 0.18  <0.005 38.57  <0.010  

 T3 

 

SS 3.11 <0.0005  3.91 5.09 < 0.0001 <0.005   <0.005 91.71 

SP  <0.005  <0.0005 0.78 70.10 0.19  <0.005 1.00  <0.010  

Sediment standards 50 10 1000 1000 10 200 800 3000 

Soil standards 10 2 150 100 1 50 100 300 

 

 
Figure 3: Dendrogram of the classification of sediments and agricultural soils in the region 
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Figure 4: Concentration of pesticides in sediments and agricultural soils in the dry season 

 

4. Discussion of Results 
 

The results of the analyses (Table 1) showed that the 

degradation of the quality of sediments and agricultural soils 

in the study area is mainly due to alterations by sulphates 

(from 6.802 to 148.260 mg/L) and to a lesser degree 

alterations of nitrates (between 0.048 and 25.300 mg/L). The 

origin of sulphates always seems to be the formation and 

accumulation of iron sulphide, which in sediments appears 

in the presence of sulfur when the level of available 

(reactive) iron increases [18]. 

 

From the observation of Table 2, we retain that the 

sediments and agricultural soils contain many major 

elements, the most dominant of which are potassium (K) and 

sodium (Na) especially in the rainy season with respective 

averages 360 442.00 mg/kg and 84218.42 mg/kg and iron 

(Fe) in the dry season averaging 12108.00 mg/kg. 

 

Table 3 shows that the concentrations of As, Cu, Pb and Zn 

in sediments and agricultural soils are relatively high in 

certain stations studied. The levels of As in some stations of 

sediment and agricultural soils exceed the standards set by 

WHO during both seasons, those of Cd in a few stations of 

sediment and agricultural soils in the dry season and those of 

Hg in certain agricultural soils in the dry season. 

 

Figures 2 and 3 show that although there are different 

sources of sediment pollution, some stations have identical 

sources of pollution. The association of Fe and Na with F1 

translates that this component expresses the action of clay 

minerals and iron oxides in the control of ETMs such as Cu 

and Cd. Indeed, Mn and Fe are generally associated with 

clayey and fine silty granulometric fractions, as well as iron 

oxides and hydroxides. Other work [19], [20] has shown an 

increase in trace elements during the enlargement of micas 

and chlorites. 

 

ETMs are related to the main components of sediments 

(clays, carbonates, oxides, organic matter and residual 

mineral fractions) [21]. After a dry season, the intense floods 

favor the suspension, the remobilization and the transport of 

ETMs adsorbed in the sediments [22]. The geomorphology 

of surface water can contribute to sedimentation and 

therefore to the storage of ETM (as in the case of meanders) 

[23]. The Cavally River and the rivers in the study area are 

constantly threatened by a series of natural and 

anthropogenic influences [5] during periods of flooding. 

 

Figure 4 reveals that some of these phytosanitary products, 

in particular metabenzthiazuron and monolinuron, aldicarb 

are banned in the European Union for their toxicity and their 

ecotoxicity are used fraudulently in the study area. Authors 

[24] have also confirmed the fraudulent use of 

organochlorines (endosulfan, lindane, heptachlor) in coffee 

and cocoa production areas, in particular Buyo, Grand-

Lahou and Yamoussoukro. Thus the agricultural products 

from these soils could constitute the risks of 

bioaccumulation and toxicity and generate negative impacts 

on the health of the population. 

 

5. Conclusion 
 

The levels of As, Cd and Hg in some agricultural sediment 

and soil stations exceed the standards set by WHO during 

both seasons. The presence of pesticides in certain soils 

highlights the fraudulent use of certain substances. The 

statistical tests (PCA and AHC) showed several sources of 

pollution. The dominant phenomenon in the acquisition of 

pollutants is linked to the intense gold mining activities 

carried out near and even on the river bed. This pollution 

could constitute risks of bioaccumulation and toxicity and 

generate negative impacts on the health of the population. 

 

6. Conflicts of interest 
 

The authors declare no conflicts of interest in the publication 

of this article. 

 

References 
 

[1] M. Meriem, A.M.F. Zohra, “Qualité physico-chimique, 

pollution organique et métalliquedes compartiments 

Eau/Sédiments de l’Oued Rhumel, et des barrages 

Hammam Grouz et Beni Haroun,” (Doctoral 

dissertation), Université Mentouri Constantine, 2012. 

[2] H. Djeddi, S. Kherief Nacereddine, D. Keddari, F. Z. 

Afri-Mehennaoui, “Teneurs des éléments traces 

métalliques Cu, Zn et Pb des sédiments du barrage 

Béni Haroun (Nord-Est de l’Algérie),” European 

Scientific Journal, 15(4), pp. 1-18, 2018.  

Paper ID: SR20815134211 DOI: 10.21275/SR20815134211 1309 



International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

ResearchGate Impact Factor (2018): 0.28 | SJIF (2019): 7.583 

Volume 9 Issue 8, August 2020 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

[3] E. Tessier, “Diagnostic de la contamination 

sédimentaire par les métaux/métalloïdes dans la rade 

de Toulon et mécanismes controlant leur mobilité,” 

Thèse de doctorat en science, Université de Toulon, 

2012. 

[4] A.S. Jumbe, N. Nandini, “Heavy metals analysis and 

sediment quality values in urban lakes,” American 

Journal of Environmental Sciences, 5(6), pp. 678-687, 

2009.  

[5] G.K. Serge, K.K. Séraphin, K.K. Lazare, B.L. Alexis,  

K.K. Félix, B.K. Dongui, “Evaluation of Pollution Due 

to Gold Mining at Ity-Floleu Area in Sub-Prefecture of 

Zouan-Hounien, Western Côte d’Ivoire,” Journal of 

Geoscience and Environment Protection, 7(12), pp. 20-

41, 2019.  

[6] P.M. Kris-Etherton, W.S. Harris, L.J. Appel, “Fish 

Consumption, Fish Oil, Omega-3 Fatty Acids, and 

Cardiovascular Disease,” Circulation, 106(21), pp. 

2747-2757, 2002. 

[7] K. He, Y. Song, M.L. Daviglus, K. Liu, L. Van Horn, 

A.R. Dyer, U. Goldbourt, P. Greenland, “Fish 

Consumption and Incidence of Stroke: A Meta-

Analysis of Cohort Studies,” Stroke, 35(7), pp. 1538-

1542, 2004.  

[8] K. Hirose, T. Takezaki, N. Hamajima, S. Miura, K. 

Tajima, “Dietary Factors Protective against Breast 

Cancer in Japanese Premenopausal and 

Postmenopausal Women,” International Journal of 

Cancer, 107(2), pp. 276-282, 2003.  

[9] M. Timonen, D. Horrobin, J. Jokelainen, A. Herva, P. 

Rasanen, “Fish consumption and depression: the 

northern finland 1966 birth cohort study,” Journal of 

Affective Disorders, 82(3), pp. 447-452, 2004.   

[10] T.L. Huang, P.P. Zandi, K.L. Tucker, A.L. Fitzpatrick, 

L.H. Kuller, L.P. Fried, G.L. Burke, M.C. Carlson, 

“Benefits of Fatty Fish on Dementia Risk Are Stronger 

for Those without APOE Epsilon 4,” Neurology, 

65(9), pp. 1409-1414, 2005.   

[11] A.S. Coulibaly, S. Mondé, V.A. Wognin, K. 

Aka, “Analyse des Eléments Traces Métalliques 

(ETM) dans les baies estuariennes d’Abidjan en 

Côte d’Ivoire,” Afrique Sciences, 05(3), pp.77-96, 

2009.  

[12] N. Touré, K.A. Yao, K.A. Alui, T.P. Guety, 

“Evaluation en éléments majeurs et traces 

métalliques d’un environnement du producteur 

agricole dans la vallée du Niéki au sud-est de la Côte 

d’Ivoire,” Journal of Applied Biosciences, 34, pp. 

2134 – 2144, 2010.  

[13] K.N. Keumean, S.B. Bamba, G. Soro, N. Soro, B.S. 

Métongo, J. Biemi, “Concentration en métaux lourds 

des sédiments de l’estuaire du fleuve Comoé,” 

Journal of applied Biosciences, 61, pp. 4530 – 4539, 

2013.  

[14] D.Z. Ettien, “Exploitation industrielle des gisements 

d’or et dynamique spatiale du terroir d’Ity dans l’Ouest 

de la Côte d’Ivoire,” Une étude à base de la 

télédétection N°08, 2010.  

[15] D.Z. Ettien, “Étude d’évaluation de l’impact des 

exploitations minières sur l’environnement et les 

populations en Afrique occidentale: Cas de la mine 

d’or d’Ity dans la région semi-montagneuse de l’Ouest 

de la Côte d’Ivoire. Apport du Système d'Informations 

Géographiques (S.I.G) et de la télédétection,” Thèse 

Unique de Doctorat, Université de Cocody, Abidjan, 

2005.  

[16] M.F. Ouedraogo, J.P. Mtlesje, J.L. Feybesse, P. Ledru, 

A. Dommanget, E. Marcoux, A. Post, C. Vinchon, J.P. 

Sylvain, V. Johan, M. Teygyfy, J.Y. Calvez, P. Lagny, 

“Les minéralisations aurifères de l’Afrique de l’Ouest, 

leur évolution lithostructurale au protérozoïque 

inférieur,” chron. Rech. Mine. Fr., N° 497, 1989.  

[17] Vo Quang Tri, M de Guyon “Étude générale de la 

région de Man. Rapport de synthèse agricole. Bureau 

pour le développement de la production agricole 

(B.D.P.A),” pp. 7-17, 1966.  

[18] J. Vieillefon, “Compte rendu du symposium sur les sols 

acides à sulfates,” Cahiers ORSTOM. Série Pédologie, 

11(2), pp. 193-198, 1973.  

[19] M. Hardy, M. Jamagne, F. Elsass, M. Robert, D. 

Chesneau, “Mineralogical development of the silt 

fractions of a Podzoluvisol on loess in the Paris Basin 

(France),” European journal of soil science, 50(3), pp. 

443-456, 1999.  

[20] T. Sterckeman, F. Douay, N. Proix, H. Fourrier, E. 

Perdrix, “Assessment of the contamination of 

cultivated soils by eighteen trace elements around 

smelters in the North of France,” Water, Air, and Soil 

Pollution, 135(1-4), pp. 173-194, 2002.  

[21] A. Tessier, P. G. Campbell, M. Bisson, “Sequential 

extraction procedure for the speciation of particulate 

trace metals,” Analytical chemistry, 51(7), pp. 844-

851, 1979.  

[22] M. Martínez-Santos, A. Probst, J. García-García, E. 

Ruiz-Romera, “Influence of anthropogenic inputs and 

a high-magnitude flood event on metal contamination 

pattern in surface bottom sediments from the Deba 

River urban catchment,” Science of the Total 

Environment, 514, pp. 10–25, 2015.  

[23] D. Ciszewski, I. Malik, P. Szwarczewski, “Pollution of 

the Mała Panew River Sediments by Heavy Metals: 

Part II. Effect of Changes in River Valley 

Morphology,” Polish Journal of Environmental 

Studies, 13(6), pp. 597–605, 2004.  

[24] S.K. Traoré, M. Koné, A. Dembélé, P. Lafrance, P. 

Mazellier, P. Houenou, “Contamination de l’eau 

souterraine par les pesticides en régions agricoles en 

Côte d’Ivoire (Centre, Sud et Sud-ouest),” Journal 

Africain des Sciences de l’Environnement, 1(1), pp. 1-

9, 2006.  

 

Author Profile 
 

Konan Kouakou Séraphin, M.Sc, PhD, Department of 

Environment, Hydrochemist,, Université Jean Lorougnon Guédé de 

Daloa, BP 150 Daloa, Côte d’Ivoire.  

 

Gbamélé Kouassi Serge, M.Sc, Student, Department of 

Environment, Université Jean Lorougnon Guédé de Daloa, BP 150 

Daloa, Côte d’Ivoire. 

 

Doffou Richard Jean Olive, M.Sc, PhD, Department of 

Environment, Hydrologist, Université Jean Lorougnon Guédé de 

Daloa, BP 150 Daloa, Côte d’Ivoire.  

 

Paper ID: SR20815134211 DOI: 10.21275/SR20815134211 1310 



International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

ResearchGate Impact Factor (2018): 0.28 | SJIF (2019): 7.583 

Volume 9 Issue 8, August 2020 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

Kouamé Kouakou Bénoit, M.Sc, Student, Department of 

Environment, Université Jean Lorougnon Guédé de Daloa, BP 150 

Daloa, Côte d’Ivoire. 

 

Kouassi Kouakou Lazare, M.Sc, PhD, Department of 

Environment, Hydrologist and sedimentologist, Université Jean 

Lorougnon Guédé de Daloa, BP 150 Daloa, Côte d’Ivoire.  

 

Dongui Bini Kouamé, M.Sc, PhD, Professor, Department of 

Environment, Chemist, Université Jean Lorougnon Guédé de 

Daloa, BP 150 Daloa, Côte d’Ivoire. 

 

Paper ID: SR20815134211 DOI: 10.21275/SR20815134211 1311 




