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 Abstract 

The aim of this study is to assessment the effects of the seasonal water inputs on the 

seasonal dynamic of trace metals in the superficial sediments from the lagoon area II of 

Ébrié system. This study was implemented during one year (from June 2020 to May 

2021) and all the physical and chemical parameters of these sediments, used in this study, 

were all obtained according to AFNOR standards. In hot season, the trace metal contents 

of these sediments, dominated by coarse sands in all seasons, were on the whole favored 

by the marine inputs; which would induce their very slightly basicity and reduce 

characters, low salinity and conductivity. However, the majority of their trace metals 

content decreases in rainy season with the meteorite inputs; would induce their slightly 

acidic and oxidizing characters and, the increase in their salinity and conductivity. These 

were again for the slightly basic and reduce characters of the open waters at the interface 

water-sediment, as their relative important salinity, conductivity and organic matter 

content in this season. The same effects were observed in flood season but a less marked 

by the important presence of Comoé river in this ecosystem. 
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1. Introduction 

Trace metals are among the most investigated chemical pollutants in aquatic 

ecosystems. This fact results from their harmful effects on the health of aquatic biota, 

with repercussions on the entire trophic chain, especially on Human. All trace metals 

become toxic to living organisms at some so-called lethal contents. Some trace metals, 

such as Fe, Cu, Se and, Zn, are important for the physiology of living organisms; but 

become toxic at very high contents. For other trace metals, such as As, Cd, Cr, Hg and, 

Pb, they are very toxic to these organics at very low contents [1]. 

In aquatic ecosystems, sediments are the most used for the assessment of their metal 

pollution. These substrates are considered memory indicators for this kind of pollution. 

This fact is illustrated by numerous recent scientific works, such as those by Kalkan [2], 

Shetaia et al. [3] and Chen et al. [4]. One of the most explored axes in this kind of study 

is the approach to knowledge of the trace metals behaviors in them, particularly their 

seasonal dynamics [5-8]. The seasonal dynamics of trace metals in sediments is governed 

by the hydrosystem and the hydroclimate; both of which condition a plethora of physical 

and biogeochemical factors involved in this process. Those commonly used in this 

context are pH, redox potential, salinity, conductivity, organic matter content, moisture 

content and, particle size of sediments [5,9]. This is also the case of the physical and 

chemical characteristics of the open waters at the water-sediment interface (pH, redox 

potential, salinity, conductivity, organic matter and oxygen contents, etc.), through 

interstitial waters [10,11]. 

One of transitional waters with a relatively high state of pollution in Côte d’Ivoire is 

the area II of Ébrié system. This fact has been highlighted by the recent works of Mahi et 

al. [12-14]. These studies showed that the open waters of this lagoon area present a 

relatively significant state of degradation with likely high ecological risks. Recent studies 

of metal pollution of the superficial sediments from this lagoon area are those of 

Keumean et al. [15], showing low metal pollution of these substrates. Which contrasts 

with the studies of Mahi et al. [12,13]. So, given the important socio-economic, eco-

tourism roles and the great biodiversity of this lagoon area, it is important to carry out 

investigations in this direction for a better estimate of its metal pollution for possible 

actions for its protection and for its sustainable development. It is in this context this 

study was carried out. Its main aim is the seasonal monitoring of the dynamics of the total 

forms of As, Cd, Cr, Cu, Fe, Hg, Mn, Ni, Pb and Zn in its superficial sediments. The 

secondary aims are the assessment of the simultaneous influences on this process of the 
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particle size, pH, redox potential, conductivity, salinity, moisture content and, organic 

matter content of these sediments. It is the same for the temperature, pH, conductivity, 

salinity and, dissolved oxygen and TOC contents of the open waters at the water-

sediment interface, on the other. This constitutes the originality of this study. 

2. Material and methods 

2.1. Characterization of the study area 

Located at the extreme East of Ébrié system, the lagoon area II is one of the six areas 

of this system, established by Durand and Guiral [16] taking into account its hydrology. It 

is located precisely within latitudes 5°200000-5°21176471 N and longitude 3°400000-

3°500000 W. Its length is estimated to 17,143 km and, that its width is 5,714 m. Its water 

surface is around to 87 km2 [17]. Taking into account its mean depth of 2,785 m 

according to Mahi et al. [12], its mean water volume is therefore 242,295 m3. It 

represents the greatest estuary of this system [18] (Figure 1). 

 

Figure 1. Localization of the lagoon area II of Ébrié system [12,14]. 
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This aquatic ecosystem is dominated by depths below -3 m [18;19]. Its basin is 

relatively low slopes that vary between 0.4 to 2.6%. Adopo et al. [20] mentioned that this 

estuary is generally subject to a phenomenon of deposition whose mean thickness is 

about 10 cm per year in the period from 2005 to 2007. As a result, the depths of this 

estuary decreased by 1.3 m over the study period compared to the period from 2005 to 

2007. 

Its hydrology is dominated the marine inputs from Atlantic Ocean on the one hand 

and, those of Mé river and Comoé river, on the other. The water seasons of Mé river 

depend on the rainfall on the Ivorian coastline and, those of Comoé river are consecutive 

to the rainfall on the whole of this country. Thus, Mahi et al. [12], taking into account the 

water seasons of these rivers, deduced the water seasons of this ecosystem as: 

- Hot Season (HS), where the influence of the marine waters from Atlantic Ocean is 

relatively maximum due to low meteorite inputs. During this season, these marine 

waters inputs carry into this estuary the inputs from lagoon area III; 

- Rainy Season (RS), where meteorite inputs are significant and reduce the effects of 

the marine inputs from Atlantic Ocean on this estuary. These meteorite inputs are 

dominated by those of meteorite runoff waters by leaching from the banks of this 

ecosystem and, Mé river draining those of Potou lagoon and Aghien lagoon which it 

crosses to flow into this lagoon site. The same is true for those Comoé river from its 

watershed located in Southern Côte d’Ivoire; 

- Flood Season (FS), characterized by the high presence of Comoé river in this 

lagoon  area. Nevertheless, this aquatic ecosystem also receives the inputs of 

runoff meteorite  waters and those of Mé river, Adjn lagoon and, Potou lagoon in 

favor of the short  rainy season on the coastline of this country. These meteorite 

inputs in this season are  less important than those brought in RS. 

The marine waters inputs from Atlantic Ocean in the front of Abidjan district are 

more polluted by trace metals [21]. It is the same for the inputs from the lagoon area III 

of Ébrié system [22-24], carried in the lagoon area by these marine waters. That is also 

the case of Comoé river [26], Mé river, Adjin lagoon and, Potou lagoon [27,28].  

This aquatic ecosystem is subject to strong anthropogenic pressures. This fact results 

in strong urbanization and the intensive practice of agriculture, especially agro-industry 

in its watershed [12]. Added to this are mining activities, particularly clandestine gold 

panning [29], on the one hand, and industrial activities, the majority of which are located 

in Abidjan district, near this lagoon site (Mahi et al., 2022a) [12]. 
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2.2. Experimental techniques 

2.2.1. Samples collection  

This study was conducted in the same time as those Mahi et al. [12-14]. So, the 

samples of the superficial sediments from this aquatic ecosystem were monthly collected 

in the five sampling sites (Figure 2), that the characteristics were given by Mahi et al. 

[12]. These samples were collected using a Van Veen grab at 5 cm below of the surface 

of its sediments. Immediately collected, they were stored in polyethylene bottles as 

recommended NF EN ISO 5667-15 [31].  

 

Figure 2. The five sampling sites used in this study [12-14]. 

2.2.2. Analysis performed to lab  

2.2.2.1. Samples preparation  

To lab, the samples of the superficial sediments from this lagoon area were divided in 

two part: the first (the less important) was used for the moisture determination, and the 

second (the most important) was used the determination of the other physical and 

chemical parameters. This second part was been before freeze dried according to NF EN 

16179 standard [31] before its use. 

2.2.2.2 Determination of pH, redox potential, salinity, conductivity, particle size 

distribution and, organic matter content and, moisture content  

The pH and redox potential of these sediment samples were determined by using NF 
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EN ISO 10390 standard [32] and NF ISO 11271 standard [33] respectively. Their salinity 

and conductivity were obtained according NF ISO 11265 [34]. Their particle distribution 

was determined by sieving and sedimentation methods as recommended to ISO 11277 

standard [35]. As concerned to their moisture content, it was determined by the 

gravimetric method as described by NF ISO 11465 standard [36]. Finally, their organic 

matter content was obtained by the method of determination of organic carbon content by 

sulfochromic oxidation according to NF ISO 14235 [37].  

2.2.2.3. Determination of the contents of the trace metals studied 

Ten trace metals contents were determined in these sediments samples: As, Cd, Cr, 

Cu, Fe, Hg, Mn, Ni, Hg, Pb and, Zn.  

The determination of their trace metals contents, excepted those of Hg, was done 

according NF X31-147 standard [38]. An Agilent tandem mass spectrometer coupled to 

an argon plasma emission source model 7890B was used in this case. For their Hg 

contents, they were obtained by direct measurement using automatic mercury analyzer 

solid-liquid Milestone DMA 80. 

2.2.3. Source of the data used in this study and Statistical processing of results: 

The seasonal pH, redox potential, salinity, conductivity, particle size distribution, as 

well organic matter, dissolved oxygen and moisture contents of the open water at the 

water-sediment interface used in this study were obtained by Mahi et al. [14] in this 

lagoon area in same the study period. The mean (m), standard deviation (s), Variation 

Coefficient (VC (%)), Minimum and Maximum values (Min-Max) of the different results 

obtained were implemented using Statistica software version 13.2  

3. Results and discussion 

3.1. Results 

3.1.1. Seasonal particle size distribution 

The superficial sediments of this lagoon area presented a coarse sand texture over the 

study period. The annual mean value of their very coarse sands content was very slightly 

higher than that of their coarse and medium sands content. The seasonal mean values of 

their very coarse sands contents and those of their coarse and medium sands contents 

were the most important of these four mineralogical fractions. On the other hand, the 

seasonal mean values of their silt and clay contents were the lowest overall this period. 

These sediments were dominated by very coarse sands in HS and RS, while they were 
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predominantly coarse and medium sands in RS. The mean values of their fines sands 

contents was relatively high in HS and FS, but low in RS. As for those of their silt and 

clay contents, they were relatively high in RS and FS, but relatively low in HS. The 

seasonal variations of their contents in these mineralogical fractions were relatively high 

in all seasons. It was the opposite with their annual variations, all relatively low in this 

period (Table 1). 

Table 1. Seasonal particle size distribution of the superficial sediment from the lagoon 

area II of Ébrié system from June 2020 to May 2021. 

 

Sand fractions 

Very coarse sand 

(Ø ≤ 2 mm) 

Coarse and medium 

sands 

(0.2 ≤Ø< 2 mm) 

fine sand 

(0.63 ≤Ø< 0.2 mm) 

Slit and clay 

(Ø < 0.063 mm) 

 

 

 

 

 

Seasons 

HS 

 

m±s 

VC 

min-max 

48.22±39.41 

(81.73%) 

7.50-98.19 

46.84±37.64 

(80.36%) 

1.61-81.29 

4.60±4.30 

(89.71%) 

0.20-10.75 

0.34±0,19 

(56.42%) 

0,00-0.45 

RS 

 

m±s 

VC 

min-max 

53.29±41.09 

(77.10%) 

5.65-99.14 

43.05±39.27 

(91.22%) 

0.86-90.95 

3.28±2.97 

(86.47%) 

0.00-8.17 

0.37±0,21 

(57.14%) 

0.00-0.42 

FS 

 

m±s 

VC 

min-max 

46.55±42.58 

(91.48%) 

2.42-94.77 

48.72±42.82 

(87.90%) 

3.48-93.48 

4.26±2.48 

(55.31%) 

1.68-7.80 

0.47±0.26 

(55.84%) 

0.00-0.66 

Mean 

annual 

value 

m±s 

VC 

min-max 

49.36±1,59 

(3.21%) 

2.42-99.14 

46.20±2.65 

(5.74%) 

0.86-93.48 

4.05±0.94 

(22.22%) 

0.00-10.75 

0.39±0.04 

(9.69%) 

0.00-0.42 

HS: Hot Season, RS: Rainy Season; FS: Flood Season; m: mean value; s: standard 

deviation; VC: Variation Coefficient; min: minimal value; max: maximum value. 

3.1.2. pH, redox potential, salinity, conductivity, moisture content and, organic 

matter content 

 The superficial sediments of this lagoon area were very slightly acidic and oxidizing 

characteristics, with the relatively low organic matter content, salinity and, conductivity. 

Its moisture content was medium during all this period. The annual variations in their pH, 

organic matter content and, moisture content were very low; unlike those of salinity, 
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redox potential and, conductivity, which were important. The highest seasonal mean 

value of their pH and organic matter content were obtained in HS and, the lowest in RS. 

As for the highest seasonal value of their salinity, redox potential and, moisture content, 

they were all determined in RS. The lowest seasonal mean value of their salinity and 

conductivity were determined in RS. Those of their redox potential and moisture content 

were obtained in FS. The seasonal variations of their pH and moisture content were low; 

the opposite of those of their redox potential, salinity and, conductivity, which were all 

significant in all seasons. The seasonal variations of their organic matter content were 

low in HS and FS, but significant in RS. 

Table 2. Seasonal and annual mean values (m±s) of pH, salinity, potential redox, 

conductivity, moisture content and, organic matter content of the superficial sediment 

from the lagoon area II of Ébrié system from June 2020 to May 2021. 

Physical and chemical parameters pH 

 

 

Salinity 

(mg/l) 

 

Potential redox 

(mV) 

 

Conductivity 

(mS/cm) 

 

Moisture 

content 

(%) 

Organic 

matter 

content 

(%) 

 

 

 

 

Seasons 

HS 

 

m±s 

VC 

min-max 

7.10±0.26 

(3.66%) 

5.47-7.90 

1.11±0.55 

(49.51%) 

0.10-3.80 

-8.13±14.19 

(-174.65%) 

-48.40 - 80.10 

0.57±0.29 

(50.04%) 

0.05-1.95 

27.93±2.75 

(9.84%) 

10.21-42.66 

4.85±1.37 

 (28.20%) 

0.55-15.21 

RS 

 

m±s 

VC 

min-max 

6.28±0.44 

(7.07%) 

3.86-7.71 

1.91±1.32 

(68.83%) 

0.10-7.60 

35.17±24.16 

(68.70%) 

-41.90 - 164.90 

0.98±0.68 

(69.34%) 

0.04-3.91 

31.23±2.42 

(7.75%) 

7.00-60.00 

4.71±2.96 

(62.82%) 

0.25-15.08 

FS 

 

m±s 

VC 

min-max 

6.91±0.19 

(2.69%) 

6.40-7.80 

0.82±0.81 

(99.52%) 

0.00-4.60 

0.89±9.28 

(1048.67%) 

-44.80 - 27.60 

0.42±0.40 

(95.44%) 

0.01-2.26 

30.52±0.84 

(2.76%) 

18.00-57.57 

4.89±1.83 

(37.44%) 

0.42-11.19 

 

Annual  

 

m±s 

VC 

min-max 

6.78±0.21 

(3.03%) 

3.86-7.90 

1.23±0.76 

(61.69%) 

0.00-7.60 

8.47±11.45 

(135.33%) 

-48.40 - 164.90 

0.63±0.39 

(61.50%) 

0.01-3.91 

29.64±1.18 

(3.98%) 

11.74-51.27 

4.82±1.32 

(27.30%) 

0.25-15.21 

HS: Hot Season, RS: Rainy Season; FS: Flood Season; m: mean value; s: standard 

deviation; VC: Variation Coefficient; min: minimal value; max: maximum value. 
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3.1.3. Trace metals   

 The table 3 presents the results of the seasonal and annual mean values of the trace 

metals contents of these superficial sediments in this period. The seasonal and annual 

mean values of their Fe contents were very important. Those of their As, Cr and, Pb 

contents were relatively considerable; unlike to those of their Cu, Mn, Hg and, Zn, all 

relatively low. The seasonal mean values of their Mn and Ni contents increased from HS 

to FS. It was be the opposite for the seasonal mean values of their As contents, which 

decreased from HS to FS. The highest seasonal values of their Cd, Cu, Hg and, Pb 

contents were determined in HS and, the lowest were in RS. As for their seasonal values 

Fe and Zn contents, their highest value was determined in FS and, the lowest in RS. The 

highest seasonal value of their Cr content was obtained in SP and, the lowest in FS. All 

the seasonal variations of their trace metals contents were relatively low. The same was 

true for the annual variations of their trace metals contents in this period. 

 The increasing orders of the seasonal and annual of their trace metals contents are as 

follows: 

HS Hg < Cu < Cd < Mn < Zn < Pb < As < Cr < Ni < Fe 

RS Hg < Cd < Cu < Mn < Zn < Pb < As < Cr < Ni < Fe 

FS Hg < Cd < Cu < Mn < Zn < Pb < As < Cr < Ni < Fe 

Annual Hg < Cd < Cu < Mn < Zn < Pb < As < Cr < Ni < Fe 

Fe, followed respectively by Ni, Cr and As were the most important, while Cd followed 

by Cu and Hg were the least important of these trace metals in these sediments in all 

seasons during this period. 

 The pollution of the superficial sediments of this lagoon area by Cr, Mn, Pb and, Zn 

would have experienced an important decrease, unlike their pollution by Cu which would 

have been very important and that by Ni which would have been constant on this decade, 

by comparing these results obtained to those determined by Keumean et al. [15]. These 

superficial sediments were presented a very high Fe content compared to those of 

Abouabou lagoon Bay (lagoon area III of Ébrié system), while being less polluted by Cd, 

Mn and, Zn, and more polluted by Cu and Hg relative to them [23]. Their Cu, Cr, Fe, Mn, 

Ni, Pb and, Zn contents obtained in this period were all higher than those of the 

superficial sediments of Biétri and Koumassi bays from lagoon area III of Ébrié system 

[24]. With the exception of As, these superficial sediments showed lower Cd, Cr, Pb and, 
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Zn contents than those on average of all the superficial sediments of Abidjan district 

lagoon bays [22]. This is also the case for their Cu, Pb and, Zn contents, which were 

lower than those on average of the superficial sediments of all of the lagoon areas II and 

III of Ébrié system, except for those of Cd and Ni [25] (Table 4). 
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Table 3. Seasonal and annual mean values (m±s) the trace metals contents of the superficial sediment from the lagoon area II of 

Ébrié system from June 2020 to May 2021. 

Trace metals As 

 

Cd Cr Cu Fe Hg 

 

Mn Ni Pb Zn 

 

 

 

 

Seasons 

 

HS 

 

m±s 

CV 

min-

max 

40.85±6.40 

(15.67%) 

27.15-56.19 

1.05±0.19 

(17.67%) 

0.72-1.49 

46.77±1.92 

(4.11%) 

40.39-63.55 

0.99±0.07 

(6.98%) 

0.81-1.35 

1619.07±6.55 

(106.01%) 

1055.67-2048.00 

0.79±0.07 

(9.10%) 

0.47-1.37 

3.44±0.27 

(7.93%) 

2.42-4.22 

58.31±1.78 

(3.06%) 

37.43-77.19 

13.41±0.24 

(1.75%) 

10.52-15.23 

5.82±0.34 

(5.90%) 

4.20-7.23 

RS 

 

m±s 

CV 

min-

max 

41.11±0.01 

(0.03%) 

26.56-57.42- 

0.82±0.08 

(9.29%) 

0.52-1.12 

47.81±1.14 

(2.38%) 

39.28-59.03 

0.84±0.03 

(4.05%) 

0.61-1.17 

1549.50±105.08 

(6.78%) 

1016.50-1932.50 

0.73±0.04 

(6.06%) 

0.40-1,09 

3.37±0.19 

(5.59%) 

2.42-4.38 

57.58±0.39 

(0.67%) 

35.45-76,49 

11.44±0.17 

(1.45%) 

7.66-14.42 

5.66±0.08 

(1.42%) 

3.96-6.85 

 

FS 

 

m±s 

CV 

min-

max 

41.39±1.18 

(2.86%) 

26.53-58.86 

0.85±0.11 

(13.51%) 

0.48-1.14 

46.20±3.64 

(7.89%) 

39.55-52.40 

0.90±0,10 

(11.18%) 

0.61-1.31 

1632.05±121.86 

(7.47%) 

1119.75-2068.75 

0.73±0.05 

(6.38%) 

0.38-1.32 

3.31±0.10 

(3.01%) 

2.68-4.00 

57.41±1.14 

(1.98%) 

35.94-77.20 

12.42±0.79 

(6.35%) 

9.35-14.59 

6.08±0.76 

(12.50%) 

4.27-7.70 

 

Annual 

 

m±s 

CV 

min-

max 

41.15±3.29 

8.00% 

26.53-58.86 

0.91±0.16 

17.59% 

0.48-1.49 

46.75±2.55 

5.45% 

39.28-63.55 

0.92±0.10 

10.29% 

0.61-1.35 

1609.38±104.63 

6.50% 

1016.50-2068.75 

0.75±0.06 

7.56% 

0.38-1.37 

3.37±0.18 

5.17% 

2.42-4.38 

57.75±1.22 

2.11% 

35.45-77.20 

12.53±0.92 

7.33% 

7.66-15.23 

5.90±0.53 

8.96% 

4.27-7.70 

HS: Hot Season, RS: Rainy Season; FS: Flood Season; m: mean value; s: standard deviation; VC: Variation Coefficient; min: 

minimal value; max: maximum value. 
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Table 4. Comparison of the mean annual values of the trace metals contents of these superficial sediments obtained in this study 

to those recently obtained in some lagoon areas II and III of Ébrié system by various authors. 

 

 

Trace 

metals 

Trace metals in mg/g dry weight 

Mean annual 

value 

obtained in 

this study 

Lagoon area 

II of Ébrié 

System [15] 

Abou Abou 

lagoon bay 

(Lagoon area III 

of Ébrié System) 

[23] 

Koumassi lagoon 

bay (Lagoon area 

III of Ébrié 

System) [24] 

Biétri lagoon bay 

(Lagoon area III 

of Ébrié System) 

 [24] 

All the lagoon 

bays of Abidjan 

district (Lagoon 

area I of Ébrié 

System) [22] 

Lagoon areas 

II and III of 

Ébrié 

System) 

[25] 

As 41.15     19.25  

Cd 0.91  5.57   7.85 0.75 

Cu 46.75 14.77 25.13 < 0.005 < 0.005  54.02 

Cr 0.92 65.43  < 0.090 < 0.040 138.34  

Fe 1609.38  34.50 8.065 8.860   

Hg 0.75  0.50     

Mn 3.37 131.95 391.87 < 0.050 < 0.050   

Ni 57.75 56.70  < 0.050 < 0.050  13.42 

Pb 12.53 54.85  < 0.010 < 0.010 59.33 118.88 

Zn 5.90 46.68 60.32 4.455 0.605 245.73 132.33 
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3.2. Discussion 

 The particle size distribution of these superficial sediments from this lagoon area 

would be essentially due to its hydromorphology. Indeed, its bathymetry, dominated by 

depths less than -3 m, would favor mostly the retention of the coarse sands [18-19]. So, 

its siltation would be disadvantaged, unlike to Abouabou bay lagoon located in the 

lagoon area III of Ébrié system [19,39] and Adjin lagoon [40,41], both having depths of 

between -6 and -14 m. According to Akobe et al. [42], these sands, of continental origin, 

come from fluvio-lagoon transport short-term and reworking of the sands in their 

catchment areas. In the case of this lagoon area, its sedimentary inputs are coming from 

Comoé river [18-20], Mé river, Adjin lgoon and, Potou lagoon [40-41;43]. Added to this 

are the sedimentary inputs from the reworking of the sands on the banks of this lagoon 

estuary by meteorite runoff waters. According to Irié et al. [19], the coarse fraction of 

these substrates is dominated by quartz at 83%. Its fine fraction is by non-clay minerals, 

essentially composed by quartz at 46.22%, and kaolinite at 53.78%. This could 

essentially explain the low organic content of these superficial sediments during all this 

period. Biogeochemical processes and the reducer character of its open waters, 

particularly that of its open water at the water-sediment interface [12-14], contribute to 

the reduction of organic into these substrates. The dominance of these superficial 

sediments by coarse sand would lead to the obtaining of their medium moisture content. 

 The dynamics of the particle size distribution of the superficial sediments of this 

lagoon estuary and that of their physical and chemical characteristics are dependent on 

seasonal exogenous inputs, just as in the case of the open waters of this aquatic 

ecosystem, particularly the open waters at the interface water-sediment [12,14].  

 In HS, the relative important marine influence from Atlantic Ocean on this lagoon 

area would lead to a coarse texture of these substrates very slightly dominated by very 

coarse sands and an relatively important presence of fine sands. This would be explained 

by the physical and biogeochemical phenomena induced by these marine inputs on the 

sands brought mainly during FS by Comoé river. In this season, the relatively important 

presence of these marine waters, of slightly basic and reducing characters, with relatively 

high salinity, conductivity and organic matter content, would have contributed 

significantly to the modification of the physical and chemical characteristics of these 

superficial sediments. This would have been the case with the inputs from the lagoon area 

III that these marine waters bring to this estuary in this season [12]. So, it would be 

explain the very slightly basic and reducing characters and, the relatively important 
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salinity, conductivity and organic matter content of these superficial sediments in this 

season. The low presence of slit and clay in these superficial sediments contribute to the 

obtaining of their low moisture content. 

 In RS, the water inputs are dominated by those of meteorite runoff waters, Mé river, 

Adjin lagoon, Potou lagoon and, Comoé river, inhibiting partially the influence of 

Atlantic Ocean on this lagoon area [12,14]. The same would apply to sedimentary inputs. 

The reworking of the banks of this lagoon ecosystem by meteorite runoff waters and the 

sedimentary inputs of Mé river, Adjin lagoon, Potou lagoon and, Comoé river would 

supply this lagoon area with more very coarse sands, as well as silt and clays. So, this 

would lead to the obtaining of the highest value of their very coarse sands content in this 

period. These meteorite sedimentary inputs would induce the increase in their silts and 

clays content in one hand, and the very slight decrease in their medium and coarse sand 

content, as well as that of their fine sands content, related to previous season, on other. 

These meteorite waters inputs are slightly acidic and oxidizing, but also desalinated and 

weakly mineralized. This is especially the case for Mé river, Adjin lagoon, Potou lagoon 

[45,46] and, Comoé river [26]. This same would be true for their sedimentary inputs. This 

would justify the very slight acidic and oxidizing characters of these superficial 

sediments, as well as the decrease in their organic matter content in this season compared 

to the previous season. Their relative high salinity and conductivity in this season contrast 

with the desalinated and weakly mineralized characters of these meteorite waters inputs 

in this season. This would probably be explained by the spread in most of this lagoon 

estuary of waters and/or sediments with relative high salinity and conductivity trapped in 

its pits from -6 to 14 m [20] under the effect of these meteorite inputs. The increase in 

their slit and clay content would contribute to the obtaining of the highest value of their 

moisture content.  

In FS, the same phenomena observed in RS would occur, but with a less marked 

amplitude. This would be explained by the dominance of the meteorite inputs by those of 

Comoé river. The dominance of the sediments of this river by coarse and medium sands 

[18-20] would result in a relatively high presence of these minerals in these superficial 

sediments compared to that of very coarse sands. This situation would be accompanied 

by the slightly increase in their clay and silt content and by the slightly decrease in their 

fine sand content in this season compared to the previous season. The corollaries of the 

inputs from this river are also the slightly increase in their acidity, unlike the slightly 

decreases in their oxidizing character, salinity and, conductivity, due to the weakly acidic 

and oxidizing, desalinated and weakly mineralized characters of the waters of this river 
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[26], as well as their sedimentary inputs. The high presence of aquatic plants, drain by 

this river into this lagoon area [12-14], contributed to the slightly increase in their organic 

matter content of these substrates in this season compared to the previous season, the 

most important obtaining in this period [12,14]. these sedimentary inputs would 

contribute to the slightly decrease in their moisture content. 

 The very important seasonal and annual Fe contents of these superficial sediments 

simultaneously with those of their coarse sandy fractions throughout this period could be 

explained by the high dominance of these sandy fractions by quartz [19]. Indeed, this 

mineral, belonging to the group of silicates, has a strong affinity with Fe due to its 

structure [47,48]. The very slightly acidic to neutral and oxidizing characters of these 

substrates, as well as their high Fe content over most of this period, would have been 

conducive to the adsorption and/or precipitation of other trace metals on and/or with Fe 

and its (oxy)hydroxides, especially As, Cd, Ni and, Zn [50,51]. The pH of these 

substrates in this period would be favorable in the presence of Cr into them, because this 

trace metal is stable under CrO4
2- form at pH above 6.5 [51]. So, this would have 

explained their relatively high Cr content in this period. The relatively low Mn contents 

of these substrates throughout this period contrast with their relatively high Fe contents in 

this period, because these two trace metals are highly present in the Ivorian geological 

and sedimentary basement according to Kokoa et al. [52] and Wrohou et al. [53]. Their 

relatively low Mn contents could be explained by their low slits and clay contents, given 

the strong affinity of this trace metal with this sedimentary fraction [50]. Also, the very 

slightly acidic and oxidizing characteristics of these substrates over the most of this 

period would contribute to the solubilization of Mn within them, which under these 

conditions is 6 to 7 times greater than that of Fe [54]. This would have been unfavorable 

to a significant formation of the precipitates and/or the insoluble complexes of these trace 

metals, especially As, Cd, Cr, Ni and Zn, with Mn and its (oxy)hydroxides of Mn [50,51]. 

The Acidic to neutral and slightly oxidizing characters are unfavorable to the stability of 

carbonates [55]. This would have contributed to their relatively low Pb, Cd and, Zn 

contents in this period, given the high affinity of these trace metals with carbonates [51], 

especially in slits and clay [15,50]. Their relatively high Ni contents in this period could 

also be explained again by the instability of the carbonates in this pH, since the solubility 

of Ni would be due to the carbonates in the form of NiCO3
 from sediments [51]. Their 

relatively high As contents could be explained by the high presence of this trace metal in 

the form of arsenates, due to their very slight to neutral acidity and oxidizing characters 

over the most of this period [51,56]. Their relatively low organic matter content would 
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have contributed weakly to the presence of these trace metals into these substrates under 

the form of insoluble organometallic complexes [51]. Their relatively low conductivity 

would favor the presence of these trace metals into them by the decrease of competition 

effect of the other major cations with these metal ions onto its different adsorption sites 

[57]. It would be the same for their relatively low salinity, also reflecting the low 

presence of halogens in them, which would favor the decrease in solubility of the trace 

metals in these substrates. This would be the case of Cd and Hg, by their low solubility in 

the form of halides of Cd and Hg, in particular in the form of CdCl2 and HgCl2 [51]. 

However, the relatively important organic matter content in the open waters of this 

lagoon estuary, especially those of the open waters at the interface water-sediment 

[12,14], would have partially favored the solubilization of these trace metals from these 

sediments under the form of soluble organometallic complexes. This would be especially 

so for Cu, which has a complexing affinity with the soluble forms of fulvic and humic 

acids by the contact of these open waters with these sediments [51]; thus leading to their 

low Cu content in this period. Also, the relative important Fe and Mn contents of the 

waters at the interface water-sediment [12,14], would also have contributed to the partial 

decrease in their trace metals contents [49,50]. It would also the case for relative 

important sulphide content [58,59], reducing character [50,51] and, conductivity [57] of 

these open waters. The same would be true for the relatively important salinity of these 

open waters, which partially contribute to the decrease of the trace metal contents of 

these superficial sediments, especially those Cd and Hg by their partial solubility in the 

form of CdCl2 and HgCl2 [51]. For the particular case of Hg, the salinity of these open 

waters would favor their solubilization from the hydrolyzed species of the mercuric ion 

[60]. This would have contributed more to obtaining their low Cd and Hg contents in this 

period. The relatively medium moistures of these sediments and those of temperatures of 

this lagoon area [12,14] would play important roles in all these processes mentioned 

above during all this period [50,51]. 

 In HS, the marine inputs, rich in these trace metals [21], would contribute to the 

metallic enrichment of these superficial sediments, as well as those of the lagoon area III 

also rich in these trace metals [22-23; 25]. The very slightly basic and reducing characters 

of these superficial sediments would favor their relatively important Fe content and; that 

of their Mn content in these substrates, which was the highest obtained in this season over 

this period [54]. This process would contribute to the presence of the other trace metals 

studied in these superficial sediments in the form of precipitates and/or insoluble 

complexes with Mn and Fe, but also with their (oxy)hydroxides [50,51]. This would be 
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especially so for As, Cd, Cr, Ni and, Zn. Also, these very slightly basic and reducing 

characters would be very conducive to the formation of insoluble complexes and/or 

precipitates of metal sulphides [58-59], given the eutrophic nature of this lagoon estuary 

[17]. This would be again for carbonates, stable in these condition [55], particularly by 

the formation of insoluble carbonate complexes with Pb, Cd, Cr and, Zn in these 

substrates. The relatively low content of organic matter of these substrates would weakly 

contribute to this presence of these trace metals by the formation insoluble 

organometallic complexes. These different processes would have contributed to the 

obtaining of relatively important values of their trace metals contents, especially those 

Cd, Cu, Hg, Mn and, Pb which were the highest obtained in this season during this study 

period. However, the reducing nature of these substrates would have partially inhibited 

the contents of these trace metals by reduction of the organic matter [51]. This would also 

have been the case for the relative high dissolved organic matter, conductivity and 

salinity of the open waters at the water-sediment interface [14], which through contact 

with these superficial sediments would further affect their trace metals contents by their 

solubization [51,57], particularly their Cu, Hg and Cd contents [51]. Also, the probable 

significant carbonates and sulphides dissolved in these open waters, due to their very 

slight basicity [14], would have contributed to this process, particularly to the 

solubilization of Pb, Cd and, Zn from these superficial sediments [51]. In the particular 

case of As, the very slight basicity, probable reducing character and the relatively 

important organic matter content of these open waters in this season [14] would have 

partially favored its volatilization from these superficial sediments through the formation 

of arsines (AsH3) and arsenate methylation [51,56]. This would be again the case of the 

slightly basicity and reducing character of these sediments, but very weakly due to their 

relatively low organic matter content. These reactions would contribute with those 

mentioned above to the obtaining of their lowest As content in this season during this 

period. 

 In RS, the very slight acidity and oxidizing character of these superficial sediments, 

due to the continental inputs, would have resulted in a relatively high solubility of Mn 

from them. This would have been especially so for Fe [54], given their lower Fe content 

obtained in this season over the study period. These processes would therefore lead to a 

decrease in the formation of precipitates and/or insoluble complexes of other trace metals 

with Fe and Mn, as well as with their oxides in these substrates [50,51]. Also, the 

decrease in the carbonates content of these superficial sediments, due to their pH, would 

also have contributed to this process, particularly in the decrease in their Pb, Cd and, Zn 
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contents related to those determined the previous season [51]. Their oxidizing character 

in this season will also be favorable for the solubilization of these trace metals from these 

superficial sediments following the oxidation of sulphides into sulphates [58,59]. This 

would also be the increase in their salinity and conductivity, which would particularly 

affect their Hg and Cd contents [51,57] on the one hand, and the decrease in their organic 

matter content [51] in this season, on the other hand. This would also have been the case 

for very slight basicity [51], the increases in conductivity [57] and organic matter content 

of the open water at the water-sediment interface [14]. These processes would have more 

affected their Cd, Cu, Hg, Ni, Pb and, Zn contents, which were the lowest obtaining in 

this season over this period. However, the slightly acidic of these sediments would have 

mainly contributed to the increase in their Cr content in this season related to that 

determined in HS, due to the stability of this metal in the trivalent chromium form at pH 

values below 6.5 [51]. Their pH and slightly oxidizing character would also explain the 

increase in their As compared to the previous season, as they would favor the reduction 

of As volatilization [51,56]. The decrease in the salinity of these open waters would also 

have contributed to the reduction in the solubilization of these trace metals in these 

substrates [51]. 

 In FS, the very slight acidity and oxidizing character of these superficial sediments, 

less important than those obtained in RS, would have led to an increase in their Fe 

content and a decrease in that of Mn compared to RS [54]. This would have been 

favorable to the presence of these trace metals in these substrates by the formation of 

insoluble complexes and/or precipitates of these trace metals with Fe and its oxides, but 

less with Mn and its oxides [50,51]. Also, the decreases in their salinity and conductivity 

would have contributed to this process [51,57]. The very slight oxidizing character, the 

decreases in salinity and conductivity of the open waters at the water-sediment interface 

relative to those obtained the previous season [14] would have favored the presence of 

these trace metals in these substrates. This could explain the increase in their Cd, Cu, Pb 

and, Zn contents in this season in comparison to those determined in RS. This would be 

especially for their As content, which was the highest obtained in this season during this 

period, less volatile from these substrates in these physical and chemical conditions 

[51,56]. These facts would have been partially inhibited by the partial solubilization of 

these trace metals from these superficial sediments, following the reduction of sulphides 

into sulphates [58,59], the instability of carbonates at this pH [55]. Their low organic 

matter would contribute to this. Cr, Ni and, Hg would seem to be more affected by these 
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reactions in these substrates this season in view of the decrease in their Cr and Ni 

contents and, the non variation of their Hg content compared to those obtained in RS. 

The low mean annual of the Cr, Mn, Pb and, Zn of these superficial sediments in this 

period with regard to those obtained by Keumean et al. [15] could be explained by the 

phenomenon of self-purification. Indeed, this lagoon estuary is one of the hypereutrophic 

area of Ébrié system [17]. So, the high presence of aquatic plants, increasing over the 

years and due to its poor renewal [12], would lead to an intensive manifestation of this 

phenomenon. This would hide by their relative important Cu and Ni contents. This would 

also be the case of its high pollution due to meteorite inputs, especially those of Comoé 

river which is responsible for 2/3 of the metal pollution of Ébrié system [61]. The high 

renewal of Koumassi and Biétri lagoon bays by the marine inputs from Atlantic Ocean, 

located near to Vridi channel (single entrance pass of the marine inputs into Ébrié system 

during this period [12,14]) would explain their low metal contamination [24] relative to 

this lagoon estuary, very far from this channel. However, the strong anthropogenic 

pressures on Abidjan district lagoon bays, receiving all kind discharges in their majority, 

would cause their relatively important metal pollution [22] in addition to that linked to 

Comoé river in SCr. All these metal inputs in zones II and III of this system would result 

in their relatively high metal pollution [25]. 

3. Conclusion 

This study were highlighted the very important effects of the water inputs in the 

dynamic of trace metals in the superficial sediments from surface waters. In the particular 

case of the superficial sediments from the lagoon area II of Ébrié system, the marine 

inputs would favor their trace metals contents; unlike the meteorites inputs on the whole. 

For the real assessment of the metal pollution status of this lagoon area, this study should 

be continuous by the assessment of the ecological and health risks due to the pollution 

metal of its superficial sediments. It is the same for the distribution and mobility of trace 

metals in these substrates in one hand and, the assessment of flux exchange of trace 

metals at the interface water-sediment from this aquatic ecosystem, on other. 

Acknowledgements 

The authors thank the governing authorities of National Drinking Water Office of 

Côte d’Ivoire (ONEP) and the techniques staff of Water Quality Analysis and Control 

Laboratory (LACQUE) of this institute for their invaluable help in carrying out of this 

study. 



Mahi Agolé Mahi Arthur, Yao Marcel Konan, et al.  

http://www.earthlinepublishers.com 

96

References 

 [1] AEE (Agence de l’environnement européenne) (2018). Air quality in Europe–report. 

(N°12, 83 p.). European Environment Agency.  

 [2] Kalkan, S. (2022). Heavy metal resistance of marine bacteria on the sediments of the 

Black Sea. Marine Pollution Bulletin, 179, 113652.  

https://doi.org/10.1016/j.marpolbul.2022.113652    

 [3] Shetaia, S.A., Khatita, A.M.A, Abdelhafez, N.A., Shaker, I.M., & El Kafrawy, S.B. 

(2022). Human-induced sediment degradation of Burullus lagoon, Nile Delta, Egypt: 

Heavy metals pollution status and potential ecological risk. Marine Pollution Bulletin, 

178, 113566. https://doi.org/10.1016/j.marpolbul.2022.113566  

 [4] Chen, Y-F., Shi, Q-Y., Qu, J-Y., He, M-X., & Liu, Q. (2022). A pollution risk assessment 

and source analysis of heavy metals in sediments: A case study of Lake Gehu, China. 

Chinese Journal of Analytical Chemistry, 50(5), 100077.  

https://doi.org/10.1016/j.cjac.2022.100077  

 [5] Anoop, S., Manoj, M.C., Kawsar, M., Sivadas, S.K., & Beevi, M.R. (2022). Spatio-

temporal distribution of heavy metals in sediments of Biyyam Backwater, Kerala, 

Southwest India; its environmental implications. Environmental Nanotechnology, 

Monitoring & Management, 17, 100662. https://doi.org/10.1016/j.enmm.2022.100662  

 [6] Huang, M., Zhou, M., Li, Z., Ding, X., Wen, J., Jin, C., Wang, L., Xiao, L., & Chen, J. 

(2022). How do drying-wetting cycles influence availability of heavy metals in sediment? 

A perspective from DOM molecular composition. Water Research, 220, 118671. 

https://doi.org/10.1016/j.watres.2022.118671  

 [7] Vinothkannan, A., Charles, P.E., & Rajaram, R. (2022). Ecological risk assessment and 

seasonal variation of heavy metals in water and sediment collected from industrially 

polluted Cuddalore coast, Southeastern India. Regional Studies in Marine Science, 49, 

102134. https://doi.org/10.1016/j.rsma.2021.102134 

 [8] Wang, Z., Lin, K., & Liu, X. (2022). Distribution and pollution risk assessment of heavy 

metals in the surface sediment of the intertidal zones of the Yellow River Estuary, China. 

Marine Pollution Bulletin, 174, 113286. https://doi.org/10.1016/j.jes.2015.10.017  

 [9] Adelopo, A.O., Haris, P.I., Alo, B.I., Huddersman, K., & Jenkins, R.O. (2018). 

Multivariate analysis of the effects of age, particle size and landfill depth on heavy metals 

pollution content of closed and active landfill precursors. Waste Management, 78, 227-

237. https://doi.org/10.1016/j.wasman.2018.05.040  

 [10] Rupias, O.J.B., Pereira, S.Y., & Abreu, A.E.S., (2021). Hydrogeochemistry and 

groundwater quality assessment using the water quality index and heavy-metal pollution 



Trace Metals Behaviors in the Superficial Sediments from a Tropical Lagoon 

Earthline J. Chem. Sci. Vol. 9 No. 1 (2023), 77-102 

97

index in the alluvial plain of Atibaia river-Campinas/SP, Brazil. Groundwater for 

Sustainable Development, 15, 100661. https://doi.org/10.1016/j.gsd.2021.100661  

 [11] Zhang, J., Li, X., Guo, L., Deng, Z., Wang, D., & Liu, L. (2021). Assessment of heavy 

metal pollution and water quality characteristics of the reservoir control reaches in the 

middle Han River, China. Science of The Total Environment, 799, 149472.  

https://doi.org/10.1016/j.scitotenv.2021.149472  

 [12] Mahi, A.M.A, Yao, M.K., Claon, J-S., & Trokourey, A. (2022a). Seasonal dynamics of 

trace metals in the waters from the lagoon area II of Ébrié system. Journal of Global 

Ecology and Environment, 14(4), 1-17.  

https://www.ikppress.org/index.php/JOGEE/article/view/7441  

 [13] Mahi, A.M.A, Yao, M.K., Claon, J-S., & Trokourey, A. (2022b). Metal Pollution, 

Ecological and Health Risks Status of the Open Waters from the Lagoon Area II of Ébrié 

System (Côte d’Ivoire). Asian Journal of Chemical Science, 11(3), 1-15.  

https://doi.org/10.9734/ajocs/2022/v11i319121  

 [14] Mahi, A.M.A, Yao, M.K., Claon, J-S., & Trokourey, A. (2022c). Contribution to the 

study of the seasonal dynamics of trace metals in the open waters at the water-sediment 

interface from a tropical lagoon estuary. Journal of Chemical, Biological and Physical 

Sciences, 12(3), 225-240. https://doi.org/10.24214/jcbps.D.12.3.22540  

 [15] Keumean, K.N., Bamba, S.B., Soro, G., Soro, N., Métongo, B.S., & Biémi, J. (2013a). 

Concentration en métaux lourds des sédiments de l’estuaire du fleuve Comoé à Grand-

Bassam (Sud-Est de la Côte d’Ivoire). Journal of Applied Bioscience, 61, 4530-4539. 

https://doi.org/10.4314/jab.v61i0.85599  

 [16] Durand, J.R., & Guiral, D. (1994). Hydroclimat et hydrochimie. In: Environnement et 

ressources aquatiques de Côte d’Ivoire. Tome II – Les milieux lagunaires (pp. 59-90). 

ORSTOM Edition. 

 [17] Bamba, S., Ouffoué, S., Blé, M.C., Métongo, S.B., & Bakayoko S., (2008). État de 

l'environnement de lagunaire de l'île Vitré (Grand-Bassam, Côte d'Ivoire): Aspects 

physiques, chimiques et biologiques. Revue Ivoirienne des. Sciences Technologiques, 12, 

77-92. Available: https://revist.net/REVIST_12/REVIST_12_6.pdf  

 [18] Adopo, K.L., Akobé, A.C., Amani, E.M., Mondé, S., & Aka, K. (2014). Analyse 

sédimentologique et paléoenvironnements des sédiments superficiels de l’estuaire du 

fleuve Comoé (GrandBassam, Côte d’Ivoire). Afrique Science: Revue Internationale des 

Sciences et Technologie, 10(4), 146-157.  

https://www.ajol.info/index.php/afsci/article/view/118339  

 [19] Irié, B.T.J.G., Wognin, A.V., Aka, A.M., Kando, A.M.L., Coulibaly, A. S., Mondé, S., & 



Mahi Agolé Mahi Arthur, Yao Marcel Konan, et al.  

http://www.earthlinepublishers.com 

98

Aka, K. (2015). Caractérisation sédimentologique et minéralogique des depots 

superficiels du chenal est de la lagune Ébrié (Côte d’Ivoire). BIOTERRE, Revue 

Internationale des Sciences de la Terre, 15, 68-81.  

https://www.revues-ufhb-ci.org/fichiers/FICHIR_ARTICLE_878.pdf  

 [20] Adopo, K.L., Kouassi, K.L., & Wognin, A.V.I. (2008). Spatial distribution and 

characterisation of the sediments of the estuary of Comoe River (Grand-Bassam, Côte 

d’Ivoire). Revue Paradia, 20, 2.11-2.20. https://doi.org/10.5150/revue-paralia.2008.002  

 [21] Oura, L.E., Kouassi, K.E., Konan, ATS., Koné, H., Kouakou, A.R., Boa, D., & Yao, K.B. 

(2021). Spatial distribution of heavy metals in sediments of the Ivory Coastal zone 

(Toukouzou Hozalem Assinie) in correlation with anthropic activities. Chemistry and 

Ecology, 38(1), 72-94. https://doi.org/10.1080/02757540.2021.2013475  

 [22] Kouamé, K. D., Yapo, O. B., & Méité, L., (2016). Contamination des sédiments d’une 

lagune tropicale urbaine par les éléments traces métalliques (As, Cd, Cr, Pb, Zn) : Cas 

des baies lagunaires de la ville d’Abidjan (Cote d’Ivoire). International Journal of 

Biological and Chemical Sciences, 3(6), 1408-1427.  

https://doi.org/10.4314/ijbcs.v3i6.53161  

 [23] Touré, M., N’Guessan, Y. A., & Konan, E.K., (2018). Étude géochimique des sédiments 

superficiels d’une baie lagunaire et son impact sur l’environnement : Cas de la baie 

d’Abouabou (lagune Ebrié; Côte d’Ivoire). International Journal of Biological and 

Chemical Sciences, 12(5), 2371-2380. https://doi.org/10.4314/ijbcs.v12i5.35  

 [24] CEMA (2018). Projet d'aménagement du carrefour Akwaba dans la commune de Port-

Bouët Abidjan. Étude de la qualité du milieu aquatique (85 p.). Abidjan, Côte d'Ivoire, 

BNETD. 

 [25] Irié, B.T.J-G., Aka, N., Kando, A.M-L., Coulibaly, A.S., & Monde S. (2019). 

Enrichissement des sédiments de la lagune Ebrié (Côte d’Ivoire) en éléments traces 

métalliques (ETM): influence sur la qualité des sédiments et les organismes benthiques. 

Journal of Applied Biosciences, 142, 14448-14463. https://doi.org/10.35759/JABs.142.2  

 [26] Keumean, K.N, Bamba, S.B., Soro, G., Métongo, B.S., Soro, N., & Biémi, J. (2013b). 

Évolution spatio-temporelle de la qualité physico-chimique de l’eau de l’estuaire du 

fleuve Comoé (Sud-est de la Côte d’Ivoire). International Journal of Biological and 

Chemical Sciences, 7(4), 1752-1766. https://doi.org/10.4314/ijbcs.v7i4.31  

 [27] Diangone, E., N’guessan, Y.A., Lou, K.M-C.T., Mondé, S., & Coulibaly, A. (2020). 

Évaluation de la pollution métallique des sédiments superficiels de la lagune Potou en 

période d’étiage (Littoral de la Côte d’Ivoire). Europe Science Journal, 16(33), 70-87.  

https://doi.org/10.19044/esj.2020.v16n33p70  



Trace Metals Behaviors in the Superficial Sediments from a Tropical Lagoon 

Earthline J. Chem. Sci. Vol. 9 No. 1 (2023), 77-102 

99

 [28] Traoré, A., Soro, G., Ahoussi, K.E., Bamba, B.S., Soro, N., & Biémi, J. (2014). Niveau 

de contamination en métaux lourds des sédiments d’une lagune tropicale : la lagune 

Aghien (Sud-Est de la Côte d’Ivoire). Afrique Science: Revue Internationale des Sciences 

et Technologie, 10(3), 73-88. https://www.ajol.info/index.php/afsci/article/view/109703  

 [29] Kouyate, K., Bedia, A.T., Gogbe, Z.M., & N'Douba, V. (2021). Typologie de la pêche et 

production de Synodontis Membranaceus (Geoffroy Saint-Hilaire, 1809) au niveau de la 

rivière Bagoué (Côte d’Ivoire). European Scientific Journal, 17(21), 150-169.  

https://doi.org/10.19044/esj.2021.v17n21p150  

 [30] NF EN ISO 5667-15 (2009). Qualité de l'eau - Échantillonnag - Partie 15: lignes 

directrices pour la conservation et le traitement des échantillons de boues et de 

sédiments. France, Boutique AFNOR.  

 [31] NF EN 16179 (2012). Boues, bio-déchets traités et sols-Lignes directrices pour le 

prétraitement des échantillons. France, Boutique AFNOR. 

 [32] NF EN ISO 10390 (2022). Sols, biodéchets traités et boues-Détermination du pH. 

France, Boutique AFNOR. 

 [33] NF ISO 11271 (2003). Qualité du sol-Détermination du potentiel d'oxydoréduction - 

Méthode de terrain. France, Boutique AFNOR. 

 [34] NF ISO 11265 (1995). Qualité du sol-Détermination de la conductivité électrique 

spécifique. France, Boutique AFNOR. 

 [35] ISO 11277 (2020). Qualité du sol — Détermination de la répartition granulométrique de 

la matière minérale des sols — Méthode par tamisage et sédimentation. France, Boutique 

AFNOR. 

 [36] NF ISO 11465 (1994). Qualité du sol - Détermination de la teneur pondérale en matière 

sèche et en eau - Méthode gravimétrique. France, Boutique AFNOR. 

 [37] NF ISO 14235 (1998). Qualité du sol - Dosage du carbone organique par oxydation 

sulfochromique. France, Boutique AFNOR. 

 [38] NF X31-147 (1996). Qualité des sols - Sols, sédiments - Mise en solution totale par 

attaque acide. France, Boutique AFNOR. 

 [39] Kando, A.M-L., Yao, N.J.P., Irié, B.T.J.-G., Kouamé, A.F., Coulibaly, A.S., Monde S., & 

Aka, K. (2014). Processus sédimentaires et paléoenvironnement des formations 

détritiques et terrigènes de la baie d’Abouabou (Lagune Ebrié, Côte d’Ivoire). European 

Journal of Scientific Research, 147(4), 433-445.  

https://www.europeanjournalofscientificresearch.com/issues/PDF/EJSR_147_4_07.pdf  



Mahi Agolé Mahi Arthur, Yao Marcel Konan, et al.  

http://www.earthlinepublishers.com 

100

 [40] N’guessan, Y.A., Monde, S., Wango, T.E., Wognin, V., & Aka, K. (2009). Récentes 

analyses morphologiques et sédimentologiques du système lagunaire Adjin-Potou en 

littorale de la Côte d'Ivoire. Revue Ivoirienne des Sciences et Technology, 14, 217-229.  

https://revist.net/REVIST_14/REVIST_14_14.pdf  

 [41] N’guessan, Y.A., Wognin, V., Coulibaly, A., Monde, S., Wango, T. E., & Aka, K. 

(2011). Analyse granulométrique et environnement de dépôts des sables superficiels de la 

lagune Adjin (Côte d’Ivoire). Revue Paralia, 4, 6.15-6.28.  

https://doi.org/10.5150/revue-paralia.2011.006    

 [42] Akobe, C., Amani, E.M., Monde, S., Aka, K., & Affian, K. (2018). Étude comparative 

des caractères pétrosédimentaires des grès du bassin sédimentaire de Côte d'Ivoire. Revue 

Ivoirienne des Sciences et Technology, 31, 138-160.  

https://revist.net/REVIST_31/REVIST_31_9.pdf  

 [43] Diangoné, E., Yao, K.C., Irié, B.T.J-G., Monde, S., & Digbehi, Z.B. (2020). 

Caractérisation des sédiments superficiels de la lagune Potou (Sud-Est de la Cote 

d'Ivoire) en période d’étiage. The International Journal of Engineering and Science, 

9(10-1), 29-38. https://doi.org/10.9790/1813-0910012938   

 [44] N’guessan, Y.A., Konan, K.E., Diagoné, E., Wango, T.E., Affian, K., Monde, S., & Aka, 

K. (2013). Caractérisation sédimentologique des faciès sableux de la lagune Potou 

(littoral de la Côte d'Ivoire). BIOTERRE, Revue Internationale Science de la Terre, 13, 

43-58. 

 [45] Camara, A.D., Diomandé, D., & Gouréné, G. (2014). Impact des eaux usées et de 

ruissellement sur la biodiversité des macroinvertébrés de la rivière Banco (Parc National 

du Banco ; Côte d’Ivoire). Revue du CAMES, 2(1), 58-68.  

http://publication.lecames.org/index.php/svt/article/view/78#:~:text=L'analyse%20des%2

0param%C3%A8tres%20environnementaux,la%20concentration%20en%20oxyg%C3%

A8ne%20dissous  

 [46] Traoré, A., Soro, G., Kouadio, E.K., Bamba, B.S, Oga, M.S., Soro, N., & Biémi, J. 

(2012). Évaluation des paramètres physiques, chimiques et bactériologiques des eaux 

d’une lagune tropicale en période d’étiage: la lagune Aghien (Côte d’Ivoire). 

International Journal of Biological and Chemical Sciences, 6(6), 7048-7058.  

https://doi.org/10.4314/ijbcs.v6i6.40  

 [47] Pabst, W., & Gregorova, E., (2013). Elastic properties of silica polymorphs—a review. 

Ceramics-Silikaty, 57(3), 167-184.  

https://www.irsm.cas.cz/materialy/cs_content/2013/Pabst_CS_2013_0001.pdf  

 [48] Cesbron, F., Lebrun, P., Le Cléac'h, J-M., & Joan, D. (2000). Quartz et autre minéraux 



Trace Metals Behaviors in the Superficial Sediments from a Tropical Lagoon 

Earthline J. Chem. Sci. Vol. 9 No. 1 (2023), 77-102 

101

de la silice: histoire, cristallographie, minéralogie, gisements, utilisations, synthèse. In 

Minéraux & fossiles (Hors-série N°11, 100 p.). Paris, CEDEM. 

 [49] Dang, D.H., Lenoble, V., Durrieu, G, Omanović, D., Mullot J-U., Mounier S., & Garnier, 

C. (2015). Seasonal variations of coastal sedimentary trace metals cycling: Insight on the 

effect of manganese and iron (oxy)hydroxides, sulphide and organic matter. Marine 

Pollution Bulletin, 92(1-2), 113-124. https://doi.org/10.1016/j.marpolbul.2014.12.048  

 [50] Jimenez, J. (2016). Comportement des éléments traces métalliques (ETMs) dans les 

sédiments de surface du Golfe du Morbihan et de la Baie de Quiberon (France): 

distribution spatiale, speciation, biodisponibilité et relation avec les sédiments des ports 

et rivières (243 p.). Thèse de doctorat, France, Université de Brétagne Sud. 

 [51] INERIS (2006). Rapport d'étude INERIS DRC-O6-66246/DESP-R01a. Éléments traces 

métalliques - Guide méthodologique, recommandations pour la modélisation des 

transferts des éléments traces métalliques dans les sols et les eaux souterraines (138 p.). 

INERIS. 

 [52] Kokoa, C.M.R., Goua, T.E., Assale, Y.F.P., & Allialy, M.E. (2019). Chimiostratigraphie 

des formations de l’Albien au Sénonien inferieur par les éléments majeurs: 

environnements de dépôts et sources pourvoyeuses (puits LEO-1X et LEO-2Xdu bassin 

sédimentaire de Côte d’Ivoire). International Journal of Engineering Science Invention, 

8(10-II), 35-41. 

 [53] Wrohou, B.D., Ezzoura, E., N’Goran, J-P.Y., Kouamé, L.D., Tea, J., Gboméa, M.G., & 

Zéli, B.D. (2021). Inventaire et évaluation scientifique des géosites des falaises de Fresco 

en Côte d’Ivoire. European Scientific Journal, 17(25), 150-173.  

https://doi.org/10.19044/esj.2021.v17n25p1  

 [54] Brunet, J.F., & Artignan, D. (2006). Synthèse bibliographique sur l'élimination du 

manganèse dans les eaux d'origines minières (91 p.). Rapport final, BGRM /RP 54479-

FR. 

 [55] Correia, M.J.M. (2018). Optimisation de la précipitation des carbonates de magnésium 

pour l'application dans un procédé de séquestration de CO2 par carbonatation minérale 

de serpentine (125 p.). Mémoire de Maîtrise, Canada, Université de Québec. 

 [56] Chen, C., Yang, B., Shen, Y., Dai, J., Tang, Z., Wang, P., & Zhao, F-J. (2021). Sulfate 

addition and rising temperature promote arsenic methylation and the formation of 

methylated thioarsenates in paddy soils. Soil Biology and Biochemistry, 154, 108129. 

https://doi.org/10.1016/j.soilbio.2021.108129   

 [57] Miranda, L.S., Ayoko, G.A., Egodawatta, P., & Goonetilleke, A. (2022). Adsorption-

desorption behavior of heavy metals in aquatic environments: Influence of sediment, 



Mahi Agolé Mahi Arthur, Yao Marcel Konan, et al.  

http://www.earthlinepublishers.com 

102

water and metal ionic properties. Journal of Hazardous Materials, 421, 126743. 

https://doi.org/10.1016/j.jhazmat.2021.126743  

 [58] Deblon, J. (2018). Caractérisation de la contamination en ETM de la vallée de Lanping 

(Chine) et évaluation de leur biodisponibilité sous différents traitements (116 p.). 

Mémoire de Master, Belgique, Université de Lièges. 

 [59] Schneider, A.R. (2016). Comportement et mobilité des éléments traces métalliques dans 

des sols environnant une usine de seconde fusion du plomb Approches expérimentales et 

modélisation (547 p.). France, Université de Reims. 

 [60] Ferriz, L.M. (2020). Le cycle du mercure dans les sédiments de la rivière Saint-Maurice 

impacté par des perturbations du paysage: hydroélectricité, feu de forêt et coupes 

forestières (118 p.). Mémoire de Maîtrise, Canada, Université de Montréal. 

 [61] Pottier, P., Affian, K., Djagoua, M’.V., Anoh, K.P., Kra, Y., Kangah, A., & Robin, M. 

(2018). La lagune Ebrié à l'épreuve de la pression anthropique, In Géographie du littoral 

de Côte d'Ivoire, éléments de réflexion pour une politique de gestion intégré (pp. 165-

184). Géolittomer - La Clonerie Edition. 


