Anthropogenic Controls on Sediment Geochemistry and Environmental Quality in the Treichville Sector of the Ebrié Lagoon, Côte d’Ivoire


Abstract
The Treichville sector of the Ebrié Lagoon is exposed to domestic, industrial, and other anthropogenic inputs associated with surrounding residential and industrial activities. This study assessed the occurrence of trace metals in surface sediments and examined their implications for sediment environmental quality. Sediment samples collected from selected sites in the Treichville sector were subjected to granulometric and chemical analyses. Trace metals were quantified, and the results were interpreted using continental crust reference values, enrichment factors, geoaccumulation indices, and TEC-PEC sediment quality guidelines. Twelve metals were identified, with reported concentrations ranging from 7.20 to 12,094.28 mg/kg. Aluminium, copper, iron, potassium, magnesium, sodium, phosphorus, and zinc showed comparatively high concentrations, while arsenic, cadmium, mercury, and lead remained low. The enrichment and geoaccumulation results suggest that several elements reflect anthropogenic influence, particularly inputs linked to untreated discharges from domestic, agricultural, and industrial activities near the lagoon. Copper, zinc, and lead showed notable enrichment patterns, whereas arsenic, cadmium, and mercury did not indicate comparable contamination. Comparison with TEC and PEC values showed that most concentrations were below the TEC, although a proportion of copper and zinc concentrations exceeded the PEC. Overall, the findings indicate degraded sediment environmental quality in the Treichville sector and suggest potential concern for benthic organisms and human exposure pathways.
Keywords: Ebrié Lagoon; Treichville; surface sediments; trace metals; sediment geochemistry; anthropogenic inputs; enrichment factor; geoaccumulation index; TEC; PEC; environmental quality.
1. INTRODUCTION
Abidjan, the economic capital of Côte d'Ivoire, is located along the Atlantic coast and has experienced rapid demographic and urban expansion over recent decades. This growth has been accompanied by increasing domestic, industrial, and commercial activities, which place strong pressure on the surrounding aquatic environments. Unfortunately, the development of sanitation and wastewater-management infrastructure has not kept pace with this urban expansion. Wastewater treatment plants remain virtually non-existent, and large volumes of untreated liquid and solid wastes are discharged directly or indirectly into the lagoon system.
As a result, most types of waste, including domestic wastewater, industrial effluents, runoff, and solid residues, enter the lagoon without prior treatment. These discharges can modify the physicochemical characteristics of the aquatic environment and contribute to the degradation of lagoon water and sediments. The consequences are detrimental to the hydrology, ecological balance, and overall environmental quality of the lagoon. In certain parts of the lagoon, the odours are particularly strong and sometimes suffocating, reflecting the advanced state of organic pollution. Nevertheless, artisanal fishermen continue their activities in these areas, and their catches are sold in local markets, raising concerns about potential risks to aquatic resources and human health. These effects are particularly noticeable in relation to natural resources and public health (Dufour, 1981; Irié, 2017).
Recent aquatic studies further indicate that trace-metal inputs associated with domestic, industrial, and other anthropogenic pressures can be reflected in water, sediment, and biotic compartments. Because sediments often act as both sinks and potential secondary sources of contaminants, their study provides important information on the history, distribution, and possible ecological effects of pollution in aquatic systems. The accumulation of trace metals in sediments may therefore have implications for aquatic biodiversity, ecosystem functioning, and environmental quality (Gouda et al., 2025; Wariboko et al., 2026; Thabet et al., 2024; Mutethya et al., 2025).
The Ebrié Lagoon is connected to the Atlantic Ocean through the Vridi Channel. This passage facilitates exchanges between marine and lagoon waters and plays an important role in the circulation, renewal, and ecological dynamics of the lagoon system. It also allows ships to access the Port of Abidjan, making the lagoon an area of major economic and environmental importance. Effective preservation of this environment would therefore be beneficial not only for the organisms inhabiting it, but also for the communities and economic activities that depend on its resources.
However, in the Treichville sector, the available manuscript evidence indicates a need for a focused assessment of how surrounding untreated discharges are reflected in surface-sediment trace-metal occurrence and sediment environmental quality. This sector is particularly relevant because it is influenced by intense urban activities, wastewater inputs, and proximity to important transport and commercial zones.
With this in mind, this study was initiated to determine the presence of trace metals (TMs) in the sediments of the Treichville sector of the Ebrié Lagoon. The study aims to provide useful information on sediment contamination levels and to contribute to a better understanding of the environmental pressures affecting this part of the lagoon.
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Fig. 1 – Study area in the Treichville sector of the Ebrie Lagoon.
2. MATERIALS AND METHODS 
2.1. Sampling sites 
Samples were collected from the Ebrié Lagoon in the Treichville sector of Abidjan. The specific sampling sites were the Fascinage, Mol Port, Quay 15, Mouillage, Bananier Quay, SOTRA Quay, Félix Houphouët-Boigny Bridge, and Carena areas.
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Fig. 2 – Map of sampling points in the Treichville area of the Ebrie Lagoon.
2.2. Physical preparation of samples
A 0.5-gram sample, previously ground, was taken and placed in a Teflon container. To each sample, 10 millilitres of 37% hydrochloric acid, 5 millilitres of 70% nitric acid, and 2 millilitres of 40% hydrogen peroxide were added. The mixture was brought to boiling point in a microwave oven at 250°C for one hour. The samples were filtered using pleated filter paper and quantified. Geochemical parameters were determined using an inductively coupled plasma (ICP) spectrometer.
2.3. Determination of ETMs by flame atomic absorption spectrometry 
Metal concentrations were determined by flame atomic absorption spectrometry, one of the primary techniques involving atomic spectroscopy in the UV-visible range used in chemical analysis. This elemental analysis method is primarily used to determine the concentration of metals in solution. It requires measurement from an analyte (the element to be determined) converted into free atoms. The sample is heated to a temperature of 2000 to 3000 degrees to break chemical bonds.
Its principle is based primarily on coupling an ICP (inductively coupled plasma) torch, which generates positive monovalent ions, with a quadrupole mass spectrometer that separates these ions by mass according to the atomic mass-to-charge ratio. Separations are achieved through variations in the electromagnetic field applied between the different poles, and the concentration of the element in solution is determined according to Beer-Lambert's law.
2.4. Concept of geochemical background 
The geochemical background corresponds to the natural concentration of an element in geological material, resulting solely from its geological history. It contrasts with the anthropogenic background, which represents the fraction of elements introduced into the environment exclusively by human activities or as a result of such activities.
The term "local background" is used when the concentration of an element is confined to a clearly defined area, and "regional background" is used when this area covers a large expanse and exhibits a certain degree of geochemical uniformity. The nature of the bedrock, the type of sediment, and the physicochemical parameters of the environment in question can cause the geochemical background to vary considerably from one location to another.
2.5. Estimation of Pollution Intensity 
The level of sediment contamination is generally assessed by measuring the total concentration of metallic elements. Several indices can be used to estimate this level, and their principle is based on comparing measured values with reference values. The reference values chosen in this study are those of the continental crust (Wedepohl, 1995). Table 2 also presents the concentration of trace elements (mg/kg) in uncontaminated sediments according to Calamari and Naeve (1994) and Kikouama et al. (2009).

Table 1—Concentrations of trace elements in the UCC continental crust (Wedepohl, 1995)
	ETM
	Fe
	Ld
	Zn
	Cd
	Cu
	Al
	Mg
	As
	Hg
	P
	K
	NA

	UCC (mg/kg)
	30890
	17
	52
	0.1
	14
	77440
	13510
	2
	0.05
	655
	28650
	25670



Table 2—Concentrations of trace elements (mg/kg) in uncontaminated sediments
ETM (mg/kg) 
Hg 
Cd 
Pb 
Cu 
Zn 
Fe 
Calamari & Naeve, 
(1994) 
0.05-0.30 
 
0.11 
 
19.00 
 
33.00 
 
95.00 
 
41000.00 
Kikouama 
& al., (2009) 
 -----
 
0.44 
 
12.68 
 
24.84 
 
45.13 
 -----






2.6. Enrichment Factor and Geoaccumulation Index 
The impact of metal pollutants on sediment quality can also be assessed by calculating the enrichment factor (EF) and the geoaccumulation index (Igeo). These two parameters make it possible to quantify the extent of metal pollution.

 Enrichment factor 
The principle of the EF is to compare the concentration of the element in the sediment with its natural concentration in the geochemical background of the study area (Tessier, 2012). The enrichment factor (EF) indicates the increase in the concentration of a chemical element in a sediment relative to a reference. The normalisation element selected for this study is iron. The concentrations of trace metal elements in the continental crust reported by Wedepohl (1995) were chosen as the geochemical background. The enrichment factor is calculated using the equation given by Sutherland (2000):
EF = ([M] / [Fe]) exp / [M] / ([Fe]) ref
Where: [M] is the concentration of element M in the sample, [Fe] is the concentration of iron in the sample, [M] is the concentration of element M in the geochemical background, and [Fe] is the concentration of iron in the geochemical background. Enrichment factor values allow the definition of five enrichment classes (Sutherland, 2000):
FE ˂ 2, no or low enrichment; 
2 < FE ˂ 5, moderate enrichment;
5 < FE ˂ 20, significant enrichment; 
20 < FE ˂ 40, very high enrichment; and
FE > 40, extreme enrichment.
 Geoaccumulation Index
Defined by Müller (1969), the geoaccumulation index is a second criterion for assessing the intensity of metal pollution. This index compares a given concentration with a value considered to represent the geochemical background. The geoaccumulation index (Igeo) is used to calculate pollution intensity. This index comprises seven classes that determine degrees of pollution. It includes various degrees of pollution, ranging from natural levels, indicating the absence of pollution, to highly polluted sediments. Elements in class 6 (Igeo > 5) show enrichment 100 times higher than the geochemical background (Tessier, 2012). The index is determined using the equation of Müller (1981):
Igeo = Log2 (Cn / 1.5 Bn)
Where: Cn is the concentration of the element in the sediment, Bn is the geochemical background concentration for element n, and 1.5 is the correction factor.

Table 3—Müller's Classification (Müller, 1969)
	Geo-accumulation index class
	Pollution intensity

	Igeo ˂ 0
	No pollution


	0 ˂ Igeo ˂ 1
	Not polluted to moderately polluted


	1 ˂ Igeo ˂ 2
	Moderately polluted


	2 ˂ Igeo ˂ 3
	Moderately polluted to heavily polluted


	3 ˂ Igeo ˂ 4
	Heavily polluted




2.7. Sediment Quality Criteria
Quality criteria are reference values used to assess the risks posed by in-situ sediments. They are derived as averages of various threshold effect concentrations (TECs) or probable effect concentrations (PECs). For this study, the TEC and PEC thresholds defined by MacDonald et al. (2000) were used. The TEC (threshold effect concentration) refers to the concentration limit of contaminants below which living organisms are not threatened. The PEC (probable effect concentration) represents contaminant concentrations above which contaminants have an effect on living organisms. Between the TEC and PEC values, sediment quality can be considered intermediate, but no clear conclusion can be drawn regarding the actual risk. When more than 75% of a metal's concentrations are below the reference TEC (MacDonald et al., 2000), that metal is considered to have no negative impact on the environment (MacDonald et al., 2000). If more than 75% of a metal's concentrations exceed the reference PECs, that metal is hazardous to living organisms.
Table 4—TEC and PEC Values (MacDonald et al., 2000)
	ETM
	Cu
	Zn
	As
	Cd
	Pb

	TEC (mg/kg)
	31
	121
	9.79
	0.99
	35.6

	PEC (mg/kg)
	149
	459
	33
	4.98
	128



3. RESULTS AND DISCUSSION
3.1. Concentrations of Trace Metal Elements in Sediments from the Ebrie Lagoon, Treichville Area 
The results of the trace metal element analysis of the sediments studied are presented in Table 5. These results indicate the following concentration ranges for each trace metal element:
Aluminium: Aluminium concentrations range from 531.8 to 178,500 mg/kg, with an average of 46,470.125 mg/kg. All samples have Al concentrations below the value of 77,440 mg/kg observed in the crust. At Mouillage, the Al concentration is very high.
Arsenic: The arsenic concentrations measured in the sediments are 0.0005 mg/kg. The average concentration is 0.0005 mg/kg. All samples have arsenic (As) concentrations below the crust value of 2 mg/kg.
Cadmium: Cadmium shows a constant concentration at all sampling points in the lagoon sediments. This concentration is 0.05 mg/kg. It is below the established threshold values for the continental crust (UCC Cd = 0.102 mg/kg).
Copper: Cu concentrations range from 2.718 mg/kg to 528.8 mg/kg, with a calculated average of 137.3625 mg/kg. Among the sediments sampled, the Mouillage samples have Cu concentrations higher than those of the crust (UCC Cu = 14 mg/kg). The Mouillage sample has a high concentration compared with that of uncontaminated sediments (Cu = 33 mg/kg).
Iron: Iron concentrations range from 365.7 mg/kg to 45,220 mg/kg, with an average of 12,094.28 mg/kg. Sediment concentrations at the Mouillage site exceed the UCC limit (30,890 mg/kg).
Potassium: Potassium concentrations range from 90.72 to 10,830 mg/kg, with an average of 2,861.49 mg/kg. Overall, they are lower than the estimated potassium concentration in the continental crust, which is 28,650 mg/kg. However, the highest value was recorded at Mouillage.
Magnesium: Magnesium concentrations range from 133.1 to 9,594 mg/kg. The average concentration is 2,553.67 mg/kg. These values are lower than those of the continental crust (UCC), estimated at 13,510 mg/kg.
Sodium: Sodium concentrations range from 672.9 to 58,900 mg/kg, with an average of 15,311.76 mg/kg. The Na values in the sediments of the Ebrié Lagoon are all lower than those of the continental crust (UCC Na = 25,670 mg/kg), except at Mouillage.
Lead: Pb concentrations range from 0.005 mg/kg to 23.98 mg/kg, with an average of 7.21 mg/kg. The Pb content of the sediments studied is lower than that of the continental crust (UCC = 17 mg/kg), except at the Bananier site, where it is higher than the UCC value.
Zinc: Zinc concentrations in the sediments range from 1.37 mg/kg to 681.5 mg/kg, with an average of 177.57 mg/kg. They are generally lower than the values for the continental crust (UCC Zn = 52 mg/kg), except for the sample from Mouillage, which is higher.
Mercury: Mercury concentrations remain constant and virtually non-existent (0.0001 mg/kg) in all samples. They are therefore lower than the continental crust's Hg concentration, which is 0.05 mg/kg.
Phosphorus: Phosphorus concentrations range from 240.9 to 319.5 mg/kg, with an average of 281.7 mg/kg. Overall, they are lower than the concentration of P in the continental crust, estimated at 655 mg/kg.
The observed results highlight variability in ETM concentrations in the studied sediments from one site to another and from one parameter to another. Average ETM concentrations range from 7.20 to 12,094.28 mg/kg. The concentrations of metallic elements such as K, As, Mg, and Cd are lower than those in the continental crust (UCC). The low concentrations of these metals indicate dilution resulting from the influx of less contaminated or uncontaminated sediments. The concentrations of Cu, Zn, Na, Al, and Fe exceed crustal values only at the Mouillage site, while Pb exceeds crustal values at the Bananier wharf.
These findings indicate polymetallic contamination of the sediments by these metals. This contamination could be attributed to the discharge of untreated waste into the lagoon from various domestic, agricultural, and industrial activities carried out near the lagoon. A discharge outlet is present at Mouillage.
Table 5—Metal concentrations (mg/kg) in sediments
	Sample
	Cd
	Ld
	Hg
	P
	As
	Al
	Fe
	Cu
	Mg
	Na
	Zn
	K

	Bananier
	0
	23.98
	0
	295.9
	0
	6616
	2438
	13.24
	177.1
	880.9
	14.3
	252.2

	Qi5 bis
	0
	0.00
	0
	252.3
	0
	4424
	1208
	7.19
	164.4
	799.7
	8.49
	160.1

	Mouillage
	0
	0.00
	0
	300.1
	0
	178500
	45220
	528.8
	9594
	58900
	681.5
	10830

	Mol port
	0
	0.19
	0
	284.5
	0
	2069
	1456
	11.18
	460.9
	814.5
	29.36
	531.3

	Caréna
	0
	9.5
	0
	319.5
	0
	588.4
	480.9
	4.25
	172.8
	853.2
	2.64
	106.9

	Pont FHB
	0
	0.00
	0
	240.9
	0
	531.8
	365.7
	2.72
	133.1
	672.9
	1.38
	90.72

	Min
	0
	0.00
	0
	240.9
	0
	531.8
	365.7
	2.72
	133.1
	672.9
	1.37
	90.72

	Max
	0
	23.98
	0
	319.5
	0
	178500
	45220
	528.8
	9594
	58900
	681.5
	10830

	Average
	0
	7.21
	0
	281.7
	0
	46470.12
	12094.28
	137.36
	2553.67
	15311.76
	177.56
	2861.49

	UCC
	0.1
	17
	0.05
	655
	2
	77440
	30890
	14
	13510
	25670
	52
	28650


Echan: samples; UCC: Upper Continental Crust; Max: maximum metal concentration; Min: minimum metal concentration; 

3.2. Estimation of the Severity of Metal Pollution in Sediments
3.2.1. Level of EF enrichment in sediments
The enrichment factors for metals in the surface sediments of the Ebrié Lagoon vary as follows:
Aluminium: The enrichment factor ranges from 0.48 to 1.57. The average value is 0.97. The enrichment factor (EF) is <2 in all sediments.
Arsenic: As enrichment factor values range from 0.0002 to 0.21, with an average of 0.09. They are all below 1.
Cadmium: Cadmium enrichment ranges from 0.03 to 0.42, with an average of 0.18. Only the Q15 BIS and Mol Port samples show enrichment greater than 1.
Copper: The maximum copper enrichment in the sediments is 25.80, while the minimum enrichment is 11.98. The average enrichment is 17.69. The minimum enrichment factor ranges from 5 to 20, and the maximum enrichment factor ranges from 20 to 40.
Potassium: K enrichment in the sediments ranges from 0.11 to 0.39, with an overall average of 0.23; overall, EF < 1.
Magnesium: The variation in Mg enrichment ranges from 0.16 to 0.83, with an average of 0.54. This variation does not exceed 1 (EF < 1) in the samples.
Sodium: Sediment enrichment ranges from 0.34 to 2.21, with an overall average of 1.28; the maximum EF is greater than 2.
Lead: Pb enrichment in the lagoon sediments ranges from 0.0002 to 35.92, with an average of 11.250. This enrichment is less than 1 in all samples studied, except for the sample from the Bananier pier.
Zinc: Enrichment varies between 0.32 and 11.97, with an average of 5.43.
Only the sediments at Carena have Zn enrichment of less than 2.
Mercury: Sediment enrichment ranges from 0.001 to 0.16, with an average of 0.07. The enrichment factor is less than 1.
Iron: Enrichment ranges from 0 to 0.08, with an average of 0.04. The enrichment factor is less than 1.
The average enrichment values for trace metals, ranging from 0.01 mg/kg to 17.69 mg/kg, suggest two possible sources for these metals. The first is of natural, terrigenous origin. This corresponds to ETMs with an enrichment factor less than 1, such as Cd, As, Hg, Fe, Al, Mg, Na, and K. Such a factor indicates no enrichment or minimal enrichment of the ETMs. The second source includes ETMs with enrichment factors greater than 1 (EF > 1), such as Cu, Pb, and Zn. These originate from anthropogenic sources, including domestic and industrial effluents. The average enrichment levels of these elements are 17.69 mg/kg, 11.25 mg/kg, and 5.43 mg/kg, respectively, in the sediments studied. Values between 5 and 20 suggest that Zn, Cu, and Pb show significant enrichment in the sediments. However, the maximum enrichment levels of Cu and Pb, at 25.80 mg/kg and 35.92 mg/kg, respectively (20 < EF < 40), indicate very high enrichment of copper and lead. The high enrichments observed for Cu, Pb, and Zn could result from the transport of untreated waste via waterways, as well as from agricultural and industrial activities.
3.2.2. Geoaccumulation Index
The geoaccumulation indices of trace elements in sediments from the Treichville area of the Ebrié Lagoon vary as follows:
- Sodium: the minimum geoaccumulation index (GAI) is 6.15 and the maximum is 9.00, with an average of 7.35;
- Aluminium: the geoaccumulation index ranges from 7.44 to 9.96, with an average of 8.45;
- Arsenic: the geoaccumulation index remains constant at -3.60;
- Cadmium: the Igeo for cadmium is constant at -2.30;
- Lead: the Igeo for lead ranges from -1.25 to 2.63, with an average of 0.28;
- Mercury: the Igeo for Hg remains constant at -2.63;
- Phosphorus: the Igeo for phosphorus ranges from 5.02 to 5.14, with an average of 5.08;
- Copper: the Igeo for copper ranges from 1.40 to 3.69, with an average of 2.21;
- Iron: the Igeo ranges from 6.86 to 8.97, with an average of 7.66;
- Potassium: the Igeo is estimated to range from 6.24 to 8.31, with an average of 6.95;
- Magnesium: values range from 6.10 to 7.64, with an average of 6.65;
- Zinc: the Igeo fluctuates between 1.67 and 4.37, with an average of 2.78;

The geoaccumulation indices for As, Cd, and Hg are negative (Igeo < 0), which means that the lagoon sediments are not contaminated by these heavy metals. The Igeo value for lead (0.38) falls between 0 and 1 (0 <= Igeo < 1), indicating a trend towards moderate sediment contamination by this metal. The Igeo values for zinc (2.78) and copper (2.21) range between 2 and 3 (2 <= Igeo < 3), indicating a shift from moderate to severe pollution. The Igeo values for sodium (7.35), phosphorus (5.05), aluminium (8.45), iron (7.66), potassium (6.95), and magnesium (6.65) are all greater than 5, indicating that the sediments are extremely contaminated.
Table 6—Factors influencing the enrichment of ETMs in sediments.
	
	Cd
(mg/kg)
	Pb
(mg/kg)
	Hg
(mg/kg)
	P
(mg/kg)
	As
(mg/kg)
	Al
(mg/kg)
	Fe
(mg/kg)
	Cu
(mg/kg)
	Mg
(mg/kg)
	Na
(mg/kg)
	K
(mg/kg)
	Zn
(mg/kg)

	Min
	0.00
	0.00
	0.00
	3.13
	0.00
	0.49
	0
	11.98
	0.16
	0.35
	0.11
	0.33

	Max
	0.42
	35.92
	0.16
	31.33
	0.02
	1.57
	0.08
	25.80
	0.83
	2.21
	0.39
	11.98

	Average
	0.18
	11.25
	0.07
	15.05
	0,01
	0.97
	0.05
	17.69
	0.54
	1.28
	0.24
	5.43



3.2.3. Environmental Quality of Sediments
The environmental quality of sediments in the Treichville sector of the Ebrié Lagoon was assessed using the guidance values from the TEC-PEC model. The results indicate that 100% of the concentrations of lead, arsenic, cadmium, and mercury, and 83.33% of the concentrations of copper and zinc, are below the TEC reference value. The concentrations of lead, arsenic, and cadmium do not exceed the PEC standard, while 16.67% of the copper and zinc concentrations exceed the PEC reference value. The TEC and PEC guideline values for other metals not mentioned here are undetermined.

Table 7—Proportion (mg/kg) of sediments relative to TEC and PEC
	
	       Cadmium
	Lead
	Arsenic
	Copper
	Zinc
	Mercury

	Tec
	0.99
	36
	9.79
	31.6
	121
	0.18

	Pec
	5.0
	130
	33.0
	149
	459
	1.06

	% lower than the Tec
	100
	100
	100
	83.33
	83.33
	100

	% higher than the Pec
	0
	0
	0
	16.67
	16.67
	0
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Figure 3: Copper concentrations in sediments compared to biological effect guideline values (TEC and PEC)




              
                  


Figure 4: Concentrations of heavy metals (Hg, Ld, Zn, and As) in sediments compared to biological effect guideline values (TEC and PEC)

3.3. Geochemical Study Findings
3.3.1. Trace Metal Concentrations
The average metal concentrations in this study, when compared with those of the upper continental crust (UCC) reported by Wedepohl (1995), indicate polymetallic contamination of the sediments, characterised by elevated levels of Cu, Al, Pb, Na, Zn, and Fe. According to Keuméan et al. (2013), the abnormal concentrations of these metals could be attributed to the pollutant load contributed by various discharges from agricultural, domestic, and artisanal activities. Added to this is the load from numerous industrial and domestic effluents. These metals may therefore pose risks to water, living organisms, and human health. The metal concentrations obtained in the sediments of this study were compared with those obtained by Chouti et al. (2011) in the sediments of the Porto-Novo Lagoon in southern Benin. The iron and lead concentrations in this study are high compared with those in the Porto-Novo Lagoon (Fe: 328-555 mg/kg; Pb: 3.52-60.62 mg/kg). Furthermore, the concentrations of Cd, Hg, and As in the port area are lower than those in the Porto-Novo Lagoon (Cd: 5.39-7.33 mg/kg; Hg: 0.90-2.73 mg/kg; As: 0.20-0.40 mg/kg). The results for metal concentrations were also compared with those obtained in the same study area by Traoré (2016) and with those of Soro et al. (2009) in the sediments of the Ebrié Lagoon (Ivory Coast).
It is noted that the concentrations of heavy metals in this study differ from those found by Traoré (2016) in the same area (Fe: 27,267.47-75,661.72 mg/kg; Cd: 0.03-0.13 mg/kg; Pb: 2.03-3.31 mg/kg; Zn: 0.05-0.11 mg/kg; Cu: 43.20-149.25 mg/kg) and from those obtained by Soro et al. (2009) in the same area (Zn: 21.6-1,081.7 mg/kg; Cu: 4.8-217.4 mg/kg).
3.3.2. Enrichment Factor 
An analysis of trace-element enrichment, using the method proposed by Sutherland (2000), shows that most of the metals studied exhibit a range from zero enrichment to low enrichment (EF < 2), with the exception of sodium, lead, zinc, phosphorus, and copper. The enrichment factors for these metals range from 2 to 5 for sodium, from 5 to 20 for lead and copper, and from 20 to 40 for copper and phosphorus, corresponding to moderate, significant, and very high enrichment, respectively. The findings of Irié et al. (2019), which confirm this, are very close to the results for copper and lead obtained in this study. The geoaccumulation index values are 2.78 for Zn, 2.21 for copper, and 0.28 for lead. In contrast, the geoaccumulation indices for ETMs (arsenic, cadmium, and mercury) are negative. According to Müller (1969), when a metal's geoaccumulation index is negative, it does not cause any pollution; conversely, an index between 0 and 1, such as that of lead, indicates a range from no pollution to moderate pollution by that metal. When the geoaccumulation index is between 2 and 3, as with copper and zinc, the environment is moderately to heavily polluted. Finally, when the Igeo is greater than 5, as with P, Al, Fe, K, and Mg, the sediments are extremely polluted.

The Cu and Zn indices obtained in this study are virtually identical to those previously reported by Irié (2017). Irié et al. (2019) demonstrated that zinc, cadmium, copper, and lead are the most significant pollutants in the sediments of the Ebrié Lagoon. This situation can occasionally be harmful to benthic organisms. However, unlike our findings, the results previously reported by Traoré (2016) indicate zero enrichment for zinc (EF (Zn): 0) and moderate enrichment for copper (EF (Cu): 4.3), which is consistent with our results. The study by Oumar et al. (2014), conducted on sediments from Lakes Bini and Dang in the Adamaoua region of Cameroon, indicates excessively high enrichment values for Cd and Pb compared with those in this study.
Regarding the geoaccumulation index, it should be noted that the Fe geoaccumulation index is higher than that estimated by Traoré (2016), which suggests the absence of iron pollution or moderate iron pollution. This is also the case for the Cu and Zn geoaccumulation indices. The Cu geoaccumulation index found by this author is 1.7, and the Zn geoaccumulation index is -10. However, the Igeo values found for Cd and Pb, which are -1.4 and -3.3, respectively, confirm that the sediments are not affected by these two metals. These results are consistent with the fact that the Ebrié Lagoon is located in the urban area of Abidjan, which is heavily polluted by industrial discharges (Metongo et al., 1993).
3.3.3. Environmental Quality of Sediments 
The environmental quality of sediments in the port area was assessed by comparing ETM concentrations with the TEC and PEC guideline values proposed by MacDonald et al. (2000). The results indicate that the environmental quality of the area is primarily threatened by zinc and copper. More than 75% of the concentrations of these metals are below the TEC. In contrast to the other metals, for which more than 75% of concentrations were below the TEC and none exceeded the PEC, 16.67% of copper and zinc concentrations exceeded the PEC. Zinc and copper pose a potential hazard to the lagoon environment and, more specifically, to living organisms. According to Environment Canada (1997), the biological effects caused by metals include decreases in the abundance of benthic invertebrates and fertilisation, increased mortality and lethality, behavioural changes, and abnormal development in the early life stages of benthic organisms.
Furthermore, this could also cause numerous health problems in humans, such as damage to the nervous system, cardiac effects, cancers, and many other serious conditions (Charbonnier, 2014). However, zinc and copper are not the only metals capable of harming environmental quality. Studies conducted in the sediments of Abidjan Harbour by Coulibaly (2014) and by Irié (2017) in the Ebrié Lagoon channel have highlighted the negative impact of metals such as Cd, Pb, and As, as evidenced by the concentrations of these metals compared with the TEC and PEC reference standards.
Conclusions
The study indicates that surface sediments in the Treichville sector of the Ebrié Lagoon show variable trace-metal concentrations, reflecting the influence of local environmental and anthropogenic conditions. The results suggest elevated levels of copper, iron, zinc, sodium, phosphorus, aluminium, potassium, and magnesium when compared with the selected continental crust reference values. Enrichment-factor and geoaccumulation-index assessments indicate that copper, zinc, and lead are the principal metals showing notable enrichment, while arsenic, cadmium, and mercury remain comparatively low. The contamination pattern is consistent with the influence of untreated domestic, agricultural, and industrial discharges entering the lagoon environment. The comparison with TEC and PEC sediment quality guidelines further indicates that copper and zinc are the main metals of concern for sediment environmental quality. Overall, the findings support the need for improved control of untreated effluent inputs and continued monitoring of sediment quality in the Treichville sector.
Limitation
This assessment is based on surface sediments collected from selected sites in the Treichville sector. Interpretation depends on the reference values and indices used, and TEC-PEC guideline values were unavailable for some metals. Therefore, environmental-quality conclusions for metals without guideline thresholds remain limited.
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Lead
Pb	bananier	Qi5 bis	Mouillage	Mol port	Carena	Pont FHB	23.979999999999997	5.000000000000001E-3	5.000000000000001E-3	0.19400000000000001	9.5	5.000000000000001E-3	Tec	bananier	Qi5 bis	Mouillage	Mol port	Carena	Pont FHB	36	36	36	36	36	36	Pec	bananier	Qi5 bis	Mouillage	Mol port	Carena	Pont FHB	130	130	130	130	130	130	Echanatillons

Concentration en (mg/kg) 



Mercury
Hg	bananier	Qi5 bis	Mouillage	Mol port	Carena	Pont FHB	1.0000000000000002E-4	1.0000000000000002E-4	1.0000000000000002E-4	1.0000000000000002E-4	1.0000000000000002E-4	1.0000000000000002E-4	Tec	bananier	Qi5 bis	Mouillage	Mol port	Carena	Pont FHB	0.18000000000000002	0.18000000000000002	0.18000000000000002	0.18000000000000002	0.18000000000000002	0.18000000000000002	Pec	bananier	Qi5 bis	Mouillage	Mol port	Carena	Pont FHB	1.06	1.06	1.06	1.06	1.06	1.06	Echantillons

Concentration en (mg/kg) 



Zinc
Zn	bananier	Qi5 bis	Mouillage	Mol port	Carena	Pont FHB	14.3	8.4920000000000027	681.5	29.36	2.637	1.373	Tec	bananier	Qi5 bis	Mouillage	Mol port	Carena	Pont FHB	121	121	121	121	121	121	Pec	bananier	Qi5 bis	Mouillage	Mol port	Carena	Pont FHB	459	459	459	459	459	459	Echantillons

Concentration en (mg/kg) 



Arsenic
As	bananier	Qi5 bis	Mouillage	Mol port	Carena	Pont FHB	5.0000000000000012E-4	5.0000000000000012E-4	5.0000000000000012E-4	5.0000000000000012E-4	5.0000000000000012E-4	5.0000000000000012E-4	Tec	bananier	Qi5 bis	Mouillage	Mol port	Carena	Pont FHB	9.7900000000000009	9.7900000000000009	9.7900000000000009	9.7900000000000009	9.7900000000000009	9.7900000000000009	Pec	bananier	Qi5 bis	Mouillage	Mol port	Carena	Pont FHB	33	33	33	33	33	33	Echantillons

Concentration en (mg/kg) 



Copper
Cu	bananier	Qi5 bis	Mouillage	Mol port	Carena	Pont FHB	13.239999999999998	7.1949999999999994	528.79999999999995	11.18	4.2489999999999997	2.718	Tec	bananier	Qi5 bis	Mouillage	Mol port	Carena	Pont FHB	31.6	31.6	31.6	31.6	31.6	31.6	Pec	bananier	Qi5 bis	Mouillage	Mol port	Carena	Pont FHB	149	149	149	149	149	149	Echantillons

Concentration en (mg/kg) 
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