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Bay at the water-sediment interface with a contamination factor of 1.67. In

addition, mercury concentrations compared to sediment guide values (SQGs)

factor of 7.5, while the lowest contamination was observed in Milliardaires

reveal that these sediments mostly show occasional biological effects but no
toxicity except Koumassi core (sediments at 20 cm depth). Also, dredging,
hydrodynamics have probably impacted the mercury content. The deposi-
tional environment of mercury metal is therefore a limiting factor for its fate
in the aquatic environment.
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1. Introduction

Aquatic ecosystems cover 70% of the planet’s surface. At the origin of life on
earth, they are now threatened by pollution brought by human activities, in par-
ticular by urbanization and industrialization (Said et al., 2013). These pollutants
therefore interfere with chemical and biological processes in the water column
and sediments. Among the many compounds emitted by human activities, trace
metal elements (TMEs) are one of the major sources of contamination. These
TMEs enter aquatic systems through point sources (industrial and urban efflu-
ents) and diffuse (runoff, dry and wet atmospheric deposition) sources in parti-
culate, dissolved and colloidal forms (Kennish, 2002). They can cause adverse
effects on aquatic life and are transmitted to humans through the consumption
of contaminated fish products that cause serious health impairment (Ndome et
al., 2010; Said et al., 2013). Due to their toxicity and accumulation in aquatic en-
vironment, the determination of trace element concentrations is the subject of
particular attention in several countries around the world (Kargin et al., 2001;
Hashmi et al., 2002; Okocha & Adedeji, 2011; Meshram et al., 2014). Nowadays,
many countries including Céte d’Ivoire still practice activities providing trace
metal elements including mercury to the environment, especially anthropogenic
activities, which mainly feed aquatic environment, which discharge huge quanti-
ties of mercury into the rivers flowing towards the Ebrié lagoon (South of Abid-
jan) which is however very strategic for the Ivorian economic capital and even
for the country (Cote d’Ivoire).

This lagoon body of water is used for many socio-economic needs in the de-
velopment of the city of Abidjan. Unfortunately, it is the object of several ag-
gressions due to the extent of industrial activities as well as agricultural and do-
mestic activities. It thus presents itself as a receptacle for large quantities of lig-
uid waste, very often without any primary treatment, and solid waste (Scheren et
al., 2004; Kouassi, 2014). Several studies have been carried out on water, sedi-
ments and some fish species. Thus, mercury levels have been assessed in surface
sediments of the Ebrié lagoon (Ahoussi et al., 2012; Traore et al., 2014; Traore et
al., 2015; Wango et al., 2015; Coulibaly et al., 2018).

This study aims to assess the mercury content in 50 cm cores collected in four
bays (Cocody and Banco in the north and Koumassi and Milliardaires in the
south) of the large Ebrié Lagoon fault.

2. Material and Method
2.1. Study Area

The cores studied were taken from Cocody, Banco, Koumassi and Milliardaires
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Bay belonging to the Ebrié lagoon network (Figure 1).
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Figure 1. Location of the study area and core sampling points in the Ebrié lagoon system.

2.2. Analysis Apparatus

DMA whose operation is described in Figure 2, is an innovative instrument
which is able to analyse the Mercury at very low levels in solid and liquid and
gaz samples in six minutes, without need of pretreatment steps. It was built by
Milestone it functions as an AAS (Atomic Absorption Spectrophotometer).

The DMA-80 analysis system (Figure 2) consists of a pneumatic arm, a rotat-
ing disc with 40 boat sites, a catalyst tube, an amalgamator, a light source (two

mercury lamps), a constituted analyzer and 3 cells.
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Figure 2. Operation of DMA.
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2.3. Sampling and Materials

Sampling points were chosen in the deepest areas of the bays to ensure perfect
stratification stability of the sediment core. From a boat positioned vertically to
the sampling point, a plunger make carries out a manual coring and extracts a
core of at least 50 cm.

The core, carefully taken with a coring machine, is brought to the surface of
the water to be photographed, described and stored in PVC cases.

A summary log is established and will be completed afterwards by laboratory
analysis of samples taken each 5 centimetres. Along this lithological log, it will be
possible to follow the evolution of the mercury in relation to the variations in fa-

cies.

2.4. Method of Analysis and Apparatus

In the laboratory, sediment samples are dried in an oven at room temperature.
The dried sediment are then crushed in a mortar and sieved with a 63 um di-
ameter sieve to make it homogeneous in order to facilitate atomization. Thus a
mass of the fraction of ® < 63 um is collected for analysis at DMA 80 for mer-
cury evaluation and covering three tests each.

The samples are introduced into the DMA-80 mercury analyzer by the inte-
grated autosampler. Prior to combustion, the sample is initially dried in an oxy-
gen flow through a quartz tube located inside a resistance furnace. The sample is
then thermally decomposed under oxygen. The combustion gases are then de-
composed in a catalytic column at 650°C, where halides and oxides are also
trapped. This operating principle eliminates most matrix effects and allows the
measurement of solid samples with calibration with liquid phase standards. The
remaining decomposition products are then transported to the gold amalgama-
tor which selectively traps the mercury. The continuous flow of oxygen removes
any residual gases or decomposition products. The amalgamator is then rapidly
heated, resorbing the mercury vapor to the measuring cells where the height of
the absorbance peak is measured according to the mercury content. The mea-
surement cycle takes less than five minutes per sample (Wedepohl, 1995).

- Calculation of the contamination factor

The calculation of the contamination factor was used to assess the level of
mercury contamination in the sediments studied. The calculation of this factor
uses the geochemical background and the values measured in the field (Couliba-

ly et al., 2010). This factor is calculated using the following formula:
FC = Cmetal/C geochemical background of metal

Cmetal: Concentration of metal in the sediment

C geochemical background metal: Metal value of the geochemical background
metal

A classification follows according to the variation of the FC values:

FC < 1: low contamination.

1 < FC < 3: moderate contamination.
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3 < FC < 6: considerable contamination.

FC 2 6: very high contamination.

- Use of sediment guide values (SQGs)

Many tools have been developed to determine whether metallic or organic
contaminants associated with sediments can negatively affect aquatic organisms.
Sediment Quality Guideline (SQG) values have thus been obtained from field
data (chemical, ecological and toxicological indicators). Toxicity thresholds ERL
(Effect Range Low) and ERM (Effect Range Medium) were defined (Long et al.,
1995). These thresholds or toxicity criteria were obtained empirically, i.e. by
compiling the results of numerous studies carried out either in the laboratory or
in the natural environment and for which the level of sediment contamination
and toxicity was available.

From this database, these authors defined for each contaminant the concen-
trations for which biological effects are rarely (below ERL), occasionally (be-
tween ERL and ERM) or frequently encountered (above ERM). In this way, the
toxicity thresholds developed take into account the effects due to the mixture of

contaminants as well as many characteristics of the sediment.

3. Results
3.1. Lithology of Core Sediments

Table 1 presents the results of the lithological analysis of the sediments from

four bays in the study area.

Table 1. Lithological analysis of core sediments.

Depth (cm) Cocody Banco Koumassi Milliardaires
0-5 ochre vase vase sandy beige vase fine grey sandy fine, slightly muddy sand

5-10 finely sandy ochre vase beige finely sandy vase coarse element sandy vase medium sand light grey
10-15  finely sandy ochre vase Belgian fine sandy vase grey beige vase medium sand
15-20 finely sandy ochre vase Belgian fine sandy vase vase with abundant shell debris medium sand
20-25 finely sandy ochre vase Belgian fine sandy vase vase with abundant shell debris medium sand
25-30 finely sandy ochre vase Belgian fine sandy vase Belgian grey vase medium sand ochre
30-35 finely sandy ochre vase Cir:izlf:;z;;ni}:\; 11';}51) Belgian grey vase medium grey sand
35-40 finely sandy ochre vase grez(::;(:?;:;:i:ith dark grey vase medium grey sand
40 -45 finely sandy ochre vase Belgian muddy sand finely sandy grey vase medium sand little muddy grey
45-50 finely sandy ochre vase lateritic muddy sand finely sandy grey vase medium sand little muddy dark grey

3.2. Mercury Levels along Cores

The different concentrations (pug/kg) of mercury in the four cores (Cocody, Banco,

Koumassi and Milliardaires) studied are shown in Table 2.
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Table 2. Mercury concentrations (pg/kg) along the cores in the study area.

Samples Cocody Std cocody  Banco Std Banco  Koumassi Ko:::assi Milliardaires Milli::':aires
Spl (0-5) 394.8 2.25 273.16 1.18 288.99 3.17 112.63 8.98
Sp2 (5 - 10) 351.3 1.21 288.25 0.83 204.03 0.49 98.14 1.39

Sp3 (10 - 15) 394.3 9.89 304.05 0.91 308.22 0.60 92.10 0.52
Sp4 (15 - 20) 381.3 3.96 297.67 3.66 304.16 1.36 96.43 2.00
Sp5 (20 - 25) 279.0 5.09 354.30 2.51 728.05 13.99 115.56 1.32
Spé6 (25 - 30) 383.5 0.32 355.41 2.51 304.96 0.74 149.97 0.32
Sp7 (30 - 35) 350.5 1.41 271.88 4.06 316.13 1.57 95.61 4.20
Sp8 (35 - 40) 302.4 0.57 256.57 0.70 342.93 1.15 147.46 0.66
Sp9 (40 - 45) 366.6 2.25 209.97 3.92 319.98 1.92 244.41 1.80
Sp10 (45 - 50) 3189 0.42 238.08 2.46 334.27 1.90 116.19 0.24

3.3. Fluctuation of Mercury from the Surface to the Bottom in the
Different Bays

Figures 3-6 below show the lithological profiles of the different bays in relation
to the mercury content.

In Cocody Bay, the first 5 centimeters show us that the highest concentration
of mercury is 394.8 pg/kg. Indeed, mercury levels evolve regressively from pure
ochre (394.8 pg/kg) to finely sandy (273.0 pg/kg) along the core (Figure 3).

In Banco Bay, the highest concentration (255.41 pg/kg) is reached at 25 cm
depth. Concentrations evolve in sandy mud to reach the maximum (255.41 pg/kg)
at 25 cm depth in the same lithology. When the facies change, i.e. in muddy
sands, this concentration will gradually drop to reach the value of 238.08 pg/kg
at 45 cm depth (Figure 4).

dep Log Lithological description Mercury profile/ conc (ng/kg)
cm | litho

Ochre vase i i I "

I I I A
0 50 100 150 200250 300 350 400

: Finely sandy ochre vase

Figure 3. Evolution curve of the mercury concentration in the sediment according to
the lithology along Cocody core.
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Figure 4. Evolution curve of the mercury concentration in the sediment according to the
lithology along Banco core.

At the Koumassi Bay, a large concentration peak (728.5 ug/kg) occurs at 20
cm depth (Figure 5). Indeed, the peak concentration observed on the mercury
curve is found at 25 cm depth in the mud with abundant shell debris. The low
concentration is located in sandy mud with coarse elements. In this core we
can also see that the concentrations in the same lithologies are close to each
other.

For Milliardaires Bay (Figure 6), mercury concentrations are relatively low. It
has a core essentially made up of sand where the concentration evolves regularly
and muddy sand which contains the highest concentration (244.41 pg/kg) of this
core at 40 cm depth of.

Log

dep litho | Lithological description Mercu?r profile

conc (pg/kg)

01 ===
= x Vase fine grey sandy

A
0 100 200 300 400 500 600 700
Coarse element sandy vase

Grey beige vase
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Belgian grey vase

L504L

Figure 5. Evolution curve of the mercury concentration in the sediment according to the
lithology along Koumassi core.
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Figure 6. Evolution curve of the mercury concentration in the sediment according to the
lithology along Milliardaires core.

Contamination Factor (CF)
Table 3 below shows the contamination factor values calculated in each sam-

ple and per core.

Table 3. Contamination factor values of the cores studied.

Samples Cocody Banco Koumassi Milliardaires
Sp1 (0 - 5) 7.5 4.88 5.16 2.01
Sp2 (5 - 10) 6.27 5.15 3.64 1.75

Sp3 (10 - 15) 7.04 5.43 5.50 1.64
Sp4 (15 - 20) 6.81 5.32 5.43 1.72
Sp5 (20 - 25) 4.98 6.33 13.00 2.06
Sp6 (25 - 30) 6.85 6.35 5.44 2.68
Sp7 (30 - 35) 6.26 4.86 5.64 1.71
Sp8 (35 - 40) 5.4 4.58 6.12 2.63
Sp9 (40 - 45) 6.55 3.75 5.71 436
Sp10 (45 - 50) 5.69 4.25 5.97 2.07

Results show considerable sediment contamination in cores from Cocody,
Banco and Koumassi bays at the water-sediment interface at 15 cm depth (3 <
FC < 6). In addition, there is very high contamination (FC > 6) at deep in these
bays.

As for the core from the Bay of Milliardaires, the contamination is moderate
at the water-sediment interface (1 < FC < 3). However, at a depth of 40 cm, there
is considerable contamination of the sediment (3 < FC < 6).

Sediment Guide Values (SQGs)

Table 4 presents the potential toxicity effect of Ebrié Lagoon sediments. This
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toxicity was assessed by comparing the mercury concentrations measured with
the different sedimentary guide values. The sediment concentrations in the cores
from Cocody, Banco and Koumassi bays are all between ERL and ERM attesting
occasional biological effects.

However, in Koumassi Bay, at a depth of 20 cm, the sediment concentration is
higher than the ERM attesting to frequent biological effects.

As for the core taken in the Bay of Milliardaires, the sediment concentrations
are mostly lower than the ERM, indicating that these sediments have biological
effects that are rarely encountered. However, at a depth of 40 cm, a concentra-
tion between the ERL and the ERM with biological effects occasionally encoun-

tered was noted.

Table 4. Comparison of measured concentrations with sediment guide values.

Samples

Spl (0-5)
Sp2 (5 - 10)
Sp3 (10 - 15)
Sp4 (15 - 20)
Sp5 (20 - 25)
Sp6 (25 - 30)
Sp7 (30 - 35)
Sp8 (35 - 40)

Sp9 (40 - 45)

Conc.

394.8

351.3

394.3

381.3

279.0

383.5

350.5

302.4

366.6

Ech10 (45 - 50) 318.9

Cocody

ERL

ERM

Banco Koumassi Milliardaires

ERL ERM ERL ERM ERL ERM

C C Conc.
(150 pg/kg) (710 pgrkg) ¢ (150 pg/kg) (710 pglkg) - (150 pg/kg (710 pglkg) o (150 pg/kg (710 pglkg)

>

>

>

>

<

<

<

<

273.16 > < 288.99 > < 112.63 < <
288.25 > < 204.03 > < 98.14 < <
304.05 > < 308.22 > < 92.10 < <
297.67 > < 304.16 > < 96.43 < <
354.30 > < 728.05 > > 115.56 < <
355.41 > < 304.96 > < 149.97 < <
271.88 > < 316.13 > < 95.61 < <
256.57 > < 342.93 > < 147.46 < <
209.97 > < 319.98 > < 244.41 > <
238.08 > < 334.27 > < 116.19 < <

NB: >: Mercury concentration is higher than the guide value, <: Mercury concentration is below the guide value.

4. Discussion

Lithological analyses have shown that the cored sediments consist of mud, sand,
sandy mud or muddy sand with occasional shells. These results are consistent
with those of Tastet and Guiral (1994) whose analyses involved nearly 250 sam-
ples taken with the Shipeck skip over 20 cores (100 cm) in the Ebrié lagoon.
Their study attests that the sediments of the lagoon bottoms are composed of
sands with very variable granulometry (type 1), silts and clayey silts (type 3) and
silts or clays (type 2). This abundance of silt could be explained by the feeding of
the Ebrié lagoon system mainly by suspended matter from rivers and runoff on
the shore. Soro et al. (2009) also showed the presence of mud, clays and coarse
sands in the lagoon bottoms of the Ebrié lagoon. They were more interested in
the surface sediments because their sampling was carried out with a shipeck
skip, contrary to the present work and those of Tastet and Guiral (1994) who
proceeded by coring. In addition, our results are similar to those of Traore et al.
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(2012) who found Quaternary sands and silts in the southern part of the Ivorian
sedimentary basin on the eastern edge of the Aghien lagoon and along the Mé
River. Also, the analysis of mercury concentrations in the sediments of different
cores showed a variation in the values of these concentrations from one core to
another and even within the same core which explains the fluctuation of the
mercury curves. The large peak concentration (728.5 pg/kg) observed particu-
larly at a depth of about 20 cm in Koumassi bay (Figure 5) can be explained by
the lithology of the sediments at this level, made up of mud, but also by the
presence of shells which are excellent fixatives metals in general and mercury in
particular (Leblanc et al., 2006). Moreover, we can affirm that our results corro-
borate those of Marchand and Martin (1985) who showed that the highest mer-
cury concentrations were found in Banco, Koumassi and Adjamé, which are at
the heart of the city of Abidjan under strong anthropogenic pressure. Thus, the
presence of mercury in the bottoms of the Ebrié lagoon at levels that have
harmful effects on burrowing organisms corroborates the work of Touré and
colleagues (Touré et al., 2018).

Concerning the values of the contamination factors, the results showed that all
the sediments of the cores from the lagoon bottoms of our study area were con-
taminated with mercury. This contamination varies from one sediment to
another, going from moderate to very high and even considerable. The detection
of the contamination leads us to confirm the presence of the danger linked to
mercury in the sediments. This presence is confirmed in the lagoon funds through
several studies (Ahoussi et al., 2012; Traore et al., 2014; Traore et al., 2015;
Wango et al., 2015; Coulibaly et al., 2018).

Finally, the analysis based on sediment guide values showed that the sedi-
ments of the lagoon bottoms studied in the present study have adverse biological
effects on organisms. Indeed, Touré et al. (2018) based the characterization of
their sediments from the Bay of Abou Abou (Ebrié lagoon) on the quality crite-
ria TEC (threshold effect concentration) and PEC (probable effect concentra-
tion) other than the criteria used in the present study. The mercury levels in
their study were all between the TEC and PEC, thus attesting that the sediments
are not toxic but present possible harmful effects in accordance with the effects

of sediment of this work on organisms.

5. Conclusion

Evaluation of the mercury concentration in the sediment cores of the lagoon
bays of Abidjan studied indicates the presence of mercury in these sediments.
The degree of contamination varies from moderate to very high. Mercury con-
centrations compared to sediment guide values reveal that these sediments
mostly show occasional biological effects, but do not show toxicity, with the ex-
ception of the Koumassi core (sediments at 20 cm depth). The variation in mer-
cury content in the sediments is irregular, probably related to the lithological
heterogeneity of the sediments made up of mud and fine sands influencing

mercury fixation. Also, dredging, hydrodynamics (high and low tide, river in-
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flow, runoff, etc.) have probably impacted the mercury content. The environ-
ment in which the mercury metal is deposited is therefore a limiting factor for its

fate in the aquatic environment.
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