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Abstract: The study focuses on the analysis of the physicochemical parameters of the bay of Yopougon. A first
series of data was measured in situ at a fixed station in the bay where a sensor was installed. Another comes
from an analysis of the water sample. This work was carried out as part of the monitoring of RNO water
(national observation network). Its objective is to evaluate the characteristics of the physico-chemical chemical
parameters (pH, temperature, conductivity, TDS, dissolved oxygen, ORP, TSS) of the Yopougon bay and of the
nutrient salts (ammonium, nitrite and phosphate).

The study was conducted on the surface and in the bay's water column. The curves obtained show a variation
in the physico-chemical parameters from the surface to the depth of the bay.

The concentrations of the parameters are above normal. The waters of Yopougon Bay are warm, alkaline.
They are impacted by discharges from agro-industrial companies and wastewater. This water could be very
harmful to use and therefore unsuitable for human consumption.
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1. INTRODUCTION

Located in West Africa, Cote d'lvoire has the largest lagoon system in Africa which extends parallel to
the shore of the Gulf of Guinea, between 2 ° 50 'and 5 ° 25' West longitude for nearly 300 km with a
total area of 1200 km2 [1]. This lagoon system is made up of three distinct lagoons from west to east:
the Grand-Lahou lagoon, the Ebrié lagoon and the Aby lagoon. The Ebrié lagoon with an area of 532
km2, develops in the area where physico-chemical, continental and oceanic systems meet. The Ebrié
lagoon has many bays [2] which represent nearly a fifth of its surface, or 100 km2 out of 523 km2.
According to Affian [3] these bays (figure 1) are more frequent on the north shore (Cocody bays, Banco
bay, Yopougon bay, Bingerville bay, Adiopo-Doumé bay) than on the south shore (Bays of Bietry,
Koumassi, Abou-Abou).

The bay of Yopougon (figure 2), the subject of our study, is located in the southern part of the Ivory
Coast, precisely in Abidjan in the commune of Yopougon between the commune of Attécoubé of
Yopougon [4]. Located in the city, it is the seat of many activities such as fishing, sand extraction,
lagoon transport (canoe, pinasse and ferry), cement factories (incibeton) and plastic waste treatment,
navigation, etc. ; hence the interest it arouses.

It receives all dissolved and suspended matter as well as anthropogenic inputs (solid and liquid
discharges) which influence the various physicochemical parameters. The bay of Yopougon also
receives contributions from the Banco river, the Ebrié lagoon, septic tanks, sewers, wastewater, runoff
water, etc.

As part of the activities of the national observation network (RNO) in Cote d'lvoire, campaigns to
measure the physico-chemical parameters of the bay (pH, temperature, conductivity, TDS (total
dissolved solid), dissolved oxygen, ORP (oxidation-reduction potential), TSS (Total Suspended solid),
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etc.) of the waters of Yopougon bay and analyzes of the samples from these waters were carried out in
order to find the nutrient content. This water monitoring will make it possible to know the quality of
the water in this environment by determining its physico-chemical parameters.
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Figure2. Yopougon'’s bay
2. MATERIAL AND METHODS
2.1. Physico-Chemical Data Acquisition Equipment

The equipment used for this study includes field devices, laboratory equipment and computer programs.
These materials made it possible to carry out research work while collecting data and samples.

Field equipment:

-A speedboat that was used as a means of transport over the expanse of Banco and Yopougon bays in
order to take samples.

-A GPS to record the coordinates of each of the different sampling stations.
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- A 6920 V2 (YSI) brand multi-parameter. It made it possible to measure the values of the physico-
chemical parameters of the Banco and Yopougon bays. The physico-chemical data are read on the
screen of a multi-parameter probe.

-A bottle of Niskin which was used to take samples of water from the depths
Computer Program for Processing Physico-Chemical Data.
» Excel software

This software allowed the creation of the database of physicochemical parameters and the realization
of the different curves to evaluate the different parameters.

2.2. Methodology
2.2.1 Processing of Physico-Chemical Data
Obtaining data will be done in two ways:

Initially, the physicochemical parameter measurements (pH, temperature, conductivity, TDS, dissolved
oxygen, ORP, TSS, etc.) will be carried out in situ with a sensor placed at a station in the bay.

Then water samples will be taken in sterilized containers and transferred to the laboratory. These
Samples Will Be Analyzed For The Nutrient Content ((Nitrite, Nitrate, Ammonium, Phosphate) ...

2.2.2. Realization of the Curves of the Physico-Chemical Parameters

The variation curves of the physicochemical parameters were produced using Excel software. The
establishment of the curves consists in creating graphic files from the data files of the physico-chemical
parameters during the water samples at the different stations (pH, temperature, conductivity, TDS,
dissolved oxygen, ORP, TSS, etc.) arranged in rows. Column using Excel spreadsheet.

2.2.3. Evaluation of Gradients at the Level of the VVarious Parameters

After having established the different curves of each physicochemical and organic parameter, the
gradients were determined in each parameter. The gradient for each parameter was determined
according to the following standard:

The bottom value of the parameter in question minus the value of this parameter at the surface, the
result obtained is divided by the difference of the distance between the bottom and the surface.

3. RESULT AND DISCUSSION

3.1. Physico-Chemical of the Water Column in the Bay of Yopougon

Table 1 presents the values of the physico-chemical parameters of the bay of Yopougon measured in
the field.

Tablel. Values of the physico-chemical parameters of the bay of Yopougon

Water outline | T°C pH O2(mg/L) | Cond.(uS/cm) | Salinity TSS ORP(MV)
level (m) (%0) (9/L)
Surface 0,5 27,97 6,88 4,98 6074 3,10 3,74 636
depth 3,2 27,01 6,38 0,63 8583 4,58 5,36 644
3.2. Analyzes of the Physico-Chemical Parameters of the Bay of Yopougon
- Temperature

The temperature of Yopougon bay varies from 27.01°C to 27.97°C with an average of 27.49°C (Table
1). It decreases from the surface to the bottom (figure 3). There is a temperature variation of 0.96 ° C
between surface and depth with a thermal gradient of 0.35° C/ m.

Table 1. Values of the physico-chemical parameters of the bay of Yopougon

Water outline | T°C pH O2(mg/L) | Cond.(uS/cm) | Salinity TSS ORP(mV)
level (m) (%0) (g/L)

Surface 0,5 27,97 6,88 | 4,98 6074 3,10 3,74 636

depth 32 27,01 6,38 | 0,63 8583 4,58 5,36 644

3.2. Analyzes of the Physico-Chemical Parameters of the Bay of Yopougon

3.2.1. Temperature

The temperature of Yopougon bay varies from 27.01°C to 27.97°C with an average of 27.49°C (Table
I). It decreases from the surface to the bottom (figure 3). There is a temperature variation of 0.96 ° C
between surface and depth with a thermal gradient of 0.35° C/ m.
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Figure3. Temperature evolution in Yopougon bay
3.2.2.pH

The pH of Yopougon Bay is between 6.38 to 6.88 with an average of 6.63 (Table 1). It decreases from
the surface to the bottom (figure 4). There is a pH variation of 0.5 between surface and depth with an
acidity potential of 0.18. m-1
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Figure4. Evolution of the pH in the bay of Yopougon
3.2.3. Electrical conductivity

The electrical conductivity of Yopougon bay ranges from 6074 to 8583 uS / cm with an average of
7328.5 uS / cm (Table I). There is a high level of electrical conductivity in the depth of the bay (8583
uS / cm) (figure 5). The electrical conductivity increases from the surface to the bottom with a rate of
2509 uS / cm and a conductivity gradient of 929.25 uS / cm.m-1.
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Figure5. Evolution of electrical conductivity in the bay of Yopougon
3.2.4. Salinity

The salinity in the bay of Yopougon is 3.1 to 4.58% o with an average of 3.84% o (Table I). Thereis a
variation in salinity of 1.48 from the surface to the bottom with 0.55% o0.m-1. Salinity increases from
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surface to depth (Figure 6). The level of salinity is more concentrated at the depth of the bay (4.58% 0)
than at the surface (3.1% o).
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Figure6. Evolution of salinity in Yopougon bay
3.2.5. Dissolved oxygen

The dissolved oxygen level in Yopougon bay varies from 0.63 to 4.98 mg / L with an average of 2.80
mg/ L (Table I). At the surface, dissolved oxygen is higher at the surface in the bay (4.98 mg / L) than
at depth (0.63 mg / L). The dissolved oxygen level decreases from the surface to the bottom (Figure 7)
with an oxygen gradient of 1.61 mg/ L.m-1. There is therefore a variation in the dissolved oxygen level
of4.35mg/L.
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Figure7. Evolution of dissolved oxygen in Yopougon bay
3.2.6. Redox potential (ORP)

The variation of the redox potential in the bay of Yopougon is between 636 to 644 mV with an average
of 640 mV (Table I). The redox potential increases from the surface (636 mV) to the depth (644 mV)
(Figure 8). There is therefore a variation of the redox potential of 8 mV from the surface to the bottom
with an redox gradient of 2.96 mV.m-1.
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Figure8. Evolution of dissolved oxygen in Yopougon bay
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3.2.7. Total Dissolved Solids (TDS)

The rate of total dissolved solid (TDS) in the bay of Yopougon is 3.74 to 5.36 g / L with an average of
4,55 g/ L (Table 1). There is an increase in the rate of total dissolved solids from the surface to the
bottom (Figure 9). Water contains more of the total dissolved solid at depth than at the surface. There
is a rate of change in total dissolved solid of 1.62 g / L with a dissolved solid gradient of 0.6 g / L.m-1.
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Figure9. Evolution of the total dissolved solid in the bay of Yopougon
3.3. Analyzes of organic parameters in Yopougon Bay
Table 2 presents the values of the organic parameters of the bay of Yopougon.
Table 2. Values of organic parameters in Yopougon Bay

Water level NOs (mg/L) | NO2 (mg/L) NH4" (mg/L) PO4* (mg/L) MES (mg/L)
Surface (0,5m) 0,1 0,048 3,0 0,65 20
depth(3,2m) 0,1 0,041 0,8 0,54 20

3.3.1. Total Suspended solid (TSS)

The Total Suspended solid in the bay of Yopougon oscillates around 20 mg / L with an average of 20
mg / L (Table 2). There is no variation in Total Suspended solid from the surface to the bottom (Figure
10) and therefore the potential for turbidity is 0 mg.L-1 / m. There is therefore a homogeneity of the
Total Suspended solid from the surface to the depth.
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Figurel0. Evolution of Total Suspended solid in the bay of Yopougon
3.3.2. Phosphate (PO43-)

The variation in phosphate in Yopougon Bay is 0.54 to 0.65 mg / L with an average of 0.59 mg / L
(table 2). The phosphate level decreases from the surface (0.65 mg / L) to the bottom (0.54 mg / L)
(figure 11). The variation in the phosphate level is 0.11 mg / L and with a phosphate gradient of 0.04
mg/ L.m-1.
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Figurell. Evolution of phosphate in the bay of Yopougon

3.3.3. Nitrite (NO2-)

Nitrite in the bay of Yopougon varies from 0.041 to 0.048 mg / L with an average of 0.045 mg / L
(Table I1). There is a variation of the nitrite level of 0.007 mg / L with a nitrite gradient of 0.002 mg /
L.m-1. The nitrite level decreases from the surface to the bottom (figure 12).
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Figurel2. Evolution of nitrite in the bay of Yopougon
3.3.4. Nitrate (NO3-)

The nitrate level in Yopougon bay remains constant at 0.1 mg / L and does not vary with depth with an
average of 0.1 mg / L (Table 2). The same rate observed at the surface is observed at depth (figure 13).
There is therefore a homogeneity of the nitrate from the surface to the bottom. So we have a nitrate
gradient of 0 mg / L.m-1.
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Figurel3. Evolution of nitrate in the bay of Yopougon
3.3.5. Ammonium (NH4 +)

There is a variation in ammonium from 0.8 to 3 mg / L with an average of 1.9 mg / L (Table II). The
ammonium level observed at the surface of the bay (3 mg / L) is greater than the ammonium level
observed in the depth of the bay (0.8 mg / L), the variation in the ammonium level is 2, 2 mg / L with
an ammonium gradient of 0.81 mg / Lm-1. Ammonium decays from the surface to the bottom (Figure 14).
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Figurel4. Evolution of ammonium in the bay of Yopougon
4. INTERPRETATION OF THE PHYSICO-CHEMICAL PARAMETERS OF YOPOUGON BAY
-Temperature

The water temperatures in Yopougon Bay vary depending on the depth. At the surface, the water
temperature is high compared to the water temperature at depth. This is because the surface receives
direct sunlight. These help heat water on the surface to a depth of 0.5m faster than water at a depth of
3.2m. In addition to this, the high turbidity of the water prevents the penetration of light rays deep into
the bay. The water in the bay at the surface has a temperature of 27.97 ° C and that of the depth at 27.01
° C. These values are higher than the WHO standard [6] for which water intended for drinking should
have a temperature below 22 ° C.

Temperature increases the rates of chemical and biochemical reactions. The change in the temperature
of a watercourse remains linked to local conditions such as regional climate, topography, duration of
sunshine, flow and depth [7]. According to Aka [8], water is poor when the temperature is between 25
° Cand 30 ° C. The water in Yopougon Bay is poor water.

_pH

The pH of Yopougon bay varies on average around 6.63 ranging from 6.38 to 6.88. The berry has a pH

that has a substantially neutral average (6.63). The pH of the bay depends on the continental and oceanic
inputs [9]. The neutrality of the pH could be due to the presence of bicarbonate which helps to buffer
the flowing water. The decrease in pH from the surface to the depth is due to the contact of the lagoon
with the bay. This parameter characterizes a large number of physico-chemical equilibria and depends
on multiple factors, including the origin of the water [10]. It also depends on the geological nature of
the environment crossed, on the discharge of wastewater [11]. In general, an increase in the pH causes
the precipitation of metal cations as insoluble metal hydroxides or oxides. PH also plays an essential
role in the adsorption of metals to organic matter. If the pH oscillates between 4.5 and 10: it has no
effect on the quality of the water and therefore living species are not affected. If it is not in this range,
it becomes harmful to living things [12].

-Electrical conductivity

The average value of the electrical conductivity at the Yopougon bay is 7328.5 with a variation which
increases from the surface to the depth (6074 to 8583 puS / cm).

Very poor water quality is observed when the value is greater than 3000 uS / cm [13]. Conductivity is
influenced by various natural and anthropogenic factors. The conductivity of natural water is between
50 and 1500 pS / cm [14]. The water in Yopougon Bay is of poor quality.

- Salinity

The mean value of salinity at the Yopougon bay has an average of 3.84 de with a variation from the
surface towards the depth of 3.1 to 4.58 %o. The variation in salinity at these different depths of
Yopougon Bay can also be explained by poor hydrodynamics, the effect of the tides is weak.
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- Dissolved oxygen

Yopougon bay also has a dissolved oxygen value ranging from the surface to depth (4.98 to 0.63 mg /
L) with an average of 2.80 mg / L. These low concentrations in the bays are explained by the fact that
the bay of Yopougon is fed by water from surrounding factories, wastewater and runoff. All this water
laden with suspended matter contributes to the reduction of dissolved oxygen in the bay.

The concentration of dissolved oxygen in a lagoon varies depending on the organic matter, water
temperature, depth, time of day, and nutrients in the lagoon. Sensitive fish species can be disturbed by
an oxygen content of less than 4 mg /| [14].

- Oxidation-reduction potential or ORP

The oxidation-reduction potential (ORP) of the bay of Yopougon has an average of 640 mV. The cut-
off value for the redox potential is 616.8 mV. This value makes it possible to judge the sanitation process
of the bay of Yopougon, because it promotes good oxygenation of the waters of the bays. Thus, the
sanitation process in Yopougon Bay does not promote good oxygenation.

- Total Dissolved Solids (TDS)

Yopougon bay has an average TDS rate of 4.55 g / I. These high concentrations of TDS in the bay of
Yopougon promote the decomposition of organic matter brought in by runoff. Compared to the
threshold value which is 1g / L, we can say that the waters of Yopougon bay are polluted and contain
dissolved solids in abundance.

Unlike organic pollutants, metals cannot be degraded biologically or chemically. There is no fixed
guideline value but the optimum is below 1000mg / | [14].

- Total Suspended solid

The bay of Yopougon has an average suspended matter content of 20 mg / L. The water in this bay is
loaded with Total Suspended solid, which reduces transparency and therefore photosynthesis which
reduces the amount of fish present in the water.

When the oxygen concentrations decrease, the medium becomes more reducing which results in a
reduction of the redox potential. In natural waters, relative comparisons of the evolution of the redox
potential can be useful to follow the degrees of change of the aquatic system [14]. The concentrations
recorded at different levels of the bay are explained by urbanization and the industrialization by
supplying a large quantity of domestic wastewater on the one hand, and on the other hand by solid
waste.

- Phosphate (PO43-)

Yopougon bay has an average rate of 0.59 mg / L. This value is above the threshold value which is 0.5
mg / L. This justifies that the quality of the water in Yopougon Bay is not of good quality. This berry
therefore presents a danger for photosynthetic organisms (micro-algae).

- Nutritional salts

Nutrient salts show high average values compared to cutoff values. These high average values reflect a
high content of nutrient salts in the bay of Yopougon. This high content is linked to accelerated
urbanization, the growing use of fertilizers, demographic and industrial growth in the bay, and domestic
wastewater.

5. CONCLUSION

The analysis of the physicochemical parameters made it possible to know the variation in the content
of the different parameters in the water column of the bay of Yopougon. In general, the waters of
Yopougon Bay are warm, neutral and less oxygenated.

At depth, the electrical conductivity, salinity, redox potential, total dissolved solids and suspended
solids have high values which are due to inputs from lagoon and continental waters.

The depth of Yopougon bay benefits from an oxygenation process according to the values of the redox
potential
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Temperature, pH, dissolved oxygen and nutrient salts are equally abundant on the surface of the water.
The bay is teeming with a large amount of suspended matter and solid waste. The threshold value of
the total dissolved solid indicates that the bay of Yopougon is polluted.

The average values obtained for the various physicochemical parameters compared to the standards of
drinkability for drinking water indicated by the World Health Organization (WHO, 2004) allow to say
that the water of the bay of Yopougon is unfit for consumption. .

As a result, it requires prior, comprehensive and specialized treatment before consumption.
The degradation of water quality is caused by the many external inputs (runoff water, wastewater, etc.).
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