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Abstract: The intensification of industrial and agricultural activities as well as the rapid increase in the population of the city of
Abidjan have a negative impact on the urban waters of the Ebrie lagoon by endangering the aquatic life within its bays. To evaluate the
ecological status of these bays, fifteen (15) lagoon water sampling campaigns were conducted from 2014 to 2016 on twelve (12) sites
spread over nine (09) bays. The samples were subjected to physicochemical analyzes on the basis of French standards. The results
obtained show that the physicochemical characteristics of bays waters are dependent on marine and continental inputs. The bays are
subjected to important terrigenous and urban inputs favoring their richness in nutritive salts with rates of exceedance of the limit values
recommended by Chapman and Rodier, between 20 and 100% for nitrite, between 69 and 100% for ammonium and equal to 100% for
phosphate. It appears that it is the phosphate and the ammonium which strongly degrade the ecological status and which make the
waters of the bays unfit to favor an optimal aquatic life for the fauna and the flora.
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1. Introduction

In West Africa, the lagoons are not spared by man’s
relentless efforts towards development. The explosive
growth of the human population has affected and gradually
imposed changes in the environment and the degradation of
these environments. Indeed, the geographical proximity of
these lagoons to densely populated areas induces
considerable exploitation of their resources, often leading to
conflicts of interest. The effects of urban pollution and the
contamination of the environment by waste of all kinds
contribute to the destruction of habitats and have imposed
serious threats and various impacts on the ecology of their
resources [1]. They are thus the seat of multiple anthropic
activities which are often incompatible and contradictory. In
fact, the uses of lagoon environments such as aquaculture,
fishing, tourism, industry, etc., are multiple and their
implementation generates ecological and social conflicts in a
particularly acute way in Coéte d'lvoire [2]. Previous works
carried out on the Ebrie lagoon [3,4]have established direct
links between the state of pollution of the lagoon and the
domestic and industrial wastewater which is discharged
there without any prior treatment. This has been confirmed
by the work of Kouamé [5] for whom industrial effluents are
not the only source of pollution of lagoon environments.
Their physico-chemical quality is strongly linked to the
combined influence of anthropic pressure and exchanges
between oceanic and fresh waters. Other previous works [6-
10] have shown a sharp increase in nitrogen and phosphorus
compounds in the Ebrie lagoon, particularly in the bays
which are therefore considered to be logically eutrophic. The
present study is a continuation of these works, with the aim
of analyzing the physicochemical quality of the water in

lagoon bays and its impact on the ecology of these bays.
Specifically, the aim is to study the spatial variations of the
physicochemical and nutritional characteristics of waters; to
evaluate the abundance of nutrients in the bays and to know
the physicochemical quality class of each bay.

2. Material and Methods

a) Presentation of the study area

The area covered by this study is the estuarine zone of the
Ebrie lagoon, located in the city of Abidjan in the south of
Cote d'lvoire. It is an area directly subject to oceanic
influence and where the activities of the Abidjan
agglomeration have the greatest impact. This study area,
with an average depth of 7.5 m, has an surface of 71 km?
with a volume of 0.54.10° m? i.e. 20% of the total volume of
the lagoon [11]. It is highly anthropized with an estimated
population of 4, 395, 243 inhabitants in 2014 [12]. Indeed
according to Ané [13], the estuary of the Ebrie lagoon is
exposed to discharges from industrial activities present in
the various communes of Abidjan that it delimits. In
addition, Dufour et al. [14] point out that some of the
domestic waste ends up in the lagoon by runoff or by
emptying septic tanks or latrines. The estuarine area of the
Ebrie lagoon is then used as a dumping ground for
household waste, waste from businesses, wastewater, and
septic tank discharges.

b) Location of sampling sites

Nine (09) urban bays on the Ebrie lagoon have been
selected. These are Anna, Azito, Banco, Biétry (with two
sites : Biétry 1 and 2), Cocody, Koumassi (with three sites:
Koumassi 1, 2 and 3), M’badon, Marcory and Yopougon.
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The choice of these bays was guided by the desire to
describe the influence of fresh and oceanic waters and to
analyze the impact of human activities in the Abidjan area
on the lagoon environment. Figure 1 shows the location of
the sampling sites of lagoon water in the Abidjan
agglomeration.

c) Taking water samples

The water samples were taken 0.5 m from the surface of the
water surface using a Niskin bottle from April 2014 to
October 2016. The collection, transport and storage of the
samples were in accordance with the protocol defined by
Afnor [15] and Rodier et al.[16]. During sampling, certain
parameters such as temperature, pH, salinity and dissolved
oxygen were measured in situ using a YSI 6920 V2 multi-
parameter probe.
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d) Nutrient Analysis
Nutrient salts (NOs, NO,, NH,", PO,*) were analyzed
within 48 hours in the laboratory according to standardized
AFNOR methods [15].

e) Physico-chemical analysis of the ecological state

The analysis was carried out using, after classifying the
measurements taken over the study period, that which
corresponds to 90% of the measurements for each of the
parameters retained in each of the bays studied. These
parameters are: dissolved oxygen (O,), nitrate (NO3"), nitrite
(NO,), ammonium (NH,") and orthophosphate (PO,*). The
selected measure was compared to the limits of the state
classes of the grid proposed by the European Framework
Directive 2000/60/EC on Water (WFD) and whose form
reduced to the parameters analyzed in this work is given by
the table I.
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Figure 1: Location of sampling sites
Table I: Limits of the WFD status classes [17]

Parameters Very Good Good Medium Médiocre Wrong
Dissolved oxygen (mg/L) 8 6 4 3
Orthophosphate (mg/L) 0,1 0,5 1 2
Ammonium (mg/L) 0,1 0,5 2 5
Nitrite (mg/L) 0,1 0,3 0,5 1
Nitrate (mg/L) 10 50 * *

* current knowledge does not allow reliable thresholds to be set for this limit

f) Determination of nutrient exceedance rate

The richness of urban water in nutrients was estimated from
the limit values proposed by Chapman [18] and Rodier et
al.[16]. According to these authors, in order for a natural
environment to be considered unpolluted, the content of

these elements must be less than 0.02 mg / L and 0.01 mg /
L respectively for phosphate and for nitrite and at 1 mg / L
and 0.1 mg / L respectively for nitrate and ammonium. The
rate at which these limit values were exceeded was
calculated as follows:

Number of measurements exceeding the limit value

X100

Exceeding rate =

Total number of measurements
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g) Statistical processing

Spatial variability of physico-chemical parameters and
nutrients was assessed using the Kruskal-Wallis test at p
<0.05. The multiple comparison of the medians of the
measurements as well as their ranking were carried out using
the Mann-Whitney test at the 5% level, whenever the
Kruskal-Wallis test revealed significant differences. All
statistical calculations and graphs were done using Statistica
7.1 software.

3. Results and discussion

a) Results

Spatial variation of physico-chemical parameters

Figure 2 describes the spatial evolution of temperature, pH,
salinity and dissolved oxygen in the waters of lagoon bays.

Comparison of the distribution of temperature and dissolved
oxygen values shows that there is no significant difference
between the bays (p> 0.05). On the contrary, the Kruskal-
Wallis test shows that there is a significant difference in the
distribution of pH and salinity values (p <0.05). The median
pH values of Biétry and Koumassi bays are higher than
those of Anna, Azito, Banco, Cocody, M’badon, Marcory
and Yopougon bhays. As for the median salinity values, they
are higher in the bays of Banco, Biétry and Marcory than
those of Anna, Koumassi and M’badon.
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Figure 2: Spatial variation of physico-chemical parameters in lagoon bays.

Spatial variation of nutrient salts

The spatial profile of nutrient salts is shown in Figure 3. The
Kruskal-Wallis test shows no difference (p> 0.05) in the
variation of nitrate and orthophosphate in bays. On the other
hand, a significant difference (p <0.05) is observed in the
variation of nitrite and ammonium. The highest levels of

nitrite are recorded in Banco, Biétry, Cocody, Koumassi,
M’badon and Marcory bays and the lowest in Anna Bay.
Median ammonium values are higher in Cocody, Yopougon
and Marcory bays. The lowest values are recorded in the
bays of Anna, Azito, Banco, Biétry, Koumassi and
M’badon.
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Figure 3: Spatial variation of nutrient salts in lagoon bays

Abundance of nutrients in lagoon bays

The rates of exceedance of the limit values are presented in
Table II. In general, the analysis of this table shows the
abundance of nutrients in the waters of the bays studied.
Indeed, for ammonium, more than half of the measurements
taken are above the limit value. The exceedance rate is
between 69 and 100%. It is the same for nitrite for which the
rate is between 67 and 100% except for Anna bay (20%).
For orthophosphate, all the measurements made in the bays
exceed the limit value. On the other hand, less than 50% of
the nitrate values in each bay exceed the limit value except
in the bay of Banco (67%).

Ecological status of lagoon bays

Table 111 shows the results of the physico-chemical analysis
of the ecological status of the water in urban bays in the
Ebrie lagoon. The quality of these waters varies according to
the bay and according to the physico-chemical parameter.

Indeed, the dissolved oxygen content is good (6 <[O,] <8
mg / L) in the bay of Yopougon and very good (8 mg / L
<[O,]) in the other bays. The same is true for nitrite, the
content of which is good (0.1 <[NO,] <0.3 mg / L) in the
Banco, Biétry and Koumassi bays and very good ([NO,] <0,
1 mg /L) in the other bays. The nitrate content is very good
(INO37 <10 mg / L) for all the bays studied. In contrast, the
orthophosphate concentration varies from mediocre (1
<[PO,*] <2 mg/ L) in Anna bay to bad (2 mg / L <[PO,*])
in the other bays. The concentration of ammonium is
medium (0.5 <[NH,"] <2 mg / L) in the bays of Banco and
M’badon. It is bad (5 mg / L <[NH,]) in Cocody bays and
mediocre (2 <[NH,"] <5 mg/ L) in the other bays. Very high
levels of ammonium and orthophosphate are recorded in the
bays of Cocody (7.20 mg / L for ammonium and 11.80 mg /
L for orthophosphate), Marcory (3.00 mg / L for ammonium
and 6.00 mg / L for orthophosphate) and Koumassi (2.70 mg
/ L for ammonium and 14.00 mg / L for orthophosphate).

Table I1: Comparison of the nutrient content of bays water with limit values.

Lagoon bays | Rate of Nitrate | Rate of Nitrite | Rate of Ammonium | Rate of Phosphate
Anna 22% 20 % 69 % 100 %
Azito 3% 67 % 79 % 100 %
Banco 67 % 93 % 79 % 100 %
Biétry 3% 88 % 83 % 100 %
Cocody 22% 100 % 100 % 100 %
Koumassi 26 % 3% 81 % 100 %
M'badon 38 % 86 % 92 % 100 %
Marcory 38 % 92 % 100 % 100 %
Yopougon 33% 71% 100 % 100 %
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Table I11: Results of the physico-chemical analysis of the ecological status of urban bays on the Ebrie lagoon

ANNA Very Good Good Medium Mediocre Bad
Dissolved oxygen (mg/L) 11,68 8 6 4 3
Orthophosphate (mg/L) 0,1 0,5 1 1,79 2
Ammonium (mg/L) 0,1 0,5 2 2,70 5
Nitrite (mg/L) 0,02 0,1 0,3 0,5 1
Nitrate (mg/L) 1,00 10 50 * *
AZITO Very Good Good Medium Mediocre Bad
Dissolved oxygen (mg/L) 11,82 8 6 4 3
Orthophosphate (mg/L) 0,1 0,5 1 212,80
Ammonium (mg/L) 0,1 0,5 2 2,50 5
Nitrite (mg/L) 0,01 0,1 0,3 0,5 1
Nitrate (mg/L) 1,30 10 50 * *
BANCO Very Good Good Medium Mediocre Bad
Dissolved oxygen (mg/L) 10,75 8 6 4 3
Orthophosphate (mg/L) 0,1 0,5 1 2(3,80
Ammonium (mg/L) 0,1 05| 1,60 2 5
Nitrite (mg/L) 01| 0,15 |03 0,5 1
Nitrate (mg/L) 1,50 10 50 * *
BIETRY Very Good Good Medium Mediocre Bad
Dissolved oxygen (mg/L) 8,90 8 6 4 3
Orthophosphate (mg/L) 0,1 0,5 1 2(3,52
Ammonium (mg/L) 0,1 0,5 2 2,17 |5
Nitrite (mg/L) 01| 0,21 (03 0,5 1
Nitrate (mg/L) 1,60 10 50 * *
COCODY Very Good Good Medium Mediocre Bad
Dissolved oxygen (mg/L) 10,84 8 6 4 3
Orthophosphate (mg/L) 0,1 0,5 1 2011,80
Ammonium (mg/L) 0,1 0,5 2 517,20
Nitrite (mg/L) 0,06 0,1 0,3 0,5 1
Nitrate (mg/L) 6,00 10 50 * *
KOUMASSI Very Good Good Medium Mediocre Bad
Dissolved oxygen (mg/L) 10,35 8 6 4 3
Orthophosphate (mg/L) 0,1 0,5 1 214,00
Ammonium (mg/L) 0,1 0,5 2 2,70 |5
Nitrite (mg/L) 01012 |03 0,5 1
Nitrate (mg/L) 1,40 10 50 * *
M’BADON Very Good Good Medium Mediocre Bad
Dissolved oxygen (mg/L) 10,42 8 6 4 3
Orthophosphate (mg/L) 0,1 0,5 1 216,20
Ammonium (mg/L) 0,1 05| 1,26 2 5
Nitrite (mg/L) 0,05 0,1 0,3 0,5 1
Nitrate (mg/L) 4,00 10 50 * *
MARCORY Very Good Good Medium Mediocre Bad
Dissolved oxygen (mg/L) 10,15 8 6 4 3
Orthophosphate (mg/L) 0,1 0,5 1 216,00
Ammonium (mg/L) 0,1 0,5 2 3,00 5
Nitrite (mg/L) 0,06 0,1 0,3 0,5 1
Nitrate (mg/L) 1,20 10 50 * *
YOPOUGON Very Good Good Medium Mediocre Bad
Dissolved oxygen (mg/L) 8 |788]| 6 4 3
Orthophosphate (mg/L) 0,1 0,5 1 23,00
Ammonium (mg/L) 0,1 0,5 2 3,00 |5
Nitrite (mg/L) 0,09 0,1 0,3 0,5 1
Nitrate (mg/L) 1,30 10 50 * *
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b) Discussion

The spatial variability of temperature values is low in lagoon
waters. No significant difference was observed in the
variation of temperature as well as in the variation of
dissolved oxygen. According to Durand and Skubich [19],
the variability of dissolved oxygen in surface water is
relatively high, around 3.25 mg / L. However, the
differences apparently observed are not necessarily
significant. For the pH, the observed spatial variation could
be explained by the influence of border environments.
Indeed, the high values could be due to the preponderance of
oceanic waters which are basic and the low values to the
contribution of continental waters, which are rather acidic
[19-20]. All this coupled with the strong photosynthetic
activity of phytoplankton and the formation of nitrogenous
organic compounds [21]. Thus, the low pH values recorded
in bays such as M’badon, Anna, Cocody are due to the
strong influence of continental waters. These results are
similar to those found by Soro et al. [22]. Bays which
register frequent inflows of oceanic waters show high values
of salinity. This is the case with the bays of Biétry, Banco
and Marcory. In contrast, the bays (Anna, M’badon and
Koumassi) that is furthest away record low salinity values
due to the influence of continental waters.

According to Pages et al. [23] and Dufour and Lemasson
[24], nutrient concentrations in surface water vary regularly
under the influence of surrounding environments. However,
the variations of nitrate and orthophosphate in the waters
studied do not show any significant difference. This is not
the case for nitrite and ammonium. In the case of
ammonium, for example, the high concentrations obtained in
Cocody, Marcory and Yopougon bays may be linked to the
accelerated urbanization and the demographic and industrial
growth of their watersheds [8].

The nitrate exceedance rates in the bay waters are less than
50% except in Banco Bay (67%). This result therefore does
not indicate a strong fertilizer contamination in most bays.
With the exception of nitrate, the high levels of phosphorus
and nitrogen compounds in the waters studied testify to their
significant enrichment in nutrient salts. The latter would
come from the decomposition of organic matter from the
watershed as underlined by Kouamé et al.[25]. The studied
area is subject to significant land and urban inputs, which
justifies the high exceedance rates observed.

The physico-chemical analysis of the ecological status of
urban bays shows optimal dissolved oxygen, nitrate and
nitrite levels for aquatic life. In this study, orthophosphate
and ammonium were found to be major causes of the
degradation of the ecological status of the waters of all the
bays, although the phosphate was in a greater proportion
than that of the ammonium. This is in connection with the
urban impacts responsible for raw domestic wastewater
inputs which downgrade the urban area in mediocre to bad
and medium to bad quality respectively for orthophosphate
and ammonium. The analysis of ammonium and
orthophosphate inputs in the water shows a clear increase in
the lagoon environment, particularly in the bays of Cocody,
Marcory and Koumassi. This can probably be explained by
the proximity of the sources of discharge or by the
hydrodynamics of these bays [26] but also by the high

human activity and the sanitation problems in these bays.
The current ecological status of the urban waters of the
Ebrie lagoon is unable to promote optimal aquatic life for
flora and fauna on the basis of ammonium and
orthophosphate.

4. Conclusion

This study showed that the physico-chemical characteristics
of the waters of the bays of the city of Abidjan vary
according to oceanic and continental inputs. The bays that
receive industrial and urban waste are very rich in nitrogen
and phosphorus compounds. The physico-chemical analysis
of the ecological status of these bays has shown the
degradation of this state by ammonium and orthophosphate.
Overall, the waters studied are not able to promote optimal
aquatic life for fauna and flora and to allow biological
balances in the environment. These waters therefore present
a worrying ecological status.
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