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Occurrence, Ecological and Health Risksof Organic
Pollution of the WatersFrom a Tropical Lake System

ABSTRACT

The monitoring of the organic pollution level and the ecological and health risks of the waters from the
Déganobo lake system were the subject of this study. In its implementation, the water samples were
collected monthly in this aquatic ecosystem over a year (from August 2021 to July 2022). The organic
pollution level of these waters was assessed using their Chemical Oxygen Demand, determined in
accordance with NF T 90-101 standard. The ecological and health risks were assessed based on the
SEQ-Eau V2 water quality guidelines. Their COD seasonal mean values were between
(220,000+51,872) and (361,333+48,273) |mg/L O,. So, their organic pollution was relatively very

significant, with the corollary of the zero of its seasonal transparencies and of fits [seasonal dissolved

oxygen contents. The seasonal dynamic jof organic matter in these waters were was essentially linked

to the rainfall evolution on the watershed of this lake system. rThe low meteorite waters inputs in dry
seasons favoured the increase of their COD by the important punctual wastes inputs of various origins

(domestic, agricultural, industrial, hospital, etc.); in opposite of the important meteorite waters inputs in

rainy seasons causing their renewal.| The consequences of their important COD values are severe

ecological and health risks, as highlighted by SEQ-Eau V2 water quality guidelines. So, this lake
system is under the strong anthropogenic pressures. |
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1. INTRODUCTION

Organic matter plays a fundamental role in the aquatic environment by its importance in
biogeochemical reactions. However, its high presence in these entities, linked in the majority of cases
to anthropogenic activities, is source of ecological scourges [1,2]. Indeed, the degradation of an
excessive presence of organic matter in aquatic ecosystems generates an important quantity of
nutrients in general, nitrogen and phosphorus nutrients in particular. This process constitutes an
important source of their eutrophication [3]. The high presence of non-biodegradable organic matter,
such as hydrocarbons and pesticides, are also a direct source of high ecological and health risks [4,5].
So, the knowledge and monitoring of organic matter in these ecosystem, particularly in surface waters,
has always been important for the assessment and monitoring of their quality.

The factors impacting the fate of organic matter (degradation and transformation) in surface waters are
very numerous. These include light, temperature, transparency, depth, dissolved oxygen content, pH,
salinity and, redox potential. Very high transparency of surface water favours the cross of light,

particularly UV rays, leading to photosynthesis and other photochemical reactions. These reactions
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are also favoured by a very good dissolved oxygen content [6,7]. This is more so for shallow
environments [7]. The high water temperatures, generally from 25°C, promote good mineralization of
organic matter [8]. That is also the case in a basic and reductive environment, at the same time as a
very good dissolved oxygen content and a relatively high water temperature. On the other hand, an
deposition and re-suspension cycles associated with variations in oxic and anoxic conditions can lead
to changes in the dissolved organic matter-particulate organic matter balances, therefore modify their
composition and degradability [9]. Diffuse and/or punctual exogenous inputs influence all the
biogeochemical parameters conditioning the dynamics of organic matter in these aquatic ecosystems.
Also, they directly influence their future depending on their organic matter load [7-9].

Located in the urban center of the San-Pédro city, the Déganobo lake system is one of the tourist
attractions of this seaside town [10]. It has remarkable biodiversity [11]. It also plays important
purifying and socio-economic roles. However, it is currently the receptacle of anthropogenic
discharges of all kinds without prior treatment from practically all anthropogenic activities lead in this

cityl. It is therefore in a very advanced state of disrepair; highlighted by the high presence of aquatic

plants in its surface [12]. Given its vital importance fef this city, it is necessary to carry out actions for

its restoration and protection as part of its sustainable development. Well beforehand, it is important to
assess its current pollution level, particularly that chemicall. It is within this framework that this study

was carried out. Its main objective is to monitor the seasonal dynamics of its organic pollution through
the Chemical Oxygen Demand (COD). The secondary objectives were to monitor the seasonal
dynamics of some of its seasonal physical and chemical characteristics; to evaluate their impact on
the seasonal dynamics of its COD and; to assess the seasonal ecological and health risks linked to its
organic pollution and some of its physical-chemical parameters.

2. MATERIAL AND METHODS

2.1 Geolocation and characteristics of the study area

Commonly referred to as “Lake San-Pédro”, the Déganobo lake system is located at the West
longitude of 6.63775 and the North latitude of 4.75046 (Figure 1).
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The water seasons of this aquatic ecosystem are those of the terrestrial hydroclimate observed in the
San-Pédro Department. Indeed, this department is subject to a subequatorial climate, with a bimodal
regime alternating rainy and dry seasons. This climate is characterized by two rainy seasons and two
dry seasons of unequal duration, distributed as follows:

- la Great Dry Season (GDS) from December to March;

- a Great Rainy Season (GRS) from April to July;

- a Small Dry Season (SDS) from August to September, marked by the manifestation

of the major upwelling season. This is the coldest period on the Ivorian coast;

- a Small Rainy Season (SRS) from October to November [13,14]|

The water surface area of the Déganobo lake system have reduced from 160 ha to 75.72 ha under
strong anthropogenic pressure [13]. According to the San-Pédro Water Resources Department, this
aquatic site lost 45% of its initial surface area between 1986 and 2015 [11].

This aquatic site is made up of two lakes: Lac Est and Lac Ouest, connected by a canal over which the
international road “La cétiére” crosses. These two lakes are in permanent communication through this
canal. Lac Ouest, the larger of these two lakes, has a current open water surface area estimated at
49.05 ha, almost half of its original water surface area of 100 ha. As for Lac Est, its current open water
surface area is estimated at 29.87 ha, practically a third of its initial water surface area of 60 ha. This
aquatic site is very shallow [13].

This lake system belongs to the watershed of the San-Pédro River [11]. Indeed, the waters of this

river, in permanent flood [15], feed this lake system through a lot of swampy areas, especially from

[
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Lac Ouest. Also, this system receives waters from Digboué lagoon in rainy seasons, again through the
swampy areas [11,15].

This lake system has remarkable biodiversity. According to the San-Pédro Water Resources
Department, this site is the habitat of diverse aquatic fauna. It is also an important avian habitat. In
January 2022, the San-Pédro Forestry Services estimated a population of 3,150 waterbirds distributed
between 14 migratory and sedentary species; making this site the second most important site within
the framework of the international waterbird enumeration and identification program [11].

Of natural origin, the Déganobo lake system was intended to serve as an outlet for drainage water
and, domestic and industrial wastewater through a collection system for treated wastewater upstream

as part of the JARSO| program [10]. The non-existence of a real sanitation system in the San-Pédro city

for several years makes this aquatic site the receptacle of anthropogenic discharges of all kinds
without prior treatment, especially those from its two great industrial areas and its general hospital
located nearby [11,12,16].

2.2. Experimental I'Ikechniques

2.2.1. Sample collection, measurements and sample conservation in situ

This study was conducted over the period from August 2021 to July 2022. During this period, water
column samples were collected in this lake system using a 1 L capacity Niskin bottle in eight sampling
sites. These sampling sites were chosen taking into account the spatial heterogeneity and accessibility
of the water body; and this, with the aim of a better estimate of their organic pollution (Figure 2).
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Figure 2: Geolocation of sample sites used in this study.

Immediately collected, the water samples intended for the determination of the chemical oxygen
demand (COD) were put in very clean and dry 1 L polyethylene bottles. They were subsequently
acidified with a 0.1 N H,SO, solution to bring their pH below 2 in order to inhibit the action of
microorganisms. These polyethylene bottles were sealed and kept iin situ in a light-tight cooler

containing an important quantity of ice so that the interior temperature was around 4°C. Water sample
collection operations were carried out in accordance with 1SO 5667 standard [17] and, their
conservation was carried out according to NF EN ISO 5667-3 standard [18]. A monthly sample was
done during the study period, for a total collection of 96 water samples. Correlatively, the

Comment [H13]: Meaning of ARSO in full if no
an abbreviation say so

( comment [H14]: Capital T

( comment [H15]: Put in italics




measurements of pH, redox potential (U), salinity, conductivity and dissolved oxygen content of the

column waters were carried out in situ by using the multiparameteWTW 3630 IDS. The water

transparency was assessed using a Secchi disk, while that of the depth of the sample sites was with a
graduated metal bar.

Due to the very low draft of this lake system, the different sampling sites were reached using a non-
motorized canoe. This fact had the advantage of low disturbance of the waters of this lake system

during the samplings.

2.2.2 Sample processing in laboratory

2.2.2.1 Sample conservation
Once arrived at the laboratory, the water samples were stored in the freezer at -6°C.

2.2.2.2 COD determination

The COD of the water samples was obtained according to NF T 90-101 standard [19]. The principle of
this standard is the return assaying of an excess of the dichromate ions with a Mohr salt solution (iron
Il and ammonium sulphate solution) after oxidation of the organic matter contained in the water
samples by the dichromate ions in the acid environment.

In practice, 5 mL of a 0.40 mol/L potassium dichromate solution containing 1 mg of the mercury
sulphate was added to 10 mL of water sample in a round-necked flask. To this mixture, 15 mL of the
sulphuric acid-silver sulphate solution (obtained by dissolving 10 g of silver sulphate in 40 mL of pure
water and the whole carefully brought into 960 mL of a pure sulphuric acid (commercial solution with
purity between 96 and 98%). After slight stirring, the mixture was brought to reflux at 120°C for 2
hours. The mineralized material obtained was recovered, as well as the rinsing water, in a beaker,
then assayed with 0.12 mol/L Mohr salt solution in the presence of ferroin as a coloured indicator. A
possible dilution of the water sample was carried out if the COD of the sample is greater than 700

img/LOJ. A blank, consist of 10 mL of pure water, was treated in the same conditions. All the

experiences were done in triplicate.
The COD of the sample, expressed in mg O,/L, is given by the following relationship:
Vi—1,

0

DCO =8000.C.f.

with:
- C, the concentration of Mohr salt solution expressed in mol/L;
- Vg, the volume, in mL, of the test portion before possible dilution;
- V4, the volume, in ml, of the Mohr salt solution used for the blank test;
- Vs, the volume, in mL, of the Mohr salt solution;

- f, dilution factor.

2.2.3 Assessment of ecological and health risks

The assessment of the seasonal ecological and health risks of these waters during the study period
was |deirgdone by-use-efusingSEQ-Eau V2 water quality guidelines [20] by taking finto Jaccount their

conductivity, COD, transparency and, dissolved oxygen content.
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2.2.4. Source of hydroclimate data

The monthly data of the ambient temperature and those of rain ejin the study period were provided by

https://www.historique-meteo.net/afrique/cote-d-ivoire/san-pedro [21,22].

2.2.5 Statistical analysis

In addition to standard statistical techniques (m (mean), s (standard deviation), VC (variation
coefficient), min (minimum mean value) and, max (maximum mean value)), Normalized Principal
Component Analysis (NPCA), one-way ANOVA and, the Student test were used.

NPCA was used to assess the seasonal effects of the hydroclimate on the physical and chemical
parameters assessed in the water column of this lake system.

The purpose of using one-way ANOVA was to check whether there is a significant difference between
the different seasonal mean for the different parameters considered in this study. If this was the case
then three post hoc tests were used to determine the seasonal means which differ, but also the
homogeneous subgroups which do not differ from each other. These were the Fisher LSD test, the

Tukey HSD test and, the Dunnett test. To ensure the significant difference between two seasonal

mean and/or homogeneous subgroups of seasonal means not different in a parameter, the Fisher
LSD test and the Tukey HSD test were simultaneously carried out. If there was a difference between
the results obtained, then the Dunnett test was carried out in the column(s) where the results diverge.
Results of one-way ANOVA and post hoc tests were considered statistically significant for p = .05.

Eau V2 water quality guidelines [20] for a confirmation or none of the ecological and health risks
obtained with this standard for the parameters used for this. [The result of this text was considered

statistically significant for p =.05. |

3. RESULTS AND DISCUSSION
3.1 Results

3.1.1 Seasonal dynamic of some physic and chemical parameters |

The fable 1 |presents the seasonal and annual means values of pH, redox potential, conductivity,

salinity, transparency, dissolved oxygen and, COD of the waters from the Déganobo lake system

obtained pn the study period

Table 1: Seasonal and annual means values of some physic and chemical parameters jof the

waters from the Déganobo lake system from August 2021 to July 2022.
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Seasons Annual mean
SDS SRS GDS GRS
mts 1.465+0.001 1.600+0.001 1.367+0.002 2.116+0.001 1.637+0.001
Depht (m) VC(%) 0.07% 0.06% 0.14% 0.05% 0.03%
min-max 0.78-2.51 0.09-2.22 0.68-2.97 1.43-2.38 0.68-2.97
mts 7.85+0.01 8.72+0.16 8.73+0.16 7.30+0.05 8.15+0.22
pH VC(%) 0.16% 1.78% 1.87% 0.70% 2.72%
min-max 6.78-8.60 7.26-9.94 7.31-9.29 6.68-7.93 6.68-9.94
mts 29.77+0.41 31.30+0.14 32.69+0.02 28.21+0.06 30.49+0.23
Temperature VC(%) 1.39% 0.44% 0.05% 0.20% 0.75%
(°C) min-max 28.30-31.30 30.00-32.20 32.10-33,30 26.50-30.00 26.50-33.30



https://www.historique-meteo.net/afrique/cote-d-ivoire/san-pedro

mts -57.46+2.72 -96.00+10.23 -106.21+1.49 -12.40+3.68 -68.02+12.40
Redox VC(%) 4.74% 10.66% 1.40% 29.73% 18.22%
potential min- (-129.40) - (-153.70) - (-188.90) - (-50.10) - (-188.90) -
(mV) max (-24.00) (-10.10) (26.30) (-12.40) (26,30)
Salinity mzs 1.61+0.05 1.61+0.05 2.90+0.10 1.38+0.40 1.87+0.25
(mg/L) VC(%) 2.95% 3.38% 3.44% 28.73% 13.45%
min-max 1,20-2,10 1.40-2.10 2.10-4.60 0.90-3.30 0.90-4.60
Conductivity mzs 812.94+23,19 827.19+26.35 1454.75+37.08 683.06£219.45  944.48+129.94
(mS/cm) VC(%) 2,85% 3.19% 2.20% 32.13% 13.76%
min-max 548-1102 710-1086 1085-2343 451-1705 451-2343
COD mzs 361.33+58.36 313.33+7.87 220.00+55.78 289.52+70.26 296.05+61.63
(mg O,/L) VC(%) 16.15 2.51 25.35 24.27 20.82
min-max 106.67-533.34 106.67-533.34 106.67-426.67  106.67-853.34 106.67-853.33
Dissolved mxs 0.00+- 0.00%- 0.00%- 0.00%- 0.00%-
loxygen | VC(%) [Comment [H31]: use Oxgen not oxygen
content (mg/L) min-max 0.00 0.00 0.00 0.00 0.00
Transparency mzs 0.00%- 0.00%- 0.00%- 0.00%- 0.00%-
(m) CVC(%)
min-max 0.00 0.00 0.00 0.00 0.00

This lake system was shallow over the study period, as shown by the annual mean value of their mean
depth. Its mean depth was relatively important in GRS and, relatively low in GDS. The very low intra-
seasonal variations highlighted the quasi-stability of the seasonal water level of this system in all
seasons. This observation was confirmed by one-way ANOVA, which also shows an overall significant
difference between its seasonal mean depths (p =.05). The post-hoc tests used in this study showed
that only their mean depth in GSP is not statistically distinct from other seasonal mean depths (p =
.05).

These waters were relatively warm throughout the study period. Their maximum seasonal mean
temperature was obtained in GDS and, the lowest was in GRS. the Intra-seasonal variations were very
low, demonstrated by the one-way ANOVA (p = .05); also showing an overall significant difference

between their seasonal mean temperatures| The post-hoc tests used highlighted a statistically {Comment [H32]: a new sentence hence begins ir
capital ... The not the

significant difference between all their seasonal temperatures (p = .05).
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important in SDS and GDS, and less in SRS. The intra-seasonal variations of their mean pH were also
very low, indicating their permanent slight basicity in all seasons over this period. One-way ANOVA
showed an overall significant difference between the seasonal mean values of their pH (p = .05). The
post-hoc tests used in this study highlighted two homogeneous subgroups: SDS and GRS in one hand
and, SRS and GDS on other; with statistically significant differences between them (p = .05).

The waters of this lake system were slightly reductive in all seasons over the study period. They were
more so in GDS and, less so in GRS. The intra-seasonal variations were low in all seasons, as
attested by one-way ANOVA. One-way ANOVA also revealed a significant overall difference between
their mean redox potentials (p = .05). The post-hoc tests used in this study showed that only the
differences between their mean potentials obtained in SDS and those determined in SDS and GRS
were statistically significant (p = .05). The same was true for the differences between the mean redox
potentials determined in GDS and those obtained in SRS and GRS (p = .05).

These waters had very low salinity over the study period, as illustrated by their mean annual salinity of
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The intra-variations of their seasonal salinity were low. This was shown again by one-way

ANOVA jwhich also highlighted an overall significant difference between their seasonal mean salinities

(p = .05). the Post-hoc tests used in this study showed that only their salinity mean value obtained in
GDS was statistically different from those determined in the other three seasons (p = .05).

The mineralization of these waters was relatively very significant, as showed by their theannual mean
value of their conductivity, very close to 1000 pS/cm. Their mineralization was relatively significant in
GDS, and relatively low in GRS. Their intra-seasonal variations were low in all seasons. This is also
illustrated by one-way ANOVA, also showing an overall significant difference between their seasonal
mean conductivities (p = .05). The post-hoc tests implemented in this study revealed that their mean
conductivity in SDS is not statistically different from that obtained in SRS (p = .05).

The COD seasonal values of these waters was relatively very high over the study period, given their
annual mean value very close to 300 mg O,/L. Their highest COD seasonal mean value was
determined in GDS, and the lowest in SDS. Their intra-seasonal variations were low in all seasons.
This was highlighted by one-way ANOVA. One-way ANOVA also was highlighted an overall significant
difference between their COD seasonal value (p = .05). [The post-hoc tests used in this study showed

that only the difference between their COD mean value obtained in SDS and that determined in SRS
is not statistically significant (p = .05).
All the seasonal mean values of their dissolved oxygen contents and their transparency were zero

over the study period.

3.1.2 Influence of some hydroclimate and physic and chemical parameter on COD seasonal

dynamics of these waters

Most of the information due to the 9 variables involved is given by the two first factors at 84.673%. The
factor F1, associated with the eigenvalue 4.742 translates it to 52.690%. The second factor, F2,
associated with the eigenvalue of 2.878, highlights it at 31.983%. As for the third factor, F3, it is
associated with the eigenvalue of 1.379 and gives this information at 15.327%.

The seasonal pH, salinity and, COD of the waters from this lake system, as well as the rainfall in the
study fare, have high positive correlations with [F1. Whichis the opposite of their seasonal redox

potential, temperature and, conductivity (Table 2). SDS presents an important negative correlation with
F1, in contrast to GDS which presents an important positive correlation with this factor. SRS shows an
important negative correlation with F2 (Table 3).

So, these results would show that the low rainfall in GDS would have been conducive to a more
pronounced basic character, with relatively high salinity and COD of these waters. This would also
have been the case of the low rainfall in SDS, less than that in GDS, which with the relatively high

temperature of these waters, would have favoured their reductive character.

Table 2: Factorial coordinates of the variables based on the correlations obtained inthis case study.

. Factors
Variables
F1 F2 F3
pH 0.856019 0.116510 0.503643

Redox potential  -0.806120 -0.257788 -0.532650
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Salinity 0.741526 0.659479 -0.123396
Conductivity -0.729977 0.590649 0.343901
Water Temperature -0.847084 0.502532 -0.172945

Depht 0.397013 -0.856089 0.330896
Rainfall 0.883562 0.281790 -0.374049
Ambient temperature -0.152546 -0.974579 -0.164087
COoD 0.773061 0.003253 -0.634324

In bold significant correlation

Table 3: Factorial coordinates of individuals based on correlations (a) and their contributions
to factors (b).

Facteurs Facteurs
Individus F1 F2 F3 F1 F2 F3
PSC -2.28818 1.27768 0.89352 0.682930 0.212933 0.104136
PSP 1.26110 -1.81852 1.02778 0.267124 0.555453 0.177423
GSC 2.36727 1.60264 -0.49265 0.665940 0.305218 0.028842
GSP -1.34019 -1.06181 -1.42864 0.361786 0.227097 0.411117

In bold significant correlation

3.1.3 Ecological and health risks

The results in Table 4 highlight the good quality of these waters for biological activities and uses linked
to human health (production of drinking water, leisure and, water sports) as concerned to their pH and
conductivity. This is not the case for their transparency, dissolved oxygen content and, COD, which

make them of very poor qualities over all the study period according to SEQ-Eau V2 water quality

each case (p = .05).
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Table 4: Seasonal qualities of the waters from the Déganobo lake system linked to its some physical and chemical parameters according to

SEQ-Eau V2 water quality guidelines [20] over the study period.

Chemical and SEQ-Eau V2 Seasons Annual
physical parameters reference values SDS SRS GDS GRS
Good quality Good quality Good quality Good quality Good quality Good quality
pH (6<pH=<9)
Conductivity Very good quality Very good Very good Very good Very good Very good
(mS/cm) (120 pS/cm <conductivity < quality quality quality quality quality
2500 pS/cm)
COD Very poor quality Very poor Very poor Very poor Very poor Very poor
(mg OylL), (COD > 80 mg/L Oy) quality quality quality quality quality
Dissolved Oxygen Very poor quality Very poor Very poor Very poor Very poor Very poor
content (mg/L) (0, <3mglL) quality quality quality quality quality
Water transparency Very poor quality Very poor Very poor Very poor Very poor Very poor
(m) (Transparency < 0,1 m) quality quality quality quality quality




3.2 Discussion

Unlike the Yamoussoukro lake system [23,24], Lake M'koa of Jacquevile[25] and, Lake
Guessabo and Lake Dohou [26], the Déganobo lake system has its hydrochemistry indirectly
linked to rainfalls. Its hydrochemistry is both linked to meteorite runoff waters inputs during
rainfalls, to the permanent waters inputs from the San-Pédro River and, those of the
Digboué Lagoon in GRS [15]. The San-Pédro River and the Digboué Lagoon both have their
hydrological regimes directly linked to rainfalls in the San-Pédro Department. So, the
evolution of the water level of the Déganobo lake system would depend on all these inputs,
which are important in the rainy seasons. The paradox observed between the level of these
waters in GDS and that in SRS could be explained by the quantity of rainfalls, greater in
GDS than in SDS; consequence of climate change observed throughout Céte d'lvoire in
these two recent decades [14]. The significant impact of all these water inputs on the
evolution of the water levels of this lake system in GRS would have been highlighted by the
post-hoc tests used.

fThe hypereutrophic state of this aquatic ecosystem, highlighted by the strong presence of
macrophytes on its surface [12], would have resulted in zero of its seasonal transparencies
and seasonal dissolved oxygen contents; but also its heavy siltation, consequently its

shallow depth over the entire study period [27,28]. [This would be contributed by occasional

contributions from industrial, hospital and waste discharges [16], in addition to those drained
by meteorite waters.

The waters from this lake system are directly related to temperatures. They are 2 to 3°C
warmer than the ambient air, just like in lagoon environments [29,30]. This would explain the
statistically significant difference between their seasonal temperatures shown by the post-
hoc tests used. The higher temperature of these waters in GDS could be explained by their
significant insolation in this season. The cloud cover in GRS and the presence of the great
marine upwelling of the Atlantic Ocean at the end of this season, would have contributed to
the drop in the temperature of these waters. The very shallow depth of this ecosystem would
favour an absence of thermal stratification, as also observed by Aw et al. [23] and N'guessan
et al. [24] in the Yamoussoukro lake system, Kpidi et al. [25] in Lake M'koa of Jacquevile

and, Kouamé[26] in Lake Guessabo and Lake Dohou.|
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the other. Which would have led to their basic and reductive characters being more
pronounced in this season over the study period. The same would have been true for their

salinity and conductivity. The effects of low rainfall on basicity and salinity of these waters in

this season over this period would have been highlighted by the results of NPCA obtained in
this context. On the other hand, the high meteorite waters inputs into this ecosystem, leading
to a renewal of these waters and an increase in their volume, would have produced the
opposite effects on these physical and chemical characteristics of these waters in GRS. The
effects of these significant meteorite inputs in GRS would be felt more in SDS. This would
explain the very slight increase in their basic character, salinity and conductivity, but also by
the decrease in their reductive character in SDS compared to those determined in GRS. The
simultaneous effects of low rainfalls and temperatures on their reductive character would
have been illustrated by the results of NPCA obtained. This would also be shown by the non-
statistically significant difference between their pH obtained in GRS and that determined in
SDS, as highlighted by the post-hoc tests implemented. Meteorite inputs in SRS would
contribute to a greater impact of agricultural residues on these physical and chemical
characteristics of these waters due to their strong application on the watershed of this
aquatic ecosystem in SDS. Which would have had low effects on the inter-seasonal variation
effects of low rainfalls observed in GDS would also be observed in SRS, but with a relatively
low amplitude, probably due to the increase in the waters level during this season. Which
would have explained the statistically significant difference between their basic character
obtained in GDS and that determined in SRS. [This would not have been the case for their

salinity, the concentrations of which in the consecutive seasons GRS, SDS and, SRS are
statistically not different according to the post-hoc tests implemented.

The high presence of aquatic plants and the significant anthropogenic discharges would
have resulted in the relatively high COD annual mean value of these waters over this period.
This fact would be highlighted by their COD seasonal mean values obtained higher than
those of Lake M'koa of Jacquevile[25] and, Lake Guessabo and Lake Dohou[26]. Their basic
character would have been conducive to the presence of organic matter within them [31,32].
The same would be true of the very shallow depth of this lake system favouring exchanges
between the water column and surface sediments [33] and the low salinity of these waters
[34,35]. However, the relatively high temperature and the reductive character of these waters
would contribute to the partial degradation and mineralization of organic matter within them
[36,37]. In GDS, industrial, domestic and, hospital discharges, very loaded with organic
matter, would lead to a very high organic load in these waters. This would be even more so

with the proliferation of aquatic plants and the strong exchanges between sediments and the
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water column in this season [33]. [Furthermore, the basic character of these waters in this
season would also have contributed to a relative importance of organic matter within them by
partial inhibition their degradation [31,32]. This would also have been the case for their

relatively high salinity in this season [34,35]. However, the more pronounced reductive

character and their relatively high temperature of these waters would have partially favoured

their degradation in this season [36,37]. The favourable effects of the shallow depth of this

lake site, as well as the basic character and the relatively high salinity of these waters, on
their relatively high COD mean value in this season would have been highlighted by NPCA.
This would also have been the antagonistic effects of their redox potential on this process.
The meteorite inputs in GRS and SRS would also favour the organic matter inputs due to
leaching from its watershed. However, the renewal of these waters would cause a clear drop
in their COD values. This fact would also have been reinforced by the drop in their basicity
and salinity [31,32, 34,35], as well as by the increase in the water volume of this lake site.
On the other hand, the decrease in the reductive character [37] would have contributed to
the presence of organic matter in these waters in these two seasons. The effect of renewal
of these waters by meteorite waters would be shown more in SDS, where their COD mean
value, although significant, is the lowest observed over the study period. In this season, the
clear increase in the basicity of these waters [31,32] and salinity [34,35], as well as the drop
in their level [33] relative to the previous season, would have contributed to the presence of
matter within them. Which would have been the opposite of the increase in their reductive

character, further favouring their degradation and mineralization [37]. The same phenomena
observed on the dynamics in GDS would also be observed in SRS, but with a low amplitude;

and this, due to the low rainfalls fin this season linked to climate change in the study area.

This would have been reflected by the statistically significant difference between their COD
mean value obtained in GDS and those determined in GSC and SRS in accordance with the
post-hoc tests implemented.

As mentioned above, the Déganobo lake system is the receptacle of anthropogenic
discharges of all kinds without prior treatment. So, these strong anthropogenic pressures are
responsible for its relatively high organic pollution, the consequence of which would be
significant ecological scourges with serious health risks as shown by SEQ-Eau V2 water

quality guidelines [20], confirmed by the Student test. These strong anthropogenic pressures

are also responsible for the accelerated eutrophication of the waters of this lake system
through its nutrient enrichment and; the manifestation of which is visibly reflected by the
strong presence of macrophytes [12]. Thus, this ecological scourge would contribute to their
daily anoxia and their very high turbidity. This situation would contribute to a strong bacterial

proliferation in this aquatic ecosystem [38,39]. Thus, this ecological scourge would contribute
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to the epidemiological risks noted by Koko ket al. [16] in the San-Pédro city, especially for the

local population. This fact would be illustrated by SEQ-Eau V2 water quality guidelines [20],

confirmed again by the [Student test, relative to their oxygen content and transparency. The

degradation of lake systems linked to their high organic load and the consequences of their

(2014),

in the Yamoussoukro lake system.

4. CONCLUSION

fThis study was] highlighted the strong anthropogenic pressures subject to this lake system. |

This fact has a lot of consequences on its waters quality, one of which is their high COD
obtained over the study period. The ecological and health risks were severe. This confirm

again its high degradation| Additional studies should be carried out for the thorough

assessment of its lchemical pollution of this ecosystem, in particular the contamination level

of its water and sediments by pesticides and polycyclic hydrocarbons.
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