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Abstract: Abiotic parameters and organic pollution level of the urban man-made lakes of Yamoussoukro city 

were analyzed. Twenty eight stations defined on eight lakes were sampled each two months during two years. 

Six environmental variables (temperature, conductivity, pH, dissolved oxygen, transparency and redox 

potential), transparency and percentage of substrata were measured at each campaign. Water samples were taken 

for the further determination of ammonium-nitrogen, nitrite and phosphate. The studied lakes presented a strong 

mineralization with values of conductivity ranging between 233.05 and 977 μS/cm. Multivariate analysis 

gathered stations into three clusters. There was not a significant variation in physicochemical parameters 

between clusters (Kruskal-Wallis test, P >0.05) with the exception of conductivity and nitrate significantly 

higher (Mann-Withney test, P < 0.05) and transparency significantly lower (Mann-Withney test, P < 0.05) in 

cluster I (composed only by samples from lake 7). The values of the organic pollution index (1.66 – 2.33) 

indicated a strong organic pollution in all studied lakes. The lake 7 (cluster I) represented the most polluted 

hydrosystem of the city so that it related to an emissary of wastewater. The studied lakes are engaged in an 

accelerated damage process which certainly leads them to the stage of hypereutrophy. 
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Introduction 
In recent years, increasing attention by the scientific community has focused on the preservation of 

aquatic ecosystems. The continuous and accelerated degradation, causing eutrophication phenomena, is a reality 

to which few places in the world escape (Kouakou et al., 2014). In urban areas, the major changes observed, 

due to both human activities (rapid industrialization and urbanization) and natural factors, have potential 

ecological consequences (Aw, 2009). Indeed, untreated urban effluents represent the main source of organic 

pollution of water (El Mostafa, 2006). They cause a degradation of the quality of the receiving aquatic 

environments. According to Gobeil and Rondeau (2005), the accumulation of metals, organic substances and 

nutrients in hydrosystems is one of the most widespread environmental problems. The burden of these pollutants 

is increasing with the socio-economic development in a highly anthropized zone. 

In the city of Yamoussoukro in Côte d'Ivoire, the pollutants discharge into the lakes is the starting point 

for the pollution of the city's water bodies (Tanoh, 2005; Kouamé et al., 2011). Indeed, Wastewater rejected in 

Yamoussoukro lakes is characterized by high abundances of bacteria and by a high content of suspended, 

oxidizable matter.  Because of their stagnant nature, these lentic ecosystems are more vulnerable to pollution. In 

addition to the nuisances related to toxicity, the eutrophication phenomenon in these aquatic systems is one of 

the most pressing ecological problems. Also, with the increase of population and the development of 

urbanization, these aquatic environments are highly subject to urban pressures. These generate multiple and 

complex problems that exert a direct or indirect influence, in the long or short term, on the environment and 

public health (Ahoussi et al., 2008). Thus, the quality of these waters is deteriorated significantly due to 

anthropogenic activities such as agriculture, changes in land use and discharges of untreated wastewater into the 

receiving environment. To better understand the problems of pollution of these aquatic environments, it is 

necessary to have a database for assessing these different phenomena as well as possible. 

Several studies have been conducted on Yamoussoukro lakes to assess water quality (Aw, 2009; Sadat 

et al., 2011; Kouamé et al., 2011, Kouakou et al., 2014) without yet putting the accent on the organic pollution 

in these waters. In order to complete the existing database, this study aimed to (i) make abiotic characterization 

of the sampling stations and to (ii) calculate the organic pollution index in the studied lakes. 
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Material and Methods 
Study area and sampling sites 

The study was conducted in Yamoussoukro (the political capital of Ivory Coast) located in the center of 

the country between 6°40’ and 7°00’N, and 5°10’ and 5°20’W (Fig. 1). The locality is submissive to a tropical 

damp climate characterized by four seasons: a great dry season (December–March), a great rainy season (April–

July), a small dry season (August–September) and a small rainy season (October–November). Air temperatures 

in Yamoussoukro city average 25.6°C, with monthly variations inferior to 3°C (Parinet et al., 2000).There are 

in this town, 31 lakes of which ten man-made lakes which communicate with each other by gravity and form a 

complex system covering approximately 140 ha with a catchment area close to 28.5 Km
2
. 

This study carried on seven (7) man-made lakes (lake1, lake 5, lake 6, lake 7, lake 8, lake 9 and lake 

10) and one natural lake (lake 0). On these lakes, 28 sampling sites have been chosen approximately 3 m from 

the water’s edge. The number of sites per lakes depends of the surface of each lake. So, seven sampling sites 

were defined on the lake 5, four on lakes 0 and 1, three on lakes 6, 8 and 9, two on lakes 7 and 10. The 

characteristics of each site were shown in Table 1. These urban man-made lakes receive wastewater and solid 

waste from various human activities (domestic wastewater and solid waste, urban agriculture, schools, hospitals, 

hotels, restaurants, military camps, car washing services, car garages, gas stations, pasture of the cattle, washing 

on the banks of lakes) which make them very eutrophicated.  

 

Table 1.Geoagraphical coordinates ofsampling sites and characteristics and surface of  studied lakes of  studied 

lakes of Yamoussoukro. 

    Cordinates     

Lakes Stations S E 
Description and anthropogenic  

activities 

Surface of lakes  

(Km²) 

Lake 0 S1 248913 756343 

 Market gardening using some chimical 

fertilizer. Lake invades  

by aquatic vegetables. 

0.13 
Lake 0 S2 248919 756355 

Lake 0 S3 248925 756391 

Lake 0 S4 248931 756480 

Lake 1 S5 248949 756541 

 Market gardening using some chimical 

fertilizer. Lake invades 

 by aquatic vegetables. 

0.15 
Lake 1 S6 249180 756852 

Lake 1 S7 249331 756828 

Lake 1 S8 249029 756232 

Lake 5 S9 248825 755431 

 Cover by aquatic vegetables to several 

places. Presence of the washers of linen 

and vehicles using detergent. 

Receives the wastewaters of the  

regional hospital. 

0.45 

Lake 5 S10 248915 754213 

Lake 5 S11 247924 756734 

Lake 5 S12 247923 753669 

Lake 5 S13 247591 753379 

Lake 5 S14 247291 753704 

Lake 5 S15 247660 754411 

Lake 6 S16 247271 753522  Market gardening using some chemical 

fertilizer. Lake invades by aquatic 

vegetables, submitted to the 

anthropogenic contributions of a lowly 

inhabited zone. 

0.10 Lake 6 S17 247041 753064 

Lake 6 S18 246881 753251 

Lake 7 S19 248577 753815  Market gardening using some chemical 

fertilizer. receivies wastewaters from 

the most peopled quarter. 

0.08 
Lake 7 S20 248715 753743 

Lake 8 S21 248674 754129 
 Concentration of tourist activities on 

the borders (restaurants, park, public 
0.10 

Lake 8 S22 248572 750246 
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Lake 8 S23 249055 754407 

building) that it receives the 

wastewaters. Partial invasion by aquatic 

vegetables. 

Lake 9 S24 249221 754500 

 Located in a moderately lived zone, 

bordered by of the hotel complex 
0.10 Lake 9 S25 249211 754808 

Lake 9 S26 249496 754751 

Lake 10 S27 249736 754899 

 Market gardening using some chemical 

fertilizer. Lake invades by aquatic 

vegetables, submitted to the 

anthropogenic contributions of a 

densely inhabited zone and receiving 

wastewaters of the more tall school 

medical centre of the town. 

0.11 

Lake 10 S28 249622 754963 

 

 

 

 

 

  
Fig.1. Location of the study area showing the sampling stations on studied lakes of Yamoussoukro 

 

Data collection 

Sampling was performed each two months during 12 campaigns (between December 2015 and 

December 2017) at each sampling station between 7 and 12 h. At each campaign, six usual environmental 

variables were used to describe physicochemical water condition at each sampling station. Conductivity 

(µS/cm), pH, dissolved oxygen (mg/l), temperature (°C) and redox potential (mV) were measured in-situ using a 

multiparameter HANNA HI9828 and Secchi disk transparency (cm) measured using a 20-cm-diameter Secchi 

disk. Moreover, percentage of substrata (rock, gravel, sand and clay/silt) was once visually assessed according 

to Goldon et al. (1994) methodology. Water samples were also taken from each station, stored in polyethylene 

bottles (500 ml) and kept at a temperature below 4°C to stop all the activities and metabolism of the organisms 

in the water. At the laboratory, these water samples were kept in a refrigerator for further determination of 

ammonium-nitrogen (NH4
+
; mg/l), nitrite (NO2

−
; μmol/l) and phosphate (PO4

3−
; μmol/l). According to the 



International Journal of Latest Research in Agriculture and Veterinary Sciences (IJLRAVS)  

www.ijlravs.com 

Volume 01 Issue 01 ǁ 2019 ǁ PP. 15-24 

www.ijlravs.com                                                      18 | Page 

AFNOR protocol (AFNOR, 1994), concentrations were determined using a spectrophotometer Model HACH 

DR 2010 at a specified wavelength. 

 

Data analysis  

Principal Component Analysis (PCA) using the Euclidean distance was performed to ordinates 

sampling stations according to environmental variables. A Hierarchical classification was performed on PCA 

axes in order to cluster sampling station with similar environmental conditions. Variations of physical and 

chemical parameters between clusters were assessed using Kruskal-Wallis and Mann-Withney tests in order to 

characterize each group of sites. A level of P < 0.05 was considered significant. Before performing the 

comparison test, the normality of data was checked by Shapiro test (P < 0.05 at each group). The analyses were 

performed using packages for the R 3.0.2 freeware (R Core Team, 2013).  

The organic pollution index (OPI) is calculated from the data of ammonium, nitrite, phosphates and the 

biologic request in oxygen (DBO5) according to Leclercq and Maquet (1987). The principle is to distribute the 

values of the polluting elements in 05 classes, to determine from his proper measures the class corresponding 

number to each parameter then to calculate the average of the classes. This average allows determining the 

organic pollution level (Table 2). In this study, the organic pollution index was performed for each lake from the 

measures of ammonium, nitrites and phosphate, the DBO5 was not measured. Leclercq (2001) indicated that the 

average of the classes can be obtained only to the three first parameters (ammonium, nitrite and phosphate). 

 

Table 2: Classification of the level of pollution from the organic pollution index (OPI) (Leclercq, 2001) 

Average of classes Organic pollution level 

5,0 - 4,6 Null 

4,5 - 4,0 Low 

3,9 - 3,0 Moderate 

2,9 - 2,0 High 

1,9 - 1,0 Very high 

 

 

Results 
Abiotic differentiation of sampling stations 

 With the exception of dissolved oxygen in lakes 6 and 8 as well as temperature, pH and redox 

potential in Lake 8, there were not significant variation in physicochemical parameters between stations and 

seasons (Kruskal-Wallis test, p > 0.05). 

Principal component analysis (PCA) has established the abiotic typology of the sites surveyed (Fig. 2). 

The first two axes expressed 54.73% of the total variance, 35.62% for axis 1 and 19.11% for axis 2 (Fig. 2A). 

The correlation circle (Fig. 2B) revealed that axis 1 was negatively correlated to the clay-loam ratio in the 

substrate. In contrast, temperature, dissolved oxygen, pH, and transparency are strongly and positively 

correlated to this axis. Axis 2 is positively explained by the redox potential and the rate of sand and gravel in the 

substrate. This axis is strongly and negatively correlated with conductivity. The factor map (Fig. 2C) 

distinguishes three groups of stations (Fig. 3). Cluster I (S19 and S20) consisted of samples from lake 7. It was 

characterized by higher values of conductivity (894.5 – 1049 µS/cm) and lower values of transparency (14 – 

23.5 cm) compared to those registered in cluster II (conductivity: 205 – 395 µS/cm and transparency: 12 – 42 

cm) and cluster III (conductivity: 295.7 – 589.5 µS/cm and transparency: 11.5 – 43.5 cm) (Mann-Withney test, p 

< 0.05; Fig. 4). This group was also characterized by a substrate dominated by gravel. Concerning cluster II, it 

mainly grouped the samples of lakes 8 (S21, S22 and S23), 9 (S24, S25 and S26) and 10 (S27 and S28) and the 

station S10 of Lake 5. These sites were distinguished by well oxygenated water with a relatively higher pH and 

temperature. The stations in this group also had a substrate rich in plant debris and poor in clay, silt and sand.  

Cluster III (stations: S1 to S9, and S11 to S18) essentially gathered the samples from the lakes 0, 1, 5 and 6. 

These stations were characterized by low values of temperature, pH and dissolved oxygen. Samples from these 

lakes are also characterized by a substrate relatively rich of clay, silt and sand.  

There were no significant variations of temperature, pH, dissolved oxygen and redox potential between 

clusters (Kruskal-Wallis test, P>0.05).  

Concerning nutriments, difference in nitrite, ammonium and phosphate values between clusters was 

inconsiderable (Kruskal-Wallis test, P>0.05; Fig. 5). However nitrite and ammonium concentrations were 

relatively higher in cluster I. On the whole nitrite values varied from 0.002 mg/l to 0.18 mg/l, ammonium 
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concentrations oscillated between 0.2 mg/l and 3.61 mg/l and phosphate values were comprised between 0.002 

mg/l and 0.48 mg/l. In return, nitrate obtained in cluster I was most important than concentrations registered in 

clusters II and III (Mann-Withney test, p < 0.05). 

 

Organic pollution in studied lakes 

 The values of the organic pollution index (OPI) and the corresponding quality levels are given in 

Table 3. The values of the IPO obtained in the Yamoussoukro lakes varied from 1.66 to 2.33. These low values 

indicated a strong organic pollution in all studied aquatic systems. However, the lowest OPI (1.66) was recorded 

in lake 7, which samples formed the cluster I of the Hierarchical cluster analysis. This lake had very high 

organic pollution. 

 

Table 3. Results of the calculation of the organic pollution index of the waters of the studied lakes of 

Yamoussoukro. 

Clusters Lakes 

Parameters Pollution  

Organic 

pollution level 

Ammonium Nitrite Phosphate index 

Value  
Class 

Value  
Class 

Value  
Class  

(mg/l) (µg/l) (µg/l)   

I Lake 7 2.61 ± 0.83 2 188.5 ±  78.35 1 720.5 ±  22.17 2 1.66 Very high 

II 

Lake 8 1.00 ± 0.75 3 118.75 ±  3.59 2 315 ±  179.72 2 2.33 High 

Lake 9 1.12 ± 0.05 3 113.75 ±  5.5 2 265.5 ±  62.83 2 2.33 High 

Lake 10 1.08 ± 0.06 3 114 ± 8.62 2 270 ± 69.76 2 2.33 High 

III 

Lake 0 1.19 ± 0.23 3 122 ± 12.55 2 678.25 ±  67.96 2 2.33 High 

Lake 1 1.10 ± 0.04 3 124 ± 84.84 2 560.75 ±  25.34 2 2.33 High 

Lake 5 1.15 ± 0.14 3 131.5 ±  1.17 2 511.25 ±  7.99 2 2.33 High 

Lake 6 1.88 ± 1.42 3 119 ±  23.65 2 255 ±  42.31 2 2.33 High 
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Fig. 2. Ordination of physicochemical parameters of the 28 sampling stations from an Principal Component 

Analysis:  

A = histogram of the proper values;  

B = circle of correlation;  

C = factorial map ; Transp = transparency ; O2 = Dissolved oxygen ; Temp = temperature ; Redox : Redox 

potential; Vgt. F: Vegetable fragments. 
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Fig.3. Hierarchical classification, from an analysis in principal components, of the sampling stations defined on 

Yamoussoukro lakes from physical and chemical parameters values: I, II and III = clusters. 

 

         

          

 

 

 

 
Fig. 4. Box-plots showing differences in physicochemical parameters measured in-situ between clusters (I–III). 

Different letters on box-plots denote significant differences between them (Mann-Withney test, P < 0.05) 
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Fig. 5. Box-plots showing differences in nutriments concentrations between clusters (I–III). Different letters on 

box-plots denote significant differences between them (Mann-Withney test, P < 0.05). 

 

Discussion 
The physicochemical characteristics of the studied lakes indicated that these hydrosystems presented on 

the whole a strong mineralization with values of conductivity above 200 μS/cm. Indeed, Goloma and Symoens 

(1990) established a scale of the degree of mineralization of the waters according to which water whose 

electrical conductivity is lower than 100 μS/cm is weakly mineralized. For values above 200 μS/cm, the water is 

highly mineralized. This situation could be related to agricultural activities and urban discharges. The intense 

agricultural activities practiced on all the banks and the domestic effluents directly rejected in the lakes favor the 

enrichment of these aquatic systems in various salts (Neumann and Dudgeon, 2002). The water transparency 

of the Yamoussoukro lakes does not exceed 50 cm, thus classifying them as hyper-eutrophic lakes according to 

classifications established by Forsberg and Ryding (1980). The redox potential of the waters of the lakes 

prospected is relatively low (-180,375 - 145.13mV). During our study, these ecosystems were entirely or 

partially covered by macrophytes, which considerably reduce the exchanges with atmospheric oxygen, thus 

contributing to lowering the value of the redox potential. The same situation was observed in these lakes by Aw 

(2009).  
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Stations gathered in cluster I (samples from lake 7) were most mineralized with values of conductivity 

(894.5 – 1049 µS/cm) significantly higher than those obtained in cluster II and cluster III. Besides, nitrate 

concentration in lake 7 (cluster I) was significantly higher compared to tenors obtained in others lakes (clusters 

II and III). The lake 7 is situated close to a much inhabited zone. Thus, aquatic system receives the more 

important quantities of wastewaters to strong organic charge. Besides this lake presenting the smaller surface, 

the processes of dilution of the pollutants are few intense. That favours high concentration of nutriments and 

high conductivity in the lake 7 compared to the other lake. 

Moreover, the waters of the studied lakes varied from high organic pollution (Lakes 0, 1, 5, 6, 8, 9 and 

10) to very high pollution (lake 7) because of the important anthropic pressures on each ecosystem. Indeed, the 

man-made lakes of Yamoussoukro received important quantities of erosion products and waste (domestic waste, 

oil, sewage, sludge drain), and significant quantities of waste water and solid waste. According to Kouamé et 

al. (2011), these urban lakes received about 38 300 m
3
 of wastewaters (black waters, gray waters, sludges) 

annually. In addition, the occupation of the banks by vegetable crops using chemical fertilizers was at the origin 

of a large spill of nutrients in the various lakes. According to Djabri (1996), the presence of PO4
3-

 in natural 

waters is linked to intense fertilization of lands (chemical fertilizers) and the decomposition of organic matter 

from urban discharges. In addition, the very high organic pollution observed in lake 7 could be explained by 

wastewater heavily loaded with organic matter, which is discharged into the lake in very large quantities. Thus, 

its waters were similar henceforth to those of a wastewater lake. 

Yamoussoukro lakes play an important role in the recreation of the populations, and consequently in 

the economic and tourist development of a territory. By improving the water quality of these hydrosystems, the 

aesthetic aspect was revalued, the attraction and the demand increased for these places. The physicochemical 

characterization of studied lakes shown these aquatic systems were degraded over the years. They are therefore 

engaged in an accelerated eutrophication process which certainly leads them to the stage of hypereutrophy. The 

disequilibrium of prospected ecosystems proceeded from their continuous supplies of nutrients through various 

anthropogenic activities. This study is therefore a scientific argument and a decision support tool for the 

authorities of the city of Yamoussoukro, from which strong provisions must be made to facilitate the restoration 

of these urban ecosystems which were according to previous studies (Konan et al., 2014, Konan et al., 2015, 

Tapé et al., 2018) biodiversity-rich. 
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