
Journal of Water Resources and Ocean Science 

2025, Vol. 14, No. 4, pp. 94-106 

https://doi.org/10.11648/j.wros.20251404.12  

 

 

*Corresponding author:  

Received: 9 July 2025; Accepted: 22 July 2025; Published: 12 August 2025 

 

Copyright: © The Author(s), 2025. Published by Science Publishing Group. This is an Open Access article, distributed 

under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which 

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited. 
 

 

Research Article 

Physico-chemical Assessment and Environmental Quality 

of the Waters of Lake Buyo During the Low-water Period of 

the River Sassandra (South-west Côte d’Ivoire) 

Ronald Sosthène Désiré Yapi Atto
1, * 

, Kouadio Assemien François Yao
1 

,  

Guy Serges Konan
2 

, Sylvain Monde
2 

 

1
Mines and Reservoirs Department, University of Man, Man, Côte d’Ivoire 

2
Laboratory of Geology, Mineral and Energy Resources, Félix Houphouët-Boigny University, Abidjan, Côte d’Ivoire 

 

Abstract 

In Côte d'Ivoire, almost a dozen hydroelectric dams have been built since 1965, with the opening of the Ayamé 1 dam. These 

dams, in addition to their primary vocation of generating electricity, also serve other functions such as recreation, tourism, flood 

control and supplying drinking water to local populations. Lake Buyo is a natural resource of considerable interest for the 

economic development of Côte d'Ivoire. The Buyo dam, built on the Sassandra River in 1980, is no exception. The aim of this 

study was to assess the water quality of Lake Buyo during low-water periods of the Sassandra River. To do this, water samples 

and measurements were taken in the lake in March 2021. In situ measurements showed that the waters were warm, with an 

average temperature of 32.4°C. The waters were alkaline, with fairly low electrical conductivity. These waters were relatively 

well oxygenated at the surface and deoxygenated at depth during the dry season. On the other hand, the average concentration of 

suspended solids (SS) was 4.8 mg/L, and the transparency of 1.48 m showed that the the lake’s waters were not very loaded. 

Based on the nitrate (1.56 mg/L) and ammonium (0.13 mg/L) concentrations, the raw water analyzed complies with the WHO 

2017 guidelines for drinking water production, with overall good quality in terms of nitrogen pollution. 
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1. Introduction 

Dams are an essential part of any national water resources 

management strategy, particularly in countries facing water 

supply uncertainties, such as those in West Africa. 

In fact, hydroelectric dams are built to serve one or more 

functions, including electricity production, irrigation and water 

supply. Côte d’Ivoire has a vast hydrographic network with 

seven (7) major hydroelectric dams (Ayamé 1, Ayamé 2, 

Kossou, Taabo, Buyo, Fayé and Soubré). However, the reser-

voirs of these dams, which provide water supply, are increas-

ingly faced with pollution. Indeed, problems linked to water 

degradation and the proliferation of aquatic plants have been 

highlighted by several hydrological and physicochemical 

characterization studies [1-4]. Furthermore, the transport of 

sediments and the resulting input of nutrients accelerates the 
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processes of silting, siltation and eutrophication of lakes [5]. 

Lake Buyo, the subject of our study, is not immune to the 

problem of pollution. Despite the dangers inherent in the degra-

dation of the lake's water quality over time, very few hydrologi-

cal studies have been carried out there. Indeed, the last hydro-

logical studies carried out. Indeed, the last hydrological studies 

carried out on Lake Buyo date back more than twenty (20) years 

[2]. This does not allow good monitoring of water quality, 

knowing that the lake is used to supply water to the region. 

It is in this context that the present study has been under-

taken. Its aim to determine the characteristics of the physi-

co-chemical parameters of the downstream sector of Lake 

Buyo in order to assess the quality of the water in the envi-

ronment during the low-water period of the Sassandra River, 

to which it is tributary. 

2. Materials and Methodes 

2.1. Presentation of Study Area 

 
Figure 1. Geographical location of Lake Buyo. 

Lake Buyo, the study area, is located in the southwest of 

Côte d’Ivoire in the town of Buyo. It belongs to the department 

of Soubré, in the Nawa region, 513 km from Abidjan (eco-

nomic capital). The lake is located between latitudes 6°10’00” 

N and 6°20’00” N and longitudes 7°00’0” W and 7°10’0” W 

with a surface area of 920 km2 (Figure 1). The water reservoir, 

under investigation is the downstream sector of Lake Buyo. 

The Buyo zone, corresponding to the reservoir area created by 

the hydroelectric installations of the Compagnie Ivoirienne 

d’Electricité (CIE). The lake’s water regime depends on 

rainfall. Low and high water levels depend essentially on 

inflows from the Sassandra River and its tributary, the N’zo. 

Annual rainfall ranges from 1.250 to 1.643 mm. 

2.2. Physical-chemical Analysis Equipment 

Sampling of physico-chemical parameters was carried out 

at ten (10) stations during the dry season (March 2021), 

corresponding to the low-flow period of the Sassandra River. 

Samplig was carried out on the surface and then in the water 

column at each station (Figure 2). 
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Figure 2. Distribution of sampling points. 

The equipment used in the field consisted mainly of a 

METTLER TOLEDO type multiparameter, a pH meter, a 

GPS and a Secchi disk. Composed of a probe and a screen, the 

multiparameter was used for the in-situ measurement of 

physicochemical parameters (Temperature, Dissolved Oxy-

gen, Conductivity). pH was determined using the pH meter. 

GPS was used to locate the sampling stations. As for the 

Secchi disk, was used to measure water transparency. 

2.3. Acquisition of Physical-chemical Data 

To measure these parameters (pH, Temperature, Dissolved 

Oxygen, Conductivity, Turbidity) in the field, the multipa-

rameter was calibrated from the boat and then placed in the 

water at each sampling station. The values obtained were 

displayed on screen carefully recorded by the operator. To 

measure transparency, the Secchi disk was lowered into the 

water using a graduated rope until it disappeared. The height 

of water above which the disc is no longer visible to the 

operator is noted in meters (m). Suspended solids (SS) were 

determined by membrane filtration (Wattman GF/C microfi-

ber). Nutrient salts were determined using a DR 6000 mass 

spectrometer, plus the HACH 8155 silicate method and the 

HACH 8171 cadmium reduction method respectively. 

Creation of distribution maps 

ArcGIS software was used to produce spatial distribution 

maps for the various physico-chemical parameters. The pro-

duction of the distribution maps is summarized in two (02) 

phases. In the first phase, an Excel spreadsheet was used to 

create a CVS file of numerical data for the various physi-

co-chemical parameters for each station, together with data 

collected in the field. The Google Earth contour was added to 

this file. The second phase involved interpolating the spatial 

distribution maps for the various parameters. The interpola-

tion method used is Inverse Distance Weighted (IDW). 

Correlation of physico-chemical parameters by principal 

component analysis 

The data collected during the sampling campaign were sub-

jected to statistical analyses with Statistica 7.1 software for 

better interpretation of the results. Principal component analy-

sis (PCA), which is an exploratory tool, consisted of looking for 

linear combinations of quantitative variables with a view to 

forming factorial axes in order to detect similar individuals, 

then to highlight a typology of individuals and finally to detect 

the relationships between the different variables. 

Environmental quality assessment 

The World Health Organization's drinking water quality 

guidelines recommend 50 mg/L for nitrates and 0.5 mg/L for 

ammonium [6]. Nitrate and ammonium levels in the down-

stream sector of Lake Buyo were compared with the [6] guide 

values to assess water quality. Ecological status, on the other 

hand, was assessed against the standards of the European 

Water Framework Directive [7] (Table 1). 

Table 1. Classification according to the [7] of water bodies in [8]. 

(mg/l) Very good Good Medium Poor Bad 

Max. Mineral Nitrogen < 0.2 0.2 à 0.4 0.4 à 1 1 à 2 > 2 
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3. Results 

3.1. Spatio-temporel Variability and Depth 

Trends in Physico-chemical Parameters of 

the Waters of Lake Buyo 

i. Lake temperature trends 

During low water periods, water temperature ranged from 

31.4 to 33.7°C, with an average of 32.4°C ± 0.76 (Figure 3). 

High values (32.6 - 33.7°C) covered practically ¾ of the lake 

surface. The low values (31.4 - 32.5°C) were located to the 

east of the reservoir on the water intake side. The thematic 

map showed a negative West-East horizontal gradient. 

However, the temperature variation in depth showed a nega-

tive surface-bottom gradient (Figure 4). 

 
Figure 3. Spatial distribution of temperature in Lake Buyo during low water periods. 

 
Figure 4. Temperature trends in the water column of Lake Buyo during low-water periods. 
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ii. Evolution of lake pH 

The water of the downstream sector of Lake Buyo was al-

kaline, with basicity increasing from north to south. pH values 

ranged from 7.9 to 9.78, with an average of 8.61 ± 0.55. The 

highest pH values (9.1-9.78) were found in the area around the 

spillway (Figure 5). The pH values measured at the surface 

were more basic than those measured at the bottom (Figure 6). 

 
Figure 5. Spatial distribution of surface water pH during low-water periods. 

 
Figure 6. Evolution of pH in the water column of Lake Buyo during low-water periods. 

iii. Distribution of lake water conductivity 

During low-water periods, conductivity values ranged from 

60 µS/cm to 80 µS/cm, with an average of 67.5 µS/cm ± 7.07 

(Figure 7). The highest conductivity values were recorded to 

the west of the water body, and the lowest on the side of the 

flood spillway. Conductivity levels tended to increase with 

depth, averaging of 83.68 µS/cm ± 10.75 (Figure 8). 
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Figure 7. Spatial distribution of surface water conductivity during low-water periods. 

 
Figure 8. Evolution of conductivity in the water column of Lake Buyo duriing low-water periods. 

iv. Distribution of dissolved oxygen content of lake waters 

The spatial evolution of dissolved oxygen during low-water 

periods shows that the dissolved oxygen content varied be-

tween 5 and 7 mg/L, with an average of 5.5 mg/L ± 0.75 (Fig-

ure 9). High levels (6 and 7 mg/L) were found to the southwest 

of the lake and at the water intake. Low levels of dissolved O2 

(5-5.4 mg/L), which were more dominant, were located in the 

vertical axis of the spillway. Figure 10 showed an overall 

decrease in dissolved oxygen with depth during low-water 

periods, reaching its lowest value at station 3 (5 to 1 mg/L). 

 
Figure 9. Spatial distribution of dissolved oxygen in surface water during low flow periods. 
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Figure 10. Variation in the dissolved oxygen content in the water column of Lake Buyo during low flow periods. 

 
Figure 11. Spatial distribution of SS from surface waters during low-water periods. 

 
Figure 12. Variation of SS in the water column of Lake Buyo during low-water periods. 

v. Distribution of suspended solids (SS) in lake water The dry-season suspended solids distribution map showed 
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a heterogeneous distribution. Total suspended solids concen-

trations varied from 3.3 to 6.6 mg/L, with an average of 5.025 

mg/L ± 1.30 (Figure 11). Transparency values ranged from 

1.3 m to 1.7 m, with an average of 1.48 m. However, the SS 

concentration generally decreased with depth (Figure 12). 

vi. Distribution of ammoniacal nitrogen in lake waters 

Spatial variation during low-water periods highlighted the 

predominance of contents between 0.16 mg/L and 0.17 mg/L. 

Ammonium levels ranged between 0.07 mg/L to 0.17 mg/L, 

with an average of 0.127 mg/L ± 0.03. Low levels (0.07-0.11 

mg/L) were found to the east of the reservoir, near the water 

intake, while high levels were found to the west, near the 

flood spillway (Figure 13). Analysis of the profiles highlights 

a decrease in ammonium with depth. However, there was a 

clear increase in NH4
+ content at stations 5 and 8 (Figure 14). 

 
Figure 13. Spatial distribution of ammonium NH4

+ during low-low periods. 

 
Figure 14. Variation in the ammonium content in the water column of Lake Buyo during low-water periods. 

vii. Distribution of nitrates in lake water 

At low water, NO3
- contents oscillated between 0.401 mg/L 

and 1.9 mg/L, with an average of 0.975 mg/L ± 0.47 (Figure 

15). The highest levels (1.61-1.9 mg/L) were found to the 

south, on the spillway side, and to the east, at the water intake. 

Analysis of the profiles shows an increase in the NO3
- content 

from the surface to a depth of 1.5 m, and a gradual decrease to 

a depth of 3 m (Figure 16). 
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Figure 15. Spatial distribution of NO3

- nitrates during low-water periods. 

 
Figure 16. Variation in nitrate content in the water column of Lake Buyo during low-water periods. 

3.2. Statistical Analysis of Physico-chemical 

Data from the Lake's Surface Waters 

i. Correlation matrix 

Table 2 presents the correlation matrix showing the rela-

tionships between the physicochemical variables taken two by 

two. On analysis, it emerges that: 

A good correlation (r= 0.74) between temperature and 

ammonium; 

A positive mean correlation (r= 0.50) between temperature 

and dissolved oxygen; 

A positive mean correlation (r= 0.53) between dissolved 

oxygen and conductivity; 

A good negative correlation (r= - 0.71) between pH and 

dissolved oxygen; 

A good negative correlation (r= - 0.70) between dissolved 

oxygen and SS; 

A negative mean correlation (r= - 0.50) between tempera-

ture and SS; 

A negative mean correlation (r= - 0.50) between conduc-

tivity and nitrate. 

Table 2. Correlation matrix. 

Matrice T° pH O2 Cd NH4 NO3 SS 

T° 1.00 
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Matrice T° pH O2 Cd NH4 NO3 SS 

pH -0.32 1.00 
     

O2 0.50 -0.71 1.00 
    

Cd 0.15 -0.23 0.53 1.00 
   

NH4 0.74 -0.42 0.26 -0.20 1.00 
  

NO3 0.02 0.35 -0.16 -0.50 0.34 1.00 
 

SS -0.50 0.37 -0.70 -0.13 -0.37 -0.10 1.00 

*T°: temperature, Cd: conductivity, NH4: ammonium, NO3: nitrates, O2: dissolved oxygen, pH: hydrogen potential, SS: suspended solids. 

ii. Principal component analysis of variables 

Table 3 shows the percentage of variance expressed by 

each factor. Analysis of this table shows that the first two 

factorial axes account for 43.54% and 26.85% respectively of 

the variance expressed. These factors express 70.39% of the 

cumulative variance. Given these percentages, these factors 

(Fact. 1 and Fact. 2) alone provide over 70% of the statistical 

information. For this reason, PCA is right take only two 

factors into account when analysing factorial designs. Rep-

resentation using the first two factors gives a satisfactory 

account of the structure of the cloud of points. 

Table 3. Eigen values and percentages of variances expressed by the factors. 

 

F1 F2 F3 F4 F5 F6 F7 

Own values 3.05 1.88 0.81 0.68 0.42 0.16 0.00 

%Variance expressed 43.54 26.85 11.54 9.68 6.01 2.34 0.04 

%Cumulative variance 43.54 70.39 81.93 91.61 97.62 99.96 100.00 

iii. Projection into variable space 

The projection of the variables onto the plane formed by the first two factors (F1 and F2) during the low-water period is il-

lustrated by Figure 17. 

 
Figure 17. Community circle of the F1-F2 factorial plan for the downstream sector of Lake Buyo during low-water periods. 
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Temperature, dissolved O2 and ammonium, on the other 

hand, are defined on the negative side of this axis. Factor 1 

therefore reflects a gradient of organic matter decomposition 

by cyanobacteria. 

The positive part of the Factor 2 is determined by NO3
-and 

NH4
+, while the negative part is determined by conductivity. 

Factor 2 reflects an increasing gradient water nitrification. 

Figure 18 distinguishes three (3) families of stations: GI, 

GII and GIII. Group I is represented by station 1, located to 

the southwest of the reservoir. It is characterized by a fairly 

low pH, high dissolved oxygen levels and strong mineraliza-

tion. Group II comprises stations 2, 3 and 4. These waters are 

low in suspended matter and conductivity. Group III, com-

prising stations 5, 6, 7 and 8, is characterized by waters with a 

high suspended solids content and moderate mineralization. 

 
Figure 18. Representation of the stations in the F1-F2 factorial plan of the waters of the downstream sector of Lake Buyo during low-water 

periods. 

3.3. Environmental Quality of Lake Water 

Quality of “drinking water” 

Ammonium (NH4
+) and nitrate (NO3

-) contents of the waters 

in the downstream sector of Lake Buyo were used to assess the 

water quality. Average values during low-water periods were 

1.56 mg/L ± 0.59 for NO3
- and 0.13 mg/L ± 0.009 for NH4

+ in 

Lake Buyo. Considering the results, these waters are of good 

quality for consumption during low-water periods. 

The value of mineral nitrogen (ammonium and nitrates) in 

the surface waters of Lake Buyo during low-water periods is 

1.10 mg/L. The lake’s water quality is therefore mediocre 

during low-water periods. 

4. Discussion 

Analysis of surface hydrogen potential showed that pH val-

ues vary in the downstream sector of Lake Buyo from 7.81 to 

9.78, with an average of 8.67 during low- water periods. The 

pH values obtained are more or less close to those measured on 

Lake Bacon which varies from 6.5 to 9.5 [4]. Taking into 

account the observation period, the average dissolved oxygen 

content of the surface waters of Lake Buyo is 5.5 mg/L. This 

result is consistent with those obtained by [1] on Lake Buyo 

(5.7 mg/L). DO concentrations in Lake Buyo show that the 

surface waters are more oxygenated than bottom waters. The 

high oxygen contents, recorded in the superficial zones, are due 

to photosynthetic activities which generally occur with greater 

intensity in these zones due to the high light penetration. In 

deeper zones, on the other hand, the oxidation of organic matter 

leads to deoxygenation of the water. These same observations 

were made by [9, 2], in Taabo and Buyo lakes respectively. The 

temperature values observed indicate that the waters are 

warmer during low- water periods (32.47°C). Temperatures of 

Lake Buyo vary little and are substantially identical to those 

obtained (27.48°C to 32.45°C) by [10] on Lake M’bakré and 

those of [1] (26°C to 32°C) on Lake Buyo. Furthermore, tem-

perature changes with depth reveal thermal stratification. This 

occurs when depth permits and has repercussions on dissolved 

oxygen concentrations and pH values. 

The average conductivity of surface water in the down-

stream sector of Lake Buyo during low-water periods is 67.5 

µS/cm. Lake Buyo therefore has very low electrical conduc-

tivity (EC less than 100 µS/cm). Conductivity values during 
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this dry season are in line with those obtained by [9] on Lake 

Taabo (83 µS/cm). This is explained by the drop in input 

flows due to runoff. Analysis of SS in Lake Buyo shows that 

the waters are very lightly loaded during low- water periods 

(4.81 mg/L). [11] reports that the importance and nature of the 

suspended solid flow are linked to the intensity of erosion by 

runoff water, and therefore to the amount of rainfall. 

The levels of nutrient salts (ammonium and nitrates) in the 

downstream sector of Lake Buyo are relatively low. These 

results are consistent with those of [1]. According to [1], these 

low nutrient levels in the Buyo zone, in particular, could be 

the result of photosynthetic activity due to phytoplankton 

rather than macrophytes. Ammonium and nitrate concentra-

tions compared to the [6] guide values show that the water is 

of good quality for consumption at low water levels. 

5. Conclusions 

The waters in the downstream sector of Lake Buyo are al-

kaline, weakly mineralized, relatively well oxygenated at the 

surface and deoxygenated at depth. SS concentrations vary 

with depth during the low-water period and generally show a 

negative vertical gradient. This variation may reflect surface 

current phenomena in the lake. The average value during 

low-water periods is 1.56 mg/L ± 0.59 for NO3
- and 0.13 mg/L 

± 0.009 for NH4
+ in Lake Buyo. The ammonium and nitrate 

value comply with the WHO guideline for drinking water. In 

addition, the waters in the downstream sector of Lake Buyo 

are poor during the low-water period. The use of multivariate 

techniques (ACPN) enables us to highlight the decomposition 

of organic matter by cyanobacteria, nitrification and natural 

mineralization of the lake. 
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