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ABSTRACT 
 

The main objective of this study was to know the hydrochemical functioning and the state of pollution of the 
waters of Guessabo Lake. To achieve this objective, twelve monthly sampling campaigns were conducted from 
November 2017 to October 2018 in seven (7) stations spread over the Lake. Parameters such as temperature, pH, 
conductivity, dissolved oxygen, redox potential, transparency and turbidity were measured in situ. 
Orthophosphate, nitrate, nitrite, ammonium, total nitrogen, total phosphorus, chemical oxygen demand (COD) and 
five-day biochemical oxygen demand (BOD) were measured according to conventional chemistry methods. 
Microbiological quality was assessed by counting and / or identifying fecal indicator bacteria such as total 
coliforms, Escherichia coli (E. coli), Enterococcus and salmonella. The data were organized according to the four 
hydroclimatic seasons of the watercourse. The post-drought period recorded high values of nutrient salts (NO3

-, 
NO2 

-, PO4
-), total nitrogen, total phosphorus, COD, BOD and turbidity. The results of this study also show that 

the waters are threatened by biodegradable organic matter (COD / BOD <3). The principal component analysis of 
physicochemical and chemical data shows three class of water according to the seasons. The periods of low water 
and recession recorded concentrations that are within the limit of acceptability. The flood period is moderately 
polluted and the post-drought period is insufficiently polluted. The waters of the Lake have poor bacteriological 
quality. They contain permanently Salmonella, high average levels of total coliforms (22292 CFU / 100mL), 
Escherichia coli (316 CFU /100 mL) and intestinal enterococci (441 CFU / 100mL). 
KEYWORDS: hydrochemistry, microbiological quality, hydroclimatic seasons, water resources 
 

INTRODUCTION 
 

Water is an essential and indispensable natural resource for the survival and development of humankind, but it is 
important to recognize both the positive and the negative aspects of water [1]. The quality of surface water in an 
area is largely determined by both natural processes (soil alteration and erosion) and anthropogenic inputs 
(municipal and industrial wastewater discharge). Anthropogenic discharges are a constant pollutant, while surface 
runoff is a seasonal phenomenon, largely affected by the climate in the basin [2, 3, 4]. Human activities are 
determinant of surface and groundwater quality through air pollution, effluent discharges, use of agricultural 
chemicals, soil erosion and land use. Underdeveloped countries suffer the impact of pollution due to the disorderly 
economic growth associated with the exploitation of natural resources. The risk that microbial contaminants caused 
to human health increases with population growth and poverty [5]. In Côte d'Ivoire, the demand for drinking water 
by the Ivorian population is constantly increasing beyond the available supply [6]. Another emerging issue, more 
specific to the city of Duékoué is to ensure its drinking water supply in a context of peri-urban rampant. The 
operating capacity of the surface water resource has become insufficient. The deficit in drinking water resources 
in the Duékoué area remains the main concern of the decision-maker. Guessabo Lake is one of the most interesting 
alternatives. However, its proximity too many settlements, villages, sub-prefectures, plantations and livestock 
farms could lead to the degradation of its waters. Another problem is the exploitation of the banks for agricultural 
purposes. In fact, the banks of the river are used by farmers during the retreat period [7]. In addition, it is used for 
fishing and recreational activities, drinking, swimming and for household activities including dishes, cooking and 
laundry. Domestic discharges (wastewater, garbage, feces, etc.) from residents are dumped directly into the waters 
of the lake. Livestock excretion and untreated human feces contribute to waterborne pathogens in rural watersheds 
[8]. No data describing the potential for microbial pollution in the waters of Guessabo Lake are available. The 
assessment of the quality of surface water is based on the measurement of physicochemical and chemical 
parameters as well as on the presence or absence of aquatic organisms and micro-organisms, indicators of a more 
or less good water quality [9]. This information can provide valuable insight for monitoring project design and 
further reduce the risk of pollution and human exposure. The present work proposes to evaluate the typology of 
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the waters of Lake Guessabo through a physicochemical and bacteriological characterization with the intention of 
underlining its usefulness as a drinking water resource. 
 

2. MATERIAL AND METHODS 
 
2.1 Study area 
The study area is in the western part of Côte d’Ivoire. Guessabo Lake is located between -7.01 and 6.729 latitude 
North and between -7.01 and -6.964 west longitude (Figure1). It is upstream of the Buyo dam built on the Sassandra 
River. It covers an area of 17Km2. Its depths oscillate between 0.5m and 20m. The western region enjoys a humid 
tropical climate with a single rainy season and high annual rainfall. Annual rainfall rates are around 2000 mm in 
the study area [10]. There is a dry season lasting 4 months, from November to February and a rainy season from 
March to October. But there are four seasons hydroloclimatic including the December to January period of 
récession, a low-water period from February to April, a post-drought period from May to July and a great flood 
period from August to November [11]. The vegetation is dense moist forest marked by grassland areas [12]. This 
forest is severely degraded because of human activities. This forest area is largely dedicated to high value-added 
crops such as cocoa, rubber and coffee. This class of environment, however, is rather "holed" because of human 
activities and comes in three forms: semi-deciduous forest, dense evergreen forest and mountain forest which is a 
particularly humid environment. At the hydrographic level, most of the region remains furrowed by the tributaries 
of Sassandra. The 600-kilometer Sassandra Basin has its source in the Bayla region of Guinea. It receives two 
major tributaries that are Bafing and N'zo. Its catchment area is 75.000 Km2 [13]. It is therefore a permanent 
watercourse. The main economic activities of this population revolve around agriculture and fishing. The soils are 
of ferritic type with medium fertility and constitute a wide area for the development of agriculture, which justifies 
the displacement of the cocoa loop in this zone. There are also soils developed on basic rocks potentially rich in 
mineral salts and hydromorphic soils located in the lowlands [12]. 

 
 

Figure 1: Location of sampling site 
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2.2 Sampling and analytical techniques. 
For this study, seven sampling and monitoring stations were carefully selected, each located on Guessabo Lake. 
The choice of sampling stations was made based on the hydrographic network and the potential sources of 
pollution. The sampling frequency is monthly for one year, from November 2017 to October 2018, in order to 
obtain a fairly representative image of water quality and its seasonal and annual evolution. The samples were taken 
using a sampler integrated from the surface to a depth of 1m below and collected in plastic bottles and amber 
glasses to avoid photo-degradation of the parameter BOD5 sensitive to solar rays. Regarding the sampling of 
samples for microbiological analysis, they were made according to the four hydrological seasons of the study area. 
Samples were taken in sterile vials taking care not to contaminate or modify the samples. All samples are stored 
in a cooler at ± 4 ° C and transported to the laboratory. A total of 21 parameters were analyzed for the control and 
assessment of water quality in this study. Temperature, pH, dissolved oxygen (DO), conductivity, redox potential 
and Total dissolved solids were measured in situ using a multi parameter HANNA HI 9828PH / ORP / CE / DO. 
Transparency was also determined in situ with the Secchi disk. A portable turbidimeter was used to determine the 
turbidity of the water. Nitrate, nitrite, ammonium, ortho-phosphate and total phosphorus were estimated according 
to the standard standards (AFNOR standard ISO 7890-3, ISO 6777.T 90015, T900-23 respectively) after filtration 
of the samples on Whatman filter paper of 0.45 μm porosity. The spectrophotometer (SHIMADZU UV / visible -
1700 pharma) was used for these analyzes. The SO4

2- is obtained by the nephelometry method. Kjeldahl nitrogen 
is determined by the Kjeldahl method after selenium mineralization prescribed by the AFNOR T 90-110 standard. 
The COD analysis protocol is based on the hot potassium dichromate mineralization and the determination of the 
excess dichromate by a solution of iron and ammonium sulfate II in the presence of ferroin used as an indicator 
(AFNOR NF T 90-101). The measurement of BOD5 was made using the WARBURG respirometer principle 
method, in which biomass respiration is directly measured by Oxytop. The microbiological parameters were 
determined by seeding the microbes in culture media specific to each type of bacteria. Thus, the following media 
were used for microbial search and enumeration: Hecktoen agar is the selective isolation medium used for 
salmonella. On Hektoen agar, Salmonella gives green colonies with black centers, which become completely black 
at the end of incubation. BEA agar (Bile Esculin Azide) for Enterococcus. For enumeration of total coliforms and 
Escherichia coli, Rapid'E agar is used during this analysis. This culture medium is a chromogenic medium that 
differentiates E. coli from other coliforms. On this medium, E. coli appear pink to purple while other coliforms 
are blue. Then, after incubation, pink and purple colonies only are counted for E. coli and all blue, pink and purple 
colonies are counted for total coliforms. 
 
2.3 Statistical analysis 
The Principal Component Analysis (PCA) allowed to establish a correlation between the physicochemical 
parameters, and a correlation between the physicochemical parameters and the seasons, in order to better visualize 
and facilitate the interpretation of the results. evaluate the physicochemical quality of the waters of Guessabo Lake. 
The physicochemical properties data of the water were subjected to ANOVA. The set of univariate and multivariate 
analyzes was performed with STATISTICA .13 and PAST 3.14 software. 
 

3. RESULTS 
 
Table 1 shows the seasonal values of the physicochemical parameters of water. Table 2 compares the average 
physicochemical water quality parameters for the seven Lake sampling stations for the 12-month study period to 
reveal spatial variation. 
 
3.1 Physico-chemical parameters 
The temperature varies between 24.27 and 31.20 ° C obtained respectively in November and August. The seasonal 
mean temperature varied between 25.86 ± 0.97 and 28.96 ± 0.86 ° C obtained during the post-water and recession 
periods, respectively. No significant variation is observed between seasons. Station 4 below the bridge recorded 
the highest temperature during the warm period. The transparency of the water column varied between 0.1 and 1.9 
during the study period. The seasonal average fluctuated between 0.22 ± 0.05 and 0.82 ± 0.36 m obtained 
respectively during the post-drought and recession periods. Transparency is significantly low in the post-drought 
period compared to the recession and flood period (p <0.05). The pH showed that the waters of Guessabo Lake 
was acidic and varied between 5.53 and 7.60 during the study period. The flood period had the lowest values of 
the study period with an average value of 6.34 ± 0.05. The temporal evolution of the conductivity of the waters 
analyzed was similar to that of total dissolved solids for all stations. The recorded values oscillated between 25 
and 97μS.cm-1 during the study period. The minimum values were recorded during floods with an average value 
of 31.71μS.cm-1. The conductivity of Guéssabo Lake waters increased during the low water and recession periods. 
Conductivity of the post-draught and flood period are significantly low compared to those of recession and low 
water (P <0.05). Nevertheless, they remain in line with the French guideline values for fresh water intended for 
the production of drinking water. Dissolved oxygen levels range from 3.8 mg. L-1 and 7.8 mg. L-1. The mean 
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seasonal oxygen content was between 5.55 ± 0.80 and 5.93 ± 1.22 mg. L-1 obtained respectively during the post-
draught and low-water periods. The turbidity varied between 12.00 and 108 NTU. Seasonal average concentration 
varied between 23.71 ± 7.11 and 69.62 ± 7.49 NTU obtained respectively during the periods of recession and post-
drought. The nitrate concentrations recorded in this study are low and ranged from 0.01 to 15 mg. L-1. The seasonal 
mean concentration varied between 1.30 ± 1.20 and 5.82 ± 2.28 mg. L-1 obtained during periods of low water and 
post-drought respectively. For all stations, the highest levels were recorded during the post-drought period. The 
high average values of NO2

-, SO4
2-, PO4

3-, total nitrogen and total phosphorus were also obtained during the post-
drought period and were respectively 40.00 ± 10.0 μg. L-1; 0.96 ± 0.33 mg. L-1, 25.06 ± 10.7 mg. L-1; 19.71 ± 10.1 
mg. L-1 and 9.8 ± 6.86 mg. L-1. For ammonium, all stations have high levels during periods of low water and 
recession (dry season). The seasonal mean concentration varied between 0.15 ± 0.09 and 0.34 ± 0. 15mg.L-1, 
obtained during periods of flooding and receding, respectively. The COD measured during the sampling period 
ranged from 8.9 to 131 mg. L-1. As for BOD5, it oscillated between 5 and 64 mg. L-1. The high values are obtained 
at stations 5 and 7. The low values are obtained during the recession period corresponding to the dry season and 
the high values are observed during the post-drought period corresponding to the rainy season. The post-drought 
period has significantly higher values (P <0.05) than other seasons. In order to establish a relationship between the 
different physico-chemical and chemical pollution parameters, a principal component analysis was performed. 
  
3.2 Typology of a water resource 
Figure 2a and 2b respectively show the correlation circle of the variables and the factorial map of the hydroclimatic 
seasons in the study area in the factorial plane F1-F2. The components (F1-F2) explain 57.38% of the variation of 
the data set. Factor 1 expresses 40.55% of the total variance, compared with 16.83% for the second factor (figure 
2a). The correlation circle shows that the variables nitrite, nitrate, orthophosphate, sulfate, total phosphorus, total 
nitrogen and turbidity are negatively correlated with factor 1 while conductivity, redox potential, transparency, 
temperature and dissolved oxygen are positively correlated to this axis. This factor expresses mineralization by 
superficial contributions of anthropic origin. The superficial inputs are at the origin of the anthropic degradation 
of the water quality. The second factor is significantly correlated with the COD, BOD5, pH variables, the 
ammonium in its negative part. Factor 2 expresses organic pollution of water. The seasonal factor map shows that 
the post-drought period is characterized by high values of sulphate ions, phosphorus and nitrogen compounds 
(NO2

-, NO3
-, Kjeldahl nitrogen). The low water period is characterized by high values of pH, ammonium, 

conductivity and total dissolved solids. The factorial map of the seasons shows three types of water according to 
the seasons.  
 
3.3 Bacterial contamination 
Microbiological analyzes showed the presence of total coliform bacteria, faecal coliforms (E. coli), intestinal 
enterococci and salmonella in the waters of Guessabo Lake (table 3). Spatiotemporal changes in total coliforms, 
E. coli and Enterococci in the year 2018 for each study site were as depicted in figure 3. The desired parameters 
were present in 100% of the samples (28/28). Total coliform counts ranged from 3700 to 75000 CFU / 100 mL, 
with an average of 22292 CFU / 100 mL. E. Coli counts ranged from 10 to 1500 CFU / 100 mL, with an average 
of 317 CFU / 100 mL. Enterococci counts ranged from 40 to 1890 CFU / 100 mL, with an average of 441 CFU / 
mL. Total coliforms and E. coli had a similar evolution. The concentration of E. coli and total coliform water 
increased during the rainy season (post-draught and flood). The low concentration of coliforms was obtained 
during low water periods. Station 4 located under the bridge had a peak of E. coli during floods. The evolution of 
total coliform, E. coli and Enterococci at our study site showed a decreasing gradient from upstream to 
downstream. A first sector represented by the stations 1, 2, 3 and 4 is characterized by high values of total coliforms 
which oscillated between 16875 and 54750 CFU / 100mL, of E. Coli ranging from 187 to 672 CFU / 100mL and 
enterococci that fluctuated 435 and 860 UCF / 100mL. The second sector represented by stations 5, 6 and 7 is 
characterized by relatively lower values. Samples majority analyses were in class D. 
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Figure 2: Correlation of the variables (a) and factorial design of the physicochemical parameters 

according to the seasons (b) TP: Total Phosphorus, TN: Total Nitrogen, TURB: Turbidity, TEMP: 

Temperature, Trans: Transparency 
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Figure 3: Graphical representation of distribution of bacteriological pollutants in the surface waters of 

Guessabo Lake. 
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Table 2: Seasonal variation of means of physicochemical parameters 

 
 

Table 3: Statistical values of microbiological parameters 
  S1 S2 S3 S4 S5 S6 S7 

Total 

coliforms 

 

Mean 16875 54750 20625 31875 11775 9175 10975 
min 4700 45000 5200 15500 6200 3700 4800 
max 26000 75000 42000 48000 26000 22000 24000 
GM 141.1 53591.2 14964.6 29280.7 9700.9 6985.3 8973.3 

E. Coli Mean 342.5 187.5 327.5 672.5 215 267,5 205 
min 160 80 90 140 50 70 10 
max 470 300 480 1500 410 540 480 
GM 318 159.5 274.7 490.4 162 202.8 102.5 

Enterococci Mean 522.5 490 860 435 220 347.5 212.5 
mim 330 70 50 130 70 60 40 
max 680 950 1890 580 590 630 500 
GM 502.9 301.9 473.8 374.9 146.6 239 144.8 

Salmonella Présence/Total 
 

4/4 4/4 4/4 4/4 4/4 4/4 4/4 

 
GM: geometric mean 

 
 
 
 
 
 
 
 
 

Parameters Récession Low water Post-drought Flood JORF 

(2017)  Min-

Max 

Mean±�. � Min-

Max 

Mean±�. � Min-

Max 

Mean±�. � Min-

Max 

Mean±�. � 

TEMP 28.20 
29.90 

28.96±0.41 25.04 
27.71 

26.63±0.76 24.41-
27.48 

25.86±0.97 24.27-
1.20 

27.85±1.89 ≤25°C 

pH 5.94-
7.60 

6.83±0.29 5.54-
7.27 

6.49±0.34 6.15-
7.36 

6.62±0.08 5.53-
6.55 

6.34±0.05 5.5-9 

TRANS 0,20-
1.80 

0.82±0.36 0.20-
0.90 

0.52±0.19 0.10-
0.30 

0.22±0.05 0.15-
1.90 

0.77±0.41 - 

TURB 

(NTU) 

12.00 
36.00 

23.71±7.11 21.00 
108.0 

44.14±21.76 52.00-
82.00 

69.62±7.49 13.00 
78.00 

35.86±19.14  ≤ 5 

EC 

(µS.cm-1) 

69.00 
84.00 

75.16±5.25 55.80 
97.00 

78.99±9.02 50.00-
79.00 

62.62±6.97 25.00 
43.00 

31.71±3.52   ≤1100 

DO 

(mg.L-1) 

4.55-
6.58 

5.66±0.62 3.80-
7,80 

5.93±1.22 4.40-
6.70 

5.55±0.80 4.19-
6.79 

5.78±0.52 >5 

TDS 

( mg.L-1) 

32.00 
42.00 

37. 0 ± 3.11 28.00 
50.00 

39.57±4.52 25.00-
43.00 

31.71±3.52 23.00 
43.00 

32.89±6.19   ≤300 

OPR 

(mV) 

50.10-
60.7 

55,78±3,37 20.20 
47.50 

55.78±7.32 4.00-
33.70 

18.00±10.6 5.80-
30.10 

20.25±737 - 

���
� 

( mg.L-1) 

0.01-
2.50 

1.46±0.82 0.08-
6.40 

1.30 ±1.20 1.90-
15.00 

5.82±2.28 0.50-
11.10 

4.01±3.11      ≤50 

���
� 

( µ.L-1) 

2.00-
20.00 

8.00±4.00 2.00-
70.00 

20.00±10.00 20.00-
60.00 

40.00±10.0 10.00-
90.0 

30.00±20.00 ≤ 0.1 

���
� 

( mg.L-1) 

0.21-
0.81 

0.34±0.15 0.08-
0.87 

0.27±0.16 0.03-
0.28 

0.17±0.05 0.02-
0.46 

0.15±0.09 ≤ 1.5 

���
�� 

(mg.L-1) 

0.03-
0.70 

0.35±0.21 0.11-
1.04 

0.37±0.27 0.54-
1.620 

0.96±0.33 0.12-
1.86 

0.62±0.50 ≤ 0,5 

���
�� 

(mg.L-1) 

1.14-
15.29 

5.49±4.13 0.20-
48.95 

12.20±11.13 5.54-
40.77 

25.06±10.7 0.10-
38.62 

12.52±11.52 ≤ 250 

NTK 

(mg.L-1) 

1.00-
4.00 

3.78±0.89 1.00-
11.00 

4.81±3.40 10.00-
51.00 

19.71±10.1 2.00-
29.00 

16.78±7.75 ≤ 2 

TP 

(mg.L-1) 

0.02-
0.48 

0.28±0.14 0.25-
2.00 

0.87±0.45 1.30-
21.90 

9.8±6.86 3.68-
2.50 

14.88±8.26 ≤ 0.7 

COD 

(mg.L-1) 

8.90-
50.00 

22.62±12.15 15.40-
93.0 

44.87±24.28 23.20-
131.0 

77.52±28.58 9.10-
54.00 

25.25±13.88 ≤ 30 

BOD5 

(mg.L-1) 

5.00-
22.50 

10.09±5.53 6.20-
42.00 

20.17±10.95 9.20-
64.70 

36.34±13.55 4.10-
3.24 

12.30±7.46 ≤ 3 
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Table 1: Spatiotemporal variation of physicochemical parameters: 

Parameters Seasons S1 S2 S3 S4 S5 S6 S7 

 

 

Temperature 

Récession 28.87±0.27 28.71±0.51 28.75±0.25 29.43±0.46 29.10 ±0.00 28.79±0.29 29.04±0.04 
low-water  26.46±0.63 27.01±0.54 26.39±0.70 26.59±02.37 26.55±0.66 26.71±0.24 26.74±0.13 
Post-drought 25.87±0.73 25.83±0.86 25.85±0.89 26.12±0.54 25.94±0.25 25.88±0.64 25.51±0.46 
Flood 27.19±1.05 27.43±1.39 28.24±1.06 28.09±1.04 27.91±0.95 28.37±1.16 27.77±0.90 

 

pH 

Récession 6.53±0.59 6.63±0.48 6.67±0.31 7.02±0.54 6.83 ±0.54 7.09±0.51 7.03±0.36 
low-water 6.12±0.29 6.33±0.19 6.50±0.16 6.56±0.08 6.86±0.21 6.60±0.08 6.50±0.34 
Post-drought 6.54±0.21 6.38 ± 0.10 6.61±0.26 6.71±0.28 6.68±0.33 6.67±0.25 6.73±0.39 
Flood 6.05±0.21 6.19±0.11 6.20 ±0.06 6.26±0.03 6.30±0.08 6.33±0.02 6.21±0.09 

 

Transparency 

 

(m) 

Récession 0.62±0.07 1.40 ±0.40 0.87±0.03 0.89±0.09 0.77±0.13 0.87±0.04 0.30 ±0.10 
low-water 0.68±0.11 0.67±0.12 0.40 ±0.05 0.54±0.07 0.57±0.07 0.51±0.16 0.29±0.05 
Post-drought 0.22±0.04 0.17±0.0 4 0.22±0.02 0.18±0.02 0.22±0.04 0.23±0.03 0.27±0.02 
Flood 0.76±0.19 0.74±0.20 0.82±0.21 0.86±0.25 0.70±0.16 0.77±0.19 0.61±0.16 

 

 

Turbidity 

(NTU) 

Récession 29.00±4.00 16.00±2.00 22.50 ±1.50 14.50 ±2.50 26.50 ±2.50 23.50 ± 1.50 34. 00 ± 2.00 
low-water 39. 00 ±11.67 40.33±13.38 48.33±11.46 48.00±12.09 32.33±8.09 48.66±10.86 35.67±1.45 
Post-drought 68. 00 ± 8.32 74. 00 ± 3.51 69. 00 ± 3.00 72.33±2.84 69.67±2.90 71. 00 ± 4.60 63.33±4.80 
Flood 36.50 ±12.00 38. 00 ± 12.64 35.25±11.98 34.50 ± 14.88 35.75±7.82 32.75±7.08 38.25±6.07 

 

 

Conductivity 

(µS.cm-1) 

Récession 69.35±0.35 76.00±4.00 74.85±3.85 78. 00 ± 6.00 75.80 ± 4.80 75.50 ± 3.50 76.65±5.65 
low-water 75.65±3.75 82.67±4.70 82.00±4.04 80. 00 ± 3,05 66.67 ± 5.43 86.67±5.17 84.33±6.43 
Post-drought 59.67±6.12 61.00±2.00 67.00±6.03 59.67±3.84 62.67±4.80 61.67±3.48 66.67±2.40 
Flood 64.40±5.10 68.4±5.01 68.92±5.64 69.4±4.78 70.00±5.98 69.30±4.96 68.77±5.58 

 

Dissolved 

Oxygen (DO) 

Récession 6.20 ±0.30 5.75±0.83 6.23±0.29 5.69±0.19 5.74±0.23 5.22±0.29 4.76±0.21 
low-water 6.47±0.67 6.73±0.92 5.60 ± 0.90 6.30±0.62 5.60 ± 1.04 5.87±0.20 4.97±0.52 
Post-drought 5.56±0.59 5.7±0.40 5.60±0.56 5.64±0.38 5.51±0.56 5.59±0.52 5.20 ± 0.72 
Flood 6.14±0.28 5.82±0.25 6.07±0.21 5.70±0.2 5.78±0.19 5.73±0.14 5.23±0.37 

Saturation DO 

(%) 

Récession 78.44±2.44 72.75±7.24 78.82±2.53 71.99±1.65 72.63±2.00 66.05±2.53 60.23±1.18 
low-water 81.86±5.84 85.15±8.02 70.85±7.85 77.71±5.40  70.85±9.07 74.27±1.74  62.88±4.53 
Post-drought 70.34±5.14 71.12±3.48 70.85±9.07 71.36±3.31 69.71±9.07 70.73±4.53 65.79±6.28 
Flood 77.68±2.44 73.78±2.18 76.80±1.83 71.12±1.74 73.13±1.66 72.50±1.22 66.17±3.23 

 

TDS 

(mg.L-1) 

Récession 33. 00 ±1.00 38.00±2.00 36. 00 ± 2.00 39.00±2.00 36.00±3.00 38. 00 ±2.00 39. 00 ± 3.00 
low-water 37.67±1.85 41.33±2.03 40.33±1.76 40.00±2.00 33.67±2.84 41. 00 ±2.08 43. 00 ± 3.60 
Post-drought 29.67±2.90 30.67±0.67 3.33±3.84 31.33±0.88 32.00±2.30 31. 00 ± 1.53 34.00±1.53 
Flood 30.25±3.35 33.50 ±3.37 33.00±3.89 33.25±2.8 33.5±3.77 33.50±3.28 33.25±3.56 

          Eh 

(mV) 

Récession 60.30±0.40 59.25±0.15 57.70±0.50 55.55±0.35 53.85±0.45 52.80 ± 0.70 51,00±0,90 
low-water 39.27±4.12 37.53±3.43 36.43±3.47 33.40 ±6.56 29.66±4.90 34.6±4.41 34.8±4.79 
Post-drought 16.93±6.91 20.33±7.79 18.03±7.09 18.2±7.44 17.53±6.25 17.5±7.96 17.5±7.35 
Flood 34.47±8.76 33.90 ± 8.90 33.52±7.9 30.62±8.46 31.95±7.32 30.25±7.85 30.00±7.76 

���
� 

(mg.L-1) 

Récession 1.80±0.40 1.15±0.05 0.05±0.04 1.90±0.30 2.15±0.35 1.50±0.70 1.70±0.80 
low-water 0.845±0.32 2.31±2.04 2.08±1.75 0.53±0.34 1.29±1.00 0.90±0.79 1.33±1.18 
Post-drought 7.20±1.21 6.70±0.45 4.96±0.86 4.66±1.42 5.10±1.05 7.60±3.71 5.20±1.75 
Flood 5.675±2.076 5.075±1.392 3.250±1.358 4.175±2.359 3.65±1.474 2.875±1.476 3.400±1.265 
Récession 15.00±3.00 5, 00 ± 2.00 5. 00 ± 1.00 9. 50 ± 4.00 9.00±3.00 5. 00 ± 3.00 6.50±3.50 
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���
� 

(µg.L-1) 

low-water 42. 00 ± 13.61 17. 00 ± 11.24 21. 00 ± 3.46 17. 00 ± 4.36 30. 66 ± 9.17 15. 33 ± 5.69 21. 00 ± 2.30 
Post-drought 46. 33 ± 7.53 47.66±4.97 39. 00 ± 8,32 40. 33 ± 8,11 37. 00 ± 4,93 42.66±1.33 34, 24 ± 6,25 
Flood 35. 50 ± 15.05 35. 25 ± 13.07 28. 25 ± 10.66 38. 50 ± 18.90 36. 75 ± 16.14 36. 25 ± 16.51 33. 25 ± 13.54 

���
� 

(mg.L-1) 

Récession 0.27±0.06 0.27±0.06 0.35±0.02 0.31±0.01 0.24±0.01 0.36±0.04 0.61±0.20 
low-water 0.45±0.20 0.25±0.03 0.36±0.03 0.23±0.07 0.29±0.05 0.16±0.03 0.18±0.05 
Post-drought 0.15±0.01 0.17±0.00 0.23±0.02 0.17±0.01 0.17±0.01 0.10±0.05 0.20±0.04 
Flood 0.15±0.01 0.13±0.05 0.14±0.03 0.14±0.04 0.13±0.03 0.19±0.09 0.10±0.02 

���
�� 

(mg.L-1) 

Récession 0.37±0.22 0.22±0.19 0,43±0.16 0.47±0.17 0.47±0.23 0.18±0.12 0.31±0.01 
low-water 0.33±0.14 0.43±0.27 0.38±0.23 0.50±0.27 0.32±0.11 0.29±0.08 0.33±0.10 
Post-drought 1.11±0.20 1.06±0.27 0.73±0.11 1.08±0.27 1.00±0.15 0.95±0.23 0.79±0.13 
Flood 0.70±0.39 0.70±0.37 0.48±0.18 0.60±0.35 0.64±0.33 0.56±0.27 0.66±0.11 

Total 

Phosphorus 

(mg.L-1) 

Récession 0.18±0.08 0.27±0.20 0.29±0.03 0.29±0.11 0.21±0.19 0.37±0.05 0.31±0.10 
low-water 0.68±0.22 0.86±0.10 0.79±0.16 1.23±0.39 0.71±0.18 0.79±0.10 1.01±0.51 
Post-drought 7.00±0.27 8.46±3.60 7.56±3.64 10.26±4.44 12.300±5.89 13.33±5.95 9.76±4.11 
Crue 17.46±4.92 16.37±5.70 8.45±1.60 17.05±6.52 17.78±4.85 15.55±3.75 13.51±2.20 

NTK 

(mg.L-1) 

Récession 2.50 ± 0.50 3.00 ± 1.00 1.50 ± 0.50 3. 00 ± 0.00 3.50 ± 0.50 2.50 ± 0.50 3.50 ± 0.50 
Low water 4. 00 ± 1.50 5. 00 ±  2.10 4. 00 ± 1.70 5.60 ± 2.00 6.60 ± 2.80 4.30 ± 3.30 4. 00 ± 1.50 
Post-drought 15.33±2.90 18.30 ± 2.90 21.30 ± 4.10 16.30 ± 4.40 13.30 ± 2.40 30.30 ± 11.60 23.00 ± 690 
Flood 15.70 ± 3.90 15.20 ± 4.60 14.20 ± 3.80 21.50 ± 4.80 17.50 ± 3.60 18.00 ± 3.30 15.20 ± 490 

���
�� 

(mg.L-1) 

Récession 8.22±7.07 3.25±1.63 10.22±2.66 2.38±0.12 5.09±1.69 5.51±0.41 3.69±0.49 
Low water 10.82±3.68 23.69±12.79 11.52±4.09 11.26±4.64 7.853±0.93 11.57±10.07 7.77±3.40 
Post-drought 27.64±6.08 20.91±8.94 23.21±7.16 25.70±5.76 28.23±6.82 30.02±5.47 19.70±7.66 
Flood 10.58±6.40 17.30±7.21 8.87±3.44 15.18±8.27 14.61±6.52 12.78±6.98 8.34±3.29 
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4. DISCUSSION 
 

4.1 Physico-chemical parameters 
The high value of the water temperature in the dry season (recession) is a characteristic of tropical waters. 
At the space level, station 4 recorded the highest temperature during the warm period. Although located under the 
bridge, these high values would be due to the mechanical mixing of water swells that hit the pillars of the bridge 
[14]. The low transparency of the water during the post-drought period could be explained by the presence of 
colloidal particles carried by the first rains [15, 16]. Principal Component Analysis (PCA) also showed that 
temperature is an important factor influencing transparency because it is significantly correlated. Indeed, the 
increase in temperature decreases the density of the water, which would lead to the sedimentation of suspended 
materials, hence the increase in transparency in the dry season (low water period). However, turbidity averages 
were well above the standard required for a surface area for drinking water production (<5NTU) [17]. The low pH 
values obtained during the flood period are due to the arrival of the waters of the various tributaries charged with 
suspended matter. The presence of humic matter would increase the acidity of the lake at this time. Also, this state 
of affairs could explain the similar temporal evolution of the conductivity of the analyzed waters to that of the 
dissolved total solids for all the stations. The low conductivity of lake water (70.74 ± 13.10 µs.cm-1) suggests a 
very low dissolution of minerals in the watershed [11].The increase in the conductivity of the waters of Lake 
Guéssabo during the low-water and receding periods will be on the one hand to the intense evaporation which 
induces a strong mineralization of water in salts, which increased the conductivity of the waters of Guessabo [18]. 
On the other hand, the strong mineralization of the water during the dry period could be explained by the 
interconnection that exists between the rivers and the groundwater. Indeed, according to [19] on the Bandama 
River Basin, surface water would drain groundwater (crack). In addition, [20] confirmed that the interaction 
between surface water and groundwater occurs from the water table to the river during a period of low water. 
Dissolved oxygen levels ranged from 3.8 mg. L-1 to 7.8 mg. L-1. These values showed that the lake water is 
moderately oxygenated. The low concentration of dissolved oxygen in floodwaters may be explained by the fact 
that Guessabo Lake is fed exclusively by inland waters and is loaded with colloidal particles. Indeed, the high 
turbidity of the waters with an average (69.29 ± 7.49NTU) caused a low transparency (0.22 ± 0.05m) reducing the 
penetration of the light in the water preventing the photosynthesis to compensate the losses due to the respiration 
of organisms and the oxidation of detrital organic matter that they carry. There is a slight increase in the dissolved 
oxygen content during the low water period. This increase during this period is due to the photosynthesis 
phenomenon which intensifies during the dry season and outweighs the other phenomena, which causes an increase 
in the concentration of dissolved oxygen in the lake water [21]. Our results are in agreement with those of [11] 
Ossey and al (2007) obtained in the same waters. The redox potential of the waters remained positive during the 
study period indicating the oxidative character of the waters. Nitrate concentrations recorded in this study was low. 
The minimum values are observed during periods of low water and recession for the seven stations. The highest 
levels are recorded during the post-drought period. This temporal evolution of nitrate has also been observed in 
the work of [4]. Nitrate inputs may be related to leaching of agricultural soils upstream of the watershed. According 
to [18], if nitrate levels exceed 1.5 mg. L-1, there is likely to have been leaching of agricultural land or discharge 
of domestic wastewater. However, the nitrate, nitrite and sulphate values remain low compared to the respective 
guideline values required for freshwater intended for the production of drinking water [17]. As a result, the waters 
studied are not subject to a risk of pollution by these elements. On the other hand, PO4

3-, total nitrogen Kedhjal 
and total phosphorus record values higher than the norms evoked. The high values of these parameters in Guessabo 
Lake may be due to soil erosion and runoff, which are remarkably high during the months of heavy rainfall 
following the low water period during which shorelines are used by local residents. For various food crops. Heavy 
rains cause flooding, carrying nutrients, silt and household waste into water bodies [22]. For ammonium, all 
stations have high levels during recession and low water season (dry season). The increase in NH4+ levels in this 
period is related to the bacterial decomposition of nitrogenous organic matter due to the slight increases in 
temperature recorded during these periods and the natural reduction of nitrates. For the seven stations, the lowest 
levels are recorded during floods. Ammonium is absorbed preferentially when the algae simultaneously have NH4

+ 
and NO3

-[18, 23]; This explains the low levels measured during this period when macrophytes invaded the water 
column, without neglecting the part of nitrification due to a slight increase in dissolved oxygen after the post-
drought period. Also, high concentrations of NH4+ indicate possible bacterial pollution by animal waste [24]. The 
high COD and BOD5 values in the rainy season highlight the contribution of rain-leaching in the input of organic 
matter to water from the watershed. These high concentrations of organic matter induce a high oxygen 
consumption for their degradation, which leads to high oxygen demand values [25]. The decrease would be due to 
two reasons; on the one hand, the high concentration of organic matter causes a slowdown in the process of 
dissolution of atmospheric oxygen in water and, on the other hand, it consumes a large amount of dissolved oxygen 
for its decomposition into CO2, CH4 and SO4. [26]. Moreover, in waters rich in organic matter, aquatic organisms 
develop strongly and consume oxygen for their development [27]. The principal component analysis shows a 
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correlation between the parameters COD, BOD5, pH and ammonium. This relationship would indicate that the 
accumulation of organic matter reflects the pH reduction of lake water. This reduction can be related to the 
production of CO2 and SO4 gases in the process of decomposition of organic matter at the bottom of the lake. In 
fact, these gases can be transformed into acid forms (HCO3, H2SO4) in different forms of chemical reactions [28]. 
In terms of quality for fresh water intended for the production of drinking water, it appears that the values of BOD5 
are beyond the reference guide value of the French Republic [17], which means that the waters of Lake Guessabo 
are of poor quality in reference to this parameter. The magnitude of oxygen demand in Guessabo Lake during the 
study period is lower than that of [29] in the Ebrié lagoon and similar to that of [21] in the Aghien lagoon.  
 
4.2 Bacterial contamination 
Total coliforms and E. coli have a similar evolution, reflecting the fact that detection of one bacterium indicates a 
high probability of presence of the other. Increasing the concentration in water of E. coli and total coliforms in the 
rainy season (post-flood and low water) can be interpreted as resulting from an increase in contributions through 
leaching and overflowing cesspools at the rise of the water table. It can also result from the decrease of solar 
radiation and its bactericidal effect [30, 31]. This phenomenon is reinforced by the high turbidity of the lake water 
at this time, indicating that organic colloid and sediment mixtures were the most important transport vector for 
pathogens [8]. The low concentration of coliforms during the low water period results from a combination of 
environmental, physical, chemical and biological factors, including solar radiation, pH, metal toxicity, interspecific 
competition and predation pressure [32]. Station 4 located under the bridge has a peak of E.Coli during floods, this 
increase is attributable to the droppings of birds that have made their nests under the bridge. According to [33], 
the average fecal coliform level in Guessabo Lake indicates generally poor water quality. Indeed, 57% (16/28) of 
the samples are in the bad class (figure 3) with reference to this parameter. Regarding enterococci, 60.7% (17/28) 
of the samples are in the bad class and 100% of salmonella in the water during the study period, testifies to the 
poor water quality. They are very persistent and their presence is a good indicator of the vulnerability of the lake. 
Also, the lake water resources are strongly influenced by human activities, with the presence of fecal coliform 
bacteria type Escherichia coli and enterococci which are the consequence of a recent anthropogenic pollution 
[34].The permanent presence of salmonella during the study period is worrying as this kind of pathogen is able to 
multiply and allow, starting from a small quantity of microorganism at the beginning, to constitute a sufficiently 
large number to trigger an infection in the host. They are also capable of producing a quantity of toxic substances 
sufficient to cause disorders in the latter. This bacterial contamination may be due to blind human defecation and 
the poor system of waste disposal in the region. Live populations in the vicinity of the watercourse must be 
informed during awareness programs on the effects of polluted water on their health and that of their children. 

 

CONCLUSION 
 

The main objective of this study was to know the hydrochemical functioning and the state of pollution of the 
waters of Guessabo lake. At the end of this work, it appears that this lake is subjected to a supply of nutrients 
essentially of exogenous origin linked to throughfall of the watershed, the peaks are reached during the period 
post-draught level (May to July) corresponding to the great rainy season. From a bacteriological point of view, the 
waters of Guessabo Lake have high concentrations of intestinal enterococci, E. Coli and total coliforms indicating 
fecal pollution in humans and animals. The permanent presence of germs such as salmonella indicates increased 
pollution. Parameters such as BOD5 and COD are also high and reflect the multiple constraints to which the water 
resource is subject. These waters need to be protected and managed in a rational way not only for the preservation 
of the water resource but also for the protection of the aquatic ecosystem and its biological potentialities. Therefore, 
the study concludes that there is a potential risk of contracting waterborne diseases and other ailments by those 
using the untreated water. As concerns here potential for the production of drinking water, authority should be 
used a good technology for treatment to the highly water polluted.  
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