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Abstract: The objective of this study was to evaluate the physico-chemical quality of the Aghien lagoon in view 

of its consomptions as drinking water. The physico-chemical parameters were measured and water sampling 

were carried out monthly from June 2014 to May 2015 in eleven (11) sites well defined around Aghien lagoon. 

The parameters were determined using standard methods as defined by the French Association of 

Standardization (AFNOR). The Seasonal values of temperature, pH, turbidity, electrical conductivity, 

percentage dissolved oxygen and TSS in Water,falls to the following 26.31-29.76 °C; 6.95-8.03; 16.74-41.05 

NTU; 63.15-109.11 μS/Cm; 63.91-100.21% and 8-31.18 mg/L respectively. ANOVA analysis result showed no 

significant differences (p>0.05) between seasons (dry and rainy) as for temperature, pH and electrical 

conductivity in all stations. For turbidity, dissolved oxygen and TSS, there was a significant difference between 

seasons. Seasonal concentrations of nutrient salts in water (mg/L) ranged from 0.01 to 0.14 for NO2
-
; 0.48 and 

1.93 for NO3
-
; 0.06 and 1.90 for PO4

3-
. Seasonal variations showed a significant difference (p <0.05) for nitrate. 

The mean values of most parameters studied during both seasons are generally below the standard values 

recommended by the World Health Organization and SEQ Littoral. The calculated COD / BOD5 ratio showed 

that the water in the Aghien Lagoon is rich in biodegradable organic matter. The principal component analysis 

(P.C.A) of the data allowed to define three different types of water of the Aghien lagoon influenced by the 

seasonal variables. On the whole, the waters of the Aghien Lagoon could be used for the production of drinking 

water after treatment. 
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I. Introduction 

One of the major issues cpncerning the future of mankind is the availability of quality water that has 

become even more precious than oil [1, 2]. In many developing countries, at least 1.1 billion people lack access 

to safe drinking water, leading to several million deaths a year, especially among children in poor countries in 

Asia and Africa [3 ]. In addition, the recent report of the United Nations Environment Program (UNEP) 

drescribed a very worrying situation of the future of water resources, particularly in Africa [4]. As a result, the 

Millennium Development Goals has been to reduce by halve the proportion of the world population deprived of 

safe drinking water. Across the world, groundwater is being subjected daily to excessive pressure. These natural 

reservoirs, which contain nearly one third of the world's freshwater reserves, are overexploited in some parts of 

the world for the needs of populations, industry and agricultural purposes [5]. The level of groundwater is 

declining everywhere and in consequence the lives of about 1.5 billion inhabitants of the planet [6] are 

threatened. 

In Côte d'Ivoire, the demand for drinking water by the Ivorian population is in perpetual increase far 

exceeding the available supply [7]. In the district of Abidjan, current drinking water requirements are estimated 

at 170 million cubic meters / year, while the maximum allowable water withdrawal volume is 130 million cubic 

meters [8]. In view of the increasing population growth and the depletion of groundwater, it is necessary to use 

other freshwater resources that could be used to meet the drinking water needs of the population of District of 

Abidjan. It is in this context that the Aghien lagoon, a surface freshwater reserve, fed by the Djibi and Bété 

rivers, located to the east of Abidjan, has been identified as a potential resource. The present work proposes to 

evaluate the typology of the waters of the Aghien lagoon through a physic-chemical characterization with the 

intention to highlight its usefulness as an additional drinking water resource. 
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II. Experimentation 
2.1 Study area 

The Aghien lagoon is situated in the southeastern part of Côte d'Ivoire on the slope of the Comoé river 

between latitudes N 05 ° 22 'and N 05 ° 26' and longitudes W 003 ° 49 'and W 003 ° 55' (Fig. 1). With an area of 

20 km
2
 and a volume of 25 km

3
, the Aghien lagoon is fed by two main tributaries, the Djibi and Bétérivers. It 

communicates with the Potou lagoon by a natural channel into which the water flows from the Me river 

flow.With an equatorial climate, the Aghien lagoon is characterized by rainy season (April - July, October and 

November) and dry season (December - March, August and September). The vegetation is a dense evergreen 

and rainforest type, which favors anthropogenic activities, especially cash crops.The study area is marked by 

two geological units, the sedimentary formations of which are located to the south and the formations of the 

crystalline and crystallophyllian basement situated in the extreme north. The sedimentary formations consist of 

detrital rocks of the Tertiary and Quaternary. The sedimentary basin, which occupies most of the area, consists 

of sands and Quaternary vases on the eastern edge of the Aghien Lagoon and along the Mériver. The sand, clays 

and sandstones of the Continental Terminal are the most abundant. The formations of the crystalline and 

crystallophyllian basement are composed of fine biotite and amphibole gneiss[9]. Two types of aquifers are 

found in the Aghien zone, in particular the continuous aquifers of the sedimentary basin and the discontinuous 

aquifers of the basement. The various sampling stations were chosen based on Humbert's[10] work (Fig. 1). The 

stations were identified using a MLR SP 12X GPS (Table I). 

 

 

 
 

 

 
 

Fig.1: Sampling stations locations on Aghien lagoon, Côte d'Ivoire,Sampling stations (S1-S2-S3-S4-S5-S6-S7-

S8-S9-S10-S11) 
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Table I: Geographical coordinates of sampling stations 

 
 

2.2 Sampling and analysis method 

Measurements of physico-chemical parameters and the sampling of water were carried out monthly 

from June 2014 to May 2015 in well defined eleven (11) sites around the Aghien lagoon. Temperature, pH, 

electrical conductivity and turbidity were determined in situ using a Wagtech portable multiparameter probe. 

The percentage of dissolved oxygen was quantified using a WTW type oximeter (OXY 340i). The suspended 

solids (MES) were determined by filtration of a 200 ml volume of water on a cellulosic filter of 0.45 μm 

according to the method as described by Rodier[11]. 

The orthophosphate, nitrite and nitrate were measured using a HACH molecular absorption 

spectrophotometer according to Murphy and Riley [12].. Phosphates, nitrites and nitrates were measured at 

waves of 885 nm, 543 nm and 415 nm respectively. The chemical oxygen demand (COD) was determined by 

the potassium dichromate method according to the frenchstandard  AFNOR standard NF T90-101-2001[13].. 

The biochemical oxygen demand for 5 days (BOD5) was determined by the respirometric method using an 

oxitop according to the APHA standard[14]. The ratio COD / BOD5 were calculated to determine the quality of 

water from the different stations. ANOVA analysis was used to determine the differences in parameters between 

dry seasons and rainy season. The differences were considered significant at p <0.05. The Principal Component 

Analysis (PCA) was used to determine the typology of the Aghien Lagoon. 

 

III. Results And Discussion 
3.1- Physico-chemical parameters 

The seasonal values of physico-chemical parameters (temperature, pH, turbidity, conductivity, TSS and 

dissolved oxygen) measured from June 2014 to May 2015 in the water of the Aghien lagoon are presented in 

Table II. The seasonal temperature was high in all stations. It varies from 26.32 ± 3.92 to 29.77 ± 3.56 ° C. The 

highest temperatures were recorded during the dry season and the lowest during the rainy season. This variation 

seems to depend on the degree of sunshine, precipitation, wind and vegetation on one hand, and on the other 

hand, the temperature of the air [15-17]. According to Moussa Moumouni Djermakoye [18], the increase in 

temperature favors the phenomenon of self-purification and increases the rate of sedimentation of the suspended 

matter which is very interesting for the production of drinking water.The waters of the Aghien lagoon have a 

basic character in all stations and during all seasons except at station S8 where water pH was acidic (6.95 ± 

0.67) during the dry season. The highest pH value (8.03 ± 1.17) was recorded at station S9 during the rainy 

season. Since the Aghien lagoon has no marine influence, this alkaline character could be explained due to 

biological and physico-chemical reactions due to the presence of aquatic plants [19]. Seasonal conductivity 

remains low in all stations in all seasons. It varies between 63.1 ± 29.93 and 109.11 ± 65.22μS / cm. The 

maximum value was recorded at station S1 during the rainy season. This low conductivity was linked to an 

increase in inland water supplies (Djibi and Bété rivers, runoff). Our conductivity values are lower than those of 

Kouamenanmoise [20]. Theseauthorsreportedvalues that vary between 3200 and 16700μS / cm in the Ebrié 

lagoon. This difference could be due to the pronounced influence of the Atlantic Ocean on this lagoon.The 

statistical analysis (ANOVA) shows that there is no significant difference (p>0.05) between seasons in 

temperature, pH and conductivity. The seasonal variations are not verypronounced . This is the character of the 

equatorial climate [21, 22].The waters of the Aghien Lagoon are oxygenated throughout the year. The 

percentage of dissolved oxygen shows minimum values (63.91 ± 22.28-82.18 ± 15.96%) in the rainy season and 

maximum values (85.16 ± 10.01-100.22 ± 16.71%) in the dry season. ANOVA analysis showed that there is a 

significant difference (p˂0.05) between seasons for dissolved oxygen in stations S1, S2, S5, S6 and S8. The 

percentage of dissolved oxygen was high during the rainy season in these stations. The very high fluctuations of 

the dissolved oxygen values at the different stations are linked to the phenomena of enrichment (photosynthesis 

and exchanges with the atmosphere) and consumption (respiration and oxidation of organic matter) [23]. 

Seasonal turbidity values ranged between 21.76 ± 5.15 and 31.77 ± 17.87 NTU in the dry season and between 

16.74 ± 27.61 and 41.05 ± 37.65 in the rainy season. Seasonal concentrations of TSS range from 8.72 ± 3.52 to 
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31.18 ± 52.18mg/L. Values are high during the wet season and low during the dry season in all stations. 

Turbidity and TSS did not show significant inter-seasonal variation (p> 0.05) in all stations except for station 

S7. This station (S7) exhibits significantly elevated turbidity and TSS during the wet season. These high values 

during the wet season can be justified by high anthropogenic activity generating high levels of suspended matter 

and by river arrivals, runoff [24]. They are generally below the permissible limit determined by international 

standard [25] which is 30 mg/L. 

 

Table II: Seasonal variation in the physico-chemical parameters values of the waters of the Aghien lagoon from 

June 2014 to May 2015 

 
The values with a, b, c in superscript show a difference between seasons (p <0.05) 

                        RS ;rainy season    DS ;dry season 

 

3.2- Nutrient salts 

The seasonal concentrations of nutrient salts (nitrate, nitrite and orthophosphate) from June 2014 to 

May 2015 in the water of the Aghien Lagoon are shown in Table III. Seasonal concentrations of nutrient salts in 

water (mg/L) ranged from 0.01 ± 0.00 to 0.15 ± 0.05 for NO2-; 0.49 ± 0.58 and 1.93 ± 1.34 for NO3-; 0.06 ± 

0.03 and 1.90 ± 4.46 for PO4
3
 - . Seasonal variations showed a significant difference (p<0.05) for nitrate in S2, 

S5, S9 and S11 stations. These stations recorded a high rate of nitrate during the rainy season. There was no 

significant difference between seasons for nitrite and orthophosphate in all stations except in station S1. This 

station (S1) recorded a peak orthophosphate (1.90 ± 4.46mg/L) during the dry season. These low nutrients salt 

contents are mainly due to the large presence of phytoplankton in the environment. Our values are low 

compared to the values recommended by the coastal water quality assessment system [26] which are 10 mg/L 

for nitrate; 0.3 mg/L for nitrite and 0.5 mg/L for orthophosphate. 

 

Table III: Seasonal variation in Nutrient Salts in the Aghien Lagoon from June 2014 to May 2015 
 Nutrient salts      

 NO3
-  NO2

-  PO4
3-  

Stations RS DS RS DS RS DS 

S1 1.49±1.13 0.98±1.00 0.08±0.10 0.01±0.09 0.15±0.75a 1.90±4.46b 

S2 1.41±1.14a 0.92±0,82b 0.05±0.09 0.01±0.00 0.07±0.06 0.07±0.03 

S3 1.21±1.12 0.72±0.57 0.06±0.09 0.02±0.00 0.21±0.30 0.07±0.04 

S4 1.28±0.91 0.94±0.72 0.06±0.06 0.02±0.07 0.08±0.06 0.25±0.4 

S5 0.97±1.09a 0.92±0.35b 0 .06±0.10 0.02±0.04 0.06±0.07 0.08±0.02 

S6 1.27±1.23 0.61±0.66 0.06±0.09 0.01±0.02 0.07±0.07 0.08±0.02 

S7 1.44±0.82 0.80±0.92 0.05±0.05 0.01±0.01 0.20±0.29 0.07±0.02 

S8 1.34±1.5 0.49±0.58 0.06±0.09 0.02±0.02 0.08±0.06 0.08±0.01 

S9 1.61±1.52a 0.79±0.57b 0.15±0.05 0.01±0.30 0.09±0.04 0.06±0.03 

S10 1.93±1.34 0.66±1.67 0.08±0.06 0.02±0.11 0.06±0.04 0.07±0.02 

S11 1.73±1.37a 0.78±0.49b 0.05±0.04 0.02±0.06 0.13±0.11 0.07±0.04 

The values with a, b, c in superscript show a difference between seasons (p <0.05) 

                        RS ;rainy season    DS ;dry season 
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3.3- COD, BOD5 and COD / BOD5 

The seasonal concentrations values of COD, BOD5 and the calculated COD / BOD5 ratio are presented in 

Table IV. Concentrations in mg of O2/L of COD and BOD5 are between 19.53 ± 21.55 and 59.35 ± 41.28 and 

between 11.40 ± 9.48 and 26.02 ± 23.75 respectively. The COD / BOD5 ratio varied from 1.53 to 2.75. This 

high rate of COD and BOD5 could be due to the discharge of wastewater directly into the lagoon by local 

residents [27]. And the large supply of wastewater by the tributaries. The coefficient (1.53 - 2.75mg O2/L) of the 

COD / BOD5 ratio of the Aghien lagoon confirmed the absence of industrial discharge in the lagoon and the 

ease of biodegradability [28]. It was a predominant organic effluent (heavily loaded with biodegradable 

materials). This ratio  (COD / BOD5) also confirms that the water in the Aghien lagoon is subjected to domestic 

waste water pollution [29]. Our values are higher than the values recommended by the coastal water quality 

assessment system [26] for human consumption, which are 30 mg/L for COD; 6 mg/L for BOD. 

 

Table IV :Seasonal variation in COD and BOD5 in the Aghien lagoon waters from June 2014 to                      

May2015 

 

 

 

 

 

 

 
 

4.3Typology of the Aghien Lagoon 

The typology of the Aghien Lagoon was established on the basis of a Principal Component Analysis 

(PCA). In the projection of the variables on the axes (Fig. 2), the first component (Fact 1) contributes with 

30.59% inertia and is defined in the positive side by the hydrogen potential and the percentage of dissolved 

oxygen. On the negative side axis 1 is defined by TSS, COD and BOD5. with a 24.49% inertia, the second 

component (Fact 2) is defined on the positive side by temperature and conductivity; On the negative side by the 

orthophosphate. The factorial map of the stations associated with the circle of correlation of the variables 

defines three types of water on the Aghien lagoon. The first type of water (I) found in stations S8 and S11 was 

characterized by high concentrations of TSS, BOD5 and CDO. The second type of water (II) found in the 

stations S3, S4, S5, S6, S7, S9 and S10 was characterized by high levels of dissolved oxygen with warm and 

basic waters close to the characteristics of safe drinking water. This is probably due to the location of these 

stations far from the disturbance caused by river arrivals (the Djibi, Bété and La Mé rivers). The third type of 

water (III) found in the stations S1 and S2 was characterized by high phosphate levels and high conductivity. 

 

 COD  BOD5  COD/BOD5  

Stations RS DS RS DS RS DS 

S1 27.78±33.68 26.95±22.92 12.57±15.78 16.89±6.47 2.20 1.59 

S2 19.53±21.55 24.03±19 .03 12.01±9.79 12.57±7.12 1.61 1.91 

S3 21.78±35.29 29.03±14.71 14.20±13.75 14.12±4.49 1.53 2.06 

S4 36.83±21.40 20.48±23.60 15.50±8.63 12.57±5.84 2.38 1.63 

S5 21.13±23.19 25.05±20.86 11.40±9.48 14.77±3.78 1.85 1.70 

S6 35.43±44.69 38.52±23.71 16.51±16.75 18.99±7.20 2.15 2.03 

S7 55.42±41.90 27.50±22.51 20.13±16.72 15.94±6.00 2.75 1.3 

S8 59.35±41.28 42.87±47.40 22.52±16.63 26.02±23.75 2.64 1.65 

S9 45.95±52.49 32.48±28.19 18.43±18.87 17.10±6.39 2.49 1.90 

S10 29.65±23.69 37.50±35.37 12.33±8.06 19.62±9.36 2.41 1.91 

S11 51.80±32.78 41.58±26.61 23.05±21.06 21.99±13.27 2.25 1.89 
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Fig 2:Projection of variables and stations on F1 and F2 axes. (a= circle of the correlation of the variables, b = 

the factorial map of the stations). 
 

IV. Conclusion 
This study contributed to the evaluation of the Aghien Lagoon water quality while allowing us to 

determine the typology. Mean values of physico-chemical parameters and nutrient salts during both seasons 

(wet and dry) are generally below the standard values recommended by the World Health Organization and the 

coastal quality assesment system. The COD / BOD5 ratio showed that the Aghien Lagoon is polluted by the 

easily biodegradable organic matter. The Principal Component Analysis (P.C.A) of the data set made it possible 

to define three different types of water on the Aghien Lagoon. The waters of the stations S3, S4, S5, S6, S7, S9 

and S10 are close to the characteristics of drinking water. On the whole, the waters of the Aghien Lagoon could 

be used for the production of drinking water after treatment. 
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