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1. Introduction 
Water is an essential product for human life [1]. It is an important element in keeping the health 

of individuals and the socio-economic development of human communities. Access to drinking water 
has always been at the center of development projects because man cannot live without this resource [2]. 
It meets basic human needs in various fields such as: agriculture, electricity production, industries as 
well as domestic uses. However, access to drinking water is one of the problems facing the governments 
of all states [3]. Indeed, millions of people in the world suffer from a lack of fresh and clean water [4]. 

Côte d'Ivoire has so well understood the tasks of access to safe water that it has initiated actions 
to help access to the public drinking water service for a large number of populations. This political will 
resulted in the application of the National Human Hydraulics Program (NHHP) as early as 1973. Despite 
this impetus, the need for drinking water has continued to grow due to climatic risks, pollution and rapid 
population growth [5].  

Abstract 
The objective of this study is to assess the chemical quality of Lobo river waters through the 
analysis of some water quality parameters. Lobo River is located in Daloa in the center-west 
of Côte d'Ivoire. It is an important source of water for city population. The work consisted 
of taking water samples from five stations located along the river. These samples were 
analyzed, using standard methods, for pH, dissolved oxygen, major ions (Ca2+, Mg2+, SO4

2-

, Cl-), nutrient salts (NH4
+, NO2

-, NO3
-, PO4

3-) and heavy metals (Fe, Mn). In general, 
dissolved oxygen, sulphate ions, ortophosphate and nitrate recorded high levels during the 
dry season, while pH, ammonium, nitrite, chloride, calcium, magnesium, iron and 
manganese had higher values in the rainy season. However, all parameters analyzed, had 
values in line with the World Health Organization (WHO) recommended standards for 
human drinking water except for dissolved oxygen, iron and manganese. Indeed, Lobo river 
waters contain low levels of dissolved oxygen and are subject to metal pollution. In addition, 
the Bravais-Pearson linear correlation matrix revealed strong correlations between the 
different parameters. It appears from this study that the enrichment of water in Fe and Mn 
is not under the control of pH and dissolved oxygen. High Fe and Mn levels are mainly due 
to anthropogenic activities such as domestic wastewater, agricultural runoff and fishing. 
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Previous studies conducted in Côte d'Ivoire on water resources by Coulibaly et al. [6] and Soro 
et al. [7] described on the one hand the being of many sources of pollution both in groundwater and 
surface water, and on the other hand a risk of water pollution due to anthropogenic activities. 

Surface water (rivers, streams, lakes, ponds) is opposed with an enduring degradation of its 
quality due to anthropogenic activities. Thus, Lobo river (surface water) whose waters are exploited for 
multiple uses such as the drinking water supply in one of the major cities of Côte d'Ivoire, particularly 
Daloa, is not on the fringe of this reality. Indeed, in this region with an agricultural ability, Lobo river is 
opposed with unprecedented pressure linked to agricultural activities, in this case coffee and cocoa 
production [8]. These anthropogenic activities, due to the waste discharged, could affect the quality of 
the water in the river. What affects human and aquatic life [9]. The studies carried out by Yao et al. [8] 
on this river only concern the quantitative aspect of the resource. The chemical quality of the waters of 
Lobo river which constitute the basis of the drinking water supply of the populations of the commune of 
Daloa has not yet been studied. 

The evaluation of the water quality of rivers using various physicochemical parameters has been 
reported in the literature. Knowing these parameters in fact gives an estimate of the water quality [10]. 
The present work therefore aims to assess on the one hand the chemical quality of the Lobo river waters 
through the study of certain chemical parameters, major ions, nutrient salts and heavy metals. On the 
other hand, it proposes to establish a correlation between the different parameters. 

2. Material and Methods 
Water sampling of the Lobo River was conducted during the months of February and July 2019 

corresponding to dry and rainy seasons periods respectively. 
 
2.1. Presentation of the study area 

The relief of the basin is composed of plains and low uplands of altitudes varying between 160 
m and 480 m occupied by dense humid forest. This forest heritage has been degraded in recent years by 
agricultural exploitation with a landscape alternating between crops and fallow land. 

Lobo river is a tributary of Sassandra river. Its watershed is located in West Africa, in central-
western Côte d'Ivoire, 25 km from Daloa between 6°05 and 6°55 north latitude and between 6°20 and 
7°55 west longitude (Figure 1). It has its source in the region of Séguéla, draining an area of 12 722 km2 
and covers 355 km with a perimeter of 530 km. Sampling points were chosen taking into account the 
sources of water pollution in the Lobo River and according to their accessibility. Five sampling stations 
were selected along the Lobo river and located using a GARMIN 76 GPS navigator. These are sites S1 
(KP 11), S2 (Gnah), S3 (Cr Babo), S4 (Mignoré) and S5 (Nibehibe) located in Figure 2. 
 
2.2. Collecting and storing water samples 

The water was taken from a bottle of Niskin. The samples were immediately placed in new 100 
mL polyethylene bottles that were rinsed with water from the site to be sampled. Once filled, they were 
stored in a cooler at 4˚C for transport to the laboratory for further analysis. 
 
2.3. Analysis of water chemical quality parameters 

These analyses concerned the determination of hydrogen potential (pH), dissolved oxygen (O2), 
major ions (Ca2+, Mg2+, SO4

2-, Cl-), nutrient salts (NH4
+, NO2

-, NO3
-, PO4

3-) and heavy metals (Fe, Mn). 
pH and dissolved oxygen were measured with a previously calibrated multiparameter field meter 

model HANNA 9828. 
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Figure 1: Location of the Lobo watershed. 
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Figure 2: Location of sampling sites. 
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The spectrophotometer (HACH DR 5000) was used for the determination of all important 
chemical elements in water, namely: nitrate, nitrite, ammonium, chloride, sulphate and orthophosphate 
ions. The determination of the contents of major cations (calcium, magnesium) and heavy metals (Fe, 
Mg) was carried out by atomic absorption with air-acetylene flame AAS 20 type VARIAN. 
 
2.4. Statistical analysis 

The STATISTICA software (Version 7.1) allowed us to perform the Bravais-Pearson correlation 
test to establish a relationship between chemical parameters, major ions, nutrient salts and heavy metals. 
The Bravais-Pearson linear correlation coefficient r varies from -1 to +1. Where the values -1 and +1 
indicate a perfect negative correlation and a perfect positive correlation respectively. The value 0 shows 
an absence of correlation between the parameters. Furthermore, the closer the r value is to -1 or +1, the 
stronger the linear relationship. However, the closer the r-value is to 0, the weaker the linear relationship 
[11]. 

3. Results and Discussion 
3.1 Spatial and temporal variation of chemical parameters and major ions 

Seasonal variations in chemical parameters and major ions are presented in Table 1. 
Hydrogen potential (pH) is an important parameter in water quality assessment [12]. It characterizes a 
large number of physico-chemical equilibria and depends on several factors including the origin of water 
[13]. pH values vary between 6.51 and 7.50 in the dry season and between 6.97 and 7.52 in the rainy 
season. Over the two seasons, the lowest values are observed at PK 11 (S1) and the highest values at 
Gnah (S2). The pH remains basic throughout the study period at the stations Gnah (S2), Cr Babo (S3) 
and Mignoré (S4); acidic at station PK 11 (S1). For the Nibehibe station (S5), it is basic in the dry season 
and acidic in the rainy season. The acidic character of S1 and S5 would be essentially due to the 
biological activity of the environment [14]. The majority of the stations studied present an alkaline 
bicarbonate character. Indeed, they have a pH below 8.3 [15]. However, the pH of Lobo river water is 
within the range recommended by the World Heath Organization (WHO) for human consumption which 
is 6.5 - 8.5 [16]. 
Dissolved oxygen (O2) is essential for water quality assessment. Indeed, its value provides information 
on the degree of pollution of the water and consequently on its degree of self-purification [17]. Dissolved 
oxygen in waters of Lobo river ranges from 1.04 to 8.02 mg/L in the dry season and 0.64 to 7.36 mg/L 
in the rainy season. Except for station 2 (both seasons) and station 5 (dry season), the other stations have 
values below the WHO standard (5 - 8) mg/L for drinking water. The low levels of dissolved oxygen 
recorded would probably be due to the effect of temperature [18], the nitrification process or the 
decomposition of organic matter and detrital matter that consumes dissolved oxygen [19]. Furthermore, 
low dissolved oxygen values could favour the development of pathogenic germs in water [20]. 

Water with a high sulphate content (SO4
2-) can produce laxative effects in humans [21]. In the 

fact, they cause gastrointestinal disorders and can give an unpleasant taste [22]. The study reveals that 
sulphate ion levels range from 0 mg/L (S2) to 20.82 mg/L (S4) in the dry season and from 0 mg/L (S1, 
S3 and S4) to 4 mg/L (S5) in the wet season. The presence of sulphate in the river water would be related 
to the use of fertilizers for agricultural production along the river. Indeed, according to Abboudi et al., 
[23], the use of chemical fertilizers leads to sulphide production. However, the values recorded in this 
study are well below the WHO drinking water guideline of 250 mg/L (Table 1). 

Chloride ions (Cl-) are inorganic anions often used as a pollution index. They are contained in 
varying concentrations in natural waters, generally in the form of sodium (NaCl) and potassium (KCl) 
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salts [24]. High doses of sodium chloride in drinking water cause hypertension [25]. The values obtained 
for this parameter vary between 18 and 45 mg/L in the dry season and between 4.9 and 71.6 mg/L in the 
rainy season. Higher levels are found in the rainy season than in the dry season. The high levels in the 
rainy season could be explained by the leaching of fertilizers used in agriculture on this river. All waters 
of Lobo river have chloride levels below the WHO guidelines (250 mg/L) for drinking water in both 
seasons [16]. Calcium (Ca2+) is a major component of total water hardness and is generally the dominant 
element in drinking water. High calcium levels can cause intestinal diseases [26] and concretions in the 
body such as kidney or bladder stones and urinary irritation [15]. In addition, calcium deficiency could 
lead to cardiovascular disease [27]. The calcium content of the samples is between 11.8 and 29.1 mg/L 
in the dry season and between 13.6 and 34.4 mg/L in the rainy season. Over both seasons, the lowest 
concentrations were recorded at station 2 and the highest at station 3. Whereas, higher concentrations in 
the wet season than in the dry season were observed at all stations. However, all waters have values 
below the maximum allowable concentration for human consumption which is 100 mg/L [16]. This 
characteristic makes the Lobo river suitable for domestic uses such as laundry [28]. 

Magnesium (Mg2+) is more abundant after calcium compared to sodium and potassium. It is 
known for its influence on the scaling phenomenon [29] and represents an essential factor in water 
hardness [30]. High magnesium concentrations can cause cardiovascular disease [31] and water hardness 
[26]. Magnesium levels range from 3.37 to 7.45 mg/L in the dry season and 0.23 to 50.30 mg/L in the 
wet season. Concentrations are generally higher in the wet season than in the dry season except for 
Stations 2 and 5. These values are well below the WHO standard of 50 mg/L for water intended for 
human consumption except for station 1 in the rainy season (Table 1). 
 

Table 1. Chemical parameters and major ions in Lobo River waters. 

Chemical 
parameters and 

major ions 

Stations WHO 
Standards 

[16]  
PK 11 

(Station 1) 
Gnah 

(Station 2) 
Cr Babo 

(Station 3) 
Mignoré 

(Station 4) 
Nibehibe 

(Station 5) 

pH 
SS 6.51 7.50 7.01 7.31 7.09 

6.5 – 8.5 
SP 6.97 7.52 7.37 7.38 6.98 

O2 (mg/L) 
SS 1.04 8.02 4.01 2.25 7.7 

5 – 8 
SP 0.64 7.36 4.94 3.38 3.89 

SO4
2-(mg/L) SS 3.24 0 17.54 20.82 10.11 

250 
SP 0 1 0 0 4 

Cl- (mg/L) SS 18.6 26.7 41.3 18 45 
250 

SP 26.7 4.9 71.6 40.6 14.5 

Ca2+ (mg/L) SS 14.6 11.8 29.1 18.1 15.7 
100 

SP 20 13.6 34.4 19.1 17.6 

Mg2+ (mg/L) SS 5.19 3.37 6.85 7.45 4.22 
50 

SP 50.30 0.49 17.25 11.2 0.24 
SS: Dry season (February 2019); SP: Wet season (July 2019) 

3.2 Spatial and temporal variation of nutrient salts and heavy metals 

The results of the nutrient salt and heavy metal analysis carried out on Lobo river waters are 
given in Table 2. The nutrients measured in the different waters are nitrates (NO3

-), nitrites (NO2
-), 

ammonium (NH4
+) and orthophosphate (PO4

3-). Phosphates are not toxic to humans, but a very high 
phosphate content in water can cause digestive problems [32]. Orthophosphate levels range from 0.49 
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to 1.75 mg/L in the dry season and 0.10 to 0.25 mg/L in the wet season with higher values in the dry 
season than in the wet season. This presence of phosphates in Lobo river is due to the nature of the land 
crossed and the decomposition of organic matter [33] on the one hand; and to the discharge of wastewater 
and agricultural activities [34] on the other hand. The waters sampled all have values below the WHO 
standard (1.41 mg/L) except at station 1 during the dry season. 

Ammonium is the most toxic form of nitrogen. Depending on the dose and duration of exposure, 
ammonium salt can cause health problems in humans: pulmonary oedema, dysfunction of the nervous 
and renal systems, increased blood pressure [35]. Ammonium levels vary in the dry season from 0.171 
to 0.197 mg/L, while in the rainy season they range from 0 to 3.44 mg/L.  
With the exception of station 1 in the rainy season, all the values observed are below the WHO 
recommended standard of 0.5 mg/L. 

The presence of nitrite ions of natural origin is very rare [36]. Water that contains nitrite ions 
should be considered suspect because this presence is often associated with a deterioration in 
microbiological quality [37]. An excess of nitrites in drinking water can in some cases cause 
methemoglobinemia, sometimes even asphyxiation in bottle-fed babies [16]. In this study, nitrite ion 
levels ranged from 0 to 0.053 mg/L during the dry season. In the rainy season, these values range from 
0 to 0.054 mg/L. The highest values are observed in the rainy season except for station 5. However, 
these values obtained are all below the WHO authorized standard for drinking water which is 0.1 mg/L. 

Nitrates are the most common form of nitrogen in natural waters. These nutrients are not directly 
toxic to humans because they are rarely present in drinking water [30]. However, the risk comes from 
their transformation into nitrites in the digestive tract. The latter, in fact, cause the oxidation of 
haemoglobin into methaemoglobin, making it incapable of transporting oxygen to the cells [34]. Nitrate 
ion concentrations range from 3 to 26.6 mg/L in the dry season and 0 to 13.5 mg/L in the rainy season. 
In general, concentrations are higher in the dry season than in the rainy season, except for station 3 where 
the opposite is observed. The high nitrate concentrations in the dry season would probably be due to the 
lower water level that concentrates the salts [38, 20]. The concentrations in all the waters studied are 
well below the maximum limit set by the WHO, which is 50 mg/L (Table 2). These waters are therefore 
not at risk of pollution by this nutrient. In addition, the consumption of water with nitrate concentrations 
above the standard but below 100 mg/L is temporarily acceptable, except for infants and pregnant or 
nursing women [39]. 

This study reveals the presence of metals in all sampled waters. The concentrations of the metals 
iron (Fe) and manganese (Mn) are shown in Table 2. Iron is an essential element for the human body, 
including the blood system [40]. However, high concentrations affect the organoleptic properties of 
water and also stain laundry [15]. Iron concentrations range from 0.202 mg/L (S2) to 1.78 mg/L (S5) 
during the dry season. In the rainy season, these values range from 0.745 mg/L (S2) to 2.705 mg/L (S3). 
The values obtained in the wet season are higher than those in the dry season except for station S5. 

The high iron content (1.78 mg/L) observed at Station 5 during the dry season is thought to be 
due to the dissolution of sediments and the release of iron into the overlying water. Finally, the lowest 
value recorded at station 2 during the rainy season may be due to the oxidation of Fe (II) to Fe (III) and 
precipitated as hydroxide [41]. The results of this study are above the WHO standard for drinking water 
potability (0.3 mg/L) with the exception of station S2 during the dry season. 

Manganese is a micronutrient that functions as an essential constituent for bone structure, 
reproduction and normal functioning of the enzyme system [41]. However, the presence of manganese 
at high concentrations in drinking water can cause consumer discomfort such as discoloration or taste, 
unpleasant odors and also cirrhosis of the liver in humans [42]. Manganese levels range from 0 to 0.245 
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mg/L in the dry season and 0.2 to 3.3 mg/L in the wet season. Concentrations are higher in the wet season 
compared to the dry season. However, in both seasons the values recorded are above the WHO guidelines 
(0.05 mg/L) with the exception of station S1 (0 mg/L) in the dry season (Table 2). 

In general, concentrations of heavy metals (iron and manganese) in water are higher in the rainy 
season than in the dry season. These high metal levels during the rainy season can be attributed to runoff 
and leaching of plantations by rainwater, resulting in residues of fertilizers, agrochemicals and pesticides 
in the water [17]. The low level observed during the dry season may be due to the absorption of metallic 
elements by phytoplankton, zooplankton, fish and other aquatic organisms in the water [17]. Iron and 
manganese levels above the WHO standard could lead to adverse effects on human health. Indeed, all 
metals are toxic when present above the tolerance limit [43]. 
 

Table 2. Nutrient Salts and Heavy Metals in Lobo River Waters 

Nutritional salts and 
heavy metals 

Stations WHO 
Standards 

[14] PK 11 
(Station 1) 

Gnah 
(Station 2) 

Cr Babo 
(Station 3) 

Mignoré 
(Station 4) 

Nibehibe 
(Station 5) 

PO4
3-(mg/L) SS 1.75 0.69 0.49 0.67 0.6 

1.41 
SP 0.10 0.12 0.24 0.22 0.25 

NH4
+ (mg/L) SS 0.173 0.195 0.181 0.197 0.171 

0.5 
SP 3.44 0.13 0.17 0.36 0 

NO2
- (mg/L) SS 0 0.001 0 0.053 0.014 

0.1 
SP 0 0.017 0.004 0.054 0.009 

NO3
- (mg/L) SS 12.1 3 7.9 26.6 7.1 

50 
SP 0 1.1 13.5 2.9 1.5 

Fe (mg/L) 
SS 0.874 0.202 0.832 1.33 1.78 

0.3 
SP 1.674 0.745 2.705 1.944 1.026 

Mn (mg/L) 
SS 0 0.0948 0.245 0.0545 0.128 

0.05 
SP 2.2 0.2 3.2 3.3 0.2 

SS: Dry season (February 2019); SP: Wet season (July 2019) 

3.3 Correlation between water chemical quality parameters 

The Bravais - Pearson correlation matrix was developed to elucidate the relationships between 
the chemical water quality parameters measured in the Lobo river. The correlation coefficients are 
presented in Table 3. Examination of the matrix indicates the existence of a positive and significant 
correlation between pH and dissolved oxygen: pH-O2 (r = 0.72). This strong correlation could be 
explained by the fact that changes in pH and dissolved oxygen are both affected by algal photosynthesis, 
aquatic respiration, water temperature and oxidative decomposition of organic matter [19]. The study 
also reveals strong positive correlations between PO4

3- - NH4
+ (r = 0.99), PO4

3- - Mg2+ (r = 0.88), PO4
3- 

- Mn (r = 0.57), NH4
+ - Mg2+ (r = 0.92), NH4

+ - Mn (r = 0.63), NO2
- - SO4

2- (r = 0.66), SO4
2- - Cl- (r = 

0.68), SO4
2- - NO3

- (r = 0,70), SO4
2- - Ca2+ (r = 0.66), SO4

2- - Fe (r = 0.82), Cl- - Ca2+ (r = 0.98), Cl- - Fe 
(r = 0.77), NO3

- - Ca2+ (r = 0.65), NO3
- - Fe (r = 0.73), NO3

- - Mn (r = 0.92), Ca2+ - Fe (r = 0.74), Ca2+ - 
Mn (r = 0.50), Mg2+ - Mn (r = 0.87), and Fe - Mn (r = 0.59). These correlations show the mutual 
dependence of the parameters on each other or a similar behaviour of their influence. Indeed, according 
to Suresh et al., [44], a high correlation coefficient between the variables means their common source, 
mutual dependence, and identical behavior during transport. Significantly negative correlations were 
found between O2 - PO4

3- (r = -0.75), O2 - NH4
+ (r = -0.77) and O2 - NO3

- (r = -0.87). 
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Table 3. Correlation coefficients between chemical parameters, major ions, nutrient salts and heavy metals 

 pH O2 PO4
3- NH4

+ NO2
- SO4

2- Cl- NO3
- Ca2+ Mg2+ Fe Mn 

pH 1            
O2 0.72* 1           
PO4

3-  -0.75* 1          
NH4

+   0.99* 1         
NO2

- 0.45 -0.14 -0.31 -0.34 1        
SO4

2- 0.22 -0.28  -0.38 0.66* 1       
Cl- -0.07 -0.11 -0.37 -0.29 -0.09 0.68 1      
NO3

- -0.34 -0.87 0.36 0.40 0.46 0.70 0.36 1     
Ca2+ -0.12 -0.21 -0.25 -0.16 -0.14 0.66* 0.98* 0.45 1    
Mg2+ -0.79  0.88 0.92* -0.27 -0.04 0.06 0.65* 0.21 1   
Fe -0.35  -0.05 -0.01 0.30 0.82 0.77* 0.73* 0.74* 0.28 1  
Mn -0.52 -0.91* 0.57* 0.63* 0.09 0.44 0.36 0.92* 0.50* 0.87 0.59 1 
* Significant correlation at p < 0.05 
 

This indicates the depletion of dissolved oxygen for nutrient augmentation as well as oxygen 
consumption during the nitrification process [19]. The negative correlations observed between pH- PO4

3- 
(r = -0.81) and pH- NH4

+ (r = -0.82) show that decreasing pH or low pH values lead to an increase in 
nutrients. In addition, significantly negative correlations are observed between pH - Mg2+ (r = -0.79), 
pH - Mn (r = -0.52), O2 - Mg2+ (r = -0.89), O2 - Fe (r = -0.55) and O2 - Mn (r = -0.91). These results 
suggest that the enrichment of Mg2+, Mn and Fe in the waters of Lobo river is not under the control of 
pH and dissolved oxygen. 

Conclusion 
This study permitted to analyze the chemical parameters, major ions, nutrient salts and levels of certain 
heavy metals in the waters of Lobo river in order to assess their potability. It was found that river waters 
recorded pH values ranging from 6.51 to 7.52. The concentrations of sulphate ions (0 - 20.82 mg/L), 
chlorides (4.9 - 41.3 mg/L), calcium (11.8 - 34.4 mg/L), magnesium (0.24 - 50.30 mg/L), 
orthophosphates (0.10 - 1.75 mg/L), ammonium (0 - 3.44 mg/L), nitrates (0 - 26.6 mg/L), nitrites (0 - 
0.054 mg/L) are low. However, at station 1 the concentrations of orthophosphate ions (dry season) and 
ammonium and magnesium ions (wet season) are high. Comparison of the heavy metal contents with 
the WHO recommended standards for drinking water shows that Lobo river waters are polluted with 
very high concentrations in some places. Therefore, the river needs to be protected for the preservation 
of the water resource and the health of the population. 

Acknowledgements: The authors gratefully acknowledged the support of the Environmental Science 
and Technology Laboratory, Daloa (Côte d’Ivoire). 
 

Disclosure statement: Conflict of Interest: The authors declare that there are no conflicts of interest. 
Compliance with Ethical Standards: This article does not contain any studies involving human or animal subjects. 

References 
[1] N. C. Mama, "The Impacts of Changing Water Price on Consumer Demand: A Case Study of 

Nsukka, Enugu State, Nigeria," Journal of Applied Sciences, 20 (2020) 166-172, 
10.3923/jas.2020.166.172 



A Kouyaté et al., J. Mater. Environ. Sci., 2021, 12(2), pp. 373-383 381 
!

[2] M. Chahboune, A. Chahlaoui, and A. Zaid, "Étude de la qualité des eaux d’une retenue située sous 
climat aride : cas du barrage Hassan II (Province de Midelt, Maroc," Afrique Science, 10 (2014) 
199-212. 

[3] G. Soro, A. Coulibaly, A. Traore, A. Oi. Adjiri, M.-R. F. N’guessan, T. D. Soro, Y. M. S. Oga, and 
N. Soro, "Hydrogeochemical and Statistical Characterization of Groundwater in the Lakes Region 
(Central Côte d’Ivoire)," Journal of Environment Pollution and Human Health, 8(2) (2020) 69-78, 
https://doi.org/10.12691/jephh-8-2-4 

[4] O. S. Bello, E. S. Owojuyigbe, M. A. Babatunde, and F. E. Folaranmi, "Sustainable conversion of 
agro-wastes into useful adsorbents," Appl. Water Sci., 7 (2017) 3561-3571, 
https://doi.org/10.1007/s13201-016-0494-0 

[5] K. E. Ahoussi, Y. B. Koffi, A. M. Kouassi, G. Soro, and J. Biemi, "Étude hydrochimique et 
microbiologique des eaux de source de l'ouest montagneux de la Côte d'Ivoire : Cas du village de 
Mangouin-Yrongouin (sous-préfecture de Biankouman)," Journal of Applied Biosciences, 63 
(2013) 4703-4719, 10.4314/jab.v63i1.87245. 

[6] A. Coulibaly, S. Mondé, V. A. Wognin, and K. Aka, "State of anthropic pollution in the estuary of 
Ebrié lagoon (Côte d'Ivoire) by analysis of the metal elements traces," European Journal of 
Scientific Research, 19 (2008) 372-390. 

[7] N. Soro, L. Ouattara, K. Dongo, K. E. Kouadio, K. E Ahoussi, G. Soro, Y. M. Oga, I. Savane, and 
J. Biémi, "Déchets municipaux dans le District d'Abidjan en Côte d'Ivoire : sources potentielles de 
pollution des eaux souterraines," International Journal of Biological and Chemical Sciences, 4 N°6 
(2010) 2203-2219, 10.4314/ijbcs.v4i6.64952. 

[8] A. B. Yao, B. T. A. Goula, Z. A. Kouadio, K. E. Kouakou, A. Kane, and S. Sambou, "Analyse de 
la variabilité climatique et quantification des ressources en eau en zone tropicale humide : cas du 
bassin versant de la Lobo au centre-ouest de la Côte d’Ivoire," Rev. Ivoir. Sci. Technol., 19 (2012) 
136–157. 

[9] N. Gupta, P. Pandey, and J. Hussain, "Effect of physicochemical and biological parameters on the 
quality of river water of Narmada, Madhya Pradesh, India," Water Science, 31 (2017). 11–23, 
https://doi.org/10.1016/j.wsj.2017.03.002 

[10] S. Coulibaly, B. C. Atse, and K. M. Koffi, "Contamination aux métaux lourds de la matrice eau-
sédiment et muscle du tilapia oreochromis niloticus de trois fermes piscicoles en Côte d’Ivoire," 
Agronomie Africaine 30 (2018) 249-259. 

[11] S. Coulibaly, M. Coulibaly, and B. C. Atse, "Contamination à l’arsenic des eaux et des sédiments 
des zones continentale et maritime de la partie ouest de la Lagune Ebrié (Côte d’Ivoire)," 
International Journal of Innovation and Applied Studies, 25 (2019) 577-585. 

[12] K. El Oumlouki, R. Moussadek, A. Zouahri, H. Dakakak, M. Chati, and M. El Amrani, "Étude de 
la qualité physico-chimique des eaux et des sols de la région Souss Massa, (Cas de périmètre Issen), 
Maroc," J. Mater. Environ. Sci., 5 (2014) 12-24. 

[13] R. D. Ouedraogo, C. Bakouan, B. Sorgho, B. Guel, and L. D. Bonou, "Caractérisation d’une latérite 
naturelle du Burkina Faso en vue de l’élimination de l’arsenic (III) et l’arsenic (V) dans les eaux 
souterraines," Int. J. Biol. Chem. Sci., 13 (2019) 2959-2977, 10.4314/ijbcs.v13i6.41 

[14] M. EL Morhit, M. Fekhaoui, A. Serghini, S. El Blidi, A. EL Abidi, and A. Yahyaoui, "Typology of 
water quality in the Loukkos river estuary (Morocco)," Larhyss Journal, N°12 (2013) 7-24. 

[15] C. Bakuan, B. Guel, and A.-L. Hanston, "Caractérisation physico-chimique des eaux des forages 
des villages de Tanlili et Lilgomdé dans la région du Nord du Burkina Faso – Corrélation entre les 
paramètres physico-chimiques," Africa Science, 13 (2017). 325-337. 



A Kouyaté et al., J. Mater. Environ. Sci., 2021, 12(2), pp. 373-383 382 
!

[16] OMS, Directives de qualité pour l'eau de boisson. 4ème édition. Publication Organisation Mondiale 
de la Santé, ISBN 978-92-4-254995-9 (2011). 

[17] M. E. Goher, M. H. Abdo, W. A. Bayoumy, and T. Y. Mansour El-Ashkar, "Some heavy metal 
contents in surface water and sediment as a pollution index of El Manzala Lake, Egypt," Journal of 
Basic and Environmental Sciences, 4 (2017) 210 – 225. 

[18] A. Mohammad, L. A. Mohammad, I. Saiful, and R. Zillur, "Preliminary assessment of heavy metals 
in water and sediment of Karnaphuli River, Bangladesh," Environmental Nanotechnology, 
Monitoring & Management, 5 (2016) 27-35, https://doi.org/10.1016/j.enmm.2016.01.002 

[19] S. A. Shetaia; A. M. Abu Khatita, N. A. Abdelhafez, I. M. Shaker, and S. B. El Kafrawy, "Evaluation 
of Potential Health Risk, Heavy Metal Pollution Indices and Water Quality of Edku Lagoon-Egypt," 
Egyptian Journal of Aquatic Biology & Fisheries, 24 (2020) 265-290, 10.21608/ejabf.2020.80718 

[20] K. S. Konan, D. L. Goue, M. J. Ohou-Yao, K. I. Kouame, L. K. Kouassi, and K. B. Dongui, "Qualité 
chimique des eaux de consommation des populations de la ville de Soubré (Sud-ouest, Côte 
d’Ivoire)," Int. J. Adv. Res., 6 (2018) 58-65, http://dx.doi.org/10.21474/IJAR01/6185 

[21] A. L. Schafer, H. M. A. Rossiter, P. A. Owusu, B. S. Richards, and E. Awuah "Physico-chemical 
water quality in Ghana: Prospects for water supply technology implementation," Desalination, 248 
(2009) 193-203, https://doi.org/10.1016/j.desal.2008.05.055 

[22] T. Y. Stigter, L. Ribeiro, A. M. M. Carvalho Dill, "Application of groundwater quality index as an 
assessment and communication tool in agro-environmental policies-Two Portuguese case studies," 
Journal of Hydrology, 327 (2006) 578-591, https://doi.org/10.1016/j.jhydrol.2005.12.001 

[23] A. Abboudi, H. Tabyaoui, and F. El Hamichi, "Etude de la qualité physico-chimique et 
contamination métallique des eaux de surface du bassin versant de Guigou, Maroc," European 
Scientific Journal, 10 (2014) 84-94. 

[24] M. Makhoukh, M. Sbaa., A. Berrahou, M. V. Clooster, "Contribution à l’étude physico-chimique 
des eaux superficielles de l’oued Moulouya (Maroc oriental)," Larhyss Journal, N°9 (2011) 149-
169. 

[25] R. W. Tuthill, and E. J. Calabrese, "Elevated Sodium Levels in the Public Drinking Water as a 
Contributor to Elevated Blood Pressure Levels in the Community. Archives of Environmental 
Health," An International Journal, 34 (1961) 1979-1987, 
doi.org/10.1080/00039896.1979.10667398 

[26] M. P. Subin, A. H. Husna, "An Assessment on the Impact of Waste Discharge on Water Quality of 
Priyar River Lets in Certain Selected Sites in the Northern Part of Ernakulum District in Kerala, 
India," International Research Journal of Environment Sciences, 2 (2013) 76-84. 

[27] L. Derwich, Z. Benziane, and L. Benaabidate, "Diagnostic of physicochemical and bacteriological 
quality of fez waste-waters rejected in Sebou River: Morocco," Environmental Earth Sciences, 63 
(2011) 839-846, https://doi.org/10.1007/s12665-010-0754-5 

[28] A. C. Toule, A. A. Adingra, N. Kouadio-N’Gbesso, O. Kambire, R. Koffi-Nevry, M. Koussemon, 
"Caractérisations physico-chimiques et bactériologiques des eaux des stations aquacoles de Layo et 
de Jacqueville (Lagune Ebrié, Côte d’Ivoire)," Int. J. Biol. Chem. Sci., 11 (2017) 2842-2855, 
10.4314/ijbcs.v11i6.22 

[29] R. Ketrane, L. Leleyter, F. Baraud, M. Jeannin, O. Gil, and B. Saidani, "Characterization of natural 
scale deposits formed in southern Algeria groundwater. Effect of its major ions on calcium 
carbonate precipitation," Desalination, 15 (2010) 21-30, doi.org/10.1016/j.desal.2010.05.019 

[30] M. Tardat-Henry, Chimie des eaux, 1ère édition griffon d'argile INC, Paris, ISBN : 2920210319 
9782920210318 (1984). 



A Kouyaté et al., J. Mater. Environ. Sci., 2021, 12(2), pp. 373-383 383 
!

[31] R. Rylander, "Magnesium in drinking water - a case for prevention?," Journal of Water and Health, 
12 (2014) 34-40, 10.2166/wh.2013.110  

[32] A. Hayek, N. Tabaja, S. A. Andaloussi, J. Toufaily, E. Garnie-Zarli, A. El Toufaili, and T. Hamieh, 
"Evaluation of the Physico-Chemical Properties of the Waters on the Litani River Station 
Quaraoun," American Journal of Analytical Chemistry, 11 (2020) 90-103, 
https://doi.org/10.4236/ajac.2020.112007  

[33] Y. Gacem, S. Taleb, A. Ramdani, S. Senadjki, N. Ghaffou, "Physical and chemical assessment of 
MSF distillate and SWRO product for drinking purpose," Desalination, 290 (2012) 107–11, 
https://doi.org/10.1016/j.desal.2012.01.014 

[34] M. Kumar, and A. Puri, "A review of permissible limits of drinking water," Indian Journal of 
Occupational and Environmental Medicine, 16 (2012) 40-44, 10.4103/0019-5278.99696 

[35] WHO, Ammonia in Drinking-water (2003). 
[36] A. Olivier, Chemistry and groundwater pollution. TEC and DOC edition (2005). 
[37] M. L. Belghiti, A. Chahlaoui, D. Bengoumi, and R. El Moustaine, "Etude de la qualité 

physico۔ chimique et bactériologique des eaux souterraines de la nappe plio-quaternaire dans la 
région de Meknes (Maroc)," Larhyss journal, N°14 (2013) 21-36. 

[38] H. G. Mpakam, G. R. Kenimogne, T. Tamo Tatiétsé, E. Maire, J.-L. Boeglin, G. E. Ekodeck et 
Bernard Dupré., "Études des facteurs de pollution des ressources en eau en milieu urbain : cas de 
Bafoussam (Ouest-Cameroun)," Larhyss Journal, N°14 (2006) 1-25. 

[39] M. H. Ward, "Workgroup report : Drinking water Nitrate and Health-Recent Findings and Research 
Needs," Environ Health Perspect, 113 (2005) 1607-1614, https://doi.org/10.1289/ehp.8043 

[40] K. Peycheva, V. Panayotova, and A. Merdzhanova, "Comparative evaluation of trace element 
concentration in grey mullet (Mugil cephalus) caught in Black and Aegean Seas. Potentiel health 
risk assessment," Egyptian Journal of Aquatic Biology & Fisheries, 23 (2019) 429-438, 
10.21608/ejabf.2019.66840 

[41] R. F. Abd El-Aal, S. M. El Sayed, M. S. Attia, N. S. Donia, and M. E. Goher, "Pollution indices and 
distribution pattern of heavy metals in Qarun Lake water, Egypt," Egyptian Journal of Aquatic 
Biology & Fisheries, 24 (2020) 593-607, 10.21608/ejabf.2020.75893 

[42] A. Sako, S. Semdé, U. Wenmenga, "Geochemical evaluation of soil, surface water and groundwater 
around the Tongon gold mining area, northern Côte d’Ivoire, West Africa," Journal of African Earth 
Sciences, 145 (2018) 297-316, https://doi.org/10.1016/j.jafrearsci.2018.05.016 

[43] A. Maurya, T. Negi, and R. K. Negi, "Seasonal assessment of heavy metal pollution in water and 
sediment of fish pond at Bhagwanpur, Roorkee (U.K.), India," Asian Journal of Animal Sciences, 
12 (2018) 16-22, 10.3923/ajas.2018.16.22 

[44] G. Suresh, V. Ramasamy, V. Meenakshisundaram, R. Venkatachalapathy, and V. Ponnusamy, 
"Influence of mineralogical and heavy metal composition on natural radionuclide concentrations in 
the river sediments," Applied Radiation and Isotopes, 69 (2011) 1466-1474, 
https://doi.org/10.1016/j.apradiso.2011.05.020 

 

 

 

(2021);  http://www.jmaterenvironsci.com 


