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	ABSTRACT:

Aims: This study was conducted in the context of water resource security. The main objective was to highlight human activities that could have a significant impact on dams water qualities of Boundiali, Korhogo, Ouangolodougou.
Study design:  Water samples were analyzed. Then water quality and pollution levels have been evaluated. Finally, waters pollution origins were highlighted.
Place and Duration of Study: First sampling campaign was carried out during rainy season from August to September 2021 and second in dry season from December 2021 to January 2022, at Boundiali, Korhogo, Ouangolodougou dams.
Methodology: The adopted methodology consisted of water characterization in these infrastructures and their compliance comparison with WHO drinking water supply standards. Waters characterization concerns the following parameters: pH, temperature, electrical conductivity and dissolved oxygen, chemical oxygen demand (COD), biological oxygen demand (BOD5), nitrate (NO₃-), nitrite (NO₂-), ammonium (NH4+), iron (Fe), manganese (Mn), total phosphate (POᵌ-), lead (Pb), arsenic (As), cyanide (CN), mercury (Hg), organohalogen (POH) and organophosphorus (POP) pesticides and carbamates (CAR). Subsequently, quality and pollution indices were determined in order to provide an overview of quality and pollution levels of these resources. Then, surveys were carried out with a view to identifying sites likely to be responsible for pollution. Finally, similarities and divergences in human activities that are the source of these waters quality degradation were noted.
Results: Characterization results show that these waters have relatively neutral pH values with relatively low electrical conductivities. Metals (iron and arsenic), nitrate, phosphorus and pesticides (POPs and POHs) have concentrations above the WHO drinking water standard. Quality and organic pollution indices indicate that these dam’s waters have very poor quality in rainy periods and are not drinkable in dry periods with moderate pollution. WQIs results are considered to be high, with 477.620 for Boundiali, 130 for Korhogo and 147.66 for Ouangolodougou in dry season, while WQI were 83.467 in Boundiali dam, 190.6404 in Korhogo and 94.81 in Ouangolodougou in dry season.  In Boundiali, OPI has a high value of 3.667 in rainy season and 2.667 in dry season. At Korhogo, OPI level has a constant value of 2.33 in both seasons. In Ouangolodougou, IPO is 3 in rainy season and 2,667 in dry season. Field surveys confirmed that the quality of these resources is influenced by human activities, particularly agricultural practices in the immediate perimeters, which are the main pollution factors in Boundiali and Ouangolodougou, unlike Korhogo, where the main sources of pollution are non-seasonal activities such as sewage from riparian houses, livestock farming, artisanal activities and quarries.

Conclusion: Waters from these three dams have different pollution sources such as natural incomes but anthropic activities remain to be the main pollution source. 
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1. INTRODUCTION 

Recognized by United Nations, access to drinking water and sanitation is a fundamental issue for sustainable development (Nations Unies, 2015). The goal is to ensure universal and equitable access to safe and affordable drinking water for all by 2030. The right to safe drinking water is essential to life full enjoyment, as it has a directly effect on public health, food security, livelihoods and economic development (UN-Water, 2023). In Cote d'Ivoire, remarkable progress has been made over the past two decades. According to the latest WHO/UNICEF Joint Program (2024) reports, population proportion with access to safe drinking water increased from 46% in 1998 to 82% in 2021, with significant disparities between urban and rural areas. This significant improvement is part of government efforts to achieve national targets of National Development Plan (NDP 2021-2025), which aims to achieve drinking water coverage of 95% in urban areas and 80% in rural areas by 2025 (Ministry of Water and Forests, 2023). Government of Cote d'Ivoire has implemented many water infrastructures to achieve these ambitious objectives, particularly in the northern regions (World Bank, 2023), through Project to Strengthen the Supply of Drinking Water in Urban Areas (PREMU). These regions depend largely on dams for water supply since characterized by a Sudano-Sahelian climate with a long dry season from November to April. These water infrastructures are essential for water security of populations, agricultural development and aquatic ecosystems maintenance (Yao et al., 2024). However, their durability is threatened by multiple pressure factors. Rapid expansion of agricultural land, unplanned increasing urbanization, accelerated deforestation, and untreated domestic and industrial discharges are all threats to surface water quality (Yao et al., 2025). Deforestation accelerated by agricultural land expansion, rapid urban development, and untreated domestic and industrial effluents are serious threats for surface water quality (Yao et al., 2025). The intensification of agricultural activities in dams watersheds in Côte d'Ivoire shown by Akatchi et al. (2024), leads to a significant increase in nitrate, phosphorus and pesticide contents in waters resources. This seriously affects resources quality when combined with natural processes of water erosion, evaporation and runoff (Soro et al., 2017). The problem of the degradation of the quality of the dam water thus has a health, economic and environmental dimension. Waterborne diseases are still a major morbidity cause in the country northern region (Ministry of Health, 2024), in terms of health. Water quality deterioration results in additional treatment costs, which ultimately reflects in water prices for consumers (SODECI, 2022), economically. Ecosystem resilience are threatened by water bodies eutrophication and aquatic biodiversity loss (Koffi et al., 2021). Ecosystems resilience are threatened by water bodies eutrophication and aquatic biodiversity loss (Koffi et al., 2021). A comparative and integrated approach is needed, faced with these serious problems, to better understand anthropogenic pressures dynamics on dam water resources. Sustainable dam management strategies must be based on accurate diagnoses of pollution sources and their differential impact depending on local contexts, as recently related by Adingra et al. (2024). The present study has for principal objective to assess and compare the anthropogenic activities impact on water quality of Boundiali, Korhogo and Ouangolodougou dams in northern Côte d'Ivoire. Specific objectives are: i) Assess physico-chemical and bacteriological quality and pollution levels of these various dams through seasonal sampling campaigns; ii) Identify and characterize anthropogenic activities responsible for possible water quality degradation, using survey and direct observation methods; iii) Analyze similarities and differences in human pressures effects on these aquatic ecosystems.




2. material and methods 

2.1 Material  

Presentation of dam’s geographical situations 

The present study covers three cities in the Savannah District in northern Côte d'Ivoire: Boundiali (9.5217° N, 6.4869° W), Korhogo (9.4580° N, 5.6296° W) and Ouangolodougou (9.9684° N, 5.1488° W). This border region with Mali and Burkina Faso covers 40,323 km² and has 901,301 inhabitants (GPHC, 2021). Korhogo, the district's capital, covers 1,196.21 km² and encompasses 61 villages (Figure 1). The region is characterized by a Sudano-Sahelian climate marked by a long dry season, making dams essential for water supply. The three study sites have complementary profiles: Boundiali: important agricultural zone, Korhogo: major urban and economic hub, Ouangolodougou: border town with cross-border dynamics. This selection allows a comparative analysis of anthropogenic impacts on water resources in various socio-economic contexts within the same geographical region
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[bookmark: _GoBack]Figure 1: Presentation of study area (yellow) 

Data acquisition and analysis equipment

The equipment used for field data collection includes:
· 1.5-liter plastic bottles, previously rinsed with distilled water, for collecting water samples
· Storage cooler maintained at 4°C with cold storage for sample preservation
· GARMIN Etrex 10 GPS for precise location of sampling points and peripheral anthropogenic activities
· Structured questionnaires to collect household socio-economic data
· Observation grids to inventory potentially polluting activities around dams
The material used for data analysis:
· a multi-parameter that served as a tool for in situ measurement of physicochemical parameters; (pH, Temperature, Dissolved oxygen, Conductivity, Suspended matter, Turbidity)
· HACH/DR 1900 spectrophotometer for laboratory analysis;
· Glassware for laboratory analysis;

2.2 Methods 
2.2.1 Assessment of dams water quality and pollution levels
2.2.1.1 Sampling

Water samples were taken in uncontaminated plastic bottles with a capacity of 1.5 liters. First sampling campaign was carried out during rainy season from August to September 2021 and second in dry season from December 2021 to January 2022. In each seasonal campaign 12 samples were taken according to, 3 samples (at variable depths of dams (surface, medium and depth)), at 4 different points on each dam (at least about 2 m from banks so as to avoid edge effects as much as possible) . Samples thus collected were subsequently stored in a cooler containing a cold storage tank at 4° C before being transported to laboratory within hours of collection for chemical analyses.


2.2.1.2 Physico-chemical analyses

Several parameters such as pH, temperature, electrical conductivity and dissolved oxygen were measured in situ using a multi-parameter. Analyses of other parameters were carried out in SODECI laboratory by using a laboratory spectrophotometer of HACH/DR 1900 type. These include chemical oxygen demand (COD), biological oxygen demand (BOD5), nitrate (NO3−), nitrite (NO2−), ammonium (NH4+), metals such as dissolved iron (Fe), manganese (Mn), total phosphate (PO43−), lead (Pb), arsenic (As), cyanide (CN), mercury (Hg), organohalogen (POH) and organophosphorus (POP) pesticides and carbamates (CAR). Analyses have been done according to specific methods of analysis (Table I).

Table I: Parameters analysis methods

	Parameters
	Units
	Methods

	pH
	
	ISO 10523 V 2008

	Temperature
	°C
	Pt 100

	Conductivity
	µS/Cm
	ISO 7888 V 1985

	Dissolved Oxygen 
	%/mg/L
	ISO 5814 V 2012

	COD
	mgO2/L
	Tubes fermés

	BOD5
	mgO2/L
	Respirométrique

	Nitrate
	mgNO3-
	ISO 7890-3 V 1988

	Nitrite
	mgNO2-
	Diazotation

	Cyanides
	mg/L
	Pyrazolone-pyrine

	Iron
	mg/L
	AAS ContrAA 700 (Flamme)

	Manganese 
	mg/L
	ISO 15586 V 2003

	Lead
	mg/L
	ISO 8288 V 1986

	Arsenic
	µg/L
	ISO 17378-2 V2014

	Mercury
	µg/L
	ISO 12846 V 2012

	Ammonium
	mgNH4+
	NF T90-015-2 V2000

	Phosphate 
	mgPO43-
	ISO 6878 V 2004

	Organohalogenated pesticides
	µg/L
	EN NF ISO V6468-97

	Organo-chlorinated pesticides
	µg/L
	EN NF ISO V 11369-97

	Carbamates
	µg/L
	EN NF ISO V11369-97




2.2.1.3 Determination of Water Quality Index (WQI)

WQI was calculated using weighted arithmetic index method proposed by Yidana and Yidana (2010). Eight important parameters (pH, OD, EC, T°C, BOD₅, NO3−, NH4+, PO43−) were selected for this purpose in Table II. In this approach, a numerical value called relative weight (Wi), specific to each physico-chemical parameter, is first calculated according to following equations:


With 

k = proportionality constant
n: the number of parameters
Si: maximum value of the standard surface water standard (Table II) of each parameter in mg/L in this work except for pH, T°C and electrical conductivity.

Table II: Guide values for drinking water (WHO, 2022)
	Parameters
	Units
	WHO guides values

	Temperature
	°C
	25

	Conductivity
	µS/cm
	2000

	Turbidity
	NTU
	5

	pH
	-
	6,5˂pH˂8,5

	NO₃⁻
	mg/L
	50

	NO₂⁻
	mg/L
	3

	SO₄² ⁻
	mg/L
	250

	PO₄ᵌ ⁻
	mg/L
	5

	F⁻
	mg/L
	1,5

	Cl⁻
	mg/L
	250

	Na⁺
	mg/L
	≤150

	Mg²⁺
	mg/L
	50

	Ca²⁺
	mg/L
	100

	NH₄⁺
	mg/L
	≤0,5

	Fe²⁺
	mg/L
	0,3

	K⁺
	mg/L
	≤12





















Then, a quality rating scale (Qi) is calculated for each parameter by dividing concentration by the norm of said parameter and multiplying the set by 100 as in following equation:



Qi: Quality assessment scale for each parameter.
Ci: Concentration of each parameter in mg/L.

Finally, the overall water quality index is calculated by following equation:



Once calculated, Table III allowed to determine water quality class of dams.

Table III: Classification and possible use of water according to WQI (Meenakshi et al, 2019)


	WQI classe
	Water type
	Possible use

	0 – 25
	Excellent quality
	Potable water, irrigation and industrie

	> 25– 50
	Good quality
	Potable water, irrigation and industrie

	> 50– 75
	Bad quality
	Irrigation et industrie

	> 75– 100
	Very bad quality
	Irrigation

	> 100
	Non-potable water
	Appropriate treatment required before use















2.2.2.4 Determination of organic pollution index (OPI)

The Organic pollution index (OPI) of dam water was determined using method used by Hachi et al. (2022) and Kouakou et al. (2024). OPI for rainy and dry seasons were calculated using pollution indicator parameters (NH4+, PO43− and BOD5). The principle is to divide beforehand values of polluting elements (ammonia, BOD5, and phosphates) into 5 classes with the average contents of these three parameters obtained during analyses in laboratory. Then, determine the corresponding class number for each parameter using average data used by Hachi (Table IV). In the end, the overall organic pollution index of dam water was determined through arithmetic mean of all parameters pollution classes

Table IV: Organic pollution index classification grid (Hachi et al. (2022)
	Classes
	(mg/l)
	DBO5 (mgO2/l)
	PO₄ᵌ ⁻(μg/l)
	IPO
	Organic  pollution

	5
	< 0,1
	<2
	< 15
	4,6 – 5,0
	None

	4
	0,1 – 0 ,9
	2,1 – 5
	16 – 75
	4 – 4,5
	Low

	3
	1 – 2,4
	5,1 – 10
	76 – 250
	3,0 – 3,9
	Moderate

	2
	2,5 – 6
	10,1 – 15
	251– 900
	2,0 – 2,9
	High

	1
	> 6
	> 15
	< 900
	1,0 – 1,9
	very high












2.2.2 Identification of anthropogenic activities likely to pollute the dam water

Identification of human practices that may be harmful to dam water quality was done by individual interview, which consists of administering individual questionnaires to members of each target group. This approach allows to know and evaluate knowledge, attitudes, practices and perceptions of target groups or persons with respect to questions asked (Dawson et al., 1993). These interviews were therefore carried out with the identified resource people living around Boudali, Korhogo and Ouangolodougou dam, who are engaged in any activity around these dams (farmers, artisans, inhabitants and others). The aim of this survey is to investigate the way that those activities and domestic waste are managed by the latter, and to identify the causes likely to pollute the dam's water.

3. results and discussion
3.1 Dams water physico-chemical characterization

The results of physico-chemical analyses at each locality show that pH values are neutral and in line with WHO requirements (Figure 2). Boundiali and Korhogo dams have average values of 7.16 and 7.18 respectively. However, for Ouangolodougou dam pH average value is 6.9. In addition, pH in rainy season are higher than in dry season. pH of these dams being neutral and tending to alkalinity (6.1 to 8.2), coincide with results found in Guiglo-Duekoué zone (west Côte d’Ivoire) whose pH varies successively from 6,51 et 7,13 (Kouassi et al., 2012). This results may be due to a dissimilarity of natural factors such as climate, vegetation, geology and also activities carried out near resources. pH range recorded at Boundiali, Korhogo and Ouangolodougou dams could be explained by the presence of bicarbonates that have a buffering power in the water or by variation in leaching activities and degradation of organic matter (Mohammed et al., 2023).


[bookmark: _Toc168272735]Figure 2: Seasonally values of pH 

Dams water temperatures are acceptable by WHO (2022) standards in both rainy and dry seasons with a guide value of 25°C. Also, these temperatures are higher during the rainy season. This would mean that solubility of salts and gases would have a higher rate in rainy season than in dry season (Figure 3). These high water temperatures (> 30 °C) could probably due to sunshine in the outer layers during the rainy season as describes Kouakou et al., 2024. High temperature value could affect organoleptic properties of water since it is a factor in modifying chemical and biological properties of water by acting on its density, on gases solubility, on the dissolved salts dissociation, and on biochemical and biological reactions (Makhoukh et al. 2011, Asfers et al. 2017).










Figure 3: Seasonally values of Temperature

Electrical conductivity of each dam is characterized by low mineralization (54 to 180 µS/Cm) as shown in Figure 4, which differs from results found in groundwater (Guiglo-Duekoué zone) waters, where conductivity varies from 106 μS/cm et 349 μS/cm. EC value also higher in Korhogo and Ouangolo compare to Boundiali.  This difference could be related to dissimilarity of natural factors such as climate, vegetation, geology and to activities carried out near resources as shown by works of Kouassi et al., (2012). 


Figure 4: Seasonally values of Conductivity 

Concentrations of chemical parameters such as nitrate (NO3−), nitrite (NO2−), ammonium (NH4+), phosphate (PO43−), DO, DOC and BOD5 are shown in Figure 5. DO, DOC and BOD5 have highest contents in the 3 dams waters.  Water from Korhogo and Ouangolo dam is more concentrated in DOC and BOD5 in dry season than in rainy season, unlike in Boundiali where these values are higher in rainy season than dry season. It is also observed that DO concentration is higher in Boundiali and Korhogo dams in dry season than in rainy season contrary to Ouangolo. Variation of NO3−, NO2−, DO and PO43− parameters remains less significant (negligible). BOD₅ values are higher than WHO guide values (5 mg/L), reflecting a high organic contents in dam waters. Based on BOD₅ average value and according to works of Kapepula et al. (2015), dam’s water quality would be poor, also similar to those of (Mehounou et al. 2016). Chemical parameters, despite BOD5 and DOC, comply with WHO guidance values. These highly variable parameters have values higher than the norm. High values of these parameters could be explained by a high concentration of organic in these dams. This load could be due to direct discharge of house wastewater into dams and use of fertilizers and pesticides in crop fields. Uncontrolled misuse of these products increases pesticides concentration in water. Water bodies with BOD5 levels above 10 mg/L are considered to be poor quality (Khan et al.,2022), which has been also described in groundwater and surface water of Aplahoué in Benin in cotton production areas (Mehounou et al., 2016).


Figure 5: Seasonally concentrations of chemical parameters


At Korhogo Dam, Trace Elements results show that dissolved iron (Fe) is more concentrated in this resource with an average of 1.35 mg/L. Manganese (Mn) and arsenic have respectively mean values of 0.33 mg/L and 0.09 mg/l (Figure 6).
These high concentrations are thought to be caused by uncontrolled wastes deposits encountered in places near dams, agricultural inputs used in study areas (chemical fertilizers, insecticides or fungicides), industrial wastewater discharged into nature without prior treatment and geological formations since this dam is located in an urban environment. Concentrations of cyanide (CN), lead (Pb) and mercury (Hg) are relatively low with a respective mean of 0.01 mg/L, 0.01 mg/L, 0.0016 mg/L. Dissolved iron, arsenic and manganese are higher in both seasons.
At Ouangolodougou dam, Iron (Fe) and arsenic (As) are the most abundant elements.
Mean value of arsenic is 0.09 mg/L. This value remains 9 times higher than WHO guideline values (10µg/L), constituting a real health risk. For Iron (Fe), mean concentration is 1.4 mg/L, exceeding standards set by WHO (0.5 mg/L). This high concentration of iron and As could be due to the use of chemical fertilizers, insecticides or fungicides, geological formations, domestic, artisanal and gold mining activities. Other parameters such as Manganese (Mn), Cyanide (CN), Lead (Pb), and Mercury (Hg) have their concentrations in line with WHO guideline values. However, all metal trace elements generally have higher concentrations in rainy than dry season except for mercury, cyanide and lead, which are almost identical in both seasons. According to these results in these various dams, arsenic and iron are the two major ones having a concentration much higher than the norm. The waters exploited by the population of Guiglo-Duekoué village, appears to pose almost no norm conformity problem since there is no industrial activities, (Kouassi et al., (2012). Mohod and Dhote (2013) also confirm that toxic metals are generally present in industrial, municipal and urban effluents. For this purpose, high values of arsenic (0.21 mg/L) and iron (3.29 mg/L) found could be comparable to discharges of municipal wastewater into the dam.
Hama et al. (2023) and Xu et al. (2022) has explained that the occurrence of heavy metal contamination in surface water maybe due to the increase in human population, industrialization, and agricultural activities expansion. For Singh et al. (2022), Heavy metals in environment pose a real public health risk to populations since the exposure to heavy metals can damage kidneys, livers and lungs leading to the development of different cancers, fragilizing Bones and death in case of huge amount of exposure. Zhang et al. (2023) described that contaminated water with heavy metal ions like Cr (VI), Cd (II), Pb (II), As (V and III), Hg (II), Ni (II), and Cu (II) could be responsible for several health issues in humans, mental disorders, harmful effects on the reproductive system. Even malignancies can be developed (Singh et al. 2024).



Figure 6: Seasonally Metals trace elements contents

Studied pesticides are organohalogens (POH), organophosphorus (POP) and carbamates (CBT). In general, high concentrations of these various resources are observed during rainy season and more intensively in Korhogo and Ouangolodougou (Figure 7). At Boundiali, dam results show fairly considerable average concentrations above WHO standard (0.1 µg/L), for POH and POP respectively of 0.51 µg/L and 0.26 µg/L. On the other hand, the CBT concentration is low on average by 0.03 µg/L. At the Korhogo dam, average concentration of CBT is very low. POHs have highest value with an average of 2.47 µg/L, then follows POPS with 1.79 µg/L and finally CBTs with 0.05 µg/L. Apart from carbamates which respects limit of WHO guideline values for pesticides (0.1 µg/L), others (POH and POPs) with mean concentrations of 2 and 1 µg/L, are above normal. At the Ouangolodougou dam, shows that average concentration of these pesticides remained high.  These values are above indicated threshold by WHO standard for pesticides (0.1 µg/L). Similar results have been related by Lakhili et al. (2015), where authors explained that pesticides used to control pests, are drained during rainy season toward surface waters and remain persistent in dry period. Once pesticides reach water bodies, it becomes a global health concern as pesticides can impact the whole ecological food chain (Kruć-Fijałkowska et al., 2022).  Another concern is high level toxicity reached by pesticides when mixed are mixed in water bodies as revealed Oltramare et al. (2023) and long-time exposure to the low concentration of pesticides which could resulted in non-carcinogenic health risks (De Souza et al., 2020).


Figure 7: Seasonally concentration of pesticides

3.2 Assessment of water quality and pollution level of various dams by WQI and OPI

WQI calculation has been done using results of physico-chemical analysis and values of WHO drinking water standard (WHO, 2017). WQI was calculated over the two seasons (August-September) and (December-January). Both WQIs results are considered to be high (Tables V, VI, VII), but highest values are found in dry season with 477.620 for Boundiali, 130 for Korhogo and 147.66 for Ouangolodougou, while dry season WQI were 83.467 in Boundiali dam, 190.6404 in Korhogo and 94.81 in Ouangolodougou. In rainy season dams waters are classified as very bad quality to non-potable water for drinking supply water. In dry season, all dams waters are qualified as non-potable water for drinking supply water. These results are consistent with those of Vital et al. (2018) on the evaluation of surface water contamination and its impacts on health in mining districts of Kambélé and Bétaré-Oya. Dams Water quality degradation in the present study could be attributed mainly to agricultural activities through leaching of soils with high fertilizer content and urban wastewater discharges (Kim et al., 2023).  Variation of seasonal water quality has been widely reported by (Yao et al., 2020). High value of WQI in dry periods involved the fact that water level drops (no rain) while inputs wastewaters from nearest houses of dams remain important, as documented by works of Hachem et al. (2020) and El Hmaidi et al. (2020).
Table V: Rainy and dry seasons WQI for Boundiali dam

	
	Rainy season
	Dry season 

	Parameters
	Si
	1/Si
	Wi
	Qi
	IQE
	Qi
	IQE

	pH
	8,5
	0,1176
	0,0435
	86,6712
	



83,467
	81,9672
	



477,620

	T (°C)
	25
	0,04
	0,0148
	109,88
	
	90,28
	

	Cond (µS/cm)
	2000
	0,0005
	0,0002
	2,5485
	
	6,351
	

	DO (mg/L)
	8
	0,125
	0,0462
	549,375
	
	9360
	

	NH4+(mg/L)
	0,5
	2
	0,7399
	49
	
	49,4
	

	NO3-(mg/L)
	50
	0,02
	0,0074
	0,74
	
	0,6
	

	PO43-(mg/L)
	5
	0,2
	0,0740
	      2
	
	9,8
	

	BOD5 (mg/L)
	5
	0,2
	0,0740
	220
	
	40,6
	

	
	TOTAL
	2,7031
	1
	

	
	K
	0,3699
	
	




Table VI: Rainy and Dry Season WQI for Korhogo Dam

	
	Rainy season
	Dry season

	Parameters
	Si
	1/Si
	Wi
	Qi
	IQE
	Qi
	IQE

	pH
	8,5
	0,1176
	0,0435
	85,0980
	



190,6404
	83,9216
	



130,0898

	T (°C)
	25
	0,04
	0,0148
	116,8
	
	106,24
	

	Cond (µS/cm)
	2000
	0,0005
	0,0002
	7,575
	
	8,7116
	

	DO (mg/L)
	8
	0,125
	0,0462
	81,25
	
	107,475
	

	NH4+(mg/L)
	0,5
	2
	0,7399
	190,6667
	
	113,3334
	

	NO3-(mg/L)
	50
	0,02
	0,0074
	0,9467
	
	0,5233
	

	PO43-(mg/L)
	5
	0,2
	0,0740
	7,0667
	
	7
	

	BOD5 (mg/L)
	5
	0,2
	0,0740
	538,6667
	
	480
	

	
	TOTAL
	2,7031
	1
	

	
	K
	0,3699
	
	




Table VII: Rainy and Dry Season WQI for Ouangolodougou Dam

	
	Rainy season
	Dry season

	Parameters
	Si
	1/Si
	Wi
	Qi
	IQE
	Qi
	IQE

	pH
	8,5
	0,1176
	0,0435
	87,35
	



94,81
	75
	



147,66

	T (°C)
	25
	0,04
	0,0148
	114,70
	
	92,87
	

	Cond (µS/cm)
	2000
	0,0005
	0,0002
	4,95
	
	7,53
	

	DO (mg/L)
	8
	0,125
	0,0462
	89,74
	
	32,16
	

	NH4+(mg/L)
	0,5
	2
	0,7399
	98,00
	
	172
	

	NO3-(mg/L)
	50
	0,02
	0,0074
	2,59
	
	0,99
	

	PO43-(mg/L)
	5
	0,2
	0,0740
	6,70
	
	4 ,8
	

	BOD5 (mg/L)
	5
	0,2
	0,0740
	164,00
	
	188
	

	
	TOTAL
	2,7031
	1
	

	
	K
	0,3699
	
	













In Boundiali, OPI has a high value of 3.667 in rainy season and 2.667 in dry season (Table VIII). However, values show that Boundiali dam has moderate organic pollution in rainy season while in dry season it is strong. At Korhogo, OPI level has a constant value of 2.33 in both seasons (Table IX). So this shows that Kôkô dam has a strong organic pollution. Finally, in Ouangolodougou IPO is 3 in rainy season and 2,667 in dry season (Table X). This therefore reflects a moderate pollution in organic matter. Waters of these dams in dry season have high organic pollution. OPI, generally remains moderate with some difference in value. The qualitative deterioration is mainly anthropogenic related to agricultural activities by leaching of soils heavily loaded with fertilizers (Vital et al., 2018). Similar work has shown that the increase in the pollution index in dry season is linked to the decrease in dam flows due rain reduction, while the loaded of wastewater from the city remain significant (Hachem et al., 2020; El Hmaidi et al., 2020). Moderate pollution of these dams means that these resources are subject to high levels load of organic matter (BOD₅) and phosphate. Indeed, domestic and industrial wastewater discharges of Ouangolodougo and Korhogo cities result in an increase in contents of these above mentioned parameters, which favor degradation of water quality (Benbouih et al., 2005).

Table VIII: Boundiali Dam Rainy and Dry Season IPO

	
	Saison Pluvieuse
	Saison Sèche

	Paramètres
	Valeurs Moyennes
	Classes
	IPO
	Valeurs Moyennes
	Classes
	IPO

	NH4+(mg/l)
	0,245
	4
	
3,667
	0,246
	4
	
2,667

	PO43-( µg/l)
	100
	3
	
	490
	2
	

	DBO5 (mg/l)
	11
	4
	
	2 ,03
	2
	



Table IX: Korhogo Dam Rainy and Dry Season IPO

	
	Saison Pluvieuse
	Saison Sèche

	Paramètres
	Valeurs Moyennes
	Classes
	IPO
	Valeurs Moyennes
	Classes
	IPO

	NH4+(mg/l)
	0,9533
	4
	
2,3333
	0,5667
	4
	
2,3333

	PO43-(mg/l)
	353,3333
	1
	
	350
	1
	

	DBO5 (mg/l)
	26,9333
	2
	
	24
	2
	










Table X: Ouangolodougou Dam Rainy and Dry Season IPO

	 
	Rainy season 
	 
	 
	Dry season 
	 
	 

	Parameters 
	Mean   
	Class
	IPO 
	Mean
	Class
	IPO 

	NH4+ (mg/L)
	0,49
	4
	3
	0,86
	2
	2,66

	DBO5 (mg/L) 
	8,2
	3
	
	9,4
	3
	

	PO43- (µg/L) 
	335
	2
	
	240
	3
	




3.3 Identification of anthropogenic activities likely to pollute water resources

Watershed of Boundiali Dam is exclusively comprising several agricultural activities, including rice and vegetable production (Figures 8).




Figure 8: Proportion of activities likely to pollute water of Boundiali dam

Korhogo Dam watershed includes several identified activities such as agriculture, crafts and housing (Figure 9). Agriculture occupies 56% of this area with a high use of mineral fertilizers and phytosanitary products that have an impact on dam water. Handicrafts occupy 20% and include the informal sector (car and motorcycle garages, scrap metal, and vulcanization...). These actors use different products in the exercise of their activities, especially scrap metal workers who pile up iron on dam edge. All these wastes and residues dumped on the ground which are washed away by rainwater runoff towards the dam. The survey reveals the presence of dwellings in the watershed due to the position of the dam inside the city, some of which discharge their wastewater directly into the dam due to a lack of sanitation. Household waste is deposited close to these homes and is transported during the rains to the dam.

Figure 9: Proportion of activities likely to pollute water of Korhogo dam

Ouangolodougou dam watershed includes several human activities including agriculture (49%), crafts (27%) and sanitation (24%) (Figure 10). Gardening takes place mainly in the dry season with the use of mineral, organic fertilizers and phytosanitary products that increase the organic and mineral pollution of the dam water. Several herds come daily to drink and leave their waste near this resource also influencing its organic pollution. The craft sector includes the informal sector (vehicles and motorcycle repairs, scrap metal, and vulcanization...).


Figure 10: Proportion of activities likely to pollute the water of Ouangolodougou dam 




4. CONCLUSION
This study shows that Boundiali, Korhogo and Ouangolodougou dams are characterized by a low temperature compared to WHO standard and a high content of BOD₅, COD, NH₄⁺, pesticides (POP and POH), and metals (iron and arsenic). The active presence of these parameters in water strongly influences their qualities. The assessment of quality and pollution has allowed to qualify these resources as very poor quality in rainy periods and as non-potable in dry periods. This state of deterioration is directly linked to human actions probably economic activities and households. Household waste, municipal wastewater, income-generating activities that take place within watersheds are the real sources of quality degradation and pollution. The IPOs and WQIs showed that water pollution from Korhogo dam is not due to a source that varies according to seasons, unlike that from Boundiali and Ouangolodougou dams which is caused by agriculture. Agriculture's contribution to this degradation is linked to crops protection products and fertilizers that farmers use. In order to reduce pollution and maintain water quality of these dams, it is advisable to:
- Protect them by setting up and respecting the various protection perimeters;
- Raise awareness among farmers for the rational use of fertilizer products;
- Promote the proper management of household waste through the creation of landfills and the recycling of household waste;
- Collect all municipal wastewater for possible treatment before discharge.
Thus, the study perspectives that emerge are:
Strengthen the study by taking into account several parameters, including bacteriological parameters to better characterize the dam. Conduct a hydrobiological study to assess biological quality.
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