Physico-chemical Characterization of the Waters of Lake Dogodogo located in Bujumbura province, Burundi

Abstract
Water pollution is an environmental problem caused by various discharges from human activities like agriculture. Therefore, a study on Lake Dogodogo was conducted in 2022. The objective was to assess the physico-chemical quality of its waters to protect this fishery resource for the surrounding population from the lake. To achieve this, six sites were identified, four in littoral zone and two in pelagic zone based on different characteristics. Sampling was carried out during six monthes between 10 A.M. and 12 P.M. Parameters such as temperature, pH, electrical conductivity, and total dissolved solids were measured in situ using a multimeter device Consort C6010 with several specific probes. Dissolved oxygen, ammonium, nitrates, nitrites, phosphates, chemical oxygen demand, and biochemical oxygen demand over 5 days were analyzed in the laboratory following APHA and AFNOR methods. The results showed that the studied parameters varied spatially and temporally. Electrical conductivity values were high and varied in the same way as total dissolved solids. These two were positively correlated. Also BOD₅ and COD were positively correlated and the ratio COD/BOD₅ reveals the biodegradability of organic matter. In this study, the ratio ranged from 0.66 to 1.82, all below 2, indicating the lake’s pollutants are biodegradable. Nutrient concentrations were very low during the study period due to their absorption by aquatic plants. Principal component analysis linked the parameters and sites to identify those with similar environmental conditions. Understanding these abiotic conditions helped assess the ecological balance of this vital aquatic ecosystem. The Organic Pollution Index indicated that the waters fall into the "high organic pollution" category. Overall, the lake’s degradation is not alarming, but it is subject to pollution from agricultural sources such as phosphorus and nitrogen. Hence, there is a need to protect this lake and its organisms for the benefit of the surrounding population.
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1. INTRODUCTION
Water is essential for the proper functioning of any aquatic ecosystem. It is a vital resource and therefore deserves special attention, as it is highly altered and threatened by human activities (Makhoukh et al., 2011). Indeed, population growth, accompanied by rapid urbanization and technological progress, causes numerous disturbances to natural environments (Michael & Kinney, 2002). This results in the release of pollutants that can affect the physico-chemical and biological quality of aquatic receiving environments (Mullis et al., 1997), and consequently impact water uses (drinking water supply, swimming, etc.) (Burton & Pitt, 2001).
Pollution sources can lead to the deterioration of water quality when the natural protection of the receiving environment is not ensured. Additionally, wastewater from communities enriched in organic matter (Ibrahim & Al-Fifi, 2010; Ngounouno et al., 2021) also contributes.
In rural areas, water is subject to pollution from agricultural sources due to the use of pesticides, fertilizers, and livestock organic waste. As a result, biodiversity decreases and water bodies may disappear (Fofana et al., 2019). These changes significantly affect trophic networks (Lacroix & Danger, 2008).
In five years optical methods (UV-visible spectroscopy, fluorescence) have been proposed to better understand the composition of the dissolved fraction of certain substances and link them to the quality of water bodies and the pressures they face (Assaad, 2019). These methods are now used to assess water pollution. Pollution is an environmental issue due to various discharges into lakes. Untreated domestic wastewater, as well as household waste, whether liquid or solid, represents the main source of organic water pollution. These lead to the degradation of both surface and groundwater quality (Mullis et al., 1997). Agricultural activities and the organic and dissolved substance loads from domestic effluents contribute to changes in the composition of water in aquatic environments (Côté et al., 2002).
Burundi, through its commitments and water code Law No. 1/02 of March 26, 2012) has established legislation to protect the environment and biodiversity in general, and to limit water pollution, especially in Lake Tanganyika (Niyoyitungiye, 2020). Burundi has many lakes under anthropogenic pressure. Lake Dogodogo is one of the aquatic ecosystems located in the northwest of the country in Cibitoke Province. It is shallow and subject to pressure for goods and services. It is mainly bordered by rice (Oryza sativa), maize (Zea mays), sorghum, cassava (Manihot esculenta) cultivation, and phragmites are visible along its edges. Its waters receive various types of agricultural fertilizers from soil amendments and pesticides used to control plant pests (Wetzel, 2001). These substances discharged into the lake alter the physico-chemical composition of the water and impact the lake’s biodiversity, particularly microorganisms and fish. Moreover, it may also affect its use for drinking water supply to the surrounding population (WHO, 2004). To our knowledge, no study has yet been conducted on the physico-chemistry of its waters to predict the impact on its biodiversity. The present study was initiated to provide a preliminary assessment of the physico-chemical composition of its waters and draw conclusions for better decision-making. The objective was to evaluate the physico-chemical quality of its waters with a view to protecting this fishery resource, a source of protein for the surrounding population.
2. MATERIALS AND METHODS
2.1. Description of the Study Area
Lake Dogodogo is located in the northwest of Burundi, in Cibitoke Province, within the Imbo plain. It lies at 2°50′23.00″ South latitude and 29°05′52.00″ East longitude, at an altitude of 910 meters. It is a recent reservoir lake located 67 km from Bujumbura, the economic capital of Burundi, and 4 km south of the administrative center of Rugombo commune, along the right side of National Road 5. This is the westernmost and lowest-altitude region in Burundi (Allison et al., 2000).
Lake Dogodogo covers an area of 80 hectares. In fact, it is a large pond whose surrounding wetlands are marshy and cover nearly 450 hectares. The soil is clay-sandy. It is characterized by aquatic vegetation composed of water lilies and nymphaeas. It has a remarkable algal flora and a few fish species. The lake shores are invaded by Phragmites mauritianus, Typha domingensis, and tall grasses floating on the water. Its biodiversity also includes aquatic birds such as ducks.
Location of Sampling Stations
To properly conduct the study, six (06) stations were selected based on their characteristics (Figure 1). Four stations (St1, St2, St3, and St4) were chosen in the littoral zone, and two others (St5 and St6) in the pelagic zone.
· The first station, St1 (coordinates: S 2.84191; E 29.09506; altitude: 912 m), is located just before the lake’s water flows out into the drainage canal toward the Rusizi River. It was selected to assess the condition of the lake at its outlet.
· The second station, St2 (coordinates: S 2.84312; E 29.09919; altitude: 913 m), lies to the right of station St1, near rice fields. It was chosen to evaluate the impact of agricultural activities on the lake’s waters.
· Stations St3 and St4, with coordinates (St3: S 2.83797; E 29.09956; altitude: 914 m) and (St4: S 2.83543; E 29.09529; altitude: 910 m), are located a few meters downstream of irrigation canals feeding water from rice fields. Station St4 is to the left of St3 and was selected near the docking zone for small fishing boats. Stations St3 and St4 were chosen to assess the influence of water inputs on nutrient levels.
· Station St5 (S 2.83949; E 29.09763; altitude: 913 m) and St6 (S 2.83689; E 29.09626; altitude: 912 m) are located in the middle of the lake, in the pelagic zone. These two stations were chosen to assess the distribution of nutrient concentrations potentially responsible for pollution.
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Figure 1: Location of Lake Dogodogo and the Sampling Stations
2.2. Sampling 
Sampling was carried out during six months from March 23 to August 9, 2022. The rainy period covers the months march, April and May. The dry period covers the months June, July and August. Each sampling was done between 8:00 and 11:00 A.M. Water was collected vertically and samples were placed in 1.5-liter bottles at all six sampling sites. These bottles were pre-rinsed with lake water and then filled completely to avoid air bubbles. The collected samples were immediately stored in black plastic bags and transported to the laboratory to prevent possible reactions before analysis. They were then refrigerated at 4°C for the analysis of physico-chemical parameters that were not measured in situ. A total of eight sampling rounds were conducted during the period, resulting in 48 samples.
In situ parameters measured included pH, temperature, transparency, electrical conductivity (EC), and total dissolved solids (TDS). Other parameters such as dissolved oxygen, ammonium, nitrates, nitrites, phosphates, chemical oxygen demand (COD), and biochemical oxygen demand over 5 days (BOD₅) were analyzed at the Laboratory of Chemistry and Environmental Analyses (LCAE).
2.3. In Situ Measurement of Physico-chemical Parameters
Transparency was measured using a Secchi disk attached to a rope. The exact depth at which the disk disappears from sight was measured using a graduated measuring tape in centimeters. Three readings were taken and their average was considered. Temperature, pH, electrical conductivity, and TDS were measured using a Consort C6010 electrochemical multiparameter analyzer, equipped with specific probes for each parameter. These probes were directly immersed in the water and readings were recorded once the values stabilized on the screen.
2.4. Laboratory Analysis of Physico-chemical Parameters
Dissolved oxygen, ammonium ions, nitrite ions, nitrate ions, phosphate ions, chemical oxygen demand (COD), and biochemical oxygen demand (BOD₅) were determined according to APHA and AFNOR methods (Rodier, 2005) at the Laboratory of Chemistry and Environmental Analyses (LCAE) of the University of Burundi.
2.5. Determination of the Organic Pollution Index
The Organic Pollution Index (OPI) by Leclercq (2001) was used to evaluate the organic load in the lake. The principle of the OPI is to classify pollutant element values into five classes (Table 1). This index is obtained using the values of ammonium, nitrites, BOD₅, and phosphates. Each parameter's values are categorized into five pollution classes based on the average values from the study, and the final OPI is the average of these four class numbers.
Table 1: Class Limits for the Organic Pollution Index (Leclercq, 2001)
	Parameters
	Class 5
	Class 4
	Class 3
	Class 2
	Class 1

	BOD₅ (mg O₂/L)
	< 2
	2.1 – 5
	5.1 – 10
	10.1 – 15
	> 15

	Ammonium (mg/L)
	< 0.1
	0.1 – 0.9
	1.0 – 2.4
	2.5 – 6.0
	> 6.0

	Nitrites (µg/L)
	< 5
	6 – 10
	11 – 50
	50 – 150
	> 150

	Orthophosphates (µg/L)
	< 15
	16 – 75
	76 – 250
	251 – 900
	> 900


OPI = Average of the pollution class numbers for the 4 parameters:
· 5.0 – 4.6 : No organic pollution
· 4.5 – 4.0 : Low organic pollution
· 3.9 – 3.0 : Moderate organic pollution
· 2.9 – 2.0 : High organic pollution
· 1.9 – 1.0 : Very high organic pollution


2.6. Statistical Analysis
Analysis of variance at a significance threshold of p < 0.05 was performed using SPSS software. The averages of the physico-chemical parameters across different stations and dates were also calculated. A Principal Component Analysis (PCA) was applied to all abiotic parameters to establish relationships between parameters and sampling sites and to better assess water quality. For this, XLSTAT software was used. The objective was to analyze correlations between the studied variables and the sampling stations to understand their spatial distribution.







3. RESULTS
3.1. Spatial Variation of Some Physico-chemical Parameters
A spatial variation of some physico-chemical parameters is presented (Table 2). The highest average temperature was recorded at station 4, and the lowest at station 2. For pH, the highest average was noted at station 3, and the lowest at station 1. Dissolved oxygen was highest at station 2 and lowest at station 1. Electrical conductivity was highest at station 2 and lowest at station 5. TDS values followed the same pattern. The highest average transparency was observed at station 2 and the lowest at station 3. 
Ammonium ions had the highest mean at station 3 and the lowest at station 5. Similarly, nitrite ions peaked at station 3 and were lowest at station 2. Nitrate ions were highest at station 2 and lowest at station 4. Phosphates were consistently low and equal across all stations. The highest averages for COD and BOD₅ were recorded at station 6, and the lowest at station 3. Transparency and BOD₅ varied significantly (P < 0.05), while the other parameters did not show significant differences (P > 0.05).
Table 2: Spatial Variation of Some Physico-chemical Parameters
	Parameters
	St1
	St2
	St3
	St4
	St5
	St6
	Mean
	Sig.

	T°
	25,98±0,62
	25,94±1,07
	26,24±0,85
	26,76±1,80
	26,17±1,05
	26,13±1,28
	26,23±1,14
	NS

	pH
	7,66±0,51
	7,81±0,46
	7,92±0,47
	7,78±0,50
	7,86±0,58
	7,9±0,43
	7,82±0,47
	NS

	DO (mgO2/l)
	4,49±1,70
	5,24±2,46
	5,07±1,54
	5,06±2,25
	4,87±1,89
	5,18±1,19
	4,98±1,80
	NS

	EC (µS/cm)
	279,34±105,76
	288,58±87,67
	274,09±106,06
	274,62±104,58
	271,27±103,64
	272,92±104,06
	276,8±96,76
	NS

	TDS (mg/l)
	143,65±57,83
	152,47±46,74
	146,41±57,08
	146,81±56,89
	147,94±54,19
	145,72±56,78
	147,17±52,11
	NS

	Trans. (cm)
	62,84±11,80
	91,35±12,03
	62±14,70
	75,01±18,46
	65,49±13,11
	64,76±18,22
	70,57±17,53
	S

	NH4+ (mg/l)
	0,52±0,22
	0,47±0,22
	0,59±0,28
	0,43±0,14
	0,38±0,8
	0,54±0,15
	0,49±0,20
	NS

	NO2- (mg/l)
	0,17±0,06
	0,16±0,07
	0,32±0,25
	0,24±0,19
	0,25±0,21
	0,24±0,24
	0,24±0,20
	NS

	NO3- (mg/l)
	0,13±0,13
	0,22±0,32
	0,09±0,09
	0,08±0,09
	0,1±0,11
	0,14±0,17
	0,13±0,25
	NS

	PO43- (mg/l)
	0,0013±0,003
	0,0013±0,003
	0,0013±0,003
	0,0013±0,003
	0,0013±0,003
	0,0013±0,003
	0,0013±0,003
	NS

	COD (mgO2/l)
	60,27±38,33
	59,26±42,83
	48,59±38,89
	74,87±41,61
	58,76±35,57
	90,15±96,65
	65,32±52,46
	NS

	BOD5 (mgO2/l)
	40,16±3,8
	39,36±1,42
	30,82±1,81
	51,84±1,16
	38,75±2,12
	64,08±3,23
	44,17±11,17
	S


Legend: Sig. = Significance, NS = Not significant at P < 0.05, S = Significant at p < 0.05, T° = Temperature, EC = Electrical Conductivity, Trans.=Transparency, TDS = Total Dissolved Solids, COD = Chemical Oxygen Demand, BOD₅ = Biochemical Oxygen Demand after 5 days
3.2. Temporal Variation of Some Physico-chemical Parameters
Temporal variation in environmental variables is shown (Table 3). The highest average temperature was recorded on May 5, and the lowest on July 5. The highest pH was noted on August 9, and the lowest on June 14. Dissolved oxygen peaked on May 25 and was lowest on March 23. Electrical conductivity was highest on August 9 and lowest on April 14. TDS followed the same pattern. Transparency was highest on July 21 and lowest on May 5.
Ammonium ions peaked on May 25 and were lowest on March 23. No nitrate values were recorded on June 14 and July 21, but the highest mean occurred on March 23. Nitrites peaked on March 23 and were lowest on July 21. Phosphates were only detected on March 23 and July 5. COD was highest on March 23 and lowest on July 21. BOD₅ peaked on April 14 and was lowest on May 25. All parameters varied significantly over time (p < 0.05), except BOD₅ which did not show significant variation (p > 0.05).
Table 3: Temporal Variation of Some Physico-chemical Parameters
	Parameters
	23/03/2022
	14/04/2022
	05/05/2022
	25/05/2022
	14/06/2022
	05/07/2022
	21/07/2022
	09/08/2022
	Mean
	Sig.

	T°
	26,57±0,24
	26,35±0,29
	27,92±1,55
	27,23±0,69
	25,87±0,57
	24,88±0,23
	25,82±0,29
	25,18±0,35
	26,23±1,14
	NS

	pH
	7,73±0,19
	7,50±0,26
	7,80±0,20
	7,74±0,14
	7,04±0,23
	8,29±0,19
	8,18±0,12
	8,45±0,18
	7,84±0,47
	NS

	DO (mgO2/l)
	1,71±1,06
	6,37±0,91
	6,50±0,52
	6,55±0,53
	3,37±0,56
	5,26±1,43
	5,5±0,64
	4,62±0,81
	4,98±1,80
	S

	EC (µS/cm)
	190,5±13,75
	188,26±11,89
	192,99±13,6
	192,9±15,24
	264,5±9,01
	368,97±10,19
	403,65±2,71
	412,67±2,48
	276,8±96,76
	S

	TDS (mg/l)
	101,45±6,25
	101,87±8,18
	101,80±6,67
	102,55±6,96
	135,83±6,91
	195,97±4,71
	214,8±1,17
	223,07±4,09
	147,17±52,1
	S

	Trans.(cm)
	71,38±12,11
	73,12±12,44
	50,63±17,59
	51,45±17,48
	82,5±10,41
	84,07±11,22
	84,91±11,05
	66,54±5,92
	70,57±17,53
	S

	NH4+ (mg/l)
	0,26±0,20
	0,65±0,20
	0,66±0,2
	0,67±0,2
	0,41±0,05
	0,37±0,06
	0,43±0,06
	0,46±0,05
	0,49±0,2
	S

	NO3- (mg/l)
	0,32±0,29
	0,11±0,07
	0,20±0,09
	0,2±0,08
	0,00±0,00
	0,04±0,08
	0,00±0,00
	0,02±0,04
	0,11±0,16
	S

	NO2- (mg/l)
	0,70±0,11
	0,21±0,11
	0,22±0,11
	0,22±0,11
	0,16±0,06
	0,16±0,6
	0,1±0,01
	0,17±0,17
	0,24±0,2
	S

	PO43- (mg/l)
	0,007±0,002
	0,00±0,000
	0,00±0,000
	0,00±0,000
	0,00±0,00
	0,001±0,002
	0,00±0,00
	0,00±0,00
	0,001±0,002
	S

	COD (mgO2/l)
	170,10±69,4
	75,75±26,66
	76,27±22,19
	75,53±21,91
	45,05±12,47
	44,6±12,4
	44±13,68
	45±11,08
	72,03±52,46
	S

	BOD5 (mgO2/l)
	45,00±12,18
	45,44±8,07
	45±11,92
	41,44±12,02
	32,69±3,39
	32,06±5,29
	29,14±9,07
	31±9,34
	37,07±10,97
	S



Sig: significance, NS: not significant at (p<0.05); S: significant at p<0.05
3.3. Relationship Between Physico-chemical Parameters and Sampling Sites
To establish a relationship between physico-chemical parameters and sampling sites, a Principal Component Analysis (PCA) was performed on all abiotic parameters. The correlation circle (Figure 2) represents the projection of the initial variables on a two-dimensional plane formed by the first and third factors (F1 and F3). These two factorial axes explain 99.55% and 0.09% of the total variability respectively, providing a cumulative 99.64% of the total variance. For better interpretability, a projection on axes 1 and 3 is recommended.
The sites are distant from the center of the graph and close to each other. The analysis grouped sites 2 and 4, which share almost the same environmental conditions. Similarly, sites 1, 3, 5, and 6 also appear to have similar environmental characteristics (Figure 2).
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Figure 2: Similarity between the Sampling Sites          Figure 3: Biplot Diagram Showing the Relationship Between Sampling Sites and Parameter Intensities
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Figure 4: Correlation between the physico-chemical variables
Figure 4 shows the correlation between the physico-chemical variables. Considering the distance between the origin of the axes (F1 × F3) and the position of each physico-chemical parameter, we observe that the parameters may form:
· Acute angles (α < 90°), indicating a positive correlation between the variables (e.g., TDS and EC, COD and transparency);
· Right angles (α = 90°), indicating no correlation between the variables (e.g., BOD₅ and temperature);
· Obtuse angles (90° < α < 180°), indicating a negative correlation between the variables (e.g., BOD₅ and TDS, dissolved oxygen and transparency). 
· The smaller the angle between two variables, the stronger the correlation between them.
Figure 3 shows the relationships between the physico-chemical variables and how the sampling stations are described by these variables. The closer a variable is to a station, the higher its concentration at that site. For example, the highest value of transparency was recorded at station 2, while the lowest value was recorded at station 3.
3.4. Spatio-temporal Variation of Organic Pollution
Analysis of Table 4 shows that the calculated Organic Pollution Index (OPI) varied both spatially and temporally. The highest OPI values were recorded on July 5 and July 21 at all sampling stations. The value remained high at Station 2 for almost the entire analysis period, except on March 23. The calculated average OPI values ranged from 2.81 to 2.97, recorded at Station 3 and Station 2, respectively. This indicates that the waters fall within the same pollution class, corresponding to high organic pollution, within the range of 2–2.9 (based on Table 1).
Table 4: Spatio-temporal Variation of the Organic Pollution Index (OPI)
	
	23/3
	14/4
	5/5
	25/5
	14/6
	5/7
	21/7
	9/8
	Avg.
	SD

	St1
	2.75
	2.75
	2.75
	2.75
	2.69
	3
	3
	3
	2.84
	0.13

	St2
	2.75
	3
	3
	3
	3
	3
	3
	3
	2.97
	0.08

	St3
	2.75
	2.75
	2.75
	2.75
	2.75
	3
	3
	2.75
	2.81
	0.11

	St4
	3
	2.75
	2.75
	2.75
	2.75
	3
	3
	2.75
	2.84
	0.12

	St5
	2.75
	2.75
	2.75
	2.75
	3
	3
	3
	2.75
	2.84
	0.12

	St6
	2.75
	3
	3
	3
	2.75
	2.75
	3
	3
	2.91
	0.12


Avg.: Average, SD: Standard Deviation
4. DISCUSSION 
The quality of Lake Dogodogo's water was assessed using several physicochemical parameters. Anthropogenic activities such agriculture affect surface water, leading to environmental and health issues (Adjagodo et al., 2016). Most measured parameters showed relatively stable values, except for transparency and BOD₅, which varied significantly across stations. This variation is linked to the rock type, as the lake is fed by groundwater. Temporal variation was significant for all parameters except BOD₅, likely due to human activities during rainy and dry seasons that alter the chemical composition of water. 
Temperature varied over time but remained stable across stations due to their proximity each others. Similar results were reported in other ecosystems (Buhungu et al., 2018). This is explained by the lake's location in a hot region and the sampling periods. Such temperature variations are normal and do not harm aquatic organisms. Temperature influences gas solubility (like dissolved oxygen) and salt dissociation (Villeneuve et al., 2006; Rodier et al., 2005). It also promotes chemical and biochemical reactions and the growth of aquatic organisms, especially microorganisms (Chapman, 2021). Sudden temperature changes can disrupt aquatic ecosystem balance (Haddad & Ghoualem, 2014). Water temperature influences aquatic biological processes (WHO, 1987; Kadlec & Reddy, 2001). Temperatures between 25°C and 30°C are favorable for fish growth (Tfeil et al., 2018). The observed values fall within this range.
The water had an alkaline pH that increased from the rainy to the dry season. During rains, acidic gases lower pH, making water more acidic (Jia et al., 2019). In this study, pH remained basic and stable due to station proximity. The basic nature in the dry season may result from evaporation increasing dissolved salt concentration (Kouassi & Adingra, 2005), and from bicarbonate dissolution during photosynthesis. Recorded pH values are within WHO acceptable limits (6.5–9.5), allowing for optimal life development.
Dissolved oxygen (DO) decreased as temperature increased a well-known correlation (Villeneuve et al., 2006). DO was lower during the dry season, likely due to microbial respiration and organic matter degradation. Buhungu et al. (2018) reported similar observations in the Kinyankonge River. Organic matter oxidation depletes oxygen. Climate also affects DO levels (De Villers et al., 2005).
Electrical Conductivity (EC) didn’t vary significantly across stations but was higher in the dry season. EC reflects overall mineralization and indicates salinity. Lower EC during the rainy season results from dilution by rainwater (N’Diaye et al., 2014). This trend aligns with the study results.
Total Dissolved Solids (TDS) represent total mineralization (Kambiré et al., 2014). EC and TDS are positively correlated, both increase together. Similar results were found by Buhungu et al. (2018). TDS remained below 500 mg/L, favorable for fish farming (Charkhabi & Sakizadeh, 2006).
Transparency was low in most stations, indicating the presence of colloidal compounds (clay, rock debris, decomposing microorganisms) increasing turbidity and limiting photosynthesis. High suspended solids reduce water clarity (Viaho et al., 2020). Clearer water enhances light penetration and photosynthesis (Buhungu et al., 2018). Transparency increased in the dry season and decreased during rains.
Ammonium ions remained low due to reduced activities producing them. They originate naturally from incomplete decomposition of organic matter. Ammonium levels were slightly above standards, possibly due to fish farming using organic feeds. Decomposition of aquatic plants and animal matter also contributes. Tremblay (1995), Mouly et al. (2009) state ammonium arises from anaerobic decomposition of nitrogenous organic matter, typically between 0.1 and 0.2 mg/L.
Nitrites result from incomplete oxidation of ammonium or reduction of nitrates by denitrifying bacteria (Dib, 2010). Water containing nitrites is considered microbiologically suspect (Rodier, 2005). Observed levels were potentially lethal, especially to young fish.
Nitrates are the final oxidation product of nitrogenous organic matter. Natural water typically has 1–10 mg/L. In this study, nitrate levels were very low, likely absorbed by aquatic plants. In low oxygen conditions, nitrates serve as oxygen donors for aquatic microbes (Makhoukh et al., 2011). Recorded levels are below international standards (50 mg/L), indicating low nitrate pollution risk.
Phosphates are easily fixed by soils and originate from the terrain and decomposition of organic matter or bedrock (Soro et al., 2021). Recorded phosphate levels were low, likely due to plant uptake. This supports the theory by Stone & Thomforde (2004), which recommends ≤0.06 mg/L for aquaculture. Nitrogen and phosphorus are key nutrients for primary production (Ravindra et al., 2003). Their high concentrations in the rainy season come from anthropogenic inputs and natural processes (Soro et al., 2021). Excess nutrients can cause lake eutrophication, though the current study shows no such risk.
COD (Chemical Oxygen Demand) reflects all oxidizable substances in water, including minerals and organics. High values indicate high concentrations of such materials, as observed in Lake Nokoué by Dovonou et al. (2011).
BOD₅ (Biochemical Oxygen Demand) measures the oxygen consumed in 5 days at 20°C in the dark by aquatic microorganisms. It indicates the level of organic pollution (McCarty et al., 2003). COD and BOD₅ are closely related. The COD/BOD₅ ratio reveals the biodegradability of organic matter. In this study, the ratio ranged from 0.66 to 1.82, all below 2, indicating the lake’s pollutants are biodegradable. COD and BOD₅ were positively correlated (Yapo et al., 2009), except on March 23, when non-biodegradable substances, likely from fertilized rice fields, entered the lake.
Regarding the organic pollution index, values remained within acceptable limits, indicating high organic pollution. This reflects an enrichment of the lake in organic matter, suggesting low agricultural degradation based on the observed physicochemical values.
CONCLUSION
This study assessed the physicochemical quality of Lake Dogodogo’s water to propose protective measures for this ecologically important fishery resource. Most parameter concentrations remained within international surface water discharge standards. Nutrient levels were low throughout the sampling period due to plant uptake. The organic pollution index indicated high organic pollution, reflecting enrichment in organic matter. Thus, the lake is undergoing slight agricultural degradation. For sustainable management, protecting this resource from harmful impacts is essential, especially given its role in supporting fish populations and providing protein to nearby communities.
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