


EVALUATION OF THE PHYSICOCHEMICAL QUALITY OF INDUSTRIAL EFFLUENTS IN THE CITY OF MOUNDOU IN SOUTHERN CHAD



Abstract
The majority of garbage that is dumped into the environment is the consequence of industrial activity, and this waste contains toxic and dangerous substances that have properties. Untreated industrial effluents have repeatedly affected the environment and human health. This study focused on the qualitative assessment of industrial effluents from the city of Moundou discharged into the Logone River. The objective was to determine the physicochemical quality of effluents from Cotontchad, the central slaughterhouse, and Brasseries du Tchad (BDT) and their impact on the Logone River. The pH, temperature, and electrical conductivity were measured in situ. Physicochemical parameters such as COD, BOD5, NO3-, PO43-, SO42-, and heavy metals (Cu, Cd, Pb, Zn, Cr, Fe) were analyzed using spectrophotometric methods. The results are compared with the World Health Organization (WHO) discharge standards. Most of the parameters determined exceed the discharge standards: pH (12.6), electrical conductivity (4270μS/cm), organic matter: COD (1200 mg/L), SO4 (1280 mg/L), PO4 (4460 mg/L), NO3 (63.6 mg/L), Fe (63.34 mg/L), Zn (13.27 mg/L), Pb (4.0 mg/L), Cu (25.34 mg/L), Cd (31.78 mg/L), Cr (5.9 mg/L), Ni (39.5 mg/L). The results obtained revealed a high organic and inorganic load from the discharges of these industries. This shows that industrial effluents from the city of Moundou contribute to the pollution of the Logone River. The industrial effluents received by the Logone River are characterized by significant pollution, which is due to the use of chemicals by manufacturers in the production and manufacturing stages. Finally, based on the results we have found, we propose some solutions on how to eliminate industrial effluents. 
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INTRODUCTION 
Environmental sustainability is the practice of preserving the environment for future generations while reducing emissions and protecting natural resources. Social factors play a role in sustainability. Sustainable development can only be realized in a community that feels accountable for it, recognizes the difficulties, and is willing to live with the results of taking the right steps. The primary responsibility of the wastewater treatment system is to safeguard aquatic life. Low-cost wastewater treatment technologies must be used for this policy to be put into action. The efficiency of wastewater treatment is increased, energy consumption is simultaneously decreased (lowering CO2 emissions), and waste formation is minimized. Additionally, because the neighborhood is subjected to the negative impacts of the wastewater treatment plant's work, awareness of the issue there must be growing as well. The expense of wastewater treatment and the environmental advantages of reducing water pollution should be balanced in order to discover the optimal path toward sustainable regional development (Gökçekuş et al., 2023 ; Faouzi et al., 2023). Water, as an essential element for life, faces considerable challenges due to massive pollution resulting from human activities. This pollution seriously compromises aquatic habitats and water quality, which is a vital resource for all living organisms (Berremdane and Belerhmi, 2024). Due to the intensification of anthropogenic activities, population growth (Jayaswal et al., 2018), and increased use of agricultural, industrial, and agro-industrial inputs (Monique, 2021), water has become a receptor and vector for many pollutants of various origins. Preserving water quality is therefore crucial to maintaining the health of aquatic ecosystems and ensuring the availability of a resource that is essential to life (Charles et al., 2018; Rahma, 2024). However, universal access to adequate water, hygiene, and sanitation services has become a major concern for humanity as a whole, to the point where international bodies have included it in the development goals as an indicator of sustainable development worldwide by 2030 (SDGs, 2016; UNICEF, 2017), with a view to ending water contamination and the spread of waterborne diseases (UN, 2017).
Nature, wildlife, and flora are increasingly suffering the consequences of pollution generated by industrial development and population growth. (Belabed et al., 2017; Mateo-Sagasta et al., 2018). Water pollution affecting rivers, seas, groundwater, and lakes is the result of wastewater being discharged into the environment without treatment or with insufficient treatment, leading to habitat degradation and disruption of the ecosystem balance (Colin et al., 2016).
I. Materials and methods 
I.1. Area study 
Covering an area of 2,200 hectares, the city of Moundou is a cosmopolitan agglomeration with a population of 150,115 according to the General Population and Housing Census (RGPH) (INSEED, 2009). The economic capital of Chad, Moundou is the capital of the Lac Wey department in the Logone Occidental region (Figure 1). It is a key urban area located on the main road connecting the southern cities to the capital N'Djamena, 500 kilometers away. It is bounded by 16° 02' and 16° 12' east longitude and 8° 51' and 8° 60' north latitude. The town is confined between three waterways: the Logone River to the south, Lake Wey to the west, and Lake Taba to the east. The city of Moundou is connected to Cameroon via the paved road to Touboro. Thanks to its economic dynamism, this city is undergoing rapid expansion towards the northwest (BANDE, 2015).
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Figure 1: Map showing the location of the study area, a-Map of Chad, b-Map of Western Logone, c-City of Moundou (source: P-SIDRAT, Topographic Map of Moundou at 1:200,000). 

I.2. Sample collection and preparation
I.2.1. Location of sampling points
The composition of effluents varies to a greater or lesser extent depending on the day, month, and season. Given this variability, as well as that of the transfer and dilution systems, it was difficult to use a satisfactory sampling technique, and instantaneous sampling was used, which has the advantage of reducing the risks of precipitation, adsorption, concentration, or evaporation. In order to assess the impact of industrial effluents on the river.
Five sampling periods were carried out during this study in 2024. The sampling stations are referred to by acronyms (COTEXU, BRAEXU, and ABAEXU) to determine the quality of the effluents before they are discharged into the Logone River (Figure 2). The acronyms are linked to the name of the sampling location relative to the location mentioned.
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Figure 2: Location of the main industrial discharge sampling points.
There are three (3) discharge points (Figure 2): COTEXU (the outlet of the Cotontchad factory, where all wastewater is discharged); BRAEXU (the outlet of the Brasseries du Tchad (BDT) at the wastewater discharge point); ABAEXU (located near the discharge point of the Moundou central slaughterhouse, where large quantities of blood mix with debris wash water).
I.2.2. Sampling
Samples were taken on May 30, July 12, and December 8, 12, and 16, 2024, for analysis of physicochemical parameters. 
I.3. Methods
Industrial effluents were collected in 1.5L polyethylene bottles that had been washed with detergent, rinsed with 1% nitric acid, and thoroughly rinsed with distilled water. Certain parameters were measured in situ (pH, temperature, electrical conductivity, dissolved oxygen) using a WTW conductivity meter (cond 315 i). The samples were transported to the Water and Environment Laboratory (LABEEN) at the University of N'Djamena in a cooler at a temperature of 4°C. 
Chemical oxygen demand (COD) was determined using the potassium dichromate (K2Cr2O7) reactor digestion method at a temperature of 150°C after 2 hours of heating. The measurement was performed using a DR/2400 spectrophotometer at a wavelength of 620 nm (Hach, 1997). Biochemical oxygen demand (BOD5) was measured using a Trank Hach BOD meter. This method involves determining the amount of oxygen consumed after 5 days of incubation at 20°C in a diluted solution of the sample. The concentrations of anions (NO₃⁻, SO₄²⁻, PO₄³⁻) were determined using HACH LANGE DR/2400 spectrophotometers and Palintest 7100 UV-visible spectrophotometers at different wavelengths.
Statistical analyses were performed using Microsoft Office Excel (Microsoft 2010) and ANOVA (Statgraphic 16). 
II. Results and discussion 
II.1. Results
Analysis of physicochemical parameters 
The results of the physicochemical quality assessment of raw industrial effluents from: Brasseries du Tchad (BDT) Cotontchad and the central slaughterhouse in the city of Moundou are presented in Table 1. 


Table 1: The results of the analyses of physicochemical parameters are presented in the table below.
	Seasonal values

	Parameters
	Dry season (May 2024)
	Rainy season  (July 2024)
	WHO standard 2017

	
	BRAEXU
	COTEXU
	ABAEXU
	BRAEXU
	COTEXU
	ABAEXU
	

	Ph
	4.57
	12.60
	6.34
	11.50
	7.33
	6.40
	6.5-8.5

	Temp (°C)
	37.5
	27.5
	25.7
	37.8
	25.0
	24.6
	< 30

	Con.µS/cm
	466
	4540
	4270
	1552
	348
	-
	1000

	BOD5 (mg/L)
	282
	518
	614
	626
	1070
	621
	< 30

	COD (mg/L)
	923
	1200
	801
	98
	1000
	-
	< 90

	COD/BOD5
	3.27
	2.32
	1.30
	0.16
	0.93
	-
	3

	NO3 (mg/L)
	22.5
	63.6
	53.1
	7.2
	14.1
	-
	< 1

	PO4 (mg/L)
	185
	548
	904
	1.78
	2.33
	-
	< 2

	SO4 (mg/L)
	45
	1280
	490
	55
	150
	-
	250

	Cd  (mg/L)
	0.330
	7.667
	-
	0.0138
	0.0660
	31.78
	0.1

	Pb (mg/L)
	0.480
	1.90
	0.018
	0.002
	0.102
	-
	0.1

	Zn (mg/L)
	0.98
	3.0
	9.3
	1.05
	2.87
	11.24
	0.5

	Cu (mg/L)
	1.20
	18.5
	18.0
	-
	-
	22.6
	0.02

	Cr (mg/L)
	0.32
	0.55
	4.2
	0.39
	0.71
	5.96
	0.01

	Fe (mg/L)
	8.40
	62.0
	50
	4.36
	7.74
	63.34
	0.3


II.2. Discussion
Hydrogen potential (pH)
pH is a measure of the concentration of hydrogen ions in water, providing an indication of the acidity, neutrality, or basicity of a solution (Khan and Jhariya, 2017). The pH of effluents from industrial units in the city of Moundou varies between 4.57 and 12.6. For effluents from Brasseries du Tchad (BDT), pH values range from 4.57 in the dry season (May) to 11.5 in the rainy season (July), with an average of 9.59. The basic pH values (pH > 7) are due to the discharge of caustic soda used to wash machines and bottles. These average pH values do not agree with those found by Umar and Chidi (2017). According to Begum et al., 2009, the high pH value indicates the presence of carbonates and calcium in the water. The pH of the effluents from the Cotontchad factory ranges from 12.60 in the dry season (May) to 7.33 in the rainy season (July), with an average of 9.12. This high value explains the excessive use of soda, detergents, and other chemicals. For effluents from the Moundou central slaughterhouse, the pH values recorded range from 6.34 in the dry season (May) to 6.40 in the rainy season (July). The latter shows that slaughterhouse effluent is neutral. This is attributed to the drinking water used for processing carcasses and blood, which has a neutral pH. Our results are lower than those (8.18) reported by El Guamri et al. (2008) for effluents from the slaughterhouse in the city of Kenitra, Morocco. The WHO recommends a guideline value between 6.5 and 8.5. 
Temperature 
Temperature is an important ecological factor for aquatic environments. It is linked to seasonal and daily variations in ambient temperature and to discharges from anthropogenic activities (cooling water). It plays a very important role in the solubility of salts and especially gases (Rodier, 2009). Its disruption can influence aquatic life (thermal pollution). The temperatures recorded in industrial effluents vary between 24.4°C and 37.8°C for both seasons. For effluents from Brasseries du Tchad (BDT), average temperatures vary from 37.5°C in the dry season (May) to 37.8°C in the rainy season (July), with an average of 36.65°C. For Cotontchad, temperatures range from 27.5°C in the dry season (May) to 25.0°C in the rainy season (July) with an average of 26.25°C. Finally, for the slaughterhouse, the temperature is 24.4°C in the dry season (May). These high temperature values are similar to those found by Alaki-Issi Massimapton SEMA et al. (2019). The WHO recommends a limit value of 30°C for discharge. The temperature of the effluents from Brasserie du Tchad (BDT) exceeds the standard. They use hot water for pasteurization, washing, and rinsing bottles in hot water. These high temperatures pose a risk of thermal pollution for the receiving environment, but are beneficial for biological wastewater and sludge treatment processes, as they contribute to increasing the rate of organic matter degradation (Benyakhlef et al. 2011). 
Electrical conductivity
Measuring electrical conductivity provides information on the salinity and mineralization of water. The electrical conductivity values measured in the effluents of the Chad Breweries (BDT) range from 466 µS/cm in the dry season (May) to 1552 µS/cm in the rainy season (July), with an average of 1009 µS/cm. A value of 1525.13 µS/cm was found at the brewery in Ethiopia by Bizualem Wakuma (2017). Those of Cotontchad vary between 4540 µS/cm in the dry season (May) and 348 µS/cm in the rainy season (July), with an average of 2444 μS/cm. And a conductivity of 4270 μS/cm in the dry season (May) for slaughterhouse discharges (Table 1). A value of 963 µS/cm was found at the Niamey slaughterhouse by Adamou et al. (2020). Our results exceed WHO discharge standards (1000 µS/cm). This indicates high mineralization of industrial waste. The high electrical conductivity values are due to the presence of mineral salts in the wastewater.
Chemical Oxygen Demand
COD is used to assess the concentration of organic or mineral matter, dissolved or suspended in water, based on the amount of oxygen required for their total chemical oxidation. The COD content of brewery effluents varies from 923 mg O2/L in the dry season (May) to 98 mg O2/L in the rainy season (July), with an average of 510.5 mg O2/L. A value of 1265.47 mg O2/L was found at the Kara Brewery in Togo by Alaki - Issi Massimapatom SEMA et al. (2019). The values for Cotontchad's discharges vary between 1200 mg O2/L in the dry season (May) and 1000 mg O2/L in the rainy season (July), with an average of 1100 mg O2/L. A value of 801 mg O2/L was recorded in the dry season (May) for slaughterhouse effluents. These high values are due to the non-treatment of wastewater rich in non-biodegradable organic matter, which requires more dissolved oxygen for its chemical degradation. 
Biological Oxygen Demand BOD5
BOD5 is an expression used to indicate the amount of oxygen used to destroy decomposable organic matter through biochemical processes. The BOD5 values of effluents from breweries in Chad vary between 282 mg O2/L in the dry season (May) and 626 mg O2/L in the rainy season (July), with an average of 454 mg O2/L. Those of Cotontchad range from 518 mg O2/L in the dry season (May) to 1070 mg O2/L in the rainy season (July), with an average of 794 mg O2/L and a value of 614 mg O2/L in the dry season (May) for slaughterhouse discharges (Table 1). A value of 88 mg O2/L of BOD5 was found by Bizualem Wakuma (2017) for brewery discharges in Ethiopia. Our results exceed the limit of 30 mg O2/L recommended by the WHO. These high values are due to the lack of treatment of effluents, which are rich in organic matter and require more dissolved oxygen for their biodegradation. 
COD/BOD5 ratio
The COD/BOD5 ratio is important and can be used to determine whether industrial effluents discharged into receiving environments are biodegradable or not. If this ratio is less than 3 (ONEP 1998), this implies the presence of a large proportion of biodegradable matter and makes biological treatment a viable option. Conversely (BOD5/COD), a high value for this ratio indicates that a large proportion of the organic matter is not biodegradable and, in this case, it is preferable to consider physicochemical treatment. The results of this ratio indicate the importance of pollutants that are not readily biodegradable (Rodier, 1996). The effluent from the Cotontchad plant has an average COD/BOD5 ratio of 2.32 mg/L in the dry season (May) and 0.93 mg/L in the rainy season (July). The COD/BOD5 ratio is < 3, meaning that the pollution is biodegradable. The average COD/BOD5 ratio values obtained for the breweries vary between 3.27 mg/L in the dry season (May) and 0.16 in the rainy season (July). This ratio allows us to classify the effluents from Cotontchad as biodegradable, whereas the effluents from the breweries are not biodegradable. The COD/BOD5 ratio helps guide the choice of the most suitable treatment process (Metahri 2012).
Phosphate ion concentration (PO43-)
Phosphorus plays an important role in algae growth and can promote their proliferation in reservoirs, large-diameter pipes, and lakes, where it contributes to eutrophication. The phosphate ion concentrations in the brewery's effluents vary between 1.78 mg/L in the rainy season (July) and 622 mg/L in the dry season (May), with an average of 331.89 mg/L. Those of Cotontchad and the Moundou slaughterhouse vary between 2.33 mg/L in the rainy season (July) and 548 mg/L in the dry season (May), with an average of 275.165 mg/L and 904 mg/L in the dry season (May), respectively. A value of 42.45 mg/L was found by Bizualem Wakuma (2017) in brewery discharges in Ethiopia, and a value of 3.32 mg/L was recorded by Ngaram (2011) at the N'Djamena Brewery. In contrast, a value of 0.147 mg/L of phosphate ions was found at the Kenitra slaughterhouse in Morocco (El Guamri, et al., 2008). Our results are higher than the WHO standard (2 mg/L). In addition, phosphate ion concentrations are related to pH. The higher the pH, the higher the phosphate ion concentrations, which leads to eutrophication of the receiving environment. 
Concentration of sulfate ions (SO42-) 
Sulfates cause water hardness and therefore high levels are not recommended. In this study, the concentrations of ions (SO42-) in the brewery's effluents vary between 45 mg/L in the dry season (May) and 55 mg/L in the rainy season (July), with an average of 50 mg/L. Those of Cotontchad and the Moundou slaughterhouse vary between 1280 mg/L in the dry season (May) and 150 mg/L in July (rainy season) with an average of 715 mg/L and 490 mg/L in the dry season (May) for the slaughterhouse. A value of 1.68 mg/L was found in the effluent from the Lagos Brewery (Avemaria Obasi, 2017), which is lower than our results. The values found for Cotontchad and the slaughterhouse are higher than the permissible limit prescribed by the WHO, which is 250 mg/L.
Concentration of nitrate ions (NO3-)
Nitrogen (N) is used as a major indicator of organic pollution. It comes in two forms: organic (amino acids, proteins, etc.) and mineral (ammonium, nitrites, nitrates, etc.). The nitrate ion concentrations in brewery effluents vary between 22.5 mg/L in the dry season (May) and 7.2 mg/L in the rainy season (July), with an average of 14.85 mg/L. Those of Cotontchad and the Moundou slaughterhouse vary between 63.6 mg/L in the dry season (May) and 14.1 mg/L in the rainy season (July), with an average of 38.85 mg/L and 53.1 mg/L in the dry season (May). A value of 0.54 mg/L was obtained in the effluents from the Lagos Brewery in Nigeria (Avemaria Obasi, 2017). It can be seen that the values for the breweries in Chad are higher than those recorded by Avermaria Obasi (2017). A value of 5.60 mg/L was found in the effluent from the soap factory in Bafoussam, Cameroon, by Gouafo and Yerima (2012). Our nitrate ion (NO3-) concentration results are higher than the WHO standard (<1 mg/L). High concentrations can lead to excessive growth of algae and aquatic plants, causing eutrophication of aquatic environments.  
Heavy metals in industrial effluents in Moundou.
Iron 
Iron is widely used in metallurgy and has a variety of secondary uses in chemistry. In well-aerated waters, its concentration is rarely significant; however, in groundwater, high iron levels can be observed when solubilization conditions are met. Iron concentrations in the brewery's effluents vary between 8.40 mg/L in the dry season (May) and 4.36 mg/L in the rainy season (July), with an average of 12.76 mg/L. Those of Cotontchad and the Moundou slaughterhouse vary between 62 mg/L in the dry season (May) and 7.74 mg/L in the rainy season (July), with an average of 34.87 mg/L and 50 mg/L in the dry season (May) and 63.34 mg/L in the rainy season (July), with an average of 56.67 mg/L. Values of 8.40 mg/L were found in the brewery in Nigeria by Igbeneghu et al. (2013) and 1.90 mg/L were found for effluents from the N'Djamena slaughterhouse by Ngaram (2011). The WHO recommends a limit value of 3.00 mg/L. Our results are higher than the WHO limit. 
Zinc 
Metallic zinc, often found in effluents, can come from various industrial sources. Its presence can have environmental impacts, particularly on water quality and human health. The concentrations of Zn ions in the effluents of Brasseries du Tchad (BDT) vary between 0.98 mg/L in the dry season (May) and 1.05 mg/L in the rainy season (July), with an average of 1.015 mg/L. Those of Cotontchad and the Moundou slaughterhouse vary between 3.00 mg/L in the dry season (May) and 2.87 mg/L in the rainy season (July), with an average of 2.935 mg/L and 9.30 mg/L in the dry season (May). A value of 1.70 mg/L was found at the Ibadan slaughterhouse in Nigeria by Addy Jose Vershima et al. (2015), and 0.20 mg/L was found at the N'Djamena Brewery by Ngaram (2011). Our results exceed the WHO standard (1 mg/L). The results from Cotontchad and the slaughterhouse exceed the WHO limit, while the results found at the brewery are close to the WHO standard.
Lead 
Lead in water is anthropogenic in origin, resulting from pollution from large industries and mines (Adjahossou 2014), as well as corrosion of old pipes (Lavaine 2016). Lead ion concentrations in brewery effluents vary between 0.0480 mg/L in the dry season (May) and 0.002 mg/L in the rainy season (July), with an average of 0.049 mg/L. Those from Cotontchad and the Moundou slaughterhouse vary between 1.90 mg/L in the dry season (May) and 0.102 mg/L in the rainy season (July), with an average of 1.001 mg/L and 0.018 mg/L in the dry season (May). A value of 2.62 mg/L was obtained from the Bedelle Brewery in southwestern Ethiopia by Bizualem Wakuma (2017). Our results are close to the WHO recommended standard (0.05 mg/L), with the exception of Cotontchad (1.001 mg/L).
Copper 
Copper is a transition metal and a trace element that is essential to life in small quantities but toxic in larger quantities. A concentration of 1.20 mg/L of copper ions was recorded in the effluents of the Brasseries du Tchad (BDT) during the dry season (May). The concentration at Cotontchad was 18.50 mg/L during the dry season (May) and at the Moundou slaughterhouse it was 18.00 mg/L during the dry season (May). A value of 0.77 mg/L was obtained by Ermias Alayu et al. (2018) at the Ethiopian Brewery. Our results obtained from Cotontchad and the slaughterhouse are very high compared to the standard (0.2 mg/L) recommended by the WHO. This has consequences for aquatic fauna and flora. 
Cadmium
Cadmium poses a serious problem for the environment, and industry can be considered the main source of the spread of this metal. The toxicity of cadmium does not depend on its concentration but on its chemical forms and its behavior in different environmental compartments (water, air, soil). Cadmium levels in brewery effluents and Cotontchad vary between 0.330 mg/L in the dry season (May) and 0.0138 mg/L in the rainy season (July), with an average of 0.172 mg/L and 7.667 in the dry season (May) and 0.066 mg/L in the rainy season (July), with an average of 3.867 mg/L. Values of 0.700 mg/L and 0.04 mg/L were obtained by Ojekunle OZ and Lateef ST (2017) at the Abeokuta brewery in Ogun State, Nigeria, and by Ngaram (2011) at the Ndjamena brewery in Chad. It can be seen that the results of the analyses obtained are higher than the standard recommended by the WHO (0.1 mg/L). 
Chromium 
Chromium effluents are wastewater contaminated with chromium. These effluents can pose environmental and health risks. Chromium ion concentrations in effluents from breweries (BDT) vary between 0.32 mg/L in the dry season (May) and 0.39 mg/L in the rainy season (July), with an average of 0.35 mg/L. Those from Cotontchad and the Moundou slaughterhouse vary between 0.55 mg/L in the dry season (May) and 0.71 mg/L in the rainy season (July), with an average of 0.63 mg/L, and 4.2 mg/L in the dry season (May) for the slaughterhouse. A value of 0.01 mg/L was found in the effluents of the Ibadan Brewery in Nigeria (ALAO Olajumoke, 2010). In contrast, a value of 0.04 mg/L was recorded in the effluents of the Ndjamena Brewery by Ngaram (2011). The concentration of chromium ions obtained in slaughterhouse discharges is higher than the WHO standard (0.05 mg/L).
CONCLUSION 
This study was conducted to assess the physicochemical quality of effluents from three industrial units: Brasseries du Tchad (BDT), Cotontchad and the Moundou slaughterhouse. It also sought to determine the pollutant load discharged into the Logone River by each plant. We assessed the physicochemical quality of industrial effluents at the Water and Environment Laboratory (LABEEN) of the Faculty of Exact and Applied Sciences at the University of N'Djamena. This study enabled us to characterize the contributions of these three untreated industrial discharges in order to identify their impacts on the receiving environment during the following climatic periods (dry and rainy). Based on this assessment, we found that: Cotontchad's effluents during the dry season are well above WHO discharge standards. These effluent concentrations are reflected in average COD and BOD5 values that exceed the upper discharge limits of 90 mg/L for COD and 30 mg/L for BOD5. The temperatures in the brewery (37.8°C) are well above the standard. While the pH of Cotontchad (12.6) exceeds discharge standards, the pH values (4.5 and 6.40) differ from one season to another. The COD/BOD5 ratio for the brewery is 3.27, meaning that the effluent is not biodegradable. The electrical conductivity for Cotontchad's discharge (4540 µS/cm) indicates high mineralization of the effluent. Nutrients such as nitrates (63.6 mg/L, Cotontchad), orthophosphates (904 mg/L, Abattoir), and sulfates (1280 mg/L, Cotontchad) contribute to the eutrophication of the aquatic environment. As for heavy metals, Cd (7.667 mg/L, Cotontchad), Pb (1.90 mg/L, Cotontchad), Zn (11.24 mg/L, Abattoir), Cu (22.6 mg/L, Abattoir), Cr (5.96 mg/L, Abattoir), and Fe (63.34 mg/L, Abattoir), show the very high toxicity of the discharges from these two industries. From the above and according to the present results, the industrial effluents received by the Logone River are characterized by significant pollution, which is due to the use of chemicals by manufacturers in the production and manufacturing stages. Finally, based on the results we have found, we propose some solutions on how to eliminate industrial effluents. 
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