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Transferability of Optimised Coagulation–Flocculation Conditions from Synthetic Solutions to Real Tannery Wastewater: A Case Study from Adjamé, Côte d’Ivoire
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ABSTRACT 

	Abstract
Textile industry wastewater poses environmental concerns due to its complex composition, including organic dyes and low biodegradability, necessitating treatment before discharge. Coagulation/flocculation is an effective pretreatment technique, but its efficiency in real effluents can be affected by the complex matrix, requiring optimisation and validation. This study investigates the transferability of optimal coagulation–flocculation conditions for Remazol Black removal from synthetic solutions to real textile wastewater. Effluents collected from two artisanal tanneries in Adjamé (Abidjan, Côte d’Ivoire) were characterised by physico-chemical parameters, organic pollution indicators, nitrogen compounds, sulfates and dye concentration. In situ measurements of pH, temperature, electrical conductivity and salinity were carried out using a calibrated multiparameter meter (WTW pH/Cond 340i) equipped with combined electrodes for pH/potential and conductivity/salinity. The wastewater exhibited acidic pH, high chemical and biochemical oxygen demand, and elevated salt and nutrient levels, exceeding discharge standards. Principal component analysis showed strong correlations among temperature, pH, conductivity, turbidity, ammonium and salinity. Application of the optimised conditions (38.77 mg·L⁻¹ Remazol Black, 41.3 g·L⁻¹ Al³⁺ and 1.7 mL coagulant) achieved average removal efficiencies of 87.43 % and 76.66 % for the two tanneries. Despite lower performance than in synthetic media, coagulation–flocculation proved effective for real effluents, emphasising its potential for textile wastewater treatment.
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1. Introduction
Textile industry wastewater has become a growing concern in recent years due to it has been characterised by a high load of organic dyes, suspended and dissolved solids, alkaline pH, and low biodegradability. As a result, environmental authorities necessitate textile industries to treat effluents before discharge into the environment. Tertiary filters, particularly membrane filtrations, are the most preferable process to recover good-quality water at the tertiary treatment phase, which feeds from secondary effluents, in wastewater treatment processes. (Aragaw et al., 2023; Raj et al., 2023). Among several treatment techniques, coagulation/flocculation is one of the most effective pretreatment techniques to remove dyes and solid materials for the primary treatment stage (Mcyotto et al., 2021; Tasneem et al., 2020). Optimisation of coagulation-flocculation for dye removal is generally carried out in a synthetic solution, as this controlled environment allows the mechanisms of adsorption, charge neutralisation, and floc formation to be isolated [1-2]. However, real effluents have a much more complex matrix, characterised by the simultaneous presence of ions, dissolved organic matter, colloids, and interferences that can significantly alter the performance of the process [3].
Therefore, applying the optimal conditions obtained in a synthetic solution to real water is an essential step in evaluating the robustness, transferability, and operational validity of the process. This approach makes it possible to verify whether the parameters optimised under ideal conditions, such as coagulant dose, optimal pH, stirring speeds, and settling times, are directly applicable or need to be adjusted to account for the complexity of the real matrix [4].
In this study, we therefore applied the optimal conditions previously determined in a synthetic solution by [5] to real effluents in order to compare the performance of the process and identify factors that could limit or improve its efficiency.

II. Materials and Methods 
II.1. Sampling of wastewater
Wastewater samples were collected from two artisanal tanneries located in the Adjamé district, Abidjan (Côte d’Ivoire). The samples were transported to the laboratory under refrigerated conditions and analysed within 24 h. The effluents were characterised by determining Remazol Black concentration, pH, chemical oxygen demand (COD), biochemical oxygen demand (BOD₅), nitrogen species, sulfate ions and metallic elements.
II.2. In situ physico-chemical measurements
In situ measurements of pH, temperature, electrical conductivity and salinity were carried out using a calibrated multiparameter meter (WTW pH/Cond 340i) equipped with combined electrodes for pH/potential and conductivity/salinity. Temperature was measured simultaneously using the same probe. All measurements were performed directly on freshly collected samples.
II.3. Chemical Oxygen Demand (COD)
COD was determined according to the French standard [6]. The method is based on the oxidation of organic matter by potassium dichromate in a strongly acidic medium under reflux for 2 h, in the presence of silver sulfate as a catalyst and mercury (II) sulfate to eliminate chloride interference. The excess dichromate was titrated with Mohr salt, and COD values were calculated using Equation (1):

where is the volume of Mohr salt for the blank (mL), the volume for the sample (mL), the sample volume (mL), and the dichromate titre (mg L⁻¹).
II.4. Biochemical Oxygen Demand (BOD₅)
BOD₅ was measured following standard [7] using a VELP respirometric BOD meter with six incubation positions. Based on COD values, 400 mL of wastewater was introduced into 500 mL bottles. After the addition of nutrient solutions (phosphate buffer, calcium chloride, magnesium sulfate and ferric chloride), the samples were incubated at 20 °C in the dark under continuous stirring for 5 days. BOD₅ values were corrected according to the dilution factor.
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Figure 1: DBOmètre 6
II.5. Nitrate determination
Nitrate concentrations were determined according to [8] NF T90–045(June 1989) using the sulfosalicylic acid spectrophotometric method. Nitrates react with sulfosalicylic acid in an acidic medium to form a yellow compound, which is quantified after alkalinization. Absorbance was measured at 415 nm using a UV–Vis spectrophotometer, with a blank prepared in parallel.
II.6. Ammonium ion determination
Ammonium ions (NH₄⁺) were analyzed by the Nessler method. In alkaline medium, ammonia reacts with Nessler reagent to form a colored complex ranging from yellow to brown. Depending on concentration, an appropriate sample volume was adjusted to 50 mL, followed by the addition of tartrate solution and Nessler reagent. After 10 min of reaction time, absorbance was measured at 420 nm.
II.7. Sulfate determination
Sulfate concentrations were determined following [9] NF T90–040 using a turbidimetric spectrophotometric method. Barium chloride stabilized with Tween 20 was added to the acidified sample, and absorbance was measured at 650 nm after 15 min. Quantification was performed using a calibration curve prepared with sodium sulfate standards.
II.8. Coagulation–flocculation treatment
Coagulation–flocculation experiments were conducted on the collected wastewater samples under optimal conditions previously determined using experimental design methodology. Treatment efficiency was evaluated based on pollutant removal performance.
III. Results and Discussion
IV.1. WATER DISCHARGE STANDARDS
Wastewater standards are established to protect the environment and human health by limiting pollution of surface water, groundwater, and aquatic environments. They ensure that wastewater is sufficiently treated before being discharged into the environment so as not to harm ecosystems, fauna, and flora, and to avoid health risks associated with the consumption of contaminated water.
IV.1.1. Ivorian wastewater discharge standards:
The law governing the environment in Côte d'Ivoire is No. 96-766 of October 3, 1996, on the environment code. It includes several articles relating to waste. Compliance with this law requires the treatment of wastewater, particularly that from industrial activities. In Côte d'Ivoire, industrial wastewater discharge standards (Table 1) are established by Côte d'Ivoire Normalisation [10].
                


Table 1: Ivorian wastewater discharge standards (CODINORM)
	Settings
	Maximum permissible threshold

	pH
	5.5-9.5

	TSS, BOD5
	150.0 mg/L

	COD
	500.0 mg/L

	Lead, Copper, Chromium, Nickel
	0.50 mg/L

	Zinc, Tin
	2.0 mg/L

	Manganese
	1.0 mg/L

	Iron, Aluminum and compounds (as Fe + Al)
	5.0 mg/L



        IV.1.2. French wastewater discharge standards
Table 2 shows the standards set by the decree of February 2, 1998, published in the Official Journal of the French Republic on March 3, 1998. They have been adopted by the French Water Agency for discharges connected to a collective wastewater treatment plant.
Table 2: French standard for wastewater discharge (French Water Agency)
	Settings
	Maximum permissible threshold

	pH
	6.5-8.5

	BOD5
	100.0 mg/L of O2

	TSS
	100.0 mg/L

	COD
	300.0 mg/L of O2

	Nitrate (NO3-)
	45 mg/L

	Sulfate (SO42-)
	200 mg.L-1

	Lead, Copper, Chromium, Nickel
	0.50 mg.L-1

	Zinc, Tin
	2.0 mg.L-1

	Total nitrogen
	15.0 mg.L-1 of N

	Iron, Aluminum
	5.0 mg.L-1








IV.2. EVALUATION OF THE PHYSICAL AND CHEMICAL PARAMETERS OF THE WATER FROM TANNERY A AND B
IV. 2.1 Characterisation of samples
In order to control working conditions, it is important to know the physical and chemical composition of the samples at our disposal. The wastewater comes from two (2) tanneries, A and B, in the municipality of Adjamé. Without prior treatment, this wastewater is discharged directly into the environment. The characteristics of this water are presented in Tables 3 and 4, respectively.
Table 3: Physical and chemical characteristics of the water at Adjamé tannery A
	Days
	J
(1-3)
	J
(4-6)
	J
(7-9)
	J
(10-12)
	J
(13-15)
	J
(16-18)
	J
(19-21)
	J
(22-24)
	J
(25-27)
	J
(28-30)

	Temperature (°C)
	30
	29
	31
	30
	30
	31
	28.5
	29
	29
	30

	pH
	5.5
	6.1
	5.4
	5.6
	5.7
	5.2
	6.2
	6.2
	6.1
	5,4

	Turbidity (NTU)
	30.6
	18.65
	25.4
	29.5
	30.8
	40.9
	17.2
	20.5
	21.46
	30.6

	NO3- (mg/L)
	66.46
	76.46
	64.46
	58.64
	66.76
	68.46
	84.64
	78.64
	64.46
	66.76

	EC (mS/cm)
	17.05
	14.46
	18.10
	16.88
	17.12
	18.18
	12.14
	14.16
	14.66
	17.10

	COD (mg/L)
	714.170
	505.246
	614.240
	664.60
	576.280
	784.460
	476.886
	568.662
	604.46
	720.880

	BOD5 (mg/L)
	5863.76
	200.46
	500.76
	506.76
	496.76
	700.76
	186.14
	210.46
	420.46
	596.76

	NH3 (mg/L)
	20.24
	18.34
	22.24
	20.24
	20.84
	24.24
	20.44
	20.84
	20.364
	20.24

	SO42- (mg/L)
	124.78
	120.80
	231.240
	117.240
	114.345
	238.60
	98.140
	75.560
	60.120
	90.240

	Salinity
	33.24
	28.12
	36.14
	33.16
	33.24
	36.38
	22.14
	28.24
	28.10
	33.26



Table 4: Physical and chemical characteristics of the water at Adjamé tannery B
	Days
	J
(1-3)
	J
(4-6)
	J
(7-9)
	J
(10-12)
	J
(13-15)
	J
(16-18)
	J
(19-21)
	J
(22-24)
	J
(25-27)
	J
(28-30)

	Temperature (°C)
	29
	29
	30
	30
	31
	31
	29
	31
	30
	30

	pH
	5
	5.1
	5.3
	5.5
	6.2
	6.2
	5.2
	6.4
	6.1
	5.8

	Turbidity (NTU)
	18.6
	14.5
	22.1
	20.6
	22.2
	20.6
	17.8
	21.2
	20.16
	20.12

	NO3- (mg/L)
	54.46
	76.84
	60.48
	76.68
	84.68
	78.64
	84.46
	78.44
	88.64
	86.66

	EC (mS/cm)
	16.16
	16.06
	20.20
	18.98
	22.2
	20.88
	10.24
	24.06
	20.16
	19.40

	COD (mg/L)
	204.140
	200. 46
	307.40
	332.16
	256.60
	406.40
	236.88
	268.66
	302.16
	365.80

	BOD5 (mg/L)
	18.26
	164.26
	186.86
	164.66
	124.16
	246.48
	102.08
	88.86
	108.96
	244.78

	NH3 (mg/L)
	10.14
	8.44
	12.64
	10.84
	14.24
	14.84
	10.74
	16.88
	10.36
	10.64

	SO42- (mg/L)
	104.8
	100.88
	222.124
	118.170
	118.385
	138.68
	108.34
	110.860
	110.140
	108.840

	Salinity
	20.14
	18.12
	26.18
	24.46
	31.26
	26.18
	18.24
	32.26
	22.46
	24.28



	IV.2.1.1. Temperature
Temperatures at both tanneries range between 28 and 31°C. The lowest temperature (28.5°C) is obtained in tannery A at J (19-21) and the highest temperature, i.e., 31°C, is obtained in tannery A at J (7-9) and at J (16-18) and in tannery B to J (13-15) and J (22-24). Temperatures range between 28 and 31°C because the effluents from these artisanal tanneries are exposed to the open air in tropical climates. Although these values appear moderate, they can promote microbiological activity, thereby accelerating the degradation of organic matter. According to the WHO guidelines on microbiology in water, temperatures above 30°C generally accelerate biochemical reactions [11]. The growth rate of bacteria increases by about 10% for every degree of temperature increase up to a certain point, after which growth slows and may stop. Each microorganism has an optimal temperature range that promotes its development, and temperatures outside this range can hinder its growth [12]. Temperature can also cause a decrease in dissolved oxygen. Temperature affects the level of oxygen dissolved in water. As temperature increases, the ability of water to hold dissolved oxygen decreases, meaning that warmer water contains less dissolved oxygen than colder water. This is because the increased energy in warmer water reduces the attractive forces between water molecules, making it more difficult to keep oxygen molecules in solution [13].
IV.2.1.2. pH
The water from both tanneries is slightly acidified, with a pH ranging from 5 to 6.4. The lowest pH (5) is obtained with tannery B to J (1-3), and the highest, i.e., 6.4, is also in tannery B. This acidity comes from the use of acidic chemicals (such as vinegar, mordants, or certain plant extracts) during the dyeing process. Such pH levels are outside the discharge standard (6.5–8.5 according to the WHO). Acidic water discharges have harmful effects on the environment, particularly their aggressiveness towards metals, which are released and can be absorbed by wildlife [14]. Acidic water makes metals naturally present in the soil more bioavailable, particularly aluminium, and can dissolve heavy metals such as mercury, lead, and chromium, which can then be absorbed by wildlife and enter the food chain. They affect fauna and flora, causing nutritional deficiencies or damage to their immune systems. Acidity can weaken the immune systems of fish and species that feed in wetlands, making them more vulnerable to diseases that can be transmitted to humans. They can also cause deficiencies in essential elements (calcium, potassium, phosphorus) and trace elements, which are quickly leached away. The acidity of these tannery waters can also cause soil erosion, leading to the formation of sinkholes and the dissolution of rocks. Finally, acidity can degrade water quality and aquatic ecosystems, negatively affecting sedimentation processes and aquatic life. It can alter water treatment processes, such as sedimentation, and change the chemical composition of water. For example, the discharge of strong acids can lead to over-acidification that is difficult to control [15].
IV.2.1.3. Turbidity
Turbidity varies greatly for tannery A, ranging from 17.2 to 40.9 NTU, but varies little in tannery B, ranging from 14.5 to 22.2 NTU. These values reflect a high load of suspended solids (SS) from pigments, clays, and organic residues. Tannery A has higher values, indicating less efficient settling or a higher load of discharge compared to tannery B. Turbidity in wastewater can lead to a decrease in water quality due to the presence of particles that can harbour contaminants (bacteria, viruses, pollutants) and harm aquatic ecosystems by blocking fish gills or reducing visibility and photosynthesis. It can clog industrial equipment and distribution networks, such as pumps and pipes, and alter the aesthetic quality of the water, making it less acceptable to users [16].
IV.2.1.4. Electrical conductivity (EC)
Electrical conductivity ranges from 12 to 18 mS/cm for tannery A and from 10 to 24 mS/cm for tannery B. These high values indicate a high content of dissolved salts, linked to the sodium, sulfate, and nitrate salts used in dye baths. This reflects significant salinity, which can affect soil structure and plant growth if this water is discharged without treatment. High concentrations of salts in water can be harmful to fish and aquatic invertebrates, such as insects and mussels, as the water can disrupt their balance.
IV.2.1.5. Nitrates (NO₃⁻)
Nitrate concentrations vary between 58.64 and 84.64 mg/L, which far exceeds the recommended limit (45 mg/L) for wastewater. Combined with phosphates, nitrates in Surface water creates a significant ecological imbalance in aquatic ecosystems, leading to their eutrophication. The growth of algae and higher plants constitutes a form of pollution that depletes the environment of dissolved oxygen and compromises the use of the water concerned [17]. These high levels reflect the decomposition of nitrogenous matter (skin, plants, organic products) and pose a risk of eutrophication of receiving environments. Nitrates can be converted into nitrites in the body. Nitrites can cause methemoglobinemia, a serious disease in infants (under 6 months of age), because their digestive systems are immature and cannot convert methemoglobin back into haemoglobin. This reduces the blood's ability to carry oxygen. Nitrates can affect the oxygen-carrying capacity of blood, which is of concern for pregnant women and developing fetuses.
IV.2.1.6. Ammonium ion (NH₄⁺)
Ammonia levels range from 18 to 24 mg/L for tannery A and from 8 to 16 mg/L for tannery B. These values indicate a high nitrogen load, probably from the fermentation of proteinaceous materials. Ammonia is toxic to aquatic organisms and contributes to organic pollution, especially at high temperatures and pH levels.
IV.2.1.7. Sulfates (SO₄²⁻)
Sulfate values (60 to 238 mg/L) often exceed WHO guideline values (≤ 200 mg/L). These high concentrations result from the use of copper or iron sulfate salts in dyeing and can cause sulfate deposits to form in the soil.
IV.2.1.8. BOD₅ and COD
The BOD₅ (Biological Oxygen Demand) and COD (Chemical Oxygen Demand) values are very high:
• Tannery A: COD between 476 and 784 mg/L; BOD₅ between 186 and 700 mg/L
• Tannery B: COD between 200 and 406 mg/L; BOD₅ between 88 and 246 mg/L
These values far exceed discharge standards (BOD₅ < 100 mg/L, COD < 300 mg/L). This indicates intense organic pollution, especially in tannery A. These effluents, rich in biodegradable matter, can quickly deplete the dissolved oxygen in receiving waters, leading to biological asphyxia. Most organic substances present in industrial wastewater are biodegradable. This means that they can be used by bacterial populations (usually present in the same wastewater) as a source of food for the production of new cells and energy needed for synthesis, mobility, etc. Biological oxygen demand (BOD5) is the amount of oxygen required for the oxidation of biodegradable organic matter (generally lower than the COD value). It is a measure of the organic pollution in water that can be biologically degraded [18]. Low BOD5 values may be linked to the presence of toxic inhibitors. Chemical oxygen demand (COD) is a measure of the oxygen equivalent of the organic matter in a water sample that is susceptible to oxidation. The low value of dissolved oxygen in treated water may also explain excessively high COD values, as there is not enough oxygen to oxidize the organic matter present in wastewater [19]. Thus, the presence of excess organic matter makes the water anaerobic. These additions cause changes in microbial communities and a decrease in dissolved oxygen, which leads to the appearance of algal blooms in eutrophic aquatic ecosystems [20].
IV.2.1.9. Salinity
The salinities measured range from 22 to 36 ‰ (A) and from 18 to 32 ‰ (B). This high salinity is consistent with high conductivities and reflects significant use of mineral salts. Saline effluents can compromise the reuse of water for irrigation. High salinity in wastewater has negative effects on crops, the environment, and the water itself, as it can reduce plant growth, cause soil salinisation, pollute groundwater, harm aquatic life, and alter the physical properties of water. In agricultural applications, irrigation with saline wastewater can render land unproductive, and, in the case of drinking water, high salt concentrations can render it unfit for consumption.
IV.2.2 Summary and overall interpretation
The results indicate that the effluents from the traditional tanneries in Adjamé show significant organic and mineral pollution, characterized by:
• An acidic environment,
• High salt, nitrate, and sulfate content,
• A high organic load (BOD₅, COD),
• And high salinity.
Tannery A stands out for its higher BOD₅, COD, and turbidity values, reflecting a greater pollutant load. This could be linked to a higher production volume or less rigorous management of dye baths.
IV.2.3. Environmental implications
The untreated wastewater from these tanneries has the following consequences:
• degradation of surface water quality,
• impairment of aquatic biodiversity (ammonia toxicity, acidity),
• soils unsuitable for agriculture (salt accumulation, pH decline). 
Preliminary treatment of effluents (neutralisation, settling, filtration, biodegradation) is therefore essential before any discharge into the environment.
IV.2.4 Environmental impact of the Adjamé tanneries
The artisanal tanneries of Adjamé, particularly Tannerie B, are an essential part of the local cultural and economic heritage through the traditional production of indigo cloth. However, the processes used, which are often rudimentary and lack effluent treatment facilities, cause significant pollution of the receiving environments. Analysis of the physicochemical characteristics of the wastewater from this tannery reveals several parameters that exceed established environmental standards, indicating a significant environmental impact.
IV.3. STATISTICAL ANALYSIS OF WATER PARAMETERS AT ADJAME TANNERY A AND B
IV.3.1. Selection of factors
[bookmark: _Hlk213223872]The selection of factors depends on their eigenvalues during statistical analysis. In view of the eigenvalues of the statistical analysis of the physical and chemical parameters of the water from tanneries A (Table 5) and B (Table 6), it appears that only factors F1 (temperature) and F2 (pH) are likely to allow for a factorial component analysis. Indeed, according to previous studies by [21-22], a factor is considered when its eigenvalue is greater than or equal to 1.
Table 5: Eigenvalues from the statistical analysis of tannery A
	Settings

	Eigenvalues (correlation matrix) and associated statistics
Active variables only

	
	Val. Clean
	% total variance
	Cumul Val propre
	Cumul %

	Temperature (°C)
	6.835143
	68.35143
	6.83514
	68.3514

	pH
	1.433938
	14.33938
	8.26908
	82.6908

	Turbidity (NTU)
	0.924490
	9.24490
	9.19357
	91.9357

	NO3- (mg/L)
	0.605244
	6.05244
	9.79881
	97.9881

	EC (mS/cm)
	0.179521
	1.79521
	9.97834
	99.7834

	COD (mg/L)
	0.016315
	0.16315
	9.99465
	99.9465

	BOD5 (mg/L)
	0.003745
	0.03745
	9.99840
	99.9840

	NH3 (mg/L)
	0.001530
	0.01530
	9.99993
	99.9993

	SO42- (mg/L)
	0.000059
	0.00059
	9.99999
	99.9999

	Salinity
	0.000015
	0.00015
	10.0000
	100.000










Table 6: Eigenvalues from the statistical analysis of tannery B
	
Settings
	Eigenvalues (correlation matrix) and associated statistics
Active variables only

	
	Val. Clean
	% total variance
	Cumul Val propre
	Cumul %

	Temperature (°C)
	7.604416
	76.04416
	7.60442
	76.0442

	pH
	1.642087
	16.42087
	9.24650
	92.4650

	Turbidity (NTU)
	0.587223
	5.87223
	9.83373
	98.3373

	NO3- (mg/L)
	0.134092
	1.34092
	9.96782
	99.6782

	EC (mS/cm)
	0.022143
	0.22143
	9.98996
	99.8996

	COD (mg/L)
	0.005965
	0.05965
	9.99593
	99.9593

	BOD5 (mg/L)
	0.003430
	0.03430
	9.99936
	99.9936

	NH3 (mg/L)
	0.000627
	0.00627
	9.99998
	99.9998

	SO42- (mg/L)
	0.000017
	0.00017
	10.0000
	100.000

	Salinity
	0.000000
	0.00000
	10.0000
	100.000



IV.3.2. PCA of water parameters at Adjamé tanneries A and B
Factor analysis of the chemical and physical parameters of the water from tanneries A and B shows strong correlations between the various parameters studied. There are significant correlations at the 0.01 and 0.05 levels. 
· Tanneries A
The various correlations between the parameters for tannery A are presented in Table 7. 
[bookmark: _Hlk213224490]Table 7: Correlation table for chemical and physical parameters at tannery A
	
	Temp.
	pH
	Turb.
	NO3-
	EC
	COD
	BOD5
	NH3
	SO42-
	Salinity

	Temp.
	1.0000
	
	
	
	
	
	
	
	
	

	pH
	0.9997
	1.0000
	
	
	
	
	
	
	
	

	Turbidité
	0.9978
	0.9968
	1.0000
	
	
	
	
	
	
	

	NO3-
	0.5719
	0.5709
	0.5618
	1.0000
	
	
	
	
	
	

	EC
	0.9930
	0.9909
	0.9943
	0.5665
	1.0000
	
	
	
	
	

	COD
	-0.5270
	-0.5380
	-0.4901
	-0.1447
	-0.4865
	1.0000
	
	
	
	

	BOD5
	-0.3235
	-0.3268
	-0.3216
	-0.3812
	-0.3122
	0.5337
	1.0000
	
	
	

	NH3
	0.9980
	0.9968
	0.9975
	0.5661
	0.9942
	-0.5101
	-0.3356
	1.0000
	
	

	SO42-
	-0.1927
	-0.2015
	-0.1563
	-0.4799
	-0.1636
	0.3779
	0.3087
	-0.1762
	1.0000
	

	Salinity
	0.9864
	0.9830
	0.9909
	0.5733
	0.9951
	-0.4624
	-0.3398
	0.9923
	-0.1461
	1.0000



Thus, temperature correlates with parameters such as pH, turbidity, conductivity, ammonia content, and salinity at the 0.01 level, with respective correlation values of 0.9997, 0.9978, 0.9930, 0.9980, and 0.9864. Similarly, pH has strong correlations (level 0.01) with parameters such as turbidity, conductivity, ammonia, and salinity, with values of 0.9968, 0.9909, 0.9968, and 0.9830, respectively. Furthermore, turbidity has strong correlations with conductivity (r = 0.994), ammonia (r = 0.997), and salinity (r = 0.990). As for ammonia and salinity, these two parameters are correlated at 0.994 and 0.992, respectively. Based on this fact, there is a correlation at the 0.05 level between COD, BOD5, and sulfate ions. Nitrate ions have no correlation with the other parameters studied. This allows for two groups in the correlation circle in Figure 2.
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[bookmark: _Hlk213224540]Figure 2: Circular correlation diagram for tannery A
· Tannery B
The various correlations between the parameters for tannery B are presented in Table 8.
Table 8: Correlation table for the chemical and physical parameters of tannery B
	
	Temp.
	pH
	Turb.
	NO3-
	EC
	COD
	BOD5
	NH3
	SO42-
	Salinity

	Temp.
	1.0000
	
	
	
	
	
	
	
	
	

	pH
	0.9987
	1.0000
	
	
	
	
	
	
	
	

	Turbidité
	0.9640
	0.9522
	1.0000
	
	
	
	
	
	
	

	NO3-
	-0.4701
	-0.5910
	0.1443
	1.0000
	
	
	
	
	
	

	EC
	0.9992
	0.9963
	0.9713
	0.7481
	1.0000
	
	
	
	
	

	COD
	-0.8460
	-0.8663
	-0.6891
	-0.8777
	-0.8290
	1.0000
	
	
	
	

	BOD5
	-0.4807
	-0.5186
	-0.2514
	-0.8055
	-0.4504
	0.8416
	1.0000
	
	
	

	NH3
	0.9990
	0.9976
	0.9655
	0.2772
	0.9978
	-0.8422
	-0.4778
	1.0000
	
	

	SO42-
	-0.1049
	-0.1445
	0.0327
	-0.2510
	-0.0883
	0.3292
	0.4971
	-0.0919
	1.0000
	

	Salinity
	0.9869
	0.9782
	0.9850
	0.6783
	0.9922
	-0.7659
	-0.3530
	0.9852
	-0.0039
	1.0000



Looking at the table above, there is no correlation between temperature and organic matter content in water, nor between pH and organic matter. However, there is a correlation of 0.01 between temperature and pH, turbidity, conductivity, ammonia content, and salinity, with respective correlation values of 0.9987, 0.9640, 0.9992, 0.9990, and 0.9869. Similarly, there is a strong correlation (at the 0.01 level) between pH and turbidity, conductivity, ammonia content, and salinity, with values of 0.9522, 0.9963, 0.9976, and 0.9782, respectively. There is a weak correlation (level 0.05) between sulfate ions, COD, and BOD5. Nitrate has no correlation with the other parameters. There are, therefore, two correlation groups shown in Figure 3.
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                            Figure 3: Circular correlation diagram for tannery B
We can see that the same types of correlations exist in both tannery B and tannery A. However, the slight difference between tanneries A and B could be explained by the use of different chemical inputs in the treatment of fabrics.
IV.3.3. Environmental consequences
Effluents discharged without prior treatment cause various types of environmental pollution:
• Pollution of surface and groundwater: The high organic load causes a decrease in dissolved oxygen, disrupting aquatic life and potentially leading to wildlife mortality. Colored sediments contribute to the clogging of river beds and reduce light penetration.
• Soil contamination: Direct discharge onto the soil alters its physical and chemical properties, leading to alkalization and the accumulation of heavy metals, which are harmful to microfauna and plant productivity.
• Health risks: Workers and local populations are exposed to risks of dermatitis, respiratory irritation, and bioaccumulation of metals in the food chain.
• Visual and olfactory pollution: Dyes and organic waste degrade the aesthetics of the landscape and generate unpleasant odours.
IV.3.4. Overall analysis
The physicochemical parameters measured at Tannery B often exceed the limit values recommended by Ivorian and international standards (COD > 200 mg/L, BOD₅ > 50 mg/L, TSS > 50 mg/L). This situation reflects a lack of adequate treatment of effluents before they are discharged. In addition, the variability of artisanal activities makes it difficult to implement continuous and systematic monitoring.
IV.4. REMAZOL BLACK IN THE WATERS OF TANNERY A AND B
The wastewater comes from two (2) tanneries in the municipality of Adjamé. Without prior treatment, this wastewater is discharged directly into the environment. The Remazol content of this water is shown in Table 9.
Table 9: Remazol Black content in tanneries A and B:
	Settings
	Tannery A
	Tannery B

	Remazol Black content (mg/L)
	279.85±23.04
	249.15±32.53


The results show that Remazol Black values are high. Discharging such water into the environment will have negative consequences. The treatment of this tannery wastewater under optimal conditions (Remazol concentration 38.77 mg/L; Al³⁺ concentration 41.3 g/L and Al³⁺ volume 1.7 mL) made it possible to determine the Remazol removal rates shown in Table 10.
                           Table 10: Remazol reduction rate (%)
	[bookmark: _Hlk205992907]
	TANNERY A
	TANNERY B

	ESSAY I
	85.97
	78.20

	ESSAY II
	88.40
	76.66

	ESSAY III
	87.93
	76.69

	AVERAGE
	[bookmark: _Hlk203546034]87.43±1.28
	[bookmark: _Hlk203546119]76.66±0.02



The Remazol removal rates obtained in tanneries A and B are (87.43 ± 1.28) % and (76.66 ± 0.02) %, respectively. These results are lower than those obtained with the synthetic Remazol solution, which has a removal rate of 98.15%. This could be due to the high amount of organic and mineral matter in the environment. The presence of organic matter could trap Remazol molecules, resulting in a decrease in the reduction rate. However, the removal rates in these two tanneries are above 75% [23]. This demonstrates the effectiveness of the treatment implemented.
Conclusion
This study made it possible to determine the appropriate experimental design and optimal conditions for the degradation of Remazol Black from a synthetic solution. Solving the second-degree polynomial equation obtained yielded a theoretical rate of 98% under the following conditions: 38.77 mg/L for the dye concentration, 41.3 g/L for the coagulant concentration, and finally 1.7 mL for the coagulant volume. Applying these conditions to real water from two tanneries, A and B, in the municipality of Adjamé, Abidjan, Ivory Coast, yielded degradation rates of 87.43±1.28 and 76.66±0.02, respectively. The Remazol elimination rates are above 75%, confirming the effectiveness of this method. The study of effluents from Tanneries A and B reveals a significant level of pollution, marked by a high organic load, pronounced acidity, and the presence of heavy metals. These parameters reflect a major environmental and health risk, hence the need to reduce the environmental impact of artisanal tanneries. 
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