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Vegetable Oil Refinery Wastewater Treatment by Using the Cactus as a Bio-flocculant in the Coagulation-Flocculation Process 1 Introduction

Water and soil pollution by certain industrial chemicals is a significant source of environmental degradation. However, the consumption of vegetable oils in the world is increasing. The consumption of vegetable oils, which grows over time, is accompanied by a significant increase in water consumption and wastewater production worldwide. Currently, industrial wastewater pollution produces a substantial amount of greenhouse gas CO2 with a considerable impact on climate change on an international scale [START_REF] Dkhissi | Treatment of vegetable oil refinery wastewater by coagulationflocculation process using the cactus as a bio -flo c culant[END_REF].

Industrial vegetable oil units produce a considerable quantity of wastewater loaded with pollutants toxic to the environment, particularly oils, fats, phenols, detergents, nitrogen compounds in large amounts, etc. The vegetable oil refinery industry is one of the primary sources of pollutants [START_REF] Chatoui | Removal of oil and grease from vegetable oil refinery wastewaters by coagulation-flocculation process[END_REF]. Indeed, the decontamination of water produced by industrial units producing vegetable oils, which is increasing, is necessary to protect the environment.

Due to the lack of rainfall that Morocco is currently experiencing, the climate change that is affecting the whole world, and the increase in the price of fossil fuels, the protection of water resources is an issue that is becoming more urgent for the government [START_REF] Achak | Preliminary evaluation of constructed wetlands for nutrients removal from olive mill wastewater (OMW) after passing through a sand filter[END_REF]. Nevertheless, the recovery of treated water makes it possible to reduce the ecological impact and offer new opportunities to ensure sustainable development in many sectors. In addition, wastewater treatment has become necessary to minimize effluents' pollution considerably before discharge into the receiving environment [START_REF] Choudri | Wastewater treatment, reuse, and disposal-associated effects on environment and health[END_REF], and [START_REF] Donald | Quality assessment of vegetable oil effluent discharged into a southeastern Nigeria river[END_REF] have shown that vegetable oils have a considerable impact on the environment.

The treatment of effluents from vegetable oil refineries (VOR) is a significant problem of environmental concern in Morocco because of high COD, BOD5, and fat pollutant loads, as pointed out by [START_REF] Chatoui | Removal of oil and grease from vegetable oil refinery wastewaters by coagulation-flocculation process[END_REF]. Moroccan regulations are becoming more and more severe, and applications are in progress, Due to the high grease and oil content of these waters, their untreated discharge can affect aquatic life [START_REF] Donald | Quality assessment of vegetable oil effluent discharged into a southeastern Nigeria river[END_REF]. The vegetable oil refining process goes through different stages that produce large quantities of waste water, the composition of which differs depending on the type of oil being processed [START_REF] Qasim | Characterization and treatment of selected food industrial effluents by coagulation and adsorption techniques[END_REF].

One of the avenues to consider concerns wastewater treatment at the source by non-costly actions upstream before the treatment downstream. Several measures can be carried out upstream, particularly raising awareness, preventing rationalization of water consumption, reducing waste water volumes, reducing water waste, recycling washing water, and treating water. Indeed, the separation of oils and fats by natural flotation, as shown by [START_REF] Kastali | Study of the Pollution Generated by Wastewater from the Refining of Vegetable Oils[END_REF], remains very practical and inexpensive. This ensures maximum cost reduction and processing efficiency as much as possible. In addition, sensible collection and disposal of certain discharges can avoid diluting the discharges with unpolluted water. Finally, a final action concerns the collection and specific elimination of certain fat-laden baths, which pose numerous environmental problems. In addition, effluent from refining vegetable oils often has a BOD 5 .COD -1 ratio varies around 0.2, which could cause a considerable impact on the environment [START_REF] Chatoui | Study of refining wastewater pollution: Case of vegetable oil refining industry Morocco[END_REF].

Treating wastewater from vegetable oil refineries has become increasingly important; it can be treated separately or jointly by chemical or biological means. Many techniques are currently used to reduce pollution from wastewater from processes, such as reverse osmosis [START_REF] Sridhar | Reverse osmosis of edible vegetable oil industry effluent[END_REF], anaerobic treatment [START_REF] Saatci | Removal of total lipids and fatty acids from sunflower oil factory effluent by UASB reactor[END_REF], and adsorption [START_REF] Abrouki | November optimization and modeling of a fixed-bed biosorption of textile dye using agricultural biomass from the Moroccan Sahara a Laboratory of Spectroscopy[END_REF][START_REF] Sabah | Decolorization of vegetable oils: Adsorption mechanism of β-carotene on sepiolite[END_REF]. The advanced oxidation process is also used for this type of effluent [START_REF] Chatzisymeon | Photocatalytic treatment of black table olive processing wastewater[END_REF][START_REF] Rizzo | Pre-treatment of olive mill wastewater by chitosan coagulation and advanced oxidation processes[END_REF]. The presence of phenols in wastewater inhibits the microbial metabolism essential for biodegradation in activated sludge systems [START_REF] Piperidou | Bioremediation of olive oil mill wastewater: Chemical alterations induced by Azotobactervinelandii[END_REF][START_REF] Shankar | Utilization of water treatment plant (WTP) sludge for pretreatment of dye wastewater using coagulation/ flocculation[END_REF]. Other techniques have been used to treat pollution from rejected vegetable oil, such as coagulation, flocculation [START_REF] Anouzla | Multi-response optimization of coagulation-flocculation process for stabilized landfill leachate treatment using a coagulant based on an industrial effluent[END_REF][START_REF] Dkhissi | Treatment of vegetable oil refinery wastewater by coagulationflocculation process using the cactus as a bio -flo c culant[END_REF], and photocatalysis [START_REF] Noukeu | Characterization of effluent from food processing industries and stillage treatment trial with Eichhorniacrassipes (Mart.) and Panicum maximum (Jacq.)[END_REF].

Other techniques have been used to treat effluents rich in organic matter, anaerobic treatment [START_REF] Karadag | A review on anaerobic biofilm reactors for the treatment of dairy industry wastewater[END_REF], membrane bioreactor [START_REF] Sharghi | Considering a membrane bioreactor for the treatment of vegetable oil refinery wastewaters at industrially relevant organic loading rates[END_REF], and ultra-filtration [START_REF] Mohammadi | Wastewater treatment of a vegetable oil factory by a hybrid ultrafiltrationactivated carbon process[END_REF], electrocoagulation-electrooxidation [START_REF] Sharma | Optimization of combined electrocoagulation and electrooxidation process in the treatment of sunflower oil refinery wastewater[END_REF], and photodegradation [START_REF] Tetteh | Optimization of photo-catalytic degradation of oil refinery wastewater using Box-Behnken design[END_REF]. The most appropriate technique for treating these effluents is the one with a compromise between the pollution removal efficiency and the cost. Generally, wastewater from vegetable oil refineries is treated by physicochemical processes [START_REF] Louhıchı | Process optimization via response surface methodology in the physico-chemical treatment of vegetable oil refinery wastewater[END_REF]. However, this type of treatment has a high operating cost and generates sludge that is difficult to treat [START_REF] Ginos | Treatment of olive mill effluents by coagulation-flocculation-hydrogen peroxide oxidation and effect on phytotoxicity[END_REF]. On the other hand, biological and physicochemical methods offer an easy means and an economical alternative. The biological treatment of oily wastewater can be carried out by traditional activated sludge or a sequential batch reactor (SBR) combined with a physicochemical treatment [START_REF] Jafarinejad | Activated sludge combined with powdered activated carbon (PACT process) for the petroleum industry wastewater treatment: A review[END_REF]. In addition, [START_REF] Bhanvase | Novel water treatment and reparation methodr: Simulation of chemical procerrer[END_REF] investigated a process intensification technique for degrading organic pollutants in this affluent. This method is based on hydrodynamic cavitation and was found to be effective in reducing the pollutant load.

The coagulation process is one of the most effective methods of removing pollutants from industrial wastewater due to its simplicity and efficiency. Problems associated with this treatment are the production of difficult-to-manage sludge and increased handling costs [START_REF] Chatoui | Removal of oil and grease from vegetable oil refinery wastewaters by coagulation-flocculation process[END_REF]. Currently, two main chemicals are used in the coagulation process, aluminum sulfate (Al2 (SO4) 3) and ferric sulfate (Fe2 (SO4)3) and FeCl3. Indeed, using these chemicals presents certain disadvantages for human health and ecosystems [START_REF] Anouzla | Colour and COD removal of disperse dye solution by a novel coagulant: Application of statistical design for the optimization and regression analysis[END_REF]. Many natural reagents have been investigated to remove contaminants from wastewater. These bioproducts have the advantage of being biodegradable and safe for humans. The cactus is among the natural coagulants, the most interesting to test. Cactus is a biodegradable and abundant natural product without harm to human health, offering various practical applications (coagulant/flocculant, biosorbent, etc.) for wastewater treatment considering low costs, stable pH levels in the treated water [START_REF] Feria-Díaz | Behavior of turbidity, pH, alkalinity and color in Sinú River raw water treated by natural coagulants[END_REF]. Therefore, cactus juice may be a good alternative to chemical coagulants and flocculants. It is shown that cactus have coagulation properties, and several opuntia species are employed as human food, fodder, medicines, cosmetics, and bio-coagulants [START_REF] Ayeche | Treatment by coagulation-flocculation of dairy wastewater with the residual lime of National Algerian Industrial Gases Company (NIGC-Annaba)[END_REF]. The use of cactus for water treatment represents a significant advance in sustainable environmental technology [START_REF] Verma | A review on chemical coagulation/flocculation technologies for removal of color from textile wastewaters[END_REF]. The Opuntia ficus Indica (OFI) cactus is a more exciting coagulant for industrial wastewater treatment [START_REF] Mishra | The efficacy of bacterial species to decolourise reactive azo, anthroquinone and triphenylmethane dyes from wastewater: A review[END_REF]. Natural coagulants and flocculants are very interesting for the treatment of wastewater since they are biodegradable and have no impact on the environment, whereas the synthetic chemicals used in the treatment of sewage pose severe problems since they are present in sludge and wastewater after treatment in significant quantities. This makes it possible to justify the interests of bio-flocculants for wastewater treatment.

The present work aims to enhance the juice of cactus cladodes as an ecological coagulant for the treatment process of wastewater from the Moroccan industry of refining vegetable oils. The performance of the coagulation process in all cases was assessed using color, chemical oxygen demand (COD, turbidity, phenol, surfactant, nitrates, ammoniac nitrogen, total phosphorus, and sludge. At the end of this study, improvement actions allowing further pollution reduction by different stages of the station are necessary, which will produce good-quality water for recycling.

With this work, we want to replace inorganic coagulants commonly used in water treatment but negatively affect the environment and human health.

Materials and Methods

Industrial Unity Presentation and Sampling of Industrial Wastewater

The samples were obtained from the STEP of industrial companies located in the region of Casablanca (Fig. 1). The company's wastewater treatment plant was built in June 2004 in collaboration with the Ministry of Water and the Environment and LPEE. Its purpose is to collect wastewater, then purify it before it can be discharged into the natural environment without risking polluting the environment. 1200 m 3 .day -1 of wastewater is produced daily by the company, including 570-1000 m 3 .day -1 of process wastewater.

A representative sample of 40 L was taken from the company Lesieur Ain Harrouda Casablanca and stored at 4°C. These 40 L were taken at a rate of 5 L per hour for 8 h (the operating time of the company).

The physicochemical parameters of the samples were analyzed according to the standard methods for examining water and wastewater [START_REF] Afnor | Qualité de l'eau-Protocole d'évaluation d'une méthode alternatived'analyre phyricochimique quantitative par rapport à une méthode de référence[END_REF].

Analytical Parameters

In situ measurements were performed for the samples regarding pH and temperature. An ASTM 5C Jar Tert Jar test equipment with six spindle stirrers and 1000 mL beakers were used to assess optimal conditions during coagulation-flocculation (Fig. 2).

Rapid agitation allows the coagulant to be homogenized throughout the effluent, while slow agitation promotes the contact of particles and their agglomeration, which are easily eliminated by settling.

The experimental process included a rapid mixing at 160 rpm for 10 min, a slow mixing for 20 min at 30 rpm, and a final settling step for 1h.

Coagulation-flocculation was carried out with the optimized operational parameters (COD, turbidity color, etc.). The supernatant is withdrawn for analyses after 60 min of settling. The turbidity, the chemical oxygen demand (COD), and the color were determined to investigate the efficacity of (Opuntia ficur Indica) in reducing the pollution from vegetable oil refineries wastewater.

The removal efficiency was calculated by the following Eq. (1): The juice extraction was carried out with the following steps: the thorns were removed, the pads were cleaned with water, then cut into small pieces and mixed. The liquid extract obtained is filtered in a 500-micron diameter filter. The mixture can retain its flocculation capacity for several 7 days. The juice was stored in a glass bottle in a refrigerator at 4°C for further use (Fig. 3).

The bio-coagulant was stored at 4°C in a glass bottle for further use. The mixture can retain its flocculation capacity for several days.

The collected filtrate is homogenized by stirring for 15 to 20 min after being diluted to 10% in distilled water. The characteristics of bio-flocculant are reported in Table 1. The IR spectrum results show the presence of broad overlapping bands in the region of 3200 to 3500 cm -1 , due to amides; there is also an adsorption peak of 1715 cm -1 , which is due to the presence of C = O ketone (Fig. 4). UV spectroscopic analyses show several overlapping bands in the 250 to 300 nm region and may correspond to organic acids (ascorbic acid), phenolic acids (paracoumaric acid, …), polyphenols (procyanidin, epicatechin, …), and flavonoids (isoquercetin, hyperoside, …) [START_REF] Boutakiout | Effects of different harvesting seasons on antioxidant activity and phenolic content of prickly pear cladode juice[END_REF] UV spectroscopic analyses show an absorption wavelength's presence, λ = 255 nm (Fig. 5). The organic and inorganic components in refinery wastewater give it a complex character. The characteristics of the organic matter, the type, and the concentration of the other components can affect the removal of the pollutant load during physical-chemical and biological treatments. Table 2 summarizes the characteristics of the wastewater samples.

The results presented relate to samples taken over 6 weeks. The flow was between 900 and 980 m 3 . day -1 . The results of BOD5, COD, and TSS lead to a high pollutant load which varies over time, and a high concentration of oil and grease (5495 mgL -1 ). In addition, high values of detergents and variant phenol, around 57.8 and 46.3 mgL -1 , respectively, were detected in the process wastewater.

The pollutant loads (kg/day) for the process water in COD in BOD5 (Fig. 6a), in TSS (Fig. 6b), and oil and grease for a flow varying between 900 and 980 m 3 /j (Fig. 6c)

The COD/BOD5 ratio is accepted as a minimum value 2.6 and a maximum value 3.9. This shows that the waste is rich in biodegradable pollutants.

Figure 6 b and c show that the pollutant loads in terms of TSS and oil and grease varied considerably 

Treatment by Bio-flocculant (Cactus Juice)

The destabilization of the water constituents occurs during the coagulation phase. On the other hand, during flocculation, the destabilized particles form a mass that is easy to settle [START_REF] Anouzla | Colour and COD removal of disperse dye solution by a novel coagulant: Application of statistical design for the optimization and regression analysis[END_REF].

Turbidity Elimination

Figures 7 and8 show the evolution of the turbidity and the elimination yield (%), depending on the amount of bio-flocculant applied for the high and low pollution loading.

The elimination of turbidity is the essential parameter improving the efficiency of the treatment by the process of flocculation by coagulation. The results explained by the repulsion between the flocculant and the pollutant at a higher dose of flocculants, resulting in a hindrance in the formation of flocs. Figures 7 and8 show a maximum removal of 99% at low pollutant load for a concentration of 40 (mL.L -1 ) of cactus. Exceeding this concentration does not improve the pollution reduction rate. Indeed, the natural flocculant allows a good elimination of pollution for the low pollutant load compared to the results obtained with the high pollutant load. In addition, several studies have confirmed the effectiveness of cactus juice in removing turbidity from wastewater, as shown by [START_REF] Ansari | Application of conducting polyaniline, o-anisidine, o-phenetidine and o-chloroaniline in removal of nitrate from water via electrically switching ion exchange: Modeling and optimization using a response surface methodology[END_REF]. In addition, [START_REF] Bouatay | Use of the cactus cladodes mucilage (OpuntiaFicusIndica) as an eco-friendly flocculants: Process development and optimization using stastical analysis[END_REF] tested the cactus as an ecological flocculant for the treatment of textile wastewater, and the results showed that the turbidity removal was 91.7%. In addition, [START_REF] Nougbodé | Evaluation of the <i>Opuntiadillenii</i> as natural coagulant in water clarification: Case of treatment of highly turbid surface water[END_REF] studied the use of the cactus to clarify very turbid surface water; the results showed that the turbidity removal efficiency ranged from 89 to 93%.

TSS can be measured directly, although it takes longer and costs more than turbidity. Numerous studies demonstrate suspended sediments are connected to turbidity [START_REF] Serajuddin | Using turbidity to determine total suspended solids in an urban stream: A case study[END_REF]. At present, the company several products are manufactured by the company concerned such as table oils, olive oils, soap, bleach, and cosmetics. Indeed, the physicochemical quality of wastewater, which varies over time, is a function of the products manufactured at the level of society, as [START_REF] Kastali | Study of the Pollution Generated by Wastewater from the Refining of Vegetable Oils[END_REF] had pointed out. However, it can be caused by suspended matter, like inorganic and organic components, such as sand. The particles' density, size, and form impact the relationship between TSS and turbidity.

COD Removal

Figures 9 and 10 show the impact of the volume of the bio-flocculant added to the sample on the removal efficiency of COD (mg L -1 ) at low and high loads. The results have shown that cactus juice allows for good elimination of the polluting load of COD (low and high load). Indeed, adding the cactus lowers the COD with a significant increase in the elimination rate for the low pollutant load compared to the high load.

These results show that, on the one hand, the removal of fats and oils is related to the decrease in COD, while, on the other hand, turbidity has a strong correlation with TSS, as shown previously (Cisterna-Osorio & Arancibia-Avila, 2019). [START_REF] Kastali | Study of the Pollution Generated by Wastewater from the Refining of Vegetable Oils[END_REF] have shown that the different types of wastewater are rich in oils and fats (acid wastewater 57g/L and process wastewater 16g/L). Indeed, the treatment of effluents by natural flotation has made it possible to strongly eliminate fats and oils which results in an intense decrease in COD, turbidity and TSS (Kastali et al.2022).

The interaction of the pollutants in the wastewater with the flocculant components causes the destabilization of the TSS and therefore a reduction of the COD. A minimum COD removal rate of 17% was obtained for the high pollutant load using a volume varying around 80 ml.L -1 , while the maximum achieved was 62% with 180 ml.L -1 of bio-flocculant. Also, a COD removal percentage of 40% was Fig. 8 Effect of the bioflocculant added volume on the turbidity removal for high and low polluting loads Fig. 9 Effect of the bioflocculant added volume on the COD for high and low polluting load obtained using 80 ml.L -1 of cactus juice for the low pollutant load, while the maximum reduction was 76% with a cactus volume of 180 ml.L -1 , which leads to the conclusion that the download elimination rate remains higher than that obtained for high pollutant load. In addition, this COD elimination is close to that reported by Torres and Carpinteyro-Urban (2012). The optimum amount of flocculant in the suspension resulted in the aggregation and sedimentation of more significant amounts of polluting particles while adding a volume more remarkable than the optimum amount of flocculant in the effluent causes stabilization of the colloids, which could lead to poor settling of the particles as shown by [START_REF] Zahrim | Evaluation of several commercial synthetic polymers as flocculant aids for removal of highly concentrated C.I. Acid Black 210 dye[END_REF]. Physicochemical and biochemical analyses [START_REF] Boutakiout | Effects of different harvesting seasons on antioxidant activity and phenolic content of prickly pear cladode juice[END_REF] showed that cladode juice is rich in polyphenols (455.65 ± 7.63-542.70 ± 1.35 μg EGA/mL), ascorbic acid (17.60 ± 1. 87-22.88 ± 0.62 mg/100 mL), and potassium (44.23-409.35 mg/100 mL), but low in sugar (0.66 ± 0.01-1.45 ± 0.03g/100mL). HPLC analysis on phenolic compounds showed that cladode juice is rich in flavonols, namely isoquercetin and hyperoside (645.90 μg/mL and 164.50 μg/mL respectively). These results were similar to other studies using another species of bioflocculant and another natural coagulant to remove turbidity from water [START_REF] Kuppusamy | Biodecolourization of textile dyes by novel, indigenous Pseudomonas stutzeri MN1 and Acinetobacterbaumannii MN3[END_REF] and cactus mucilage combined with aluminum sulfate (as a coagulant) for the treatment of industrial water. [START_REF] Bouatay | Use of the cactus cladodes mucilage (OpuntiaFicusIndica) as an eco-friendly flocculants: Process development and optimization using stastical analysis[END_REF] reported that the removal of COD is 88.76%. In addition, [START_REF] Sánchez-Martín | Surface water and wastewater treatment using a new tannin-based coagulant. Pilot plant trials[END_REF] showed the natural coagulant. Moringa made it possible to reduce the turbidity and COD of wastewater considerably.

Therefore, we can conclude that using cactus juice to treat low-load wastewater leads to a high elimination of COD from wastewater, more than when it is used for treating high pollutant loads.

Color Removal

Figure 11 shows the variation in color removal for low and high pollution loads as a function of the additional volume of the bio-flocculant.

Increasing the amounts of bio-flocculant for the high pollutant load resulted in a decrease in color and an increase in the rate of discoloration. Adding 40 mL.L -1 of bio-flocculant resulted in a minimum color removal value of 5%, while 180 mL.L -1 of bioflocculant resulted in a maximum color removal value of 67%. In addition, a significant color reduction of about 95% was achieved by employing 180 mL.L -1 of bio-flocculant for the low pollutant load. The results obtained agree with [START_REF] Bouatay | Use of the cactus cladodes mucilage (OpuntiaFicusIndica) as an eco-friendly flocculants: Process development and optimization using stastical analysis[END_REF] findings. They got an elimination percentage of color equal to 99.84% using cactus juice, which shows a more significant color removal of the wastewater by this natural flocculant.

Comparative Study Between Opuntia Juice as

a Bio-flocculant and Rejection Rich in FeCl3 (SIWW) for Turbidity Removal

The turbidity removal efficiency obtained by coagulation-flocculation using cactus juice and FeCl3 (30%) is respectively shown in Fig. 12.

The tests were carried out with cactus volumes varying between 40 and 280 ml L -1 and different concentrations of an industrial effluent loaded with 30% FeCl 3 of between 0.3 and 3.5 gL -1 . The obtained turbidity results are shown in Fig. 12. The elimination of turbidity increased with the augmentation of cactus volumes from 40 to 160 mL L -1 with high pollution load, reaching 85% removal of turbidity, which remains unchanged with increasing cactus volume above 160 mL L -1 thus resulting in a stable elimination rate. Bouatay and Mhenni (2014) used the bio-flocculant cactus with aluminum sulfate. The study results showed that the percentage of turbidity removal was 91.66% while the results obtained The industrial rejection rich in FeCl3 30% has allowed to get better performances in the elimination of the turbidity of the wastewater of the vegetable oil industry with a higher rate of 99% for a low or high pollution load and an optimal dose of 1.5 gL -1 of 30% FeCl3. M. Olivera was used in the study by [START_REF] Feria-Díaz | Behavior of turbidity, pH, alkalinity and color in Sinú River raw water treated by natural coagulants[END_REF] to treat Sin River water with natural coagulants. The results showed that turbidity was reduced by up to 95%, demonstrating the important role that bio-flocculants can play in wastewater treatment. Another study by Sánchez-Martín et al. 3). This strongly influences the quality of the water treated at the level of the activated sludge type treatment plant. Industrial wastewater is often treated by conventional coagulation-flocculation processes using several expensive coagulants and flocculants while producing a significant amount of sludge. In addition, synthetic reagents' residues can be replaced by bio-flocculants such as natural cactus juice or other seminar bio-flocculants to reduce the use of chemicals in wastewater treatment.

In the present work, we used cactus juice for the treatment of agro-food wastewater by coagulation-flocculation.

The results have shown that using cactus juice as a natural coagulant is suitable for effectively reducing turbidity, COD, and color for low pollutant loads compared to results obtained with high pollutant loads. Indeed, the bio-flocculant has reduced turbidity by 99%, COD 76%, and discoloration 95% for low-load wastewater, while its use has decreased 86% of turbidity, 62% of COD, and 67% of the discoloration à forte charge. We can conclude that natural coagulants can be used effectively for the low-pollutant treatment of wastewater loaded with pollutants such as fats, oils, and detergents. Cactus juices could be very interesting for water treatment, industrial waste, and the sustainable development of developing countries as a result of reducing pollution at the lowest cost.

Finally, cactus juice is a suitable flocculant that is in good agreement with the concept of sustainable development. It is ideal for countries with regions where cacti grow naturally.

The flocculant used is a natural product that is biodegradable and abundant in nature in Morocco with minimal cost while producing less sludge. This natural product does not affect the environment compared to other synthetic flocculants.

In conclusion, the bio-flocculant remains very interesting to use as a flocculant which does not affect the environment. The bio-flocculant is a biodegradable natural product which has no negative effect for the environment, hence the interest of its use as a product for the treatment of wastewater with a very low cost compared with the use of FeCl3. Moreover, in Morocco, the cactus is an abundant product in nature.
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  57 and 16 g/L, while COD has concentrations that vary between 32 and 9 g/L. Indeed,[START_REF] Kastali | Study of the Pollution Generated by Wastewater from the Refining of Vegetable Oils[END_REF] have shown that the physicochemical characteristics of wastewater discharges are functions of the processes used by the industrial unit. The effluents entering the wastewater treatment plant often have high levels and polluting loads of COD, BOD5, and TSS, as[START_REF] Chatoui | Removal of oil and grease from vegetable oil refinery wastewaters by coagulation-flocculation process[END_REF] (Table

  

Table 1

 1 Characteristics of bio-coagulant (cactus juice)

	Removal Percentage = 0	0	F * 100	(1)	Parameter	Value
	C0 and CF present the initial and final values of the		
	studied parameter.					
	2.3 Preparation of Natural Flocculant: Opunitia ficur		
	Indica Juice					

Opuntia ficur Indica cladodes prepare a new biodegradable, non-polluting, and main bio-flocculant from Mohammedia, a city in the west of Morocco.

Table 2

 2 Vegetable oil refinery process wastewater characterization

					show that 85% turbidity removal is obtained with 160
					(mL.L -1 ) cactus juice with a high pollutant load. The
	Parameters	Process wastewater		increase and decrease in turbidity removal are related
		Mean	Min.	Max.	to the fact that the cactus juice causes more significant amounts of pollutant particles to aggregate and settle.
	pH	9.87	9.0	10.75	However, if the optimal dose is exceeded, the floc-
	Temperature (°C)	34	23	36	culant would stabilize the colloidal particles, which
	Total suspended solid (TSS) (mgL -1 )	7425	5640	10180	could interfere with particle settling, as shown by Asrafuzzaman et al. (2011). This behavior could be
	COD (mgL -1 )	48,241	22,400	53,563	
	BOD 5 (mgL -1 )	12,356	6789	20,179	
	Oil and grease (mgL -1 )	5495	504	6542	
	Phenol (mgL -1 )	46.3	33.4	58.3	
	Surfactant (mgL -1 )	57.8	8.7	122	
	DO (mg O 2 L -1 )	1.28	0.11	2.20	
	Turbidity (NTU)	2654	1119	3850	
	COD/BOD5	3.90	3.29	2.65	
	for different samples and fluctuated substantially over	
	time, which may be due to the manufacturing process	
	involved. At present, the company several products	
	are manufactured by the company concerned such	
	as table oils, olive oils, soap, bleach, and cosmetics.	

Indeed, the physicochemical quality of wastewater, which varies over time, is a function of the products manufactured at the level of society, as

[START_REF] Kastali | Study of the Pollution Generated by Wastewater from the Refining of Vegetable Oils[END_REF] 

had pointed out. These variations might be related to various oil types treated as well as operational circumstances and procedures, as shown by

[START_REF] Singh | Rapid degradation of phenol by ultrasound-dispersed nano-metallic particles (NMPs) in the presence of hydrogen peroxide: A possible mechanism for phenol degradation in water[END_REF]

.

Table 3

 3 Variation of the physicochemical parameters of the wastewater received by the treatment plant

	Parameters	Min.	Max.