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Introduction

One of the most recent challenges facing environment is to sustain and conserve water resources (groundwaters and surface waters). The importance of these challenges increases with the development of urban, agricultural, and industrial activities that generate a large amount of wastewater. Textile industries are known as the main contributors of water contamination because they consume large volumes of water through different processes [START_REF] Shah | Microbial degradation of textile dye (Remazol Black B) by Bacillus spp. ETL-2012[END_REF]. Wastewaters extensively vary in terms of composition due to the impurity in fibers and the chemical compounds arising from the involved steps.

Major problems in wastewaters from textile industries concern dyes. The annual production of dye is more than 7000 metric tons [START_REF] Robinson | Remediation of dyes in textile effluent: a critical review on current treatment technologies with a proposed alternative[END_REF], in which 2% are lost in aqueous effluents and about 10 % are discharged during the coloration process [START_REF] Pearce | The removal of colour from textile wastewater using whole bacterial cells: a review[END_REF]. The release of the dyes causes many environmental problems into water where they are the more visible pollutants. Because of their chemical structure, dyes might cause potentially dangerous bioaccumulation and ecotoxicity. The treatment of increasing number of pollutants in wastewater needs the research of new biosorbents. In the present paper Ponceau S (PS) was used as a model of dye and its removal was investigated by biosorption onto Fisch Scale (FS).

Acid Red 112 or PS, is an anionic diazo dye which is found in several applications of food process and in biochemistry. It is also used in clinical laboratories [START_REF] Bannur | Protein determination by Ponceau S using digital color image analysis of protein spots on nitrocellulose membranes[END_REF] and in dying industry of textile and leather [START_REF] Meena | Degradation of textile dyes Ponceau-S and Sudan IV using recently developed photocatalyst, immobilized resin Dowex-11[END_REF]. PS is known as a toxic and carcinogen chemical [START_REF] Bannur | Protein determination by Ponceau S using digital color image analysis of protein spots on nitrocellulose membranes[END_REF][START_REF] Venkatesha | Adsorption of Ponceau S from aqueous solution by MgO nanoparticles[END_REF]. Its removal has been investigated by numerous researchers. Photocatalytic degradations of PS were performed in the presence of various photocatalysts such as Nb 2 O 5 with commercial activated carbon [START_REF] Patil | Photocatalytic degradation of hazardous Ponceau-S dye from industrial wastewater using nanosized niobium pentoxide with carbon[END_REF], methylene blue immobilized in resin Dowex-11 [START_REF] Meena | Degradation of textile dyes Ponceau-S and Sudan IV using recently developed photocatalyst, immobilized resin Dowex-11[END_REF][START_REF] Pachwarya | Degradation of azo dyes Ponceau S, S-IV from the wastewater of textile industries in a new photocatalytic reactor with high efficiency using recently developed photocatalyst MBIRD-11[END_REF], nanosized PbO [START_REF] Marathe | Synthesis, characterization and photocatalytic application of nanosized PbO in the removal of hazardous Ponceau S dye in the presence of UV light[END_REF], ZnO [START_REF] Hossain | ZnO mediated photodegradation of aqueous solutions of crystal violet and Ponceau S by visible light[END_REF][START_REF] Muslim | Zinc oxidemediated photocatalytic decolorization of Ponceau S in aqueous suspension by visible light[END_REF][START_REF] Marathe | Removal of hazardous Ponceau S dye from industrial wastewater using nano-sized ZnO[END_REF] and nano structured Ni-doped TiO 2 thin film [START_REF] Marathe | Photocatalytic removal of hazardous Ponceau S dye using nanostructured Ni-doped TiO 2 thin film prepared by chemical method[END_REF]. Mineralization of PS was carried out in the presence of strong oxidants under photochemical activation [START_REF] Sahoo | UVC induced TOC removal studies of Ponceau S in the presence of oxidants: Evaluation of electrical energy efficiency and assessment of biotoxicity of the treated solutions by Escherichia coli colony forming unit assay[END_REF][START_REF] Sahoo | UV light-assisted mineralization and biodetoxification of Ponceau S with hydroxyl and sulfate radicals[END_REF], Fenton process [16], and Fenton-like processes [START_REF] Sahoo | Fenton and Fenton-like processes for the mineralization of Ponceau S in aqueous solution: Assessment of ecotoxicological effect of post treated solutions[END_REF][START_REF] Desoky | Decolorization and degradation of Ponceau S azo-dye in aqueous solutions by the electrochemical advanced Fenton oxidation[END_REF]. Despite its easiness to use, adsorption or biosorption methods were rarely applied to PS removal. Efficient processes were observed with nanofibrous membrane [START_REF] Li | Rapid capture of Ponceau S via hierarchical organic-inorganic hybrid nanofibrous membrane[END_REF], chitin [START_REF] Shirsath | Removal of hazardous dye Ponceau-S by using chitin: An organic biosorbent[END_REF], nanoparticles of MgO [START_REF] Venkatesha | Adsorption of Ponceau S from aqueous solution by MgO nanoparticles[END_REF] and AlPO 4 and surface modified AlPO 4 [START_REF] Flilissa | Removal of Ponceau S by adsorption onto alumino-phosphate[END_REF][START_REF] Flilissa | Surface modification of aluminum phosphate by sodium dodecylbenzenesulfonate (SDBS): A new nano-structured adsorbent for an improved removal of Ponceau S[END_REF]. FS are found in marine wastes, and they are able to work as low-cost biosorbents.

They have been already used in wastewater treatments, mainly for the removal of heavy metals, dyes and pharmaceutical [START_REF] Ighalo | Recent advances in the biosorption of pollutants by fish scales: a mini-review[END_REF][START_REF] Eletta | A review of fish scales as a source of biosorbent for the removal of pollutants from industrial effluents[END_REF][START_REF] Fabiano | Characterization of Oreochromis niloticus fish scales and assessment of their potential on the adsorption of reactive blue 5G dye[END_REF][START_REF] Marrakchi | Mesoporous carbonaceous material from fish scales as low-cost adsorbent for reactive Orange 16 adsorption[END_REF]. To our knowledge, FS of Sardina pilchardus have never been applied to the treatment of PS. Besides, a computational study was developed in order to investigate the biosorption behavior of collagen and HAD during this process.

In the present research work, the biosorption of PS into FS was investigated. The effect of various process factors was studied, including their interactions by using a Central Composite Design (CCD) according to the response surface methodology (RSM).

Applying CCD, it is possible to evaluate the interactions of factors on biosorption efficiency and to determine the optimum operational conditions for the process with a small number of experiments [START_REF] Jaafar | Central composite design for the optimization of Basic Red V degradation in aqueous solution using Fenton reaction[END_REF]. The isothermal study was analyzed using Freundlich and Langmuir isotherm models. The pseudo-second-order and pseudo-first-order models were also applied to characterize the kinetic process. Thermodynamic study was also applied to complete the investigation of PS removal by biosorption onto FS. Since regeneration and reusability of adsorbents are important steps in the research of an economical process [START_REF] Tarhan | Adsorptive performance of magnetic nano-biosorbent for binary dyes and investigation of comparative biosorption[END_REF][START_REF] Tural | Preparation and characterization of a novel magnetic biosorbent functionalized with biomass of Bacillus Subtilis: Kinetic and isotherm studies of biosorption processes in the removal of Methylene Blue[END_REF][START_REF] Tural | Removal of hazardous azo dye Metanil Yellow from aqueous solution by cross-linked magnetic biosorbent; equilibrium and kinetic studies[END_REF], the regeneration of the exhausted biosorbent FS was studied.

MC and RDF calculations were used to investigate the biosorption behavior of PS onto both collagen and HDA which are the main constituents of FS. This computational study provided highlights for a better knowledge of the biosorption process of PS dye on FS surfaces. All the results indicated that FS was efficient in the removal of PS.

Experimental section

Reagents

PS was purchased from Reactifs Ral. The chemical structure and some properties of the PS are given in Fig. 1 and Table 1, respectively. The other chemicals, sodium chloride (NaCl), sodium hydroxide (NaOH) and hydrochloride acid (HCl) were purchased from Scharlau Chemie. The collection and preparation of the biosorbent FS of Sardina pilchardus are described in a precedent paper [START_REF] Jaafar | Optimization of cadmium ions biosorption by fish scale from aqueous solutions using factorial design analysis and Monte Carlo simulation studies[END_REF]. 

Biosorption studies

Biosorption experiments were conducted by adding 250 mg of FS to a set of 500 mL conical flasks containing 200 mL of PS solutions with initial concentrations of 35 mg L -1 at pH 2.1 and T = 296 K. The flasks were shaken at a constant agitation speed, with contact time of 60 min. The effect of biosorbent mass was studied by performing series of experiments at a biosorbent mass ranging from 50 mg to 300 mg.

In order to examine the effect of initial PS concentration and solution pH, 250 mg of biosorbent were used at T = 296 K. These experiments were carried out by changing the initial PS concentration from 10 mg L -1 to 45 mg L -1 , the pH from 2.10 to 11.20. The initial pH was adjusted by adding solutions of 0.1 M HCl or 0.1 M NaOH. Each experiment was replicated three times.

After a centrifugation at 3000 rpm for 5 min, the PS concentration was measured by UV-visible spectrophotometry (Rayleigh UV-1800) at maximum wavelength, λ max = 520 nm. The removal of PS was calculated by Eq. ( 1) where [PS] t is the PS concentration at reaction time and [PS] 0 is the PS initial concentration.

(1)

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 (%) = ( 1 -[𝑃𝑆] 𝑡 [𝑃𝑆] 0 ) 100
The adsorbed quantity q t (mg g -1 ) was calculated from the concentration of PS with Eq. ( 2) where C 0 (mg L -1 ) and C t (mg L -1 ) are PS initial concentration and PS concentration at time t, respectively, V is the volume of the dye solution (L) and m is the mass of FS (g).

(2)

𝑞 𝑡 = (𝐶 0 -𝐶 𝑡 ) 𝑉 𝑚
The regeneration of the biosorbent was studied by placing 250 mg of FS into 200 mL of dye solutions, with initial concentrations of 35 mg L -1 at pH 2.1 and T = 23°C.

Then, the dye-loaded FS were separated from the solution by a centrifugation and dried in an oven at 60°C for 2 h. Finally, the dye-loaded FS were agitated with 200 mL of deionized distilled water at pH 10.70 and 23°C for 2 h.

The point of zero charge (pH pzc ) was determined by the salt addition method [START_REF] Jodeh | Efficiency of magnetic chitosan supported on graphene for removal of perchlorate ions from wastewater[END_REF][START_REF] Ghaedi | Saccharomyces cerevisiae for the biosorption of basic dyes from binary component systems and the high order derivative spectrophotometric method for simultaneous analysis of Brilliant green and Methylene blue[END_REF]. The initial pH i of 200 mL of 0.01 M NaCl solution was adjusted to a pH in the range 2-12. Then, 250 mg of FS were added to each solution. The solutions were shaken for 24 h at 23°C, and the final pH of the solutions (pH f ) was determined. The point of zero charge (pH pzc ) is the point where the curve pH f vs. pH i intersects the line pH f = pH i .

The X-Ray Diffraction (XRD) analysis was investigated by using a Rigaku diffractometer. The XRD patterns were obtained by using the Cu Kα radiation (1.5418 Å), a voltage of 40 kV, 40 mA of current, a step size of 0.02°, a step time of 1 s and 2θ in the range 10° -60°.

Kinetic study

The pseudo-first-order kinetic has been investigated with Eq. (3) [START_REF] Muntean | Combustion synthesis of Fe 3 O 4 /Ag/C nanocomposite and application for dyes removal from multicomponent systems[END_REF] where q e (mg g -1 )

and q t (mg g -1 ) are the sorption capacities at equilibrium and at time t, respectively, k 1 (min -1 ) is the rate constant of the pseudo-first-order sorption and t is the time.

(

) 𝑙𝑛(𝑞 𝑒 -𝑞 𝑡 ) = 𝑙𝑛(𝑞 𝑒 ) -𝑘 1 𝑡 3 
The pseudo-second-order kinetic equation is given by Eq. ( 4) [START_REF] Vishan | Evaluation of Cd(II) biosorption in aqueous solution by using lyophilized biomass of novel bacterial strain Bacillus badius AK: Biosorption kinetics, thermodynamics and mechanism[END_REF] where q e (mg g - 1 ) and q t (mg g -1 ) are the sorption capacities at equilibrium and at time t, respectively, t is the time and k 2 is the rate constant (g mg -1 min -1 ).

(4)

𝑡 𝑞 𝑡 = 1 𝑘 2 𝑞 2 𝑒 + 1 𝑞 𝑒 𝑡
Besides the value of R 2 , the validity of each model was determined by the sum of error squares (SSE) given by Eq. ( 5):

(5) 𝑆𝑆𝐸 = ∑ 𝑛 𝑖 = 1 (𝑦 𝑒𝑥𝑝 -𝑦 𝑐𝑎𝑙 )²
Where y exp is the experimental value and y cal is the calculated value.

Biosorption isotherm models

Biosorption isotherms represent an important step to know how molecules or ions of adsorbate interact with the biosorbent surface at the equilibrium conditions. The isotherms constants are critical in optimizing the usage of biosorbents. Many isotherm models have been reported and used to describe the biosorption of mono solute which could be classified into various classes. In this paper, Langmuir [START_REF] Langmuir | The adsorption of gases on plane surfaces of glass, mica, and platinum[END_REF] and Freundlich [START_REF] Freundlich | Over the adsorption in solution[END_REF] isotherms were employed to investigate the biosorption behavior.

The main hypotheses of the Langmuir biosorption isotherm are: (i) the biosorption is mainly due to a saturated monolayer of adsorbate molecules on the biosorbent surface, (ii) the energy of biosorption is constant, and (iii) in the plane of the biosorbent surface, there is no transmigration of adsorbed dye molecules. Langmuir isotherm is identified by Eq. ( 6) [START_REF] Langmuir | The adsorption of gases on plane surfaces of glass, mica, and platinum[END_REF] where C e and q e are adsorbate concentration (mg L -1 ) and adsorbed quantity (mg g -1 ) at equilibrium, respectively.

(

) 6 
𝐶 𝑒 𝑞 𝑒 = 1 𝑞 𝑚 𝐶 𝑒 + 1 𝑞 𝑚 𝐾 𝐿
The plot of 1/q e versus 1/C e should give a straight line. The slope has the value of 1/K L q m , where K L (L mg -1 ) is the Langmuir constant and q m (mg g -1 ) is the maximum biosorption capacity [START_REF] Gimbert | Adsorption isotherm models for dye removal by cationized starch-based material in a single component[END_REF]. According to the Langmuir constant K L (L mg -1 ) and the highest initial PS concentration C o (mg L -1 ), the dimensionless equilibrium parameter R L is given by Eq. ( 7) [START_REF] Sykam | Exfoliation of graphite as flexible SERS substrate with high dye adsorption capacity for Rhodamine 6[END_REF].

(7)

𝑅 𝐿 = 1 1 + 𝐾 𝐿 𝐶 0 R L value
characterizes the nature of the biosorption process. For R L values (>1), (= 1), (0<R L <1) and (= 0), the process is unfavorable, linear, favorable and irreversible, respectively [START_REF] Maleki | Adsorption of hexavalent chromium by metal organic frameworks from aqueous solution[END_REF].

Freundlich model [START_REF] Freundlich | Over the adsorption in solution[END_REF] considers a mono-layer adsorption of solute and suggests that the adsorbent has surface supporting sites of various affinities or a heterogeneous surface, and the existence of an interaction between the adsorbed molecules onto that heterogeneous surface [START_REF] Freundlich | Over the adsorption in solution[END_REF]. The Freundlich equation assumes that the biosorption energy exponentially decreases on completion of the active centers of a biosorbent. The Freundlich biosorption isotherm is given by Eq. ( 8) [START_REF] Zheng | Hierarchical porous Al 2 O 3 @ZnO core-shell microfibres with excellent adsorption affinity for Congo red molecule[END_REF] where C e (mg L -1 ) is the adsorbate dose at equilibrium and q e , (mg g -1 ) is the adsorbed quantity. ( 8)

𝑞 𝑒 = 𝐾 𝐹 𝐶 1 𝑛

𝑒

Freundlich constants (K F ) and (n) characterize the adsorption capacity and the intensity of the adsorption and influence the adsorption process. These constants were found by drawing a straight-line ln (C e ) versus ln (q e ) which gave as intercept ln (K F ) and a slope of 1 / n. The n value is a measure of strength and the nature of the adsorption process and of the distribution of active sites. The intensity of adsorption less than one (n < 1) corresponds to an adsorption process of chemical nature. Favorable adsorption conditions are characterized by an adsorption intensity greater than one (n > 1) [START_REF] Yu | Boron nitride-based materials for the removal of pollutants from aqueous solutions: a review[END_REF].

Central Composite Design

The CCD was used to determine the regression model equations, operating parameters and to optimize the biosorption process from the appropriate experiments. It was also a good tool to find the optimum process of various parameters. Moreover, it was useful in studying the interactions of the parameters affecting the process.

To make a well prediction and to have a descriptive quality in the whole experimental domain, by minimizing the experiment number, the design of the plan required 31 experiments with Eq. [START_REF] Marathe | Synthesis, characterization and photocatalytic application of nanosized PbO in the removal of hazardous Ponceau S dye in the presence of UV light[END_REF] where k was the number of independent variables and N 0 was the number of repetitions of the central points. 

∆𝑥 𝑖

Data were investigated by the analysis of variance method. Also, according to the alpha risk, a statistical analysis of the probability value was carried out to compare experimental and theoretical values F (Fisher-Snedecor table ). The optimal values of the operation parameters were given by response surface plots [START_REF] Jaafar | Central composite design for the optimization of Basic Red V degradation in aqueous solution using Fenton reaction[END_REF][START_REF] Weib | STATISTICA, version 8[END_REF].

Table 3 shows the 31 experiments. The experimental conditions of the i th experiment are defined by the i th line of this matrix [START_REF] Weib | STATISTICA, version 8[END_REF]. In order to minimize the error due to the experiments, the plan was carried out with a randomized order. The results are grouped in Table 3. The interpretation of the results was obtained by the analysis of variance of the model, the computation of the estimates of the coefficients for the factors and their interactions, and the determination of their significance were based on specific statistical tests [START_REF]JMP 10 Basic Analysis and Graphing[END_REF]. 

Results and discussion

Characterization of FS biosorbent

The FS structure was characterized in a precedent paper by Scanning Electron Microscopy (SEM), Energy Dispersion Spectroscopy, X-Ray Diffraction (XRD) and Fourier Transform Infra-Red (FT-IR) spectroscopy [START_REF]JMP 10 Basic Analysis and Graphing[END_REF]. The non-mineralized organic component (type I collagen) and the mineralized inorganic component hydroxyapatite Ca 10 (PO 4 ) 6 (OH) 2 are the main constituents of FS [START_REF] Regti | Optimization and computational approach to understand the adsorption behavior of Alizarine Red S on the surface of fish scales[END_REF][START_REF] Kara | Bioactive fish scale incorporated chitosan biocomposite scaffolds for bone tissue engineering[END_REF][START_REF] Ikoma | Microstructure, mechanical, and biomimetic properties of fish scales from Pagrus major[END_REF][START_REF] Bose | Synthesis and characterization of hydroxyapatite nanopowders by emulsion technique[END_REF]. Furthermore, Fig. 2 shows the XRD diagram of FS. The great width of reflections shows that FS contained nanocrystallites of hydroxyapatite. Their sizes can be obtained thanks to the Scherrer equation (Eq. ( 10)) where D (nm) is the size of the crystallite,  is the wavelength of Cu Kα (= 0.15418 nm), β (rad) is the full width at half maximum, and  is the diffraction angle [START_REF] Bose | Synthesis and characterization of hydroxyapatite nanopowders by emulsion technique[END_REF]. The isolated reflection at  of .5°, corresponding to the (002) Miller plan, was chosen for the calculation leading to the crystallite size of 10.5 ± 1 nm. This result agrees with the size measured at 12 nm for fish scale of Catla catla after calcination at 200°C [START_REF] Paul | Effect of trace elements on the sintering effect of fish scale derived hydroxyapatite and its bioactivity[END_REF] or with the size of 20-30 nm which was measured by SEM with transmission mode for hydroxyapatite particles of tilapia fish scales [START_REF] Zainol | Extraction of natural hydroxyapatite from tilapia fish scales using alkaline treatment[END_REF]. 11.20, the uptake decreased from its greatest value of 34.26 mg g -1 to 0.59 mg g -1 . This was the result of a decrease in electrostatic interactions between the dye anion and FS.

Such mechanism proves the cause of the observed biosorption under strongly acidic conditions. The optimum pH for biosorption was found to be 2.10 for the following studies. These results demonstrates that the electrostatic interactions were the main factor of PS dye biosorption onto FS surface. 

Effect of contact time

This effect was studied by varying the agitation time using aqueous solution containing various concentrations of PS. Fig. 5 shows that the removal efficiency increases with the duration of agitation time, reaching nearly maximum removal at contact time of 60 min.

Thereafter, the adsorbed quantity becomes nearly constant. The reason may be due to the fact that, initially all the biosorbent sites were free and the PS concentration was high.

Afterwards, the PS biosorption capacity of FS decreased significantly due to the decrease in available biosorption sites as well as PS concentration. 

Effect of PS dose

This effect of PS on its removal was studied at room temperature. Fig. 5 presents the influence of the PS dose on its biosorption. It is evident that the biosorption of PS rapidly occurs during the first 10 min, then gradually it reaches a maximum value corresponding to an equilibrium at around 60 min. Many vacant surface sites would be available for biosorption during the initial stage of the treatment, and after a few times, the remaining vacant surface sites would be difficult to be occupied due to repulsive forces between adsorbed PS and free PS in solution.

FS dose influence

This influence on PS biosorption is presented in Fig. 6. Results show that the biosorption efficiency of FS increased when FS dose increased. After 60 min of stirring the mixture of the dye and FS, the biosorption efficiency varied from 33.76% for 50 mg of FS to 96.58% for 300 mg of FS. The improved removal percentage of PS may be explained by the increase of FS dose and the concomitant increase of the available surface for adsorption [START_REF] Das | Calcareous soil as a new adsorbent to remove lead from aqueous solution: equilibrium, kinetic and thermodynamic study[END_REF][START_REF]Hazardous materials and wastewater: treatment, removal and analysis[END_REF]. The best dose of biosorbent was found to be 1.25 g L -1 of FS for the following studies. This quantity gave the same removal percentage than 1.5 g L -1

(96.58%). 

Kinetic study

The kinetic parameters are gathered in Table 4. Both kinetic models give a good correlation coefficient R 2 . For the pseudo-second-order a large gap is observed between the calculated q cal and the experimental q exp quantities. So, the biosorption of PS onto FS does not follow this model. For the Lagergren pseudo-first-order there is a good agreement between the calculated q cal and the experimental q exp quantities. In addition, the value of SSE of the pseudo-first-order model was lower than that the one of the pseudo-second-order model. These results show that the pseudo-first-order model provides a better fit for the experimental data. 

Temperature effect and thermodynamic parameters

Fig. 7 presents the temperature effect on the biosorption of PS by FS. The results show that the biosorption of PS by FS decreased from 97.90 % to 83.26 % with an increase in temperature from 298 K to 328 K. The quantity of PS adsorbed by FS decreased when the temperature increased, suggesting that a lower temperature favored the PS removal from the aqueous solution. This tendency might be due to a decrease of the number of active sites which are involved in the biosorption when the temperature increased. Table 6 shows that the K L values increased with the temperature. This observation means that the PS biosorption phenomenon on FS is governed by an endothermic process [START_REF] Tran | Thermodynamic parameters of cadmium adsorption onto orange peel calculated from various methods: A comparison study[END_REF]. dimensionless) was calculated from the Langmuir constant (K L ) [START_REF] Tran | Mistakes and inconsistencies regarding adsorption of contaminants from aqueous solutions: a critical review[END_REF]. When the K L unit is expressed in L mg -1 , Zhou and Zhou [START_REF] Zhou | The unit problem in the thermodynamic calculation of adsorption using the Langmuir equation[END_REF] recommended that K C can be obtained as a dimensionless constant by multiplying K L by the molecular weight of adsorbate M w , 1000, and then 55.5 (Eq. ( 12)). The thermodynamic parameters were obtained with the following units:

(J mol -1 ); ∆𝐺 ∆𝑆 (J mol -1 K -1 ); (J mol -1 ). R (8.314 J mol -1 K -1 ) is the universal gas constant, T (K) is the ∆𝐻 absolute solution temperature, K L (L mg -1 ) is the Langmuir constant, M W (g mol -1 ) is the molecular weight of adsorbate (PS), the 1000 factor changes the mass unit of g to mg, and the factor 55.5 is the mole number of H 2 O in 1 L.

Values of ln(K C ) are given in Table 6. From Eq. ( 13), a plot of ln(K C ) versus 1/T produces a straight line with a slope of and an intercept of , which can be ∆𝐻/𝑅 ∆𝑆/𝑅 used to calculate the values of thermodynamic parameters. The results are given in Fig. 8 and Table 6. The positive value of ΔH confirmed that the biosorption process was endothermic which adsorbed energy in the form of heat from its surroundings. This is due to the fact that the PS dye must displace more than one water molecule for their biosorption, which causes the endothermicity of the biosorption process [START_REF] Papita | Insight into adsorption thermodynamics, Thermodynamic[END_REF]. Meanwhile, the negative values of Gibb's free energy change (ΔG) at all temperatures suggested that the biosorption of PS onto FS was thermodynamically favorable and spontaneous. The decreased negative values of ΔG, along with the increasing temperatures, confirmed that the accumulation phenomenon of PS dye onto PS was more feasible at a lower temperature [START_REF] Tran | Thermodynamic parameters of cadmium adsorption onto orange peel calculated from various methods: A comparison study[END_REF]. Lastly, the positive value of entropy change (ΔS) showed an increase in random motion of the PS molecules at the solid/solution interface during the biosorption process. The positive ΔS value also confirms that the biosorption phenomenon involves a dissociative mechanism [START_REF] Tran | Thermodynamic parameters of cadmium adsorption onto orange peel calculated from various methods: A comparison study[END_REF]. Moreover, the positive value of ΔS also involves the increased degree of freedom of PS dye in the solution.

In addition, it is well known that physisorption, such as van der Waals interactions, has usually ΔG values lower than -20 kJ mol -1 , and electrostatic interaction ranges from -20 to -80 kJ mol -1 . Chemisorption band strengths can be found in the range from -80 to -400 kJ mol -1 [START_REF] Kankılıç | Phragmites australis: An alternative biosorbent for basic dye removal[END_REF][START_REF] Dallel | Biosorption of cationic dye onto Phragmites australis fibers: characterization and mechanism[END_REF]. Referring to the results in Table 6, and even at different temperatures, considering the values of ΔG, the biosorption of PS by FS confirms that the process is a physisorption one. 

Desorption study

To make the process more economical, desorption (the reverse process of biosorption) was studied. The basis of biosorption interactions was electrostatic, so during desorption process, electrostatic interaction should be eliminated as observed by Tarhan et al [START_REF] Tarhan | Adsorptive performance of magnetic nano-biosorbent for binary dyes and investigation of comparative biosorption[END_REF].

The dye on the surface of FS was quantitatively desorbed by breaking their electrostatic interaction bonds at pH 10.70.

Optimization using CCD

Analysis of variance

This analysis was done to see the effect of the selected parameters on the response [START_REF] Zheng | Hierarchical porous Al 2 O 3 @ZnO core-shell microfibres with excellent adsorption affinity for Congo red molecule[END_REF].

As shown in Table 7, the F statistic value of regression (40.6887), for the PS biosorption efficiency, is higher than F th (F 0.01 (14.16) = 5.27). The largest F-value indicates that the response variation can be explained by the regression equation.

The p-value confirms the interpretation demonstrated by Fisher test. The associated p-value of the regressions is lower than 0.05. Therefore, this result means that there is no statistical difference between the predicted and experimental values of the models. * : significant to 0.1 % (F 0.001 (14.16) = 5.27)

Effect of variables on PS biosorption efficiency

The interactions of the four parameters and their main effects are gathered in Table 8.

Each coefficient is associated with the F-value and p-value. The Fisher-test is used to determine the significance and the importance of factors effects and interactions between the variables on the response studied. Moreover, the large amplitude of F-value corresponds to the small p-value [START_REF] Deng | Poly-vinyl alcohol (PVA)-enhanced hybrid hydrogels of hyper branched poly (etheramine) (hPEA) for selective adsorption and separation of dyes[END_REF]. 

. Comparison of PS biosorbents

A comparative study of the biosorption capacity for PS was carried out with other biosorbents (Table 9). It is obvious that FS shows a well efficiency comparing to Polyvinyl alcohol enhanced hybrid hydrogels of hyper branched poly-(etheramine), Chitin, or nanosized niobium pentoxide (Nb 2 O 5 ) with 4.256 mg g -1 , 5.2 mg g -1 or 41.0 mg g -1 , respectively. FS is also a better biosorbent than alumino-phosphate [START_REF] Flilissa | Removal of Ponceau S by adsorption onto alumino-phosphate[END_REF]. So, it is interesting that FS arising from a marine waste is a good and low-cost biosorbent and it could be investigated in the removal of another dyes. 

MC and RDF simulations

The MC calculation was used to predicting both behavior and strength biosorption of PS onto collagen and HDA surfaces. Before this analysis, it is also possible to obtain the radial distribution function (RDF) (or pair correlation function G(R)). The RDF is used as a technique to predict the nature of biosorption between PS and surface. The appearance of peaks from 1.00 Å to 3.50 Å is a sign of chemisorption interaction nature [START_REF] Jaafar | Optimization of cadmium ions biosorption by fish scale from aqueous solutions using factorial design analysis and Monte Carlo simulation studies[END_REF]. The stable biosorption configuration of the studied interfaces (PS/100water/50H 3 O + /50Cl -/Collagen or HDA) (Fig. 12) and RDF plots are exposed in Fig. 13. To evaluate the biosorption between PS and collagen/or HDA such energies are calculated: the total energy (E T ) reports the global energy for the systems under study (PS/100water/50H 3 O + /50Cl -/Collagen or HDA), this parameter is calculated by optimizing the whole system. Therefore, the biosorption energy (E ads ) which displays the energy required when the relaxed PS is adsorbed on the surface, this parameter is commonly recognized to estimate the strength and mechanism of biosorption. Then, the energy dE ads /dNi, namely the desorption energy, reports the necessary energy where one molecule PS removed to the system of (PS/100water/50H 3 O + /50Cl -/Collagen or HDA). Table 10 shows that interface of PS/100water/50H 3 O + /50Cl -/Collagen is more stable (Low value of ℇ Tot = -281.319 kcal mol -1 ) comparing to the PS/100water/50H 3 O + /50Cl -/HDA one (high value of ℇ Tot = -202.969 kcal mol -1 ). In addition, the negative values of E ads mean that the studied biosorption can be spontaneously shaped [START_REF] Jaafar | Optimization of cadmium ions biosorption by fish scale from aqueous solutions using factorial design analysis and Monte Carlo simulation studies[END_REF][START_REF] Chebabe | Electrochemical and theoretical study of corrosion inhibition on carbon steel in 1M HCl medium by 1,10-bis(4-amino-3-methyl-1,2,4triazole-5-thioyl)decane[END_REF]. Moreover, we observed that the system of PS/100water/50H 3 O + /50Cl -/Collagen has a more negative value of ℇ ads (-94.255 kcal mol - 1 ) comparing to the PS/100water/50H 3 O + /50Cl -/HDA interface (-14.631 kcal mol -1 );

indicating a stronger interaction between PS and collagen surface. Furthermore, we perceived that dℇ ad /dN i for PS molecule onto collagen surface is higher (dℇads/dNi = -234.990 kcal mol -1 ) than that onto HDA surface (dℇads/dNi = -395.103 kcal mol -1 ). This observation clearly shows that it is more difficult to detach a PS molecule from the collagen surface than from the HDA surface. For the RDF analysis (Fig. 13) the intense peaks correspond to the PS/100water/50H 3 O + /50Cl -/Collagen or HDA interface seems at the link lengths greater than 3.50 Å. This result reveals that the adsorption process is a physisorption one. 

Conclusion

FS has been investigated as a biosorbent to uptake PS dye from aqueous solutions. The results showed an excellent removal capacity and gave a good biosorption efficiency. At the optimized conditions (e.g. FS mass of 250 mg; contact time of 60 min; PS concentration of 35 mg L -1 ; V = 200 mL; pH = 2.10; temperature = 296 K), 96.58% of PS dye were removed. Under the same optimized conditions, the maximum biosorption capacity for PS dye was identified to be 56.50 mg g -1 . In addition, PS dye was desorbed in alkaline pH. These results were confirmed with a CCD according to the RSM, the results of optimization showed that at a pH of 2.1, and a concentration of PS of 35 mg L - 1 , and weight of FS of 250 mg and a temperature of 303 K, the biosorption reached more than 96% of treatment efficiency.

The biosorption phenomenon of PS by FS is favorably influenced by a temperature decrease. The biosorption kinetics followed the pseudo-first-order expression. The process was thermodynamically spontaneous. In addition, the feasibility of the biosorption was confirmed by a good fitting with Freundlich isotherm model. Finally, the biosorption mechanism of two studied interfaces is highlighted using Monte Carlo and radial distribution function simulations.
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 4 Fig. 4. Effect of pH on the PS biosorption onto FS ([PS] 0 = 35 mg L -1 , m(FS) = 250 mg, V = 200 mL, contact time = 60 min, T = 296 K)
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 5 Fig. 5. Effect of contact time and PS dose on its biosorption into FS (m(FS) = 250 mg, pH = 2.10, V = 200 mL, T = 296 K)
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 6 Fig. 6. Effect of FS dose on the biosorption of PS ([PS] 0 = 35 mg L -1 , pH = 2.10, V = 200 mL, T = 296 K)
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 7 Fig. 7. Effect of temperature on biosorption of PS onto FS ( [PS] 0 = 45 mg L -1 , m(FS) =

( 11 )

 11 ∆𝐺 = -𝑅𝑇𝑙𝑛(𝐾 𝐶 ) (12) 𝐾 𝐶 = 𝐾 𝐿 × 𝑀 𝑊 × 1000 × 55.5 (13) 𝑙𝑛(𝐾 𝐶 ) = ∆𝑆 𝑅 -∆𝐻 𝑅𝑇
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 8 Fig. 8. Plot of ln(K C ) versus 1/T for the determination of the thermodynamic parameters
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 1033104 Fig.9describes the effect of four factors on the PS biosorption efficiency. At first, it is observed that the pH reflects a negative effect on the response. Besides, above a PS concentration of 35 mg L -1 the effect of this factor become negative. For the FS mass, the effect on the response is positive until a value of 260 mg. However, the temperature has a low effect on PS biosorption efficiency.
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 9 Fig. 9. Main effect plot of parameters on the PS biosorption efficiency
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 10310611 Fig. 10. Correlation between predicted and experimental values for PS biosorption on FS efficiency
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 12 Fig. 12. Most stable configurations of two interfaces: PS/100water/50H 3 O + /50Cl - /Collagen and PS/100water/50H 3 O + /50Cl -/HDA at temperature of 297.15 K.

Fig. 13 .

 13 Fig. 13. RDF analysis of PS/100water/50H 3 O + /50Cl -/Collagen or HDA interface

  

Table 1 .

 1 Some properties of PS dye

	IUPAC name	3-Hydroxy-4-(2-sulfo-4-[4-sulphophenylazo]phenylazo)-2,7-
		naphthalenedisulphonic acid sodium salt
	Synonym	Acid Red 112
	C. I. Number	27195
	Type	Anionic
	Molecular weight	760.57g mol -1
	Azo group number 2
	λ max	520nm
	Molecular formula C 22 H 12 N 4 O 13 S 4 Na 4

Table 2

 2 

	gathers the levels

Table 2 .

 2 Parameters, experimental range and level of independent variables

Coded variables X 1 , X 2 , X 3 , X 4 * Natural variables (x j )

  

		Units	-α	-1	0	1	+α	Δx
	x 1 = pH	-	2.10 2.35 2.60 2.85	3.10 0.25
	x 2 = [PS]	(mg /L) 15	25	35	45	55	10
	x 3 = m (FS)	(mg)	50	120	190	260	330	70
	X 4 = T	(K)	293 298	303	308	313	5

*α = 2.00, 𝑋 𝑖 = 𝑥 𝑖 -𝑥 0

Table 3 .

 3 The experimental data for responses according to central composite design

	Run	Coded variables values Uncoded variables values	Efficiency
	Logical Random X 1 X 2 X 3	X 3 x 1	x 2	x 3	x 4	(%)

Simulation software

Biosorption of PS onto collagen and HDA as periodic surfaces in acidic medium (100H 2 O, 50H 3 O + and 50Cl -) was explored by Monte Carlo and RDF simulations using forcite code calculations combined to the COMPASS II force-field using Material studio software package

[START_REF] Sun | COMPASS: an ab initio force-field optimized for condensed-phase applications overview with details on alkane and benzene effect of triphenyltin 2thiophene carboxylate on corrosion of steel in 2 M H 3 PO 4 solutions[END_REF]

.

Table 4 .

 4 Kinetic parameters for the biosorption of PS onto FS

	Kinetic models	Parameters	Value
			k 1 (min -1 )	0.0783
	Pseudo-first-order	q exp (mg g -1 )	34.11
			q cal (mg g -1 )	32.97
			R 2	0.99
			SSE	0.001
			k 2 (g mg -1 min -1 )	0.003
	Pseudo-second-order q cal (mg g -1 )	38.31
			R 2	0.99
			SSE	0.04
	3.7.	Isothermal study of the biosorption

Table 5 summarizes

 5 

Freundlich and Langmuir isotherm data for the PS biosorption. The R 2 value of the Langmuir model was lower than that the one of the Freundlich model, showing that the Freundlich isotherm model gives a better fit of the experimental data than the Langmuir isotherm model. Therefore, the Freundlich model was the most appropriate isotherm to describe the equilibrium data for PS biosorption. In contrast, the Freundlich constant n value (n = 5.55) for the biosorption of PS onto FS shows that the biosorption is favorable.

Table 5 .

 5 Isotherm parameters for the biosorption of PS onto FS

	Isotherm models	Parameter	Value
		K L (L mg -1 )	1.28
	Langmuir	q m (mg g -1 )	56.50
		R 2	0.91
		R L	0.017
		K F (mg g -1 )	0.03
	Freundlich	n	5.55
		R 2	0.99

Table 6 .

 6 Thermodynamic parameters calculated from the Langmuir constant

	T (K) Van't Hoff equation	K L	Ln(K C ) ΔG	ΔH	ΔS
			(L mg -		(kJ mol -1 )	(kJ mol -1 )	(J mol -1 )
			1 )				
	298		1.23	17,73	-43.93		
	308	y =-1467.6 x+22.652	1.46	17.86	-45.75	12.20	188.33
	318	R 2 =0.991	1.77	18.06	-47.74		
	328		1.98	18.17	-49.55		

Table 7 .

 7 Variance analysis for PS biosorption efficiency

	Source	Degree of freedom Sum of squares	Mean square Fs tatistic	Prob. > F
	Model	14	14088.200	1006.30	40.6887 <.0001*
	Residual 16	395.706	24.73	-	-
	Total	30	14483.906	-	-	-

statistic : experimental Fisher factor ;

Table 8 .

 8 Estimated regression coefficients and corresponding F and P values for PSAs shown in Table8, except the linear effect of T and the interactions pH*[PS],and [PS]*T, all other terms have significative effect. Moreover, for a level of confidence of 99.9% the linear effects of pH and [PS] and the quadratic effect of pH are significant with a very low p-values. However, it can be seen from results in Table8that for level of confidence of 99% the quadratic effects of m(FS) and T are significant with a low pvalues (0.0045 and 0.0024 respectively). Although, the p-values of linear effect of

	biosorption efficiency.					
	Model term	Estimation	Sum	of	F Statistics	Prob.>F	Significance
			squares				
	Constant	82.367143	-		-	<.0001	***
	pH	-21.25542	10843.026 438.4270 <.0001	***
	[PS]	-4.972917	593.518		23.9983 0.0002	***
	m(FS)	2.5995833	162.188		6.5579	0.0209	*
	T	-0.927083	20.628		0.8341	0.3747	NS
	pH*[PS]	-0.446875	3.195		0.1292	0.7240	NS
	pH*m(FS)	-2.841875	129.220		5.2249	0.0362	*
	[PS]*m(FS)	2.790625	124.601		5.0381	0.0393	*
	pH*T	-2.728125	119.083		4.8150	0.0433	*
	[PS]*T	1.586875	40.291		1.6291	0.2200	NS
	m(FS)*T	-2.885625	133.229		5.3870	0.0338	*
	pH*pH	-7.380432	1557.632	62.9813 <.0001	***
	[PS]*[PS]	-2.516682	181.116		7.3233	0.0156	*
	m(FS)*m(FS)	-3.075432	270.467		10.9360 0.0045	**
	T*T	-3.344182	319.802		12.9309 0.0024	**
	***: significant to 0.1% (F 0.001 (1.16)=16.12) ;		
	**: significant to 1.0% (F 0.01 (1.16)=8.53) ;		
	*: significant to 5.0% (F 0.05 (1.16)=4.49) ;		
	NS: not significant					

Table 9 .

 9 Comparison of maximum biosorption capacity of FS for PS with other

	adsorbents			
	Biosorbent		q m (mg g -1 )	Reference
	Nanosized		41.00	[7]
	semiconductor Nb 2 O 5		
	Chitin		5.20	[20]
	AlPO 4		47.90	[21]
	SDBS	modified	60.81	[22]
	AlPO 4			

Table 10 .

 10 Outputs and descriptors calculated by the MC simulation for biosorption of PS on the collagen or HDA surface (in kcal mol -1 ).

		ℇ Tot	ℇ Ads	d ℇ Ads /dNi (PS)
	PS/collagen -281.319	-94.255	-234.990
	PS/HDA	-202.969	-14.631	-395.103
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