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In this study, 0.1g of powder of dead and live biomass A. fumigatus, either raw or pretreated was used as a sorbent for biosorption of a commercial azo dye Acid Red 14, present in Lebanese pickles turnip solution. The sorption parameters in batch mode were optimized with respect to pH, particle size of A.fumigatus, temperature, agitation speed, adsorbent dose and equilibrium time; biosorption kinetics parameters were also determined. Optimum conditions of biosorption lead to an 87 % dye removal. Initial pH was about (3.0), agitation speed (250 rpm) and biomass concentration (0.2 g/50 mL) at 30±2ºC at 120 min. A comparison of pre-treatment methods revealed that pretreated biomass by acid could decolorize dye maximally (92%) followed by alkali (82%) and oxidants (75%) treatment. Kinetic study showed that the correlation coefficients (R 2 ) values for Langmuir and Freundlich isotherms were calculated to be 0.98 and 0.94 respectively, indicating that the sorption of Acid Red 14 by A. fumigatus could be explained better by Langmuir as compared to Freundlich isotherm.

Introduction

Pickles are one of traditional Lebanese food, produced by more than 130 factories. Among several chemicals used in these industries, dyes are considered as one of the most important class of environmental pollutants. Almost all dyes used in industrial applications are synthetic, and 50 % of these are azo dyes. Azo dyes are recalcitrant to biodegradation and they are released into the environment with little or no treatment [START_REF] Jasti | Attached growth fungal system for corn wet milling wastewater treatment[END_REF]. The release of these dyes in environment is both aesthetically unacceptable and presents an ecotoxic concern, introducing the potential danger of bioaccumulation eventually affecting man by transport through food [START_REF] Wang | Biosorption behavior of azo dye by inactive CMC immobilized Aspergillus fumigatus beads[END_REF]. Several conventional methods for water decolorization were used; however, their use is limited due to their exorbiant costs, ineffectiveness, complications and inadaptability to a wide range and / or a low concentration of the dyes [START_REF] Crini | Non-conventional low-cost adsorbents for dye removal: A review[END_REF]. For a better ecosystem quality it is necessary to remove these harmful dyes from water with materials that should meet the following criteria: low cost and abundant supply, high rates, applicable to effluents containing wide variety of dyes and ability to tolerate the presence of co-pollutants such as salts, heavy metals and other conditions of wastewater. Biosorption is a very effective property of certain types of inactive, dead, microbial biomass dye removal, and now it is noted to be superior to other methods for water treatment with regard to ease of operation, cost economics, ecocompatibility, high efficiency and simplicity of design [START_REF] Akar | Improved biosorption potential of Thuja orientalis cone powder for the biosorptive removal of Basic Blue 9[END_REF], [START_REF] Gadd | Biosorption: critical review of scientific rationale, environmental importance and significance for pollution treatment[END_REF], and has been studied for the removal of organic pollutants including dyes [START_REF] Aksu | Biosorption of reactive dyes by dried activated sludge: equilibrium and kinetic modelling[END_REF], [START_REF] Wu | Biosorption of 2, 4-dichlorophenol by immobilized white-rot fungus Phanerochaete chrysosporium from aqueous solutions[END_REF]. A wide variety of dead bacteria, yeast, fungi and algae have been used continuously for the purpose of decolorizing of dye-containing wastewaters, owing to their special surface properties, high selectivity, cost-effectiveness, abundant availability, and environmental acceptability [START_REF] Yu | Poly(Amic Acid)-Modified Biomass of Baker's Yeast for Enhancement Adsorption of Methylene Blue and Basic Magenta[END_REF]. Among several biosorbents used previously, fungal biomass seems to be a very efficient and inexpensive sorbent, since they can be produced at low cost using simple fermentation techniques and cheap growth media [START_REF] Wang | Biosorption behavior of azo dye by inactive CMC immobilized Aspergillus fumigatus beads[END_REF]. To the best of our knowledge, no studies until now have been focused on biosorption capacity of A. fumigatus -neither dead nor alive-of Lebanese azo dye effluents. In this study Acid Red 14, an azo dye present in the effluents of Lebanese pickled turnips industries, was used as molecule model for azo dyes, for the purpose of testing the feasibility of biomass of A. fumigatus for color removal of azo dyes effluents and optimization of process parameters of azo dye biosorption onto biomass.

Materials and methods

Preparation of biomass

The fungal biomass A. fumigatus used in this study obtained from the American Type Culture Collection, Rockville, Maryland, USA (ATCC # 204305) was cultivated in a liquid growth medium, composed of 37g brain heart (BIOMERIEUX, France) in one liter of distilled water.

After autoclaving and cooling, liquid gentamicin (PANPHARMA, France) is added to the medium (80 mg/2mL). Thereafter the medium is inoculated with the fungal species, in a sterile conditions and then placed in a rotary platform shaker (Edmund Buhler, Germany) for 6 days at 30±2°C and rotation speed of 150 rpm to obtain live biomass and autoclaved to obtain dead biomass. Then, the dead biomass were harvested from the growth medium, washed with ultrapure water and dried in an oven at 40°C for 24 hours, and the biomass obtained in form of a black small plate (≈ 5g of dead biomass per liter of liquid media culture after autoclaving) crushed with a mortar and finally sieved to obtain two different particle sizes < 250 µm and ≥ 250 µm that will be used as biosorbent in this biosorption studies.

Prepartion of adsorbate

The primary form was a solution present in commercial Lebanese pickled turnips, mixed with salts and acetic acid with an unknown concentration determined after that by calibration curve of Acid red 14 (data not shown). The secondary form was as powder purchased from Sigma -Aldrich. An accurately weighed 25 mg of the dye, dried at 110°C before use, dissolved in one liter of deionized water, then a stock solution of concentration 25 mg/l was prepared in ultrapure water and the other concentrations (20, 15, 10, and 5 mg/l) were obtained by successive dilutions for calibration curve, study the effect of initial dye concentration and desorption study. In the two forms of AR14, the pH of the solutions 3.0 was measured with an electronic PH-metric (Thermo Scientific).

Pretreatment of the biomass

Autoclaving A. fumigatus at 121°C for 15 min was the physical pretreatment, while the chemical pretreatment was performed after exposure autoclaved biomass to acid (0.1 M HCl) / alkali (0.1 M NaOH and 0.1 NaHCO3), and oxidants (30% H2O2 and sodium hypochlorite (NaClO) corresponding to 1.26% of Active chlorine), all these chemicals were supplied by Riedel de Haën. Pretreatment was carried out in 250 ml erlenmeyer flasks, taking 100 mg of the raw biomass in 50 ml of treating agent and shaking at 200 rpm and 30 ± 2 °C for 30 min. Thereafter, the biomass were separated by vacuum filtration using a Whatman No.1 paper (Sigma -Aldrich), washed 4-5 times with deionized water until pH becomes 7 ± 0.2 and dried for 2 hours at 60°C and used in experiments as sorbent.

Sample preparation and biosorption studies

Biosorption studies were carried out in batch systems adding 0.1 g of powder of A. fumigatus, either raw or pretreated to 250 ml erlenmeyer flasks each containing 50 ml of dyes solution, agitated on a shaker at 150 rpm and 30 ± 2°C. In order to find the optimum conditions for Acid Red 14 elimination, many parameters were studied. All tests, except the biotic control (pickled turnips solution) were run in duplicates. The pH was measured and the samples were taken each 30 min, centrifuged for 2 min at 12000 rpm using a centrifuge (Scientific &Technical supplies) and the dye concentration in the supernatant solution was analyzed using a UV-Vis spectrophotometer (Thermo Fisher Scientific, Evolution 60, USA) by monitoring the absorbance changes at maximum wavelength of dyes, obtained at 555 nm, using distilled water as a blank.

The dye biosorption percentages (%) can be calculated as:

Biosorption percentage % = [(C0 -Ct)/C0] *100
C0 is initial concentration (in mg/l) at time 0 (t0), Ct (mg/l) is the dye concentration at time t (min).

The amounts of dye biosorbed per gram onto biomass (Qe) were calculated using the following equation: Qe = [(C0-Ce)*V]/W, Where Ce is concentration of dye in solution at any time (in mg/l), W is the weight of biomass (g) and V is the volume of dye solution.

Desorption studies

Desorption studies were performed as described by [START_REF] Abdallah | Biosorption of methylene blue from aqueous solution by nonviable Aspergillus fumigatus[END_REF].

Results and discussion

Differences between Vial and Non-vial biomass of A.fumigatus in biosorption process

In order to know which type of biomass is more effective in biosorption, live and heat treated biomass of A. fumigatus were used for the biosorption of AR14 in batch mode studies. The Percent Weight/Volume (% w/v) expression was used. Figure 1 showed that the dye removal is increased with time; until equilibrium was attained after nearly 120-150 min reaching around 65 % in vial biomass and 76 % in dead biomass. Results showed that both live and dead biomass of A. fumigatus could decolorize pickled turnips solution containing dye, but the use of dead fungal biomass offers various advantages such as there is no requirement for the supplement with any nutrients for maintaining growth of dead biomass, reusability of biomaterial, easy storage, more efficiency, easy operation and hence cost effectiveness for the treatment of large volumes of wastewaters containing low dye concentrations and no production of secondary compounds which might be toxic such as mycotoxin [START_REF] Amini | Statistical modeling and optimization of the cadmium biosorption process in an aqueous solution using Aspergillus niger[END_REF]. 

Effect of particle size on adsorption process

The effect of the sorbent particle size on AR14 biosorption was studied in order to find the optimum parameters for biosorption. 100 mg of two different sizes of raw A.fumigatus (S < 250 µm and S ≥ 250 µm) were separately dispersed in 50 mL of pickled turnips solution. Figure 2 showed that the percentage of biosorption of AR14 increased with decreasing of particle size recording ≈ 77% at 120 min. Increase in biosorption depends on the broad outer surface of small particles size of biosorbent. A similar result shows that the percentage of biosorption of dyes increases with decreasing particle size [START_REF] Chiou | Equilibrium and kinetic modeling of adsorption of reactive dye on cross-linked chitosan beads[END_REF], [START_REF] Chu | Reuse of activated sludge biomass: II. The rate processes for the adsorption of basic dyes on biomass[END_REF]. Small particle size of dead A. fumigatus was thus selected for further experiments. 

Effect of temperature on the sorption process

The sorption of dye (AR14) at five different temperatures [START_REF] Jaikumar | Effect of biosorption parameters kinetics isotherm and thermodynamics for acid green dye biosorption from aqueous solution by brewery waste[END_REF]25,30,35, and 40°C) was examined as a function of time (Figure 3). Results showed an increase of dye removal with increase in temperature, reaching around 53%, 55%, 77%, 65% and 69% removal respectively at 120 min. This shows that the biosorption process of AR14 by dried fungal biomass of A.

fumigatus is naturally endothermic. The increase in temperature led to an increase in dye molecules mobility, thus increasing the sorption capacity of biomass sorbent. At a high temperature, the enhanced sorption capacity of the adsorbent may be also referring to the extension of pore size and the activation of the adsorbent outer interface [START_REF] El-Aila | Kinetics, Equilibrium and Isotherm of the Adsorption of Cyanide by MDFSD[END_REF], [START_REF] Ho | Pseudo-second order model for sorption processes[END_REF]. 

Effect of initial pH on the biosorption process

In our study the pH of AR14 dye solution remains almost constant throughout the process of biosorption. Biosorption variation of AR14 was studied in range of three different pH values 3, 7 and 10 and results are shown in figure 4. The dye removal decreased from 5.2 to 3.7 mg/g with an increase of pH from 3 to 10, showing that the pH has a minor effect on adsorption of this anionic dye. At pH 3, maximum percentage uptake was reached (≈ 77%), decreasing subsequently and recording 53% at pH 10, such behavior might be due to the two sulfonate groups of anionic AR14 dye which can dissociate easily and have a negative charge in an aquatic environment.

The external surface of Aspergillus biomass has three different functional groups: carboxyl, phosphonate, and amine groups [START_REF] Fu | Dye biosorption sites in Aspergillus niger[END_REF], [START_REF] Fu | Fungal decolorization of dye wastewaters: a review[END_REF]. Thus, the negative sites of fungal biomass such as the carboxyl and phosphonate groups do not favor the adsorption process of AR14 anions (SO3 -) due to the electrostatic repulsion, while the amine group (-NH2) is mainly present in protein molecules in the fungal biomass and can be protonated as a (NH3 + ) [START_REF] Won | Performance, kinetics and equilibrium in biosorption of anionic dye Reactive Black 5 by the waste biomass of Corynebacterium glutamicum as a low-cost biosorbent[END_REF]. Such in electrostatic attraction, the positively charged groups of biomass sites bind to negatively charged dye AR14. 

Effect of agitation speed on the biosorption process

The effect of agitation speed on AR14 removal is illustrated in figure 5. A slight increase of dye uptake was noticed from around 5 mg/g at 0 rpm, with removal of about 54% to around 8.9 mg/g with dye uptake of about 81% at 250 rpm. The increase of speed agitation causes the decrease of thickness of adsorbent border layer, which reduces the resistance of AR14 transfer to the surface of sorbent, implying an increase in biosorption process. Lower dye uptake in a static conditions (0 rpm) might be due to the agglomeration of fungal biomass particles caused by a low contact between these two entities [START_REF] Asma | Adsorptive removal of textile dyes from aqueous solutions by dead fungal biomass[END_REF]. These results also show that at a higher agitation speed (250 rpm) the contact between biomass particles and AR14 solution is more effective. Thus, this speed was used in further experiments done on this study.

Effect of biomass dosage on the sorption process

The effect of biosorbent dosage on dye removal illustrated in figure 6 showed that dye uptake enhanced by up to 0.4% (w/v), reaching around 87% removal, decreased thereafter at a higher sorbent dosages 0.8% (w/v), recording about 67% removal at 120 min. It can be seen that the higher percentage of adsorption with the increase of sorbent concentration up to 0.4 % (w/v)

indicates the presence of more surface area, after the equilibrium is accomplished. Nevertheless, the sorption capacity (mg/g) decreased with the increase of sorbent dosage due to the agglomeration of the sorbent particles of the biomass. Similar observations were reported by many authors [START_REF] Farah | Biosorption of Astrazone Blue basic dye from an aqueous solution using dried biomass of Baker's yeast[END_REF], [START_REF] Jaikumar | Effect of biosorption parameters kinetics isotherm and thermodynamics for acid green dye biosorption from aqueous solution by brewery waste[END_REF].

Figure 6 10

Effect of ionic strength on sorption process

Industrial effluents, accompanied with a high concentration of salts, seems to interfere with dye sorption [START_REF] Won | Performance, kinetics and equilibrium in biosorption of anionic dye Reactive Black 5 by the waste biomass of Corynebacterium glutamicum as a low-cost biosorbent[END_REF]. So it is very important to study the effect of these ions on the biosorption process.

NaCl percentage present in pickled turnips is 8%. Results in figure 7 revealed that the salt concentration on the process of dye removal was negligible about (0.3mg/g); however, the percentage of dye uptake increased about 4% at NaCl percentage of 0 and 8 %, respectively.

These suggest that there are no competition between the Cl ions and the sulfonate group (SO3 -) of AR14 molecules to bind to the fungal biomass. It can be noted that an elevated ionic strength of NaCl does not electrostatically interfere with the binding of acidic dye AR14 to the biomass significantly, confirming that the biomass has good selectivity to AR14. This result showed that fungal biomass of A. fumigatus could be used for the removal of AR14 from salt-containing wastewaters in a practical point of view.

Effect of chemical pretreatment on adsorption process

The decolorization of Acid red 14 by autoclaved / alkali / acid / oxidants treated biomass of A.

fumigatus are shown in table 1. Biomass was modified /treated physically and chemically. The percent dyes sorbed onto free and treated biomass increased in the following order after various treatments: H2O2 < NaClO < native < NaOH< NaHCO3 < heat treated < HCl.

The sorption capacity improved after modification of biomass with HCl; this might be due to protonation of the functional groups on the biosorbent surface that became positively charged, and an electrostatic attraction developed between positively charged biomass and negatively charged dye molecule and increased the amount of dye sorbed. Alkali (NaOH, NaHCO3) treatments decreased the biosorption capability of A. fumigatus biomass, probably due to the deprotonation of functional groups on the biosorbent surface creating a negative charge on the biomass, and might be attributed to electrostatic repulsion between negatively charged dye and biomass surface. Heating the biomass at 121°C increased the biosorption capacity. Researches [START_REF] Fu | Fungal decolorization of dye wastewaters: a review[END_REF] suggested after measuring the porosity and surface area of the fungal biomass that autoclaving could disrupt the biomass structure and expose the potential binding sites for dyes biosorption.

The results obtained above show that biosorption % decreased using oxidants as treating agents in contrast with a previous study done by [START_REF] Abdallah | Biosorption of methylene blue from aqueous solution by nonviable Aspergillus fumigatus[END_REF].

Table 1

Effect of initial dye concentration and contact time on biosorption process

An examination of adsorption of dye (AR14) was performed at five different initial concentrations (5, 10, 15, 20 and 25, mg /l) as a function of contact time (Figure 8). The adsorption curve was observed to be smooth and continuous showing the possibility of monolayer coverage of dye on the external face of biosorbent at various concentrations of AR14 [START_REF] Doğan | Kinetics and mechanism of removal of methylene blue by adsorption onto perlite[END_REF].

Initially, this process was found very rapid; within approximately 20 min about 45% of the total amount of dye was eliminated, then the process tended to progress at a slow rate reaching around 55% of dye uptake after 30 min. Thereafter, the removal of dye increased with time, till the equilibrium was reached after about 60-120 min from the increase of the initial AR14 concentration. Initial rapid uptake of the AR14 indicates that this process could be ionic in nature, where the anionic molecules of acidic dye bind to the various positive functional groups present on the outer interface of the fungal biomass [START_REF] Gulnaz | Sorption of basic dyes from aqueous solution by activated sludge[END_REF]. The increase in initial dye concentration lead to decreases in percentage of dye removal recording about 79 %, 72%, and 55%, at Co 5, 10, and 20 mg/l, respectively after 120 min. Similar results were published by many authors [START_REF] Jaikumar | Effect of biosorption parameters kinetics isotherm and thermodynamics for acid green dye biosorption from aqueous solution by brewery waste[END_REF], [START_REF] Padmesh | Batch and column studies on biosorption of acid dyes on fresh water macro alga Azolla filiculoides[END_REF]. At lower dye concentrations the dye removal increases due to the high ratio of sorbet concentration to sorbent sites, thereafter the fractional sorption becomes independent of initial dye concentration. At higher dye concentration the sorption site on the biosorbent was saturated which caused a decrease in color removal. Nevertheless, the current amounts of dye (AR14) biosorbed (mg/g) increased with the increase of initial dye concentration (Figure 8). The linear form of Langmuir isotherm is expressed as the following equation:

1/Qe = (1/Qmax.KL).(1/Ce) + 1/Qmax. ( 1 
)
Where Qe is the amount of dye sorbed (mg/g), Ce is the equilibrium concentration (mg/L), Qmax is the maximum adsorption capacity for a complete monolayer (mg/g), and K is the sorption equilibrium constant related to energy of adsorption (L/mg). A plot of 1/Qe versus Ce should adsorption and multilayer coverage process of sorption. From this table, it is concluded that the adsorption of carmoisine (AR14) on to the sorbent matched both isotherm models.

Table 2 3.11 Desorption study

In order to investigate the possibility of desorption from the A.fumigatus, desorption experiments were performed in batch mode at three different pH 3, 7 and 10. As shown in figure 9, desorption percentage increases with increasing pH. The maximum desorption percentage was found effective at pH =10, recording 69% at 150 min and the spent fungal biomass (biosorbent) was successfully regenerated and could be reused in other cycle of sorption/desorption. This is just the opposite of the pH effect on biosorption shown in this work. This phenomenon indicates that ion exchange of OHˉ ions take place with the anionic Acid Red 14 molecules sorbed on A.

fumigatus because the OHˉ ions are excessively present in alkali mediums, desorbing the same dye molecules (AR14). The biomass of A. fumigatus that could not be reused in other cycle of sorption/desorption, could be burned and utilized as source of energy.

Conclusion

No study has focused before on biosorption of azo dye present in Lebanese pickled turnips by dead or live fungal biomass of A. fumigatus.

The present study revealed that small particle of dead (autoclaved) biomass of A. fumigatus pretreated with 0.1M HCl in shaking conditions was very effective for removal of azo dye Acid Red 14 from commercial pickled turnips solution. The results obtained showed that dye uptake was in form of monolayer, well described by Langmuir isotherm and Freundlich isotherm models. The findings indicate that fungal biomass of A.fumigatus can serve as sorbent and offer potential for the development of a cost effective and robust technology for biosorption of azo dye effluents. 
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Table . 1

 . . Effect of pretreatment of A.fumigatus biomass on dye removal.

	Treatment	Treating	Maximum biosorption % before	Maximum biosorption % after
	type	agents	treatment	treatment
	Autoclaved	Heat	73± 0.5	87.56
	Acidic	HCl 0.1 M	87± 0.5	92. 01
	Alkaline	NaOH 0.1 M	87± 0.5	82.33
		NaHCO3 0.1M	87± 0.5	83.23
	Oxidants	NaClO 4°Chl	87± 0.5	72.54
		H2O2 30%	87± 0.5	71.45

Table . 2

 . . Isotherm parameters obtained from adsorption of AR14 dye onto A.fumigatus.

		Langmuir				Freundlich	
	Qmax (mg/g)	KL(L/mg)	RL	R 2	KF	n	R 2
	7.18	0.29	0.19	0.98	2.71	2.33	0.94

indicate a straight line of slope 1/Qmax and an intercept of 1/(KCe.Qmax). The essential features of the Langmuir equation can be expressed in terms of dimensionless constant separation factor RL, which was defined by [START_REF] Hall | Pore-and solid-diffusion kinetics in fixed-bed adsorption under constant-pattern conditions[END_REF], as:

and used to predict if the adsorption system is "Favorable" or "unfavorable" based on the following conditions:

If RL >1.0 (Unfavorable), RL = 1.0 (Linear), 0 < RL < 1.0 (Favorable) and RL = 0 (Irreversible).

C0 is the initial concentration of adsorbate (dyes) (mg/L).

Freundlich isotherm

The Freundlich isotherm model is an empirical expression that assumes the heterogeneity of the surface and the exponential distribution of active sites and their energies, expressed as follows:

Where, Qe is the equilibrium dye concentration on the adsorbent (mg/g), Ce, the equilibrium dye concentration in solution (mg/L), Kf, the Freundlich constant (mg/g) which represents the adsorption capacity and nf is the heterogeneity factor.