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Solvent extraction is a common chemical process in which a compound is exploited to extract the undesired substances from a feed stream. One of the main drawbacks of industrial solvents is that they pose short and long term environmental impacts due to their high toxicity and persistent in the ecosystem once released. In this study, aquatic toxicity data for two common industrial solvents as well as two ionic liquids, as non-conventional solvents, were collected and compared. The results undermine the importance of the selection of solvents not only based on their toxicity data but also based on their physical properties.

Introduction

Solvent extraction is one of the widely-used chemical processes in which compounds will be withdrawn from a feed stream by means of a chemical solvent whose solubility is high towards the component of interest, but not towards other compounds in the solution. [START_REF] Nelson | Petroleum Refining Engineering[END_REF][START_REF] Mcketta | Encyclopedia of Chemical processing and design[END_REF][START_REF] Otsuki | Oxidative desulfurization of light gas oil and vacuum gas oil by oxidation and solvent extraction[END_REF][START_REF] Dunford | Pressurized solvent extraction of wheat germ oil[END_REF][START_REF] Marinsky | Ion exchange and solvent extraction[END_REF][START_REF] De | SOLVENT EXTRACTION OF METALS[END_REF][START_REF] Wilson | Solvent extraction: the coordination chemistry behind extractive metallurgy[END_REF] As an example, in oil refineries, heavy aromatic compounds must be extracted from the oil to improve the quality of final products. Daily, a large amount of solvent from all different categories are being used in industrial plants worldwide, [START_REF] Singh | Solvent refining of medium viscosity distillate and changes in group chemical composition[END_REF][START_REF] Vakili-Nezhaad | Solvent extraction of aromatic components from lube-oil cut by n-methylpyrrolidone (NMP)[END_REF] pointing towards the need for paying attention to the adverse environmental impacts these compounds can carry with themselves. One of the issues with industrial solvents comes from their incomplete recycling and regenerating after each cycle of use, increasing the chance of their release into the aquatic environment such as freshwater bodies. Furfural and Sulfolane are two widely used organic solvents, [START_REF] Coto | A model to predict physical properties for light lubricating oils and its application to the extraction process by furfural[END_REF][START_REF] Mehrkesh | Effect of Operating Conditions of the Extraction Process on the Physical Properties of Lubricating Oil[END_REF][START_REF] Otsuki | Oxidative desulfurization of light gas oil and vacuum gas oil by oxidation and solvent extraction[END_REF][START_REF] Fakhrhoseini | Mathematical modeling of RDC column in extraction of base oil and computing of the energy saving[END_REF][START_REF] Hatamipour | An energysaving opportunity in producing lubricating oil using mixed-solventin simulated Rotary Disc Contacting (RDC) extraction tower[END_REF][15][START_REF] Fakhr Hoseini | Experimental Liquid-Liquid Equilibrium of (Lube Cut+ Furfural+ 2, 2, 4-tri-Methyl Pentane) Ternary System from T=[END_REF][START_REF] Mehrkesh | Artificial Neural Network for modeling the extraction of aromatic hydrocarbons from Lube oil cuts[END_REF][START_REF] De Lucas | Extraction of aromatic compounds from heavy neutral distillate lubricating oils by using furfural[END_REF][START_REF] Mehrkesh | A generalized correlation for characterization of lubricating base-oils from their viscosities[END_REF][START_REF] Habaki | Liquid-liquid equilibrium extraction of aromatic compounds from model hydrocarbon mixtures for separation of cracked oils[END_REF] being well-known for their high selectivity towards aromatic compounds. These solvents are mostly used in aromatic-aliphatic separation processes since their solubility towards aliphatic hydrocarbons is not as high, sothey almost selectively dissolve only aromatic compounds. Relatively higher boiling points of these solvents, compared to that of more volatile solvents such as acetone, makes their regeneration process through distillation quite challenging. Both compounds are -to some extent-soluble in water making their existence in water bodies more likely.

On the other side,two Ionic liquids with high solubility towards aromatic compounds, due to the high polarity of these compounds, were selected. Ionic liquids are complex organic salts, usuallyin liquid state,which can be customized to have good solvent properties. Ionic liquids with low melting point and acceptable viscosity can be good candidates for liquid-liquid extraction processes. [START_REF] Mehrkesh | Optimization-based design and analysis of tailor-made ionic liquids[END_REF][START_REF] Arce | Separation of benzene and hexane by solvent extraction with 1-alkyl-3-methylimidazolium bis {(trifluoromethyl) sulfonyl} amide ionic liquids: effect of the alkyl-substituent length[END_REF][START_REF] Larriba | Separation of toluene from nheptane, 2, 3-dimethylpentane, and cyclohexane using binary mixtures of [4empy[END_REF] 

Methods

To study the environmental impacts arising from the use of industrial solvents, two common solvents, namely Sulfolane and Furfural,and two non-conventional compounds, n-butylpyridinium chloride, [BPy] Cl, and 1-butyl-3-methylimidazolium tetrafluoroborate, [Bmim] BF 4 ionic liquids were studied for their impacts on aquatic organisms. Aquatic toxicity data as well as bioaccumulation factor, BCF, were used as indices to compare the greenness of these compounds. BCF factor shows thatto which extent a chemical gets into the body of living organisms in water, biota, especially on fish.

Results and discussions

The important physical properties of solvents affecting their long-term environmental impacts are listed in Table 1. As it can be observed from Table 1, all the solvents selected, have high boiling points and negligible vapor pressures,lowering the risk of air pollution, significantly.

To study the impacts of solvents in this study, their toxicity data towards aquatic organisms, namely fish, Daphnia Magna and a green algae (PKS) were collected from the literature as listed in Table 2. [START_REF] Mehrkesh | Optimization-based design and analysis of tailor-made ionic liquids[END_REF][START_REF] Bernot | Acute and chronic toxicity of imidazolium-based ionic liquids on Daphnia magna[END_REF][START_REF] Cho | Toxicity of imidazolium salt with anion bromide to a phytoplankton Selenastrum capricornutum: Effect of alkyl-chain length[END_REF][START_REF] Bernot | Effects of ionic liquids on the survival, movement, and feeding behavior of the freshwater snail, Physa acuta[END_REF][START_REF] Pretti | Acute toxicity of ionic liquids to the zebrafish (Danio rerio)[END_REF] It can be seen from Table 2 that ionic liquids can be more toxic than their organic counterparts, as [BPy] Cl in this study is considerably more toxic towards Daphnia Magna compared to sulfolane. However, much lower values for the bioaccumulation factor, BCF, of ionic liquids point towards this fact that their exposure to biota can be significantly lower than organic solventsmaking them better candidates for this purposes. Studies show that the solvent power of ionic liquids which good solvent properties, are very much comparable to that of conventional solvents meaning that, approximately, same amount of solvent would be needed to accomplish an extraction task.

Conclusions:

 Ionic liquids are not always greener than their organic solvents counterparts when they are compared to one another based on same application.

 Large size of cations and anions in ionic liquids is probably the reason of them not diffusing into the bodies of freshwater organisms, making their bioaccumulation factors meaningfully small.

 Ionic liquids are less likely to pose a risk to fish population since although their high toxicity values, their exposure can be negligible.
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Table 1 :

 1 Physical properties of selected solvents

	Solvents	Boiling Point ( o C)	Vapor Pressure @ 25 o C [kPa]	Water solubility @ 25 o C [g/l]
	Furfural	162	0.3	83
	Sulfolane	285	Negligible	Miscible
	[BPy] Cl	>400	Negligible	43.2
	[BMIM] BF 4	>400	Negligible	Miscible

Table 2 :

 2 Toxicity and bioaccumulation factor of selected solvents

		LC50 (Fish, fresh	EC50 (Daphnia,	EC50:	Bioconcentration
	Solvents	water, 96 h)	fresh water, 48 h)	(PKS green algae)	factor (BCF)
		[mg/l]	[mg/l]	[mg/l]	[L/kg]
	Furfural	10.5	13	45	1.41
	Sulfolane	100	852	500	1.3
	[BPy] Cl	≥ 100	20	63.9	6.04 × 10 -4
	[BMIM] BF 4	≥ 100	10.7	568	8.94 × 10 -4