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Introduction

Pharmaceutically Active Compounds (PhACs) are among the most concentrated (i.e. from several ng.L -1 to µg.L -1 ) and frequently detected organic micropollutants in natural waters, 1,2 which are now recognized to have significant toxic actions on numerous ecosystems. Indeed, in presence of PhACs even at low concentration, both activity and boldness of several vertebrates can be altered. 3 Moreover, since fish tissues show high concentration in both organic micropolluants and trace elements, 4 it drives to the contamination of the whole trophic chain. Conversely, some benthic invertebrates communities can be eradicated with exposure to contaminated sediments or/and PhACs.

The low rate of PhACs removal in classical waste-water treatment plants, 6,7 leads to a constant spillage in numerous aquatic compartments.

8,9

The understanding of both the dynamics of PhACs and their association with mineral phases in the environment is of first importance to apprehend their pollution in water resources and toxic actions on various ecosystems. The properties and the chemical nature of PhACs and the characteristics of the suspended matter appear to control the partition between dissolved organic phase and mineral particle. 10 The role of organic matter has been often highlighted but it is assumed that inorganic surfaces also play a key role on the transport on PhACs. 11,12 For example, PhACs are frequently sorbed onto sediments that can be used as a probe for a historical record of contamination of the environment. 13,14 Due to their large specific surface area and cation exchange capacity, clay minerals are among the most reactive mineral surfaces and were often used as adsorbents for both inorganic and organic pollutants. 15-17 The adsorption properties of these layered materials were highlighted in several applications from catalysis, nanocomposite materials, to geochemical barriers in the case of waste landfills. 18,19 Clay minerals and their organoclay derivatives were also proposed to be implemented in water treatment plants to improve the removal of organic pollutants. [20][21][22] In that way, several studies pointed out the excellent sorption properties of smectites for various PhACs such as: antibiotics, 23 and/or some psycho-active drugs. 24 For these cationic PhACs, or when they exhibit a positive electric charge in the studied pH range, the driving force for the adsorption leads to their intercalation within the interlayer space. [24][25][26] Anionic PhACs such as non-steroidal anti-inflammatory drugs, even for a concentration range at several mg.L -1 , seemed to not be strongly adsorbed onto the studied clay minerals.

27,28

Please do not adjust margins Please do not adjust margins Nevertheless, in most research works related to clay minerals, the starting PhACs concentration for studying their adsorption was usually over-range, far more concentrated than that of the natural context. Moreover, the adsorption of PhACs onto natural clays was mainly undertaken for single, [22][23][24][25][26] or at maximum two molecules, 29 which allowed one to restrict the parameters to precisely emphasize the adsorption mechanisms rather than competition effects. With the occurrence of numerous PhACs in water, it appears quite essential to stress out the sorption of several compounds in complex solutions onto a natural material.

The starting concentration of PhACs in the range from 0.1 to 1 mg.L -1 , slightly above their maximal environmental occurrence, 1 also appears as a key factor to evaluate the sorption in the environment. Thus, this study focuses on the ability of a raw smectite (SWy-2) to adsorb a complex PhACs (11 drugs) pool, which is at our knowledge the first time to be investigated, at concentrations close to those found in effluents or some surface waters, and for different parameters: (i) the solid/liquid ratio, (ii) the PhACs starting concentration and (iii) the competition effect. Finally, this study gives new insights on the dynamics of PhACs in the environment and evaluates the role of smectites on their environmental fate.

Materials and Methods

Chemical reagents and clay mineral

The clay material was the SWy-2 montmorillonite (smectite from Crook County Wyoming, United States), supplied by the Source Clays Repository of the Clay Minerals Society. After < 2 µm fractioning by sedimentation, the resulting SWy-2 was used without further purification to keep the starting material as raw as possible. The diffractograms were performed with dry powder samples (100 °C for 24 h). Carbon analyses were carried out using a Thermo Scientific Flash 2000 elemental analyzer assuming an analytical error of 0.05 %.

Results

Kinetics experiment and modeling

The Figure 1 shows the kinetics adsorption data of the tramadol (a cationic PhAC) and the ibuprofen as well as the gemfibrozil (anionic PhACs), which are representative to those of the studied organic compounds of each family.

As expected, the sorption behaviors mainly depend on the charge of the PhAC. Indeed, the equilibrium state for the sorption of the whole cationic PhACs was reached after 15 minutes leading to an adsorbed amount of 2 mg.g -1 . The sorption kinetics of cationic PhACs is somehow faster than previous observations on cationic antibiotics where the equilibrium was reached after several hours for starting concentrations of 0.5 and 1 g L -1 where the adsorbed positive charged organic molecules may exert electrostatic repulsion and thus reduce their sorption.

26,32 Although, the chemical nature of the selected cationic PhACs differs from antibiotics used previously, here the starting concentration for PhACs is lower leading to an increase of their mass transfer onto the clay mineral surface which is in agreement to past studies. 23,24 Thus, it is likely that the starting concentration may play a significant role relative to the kinetics and the mass transfer of PhACs to their equilibrium onto any adsorbent surface.

For both neutral and anionic species, where the removal was completed after 15 minutes, a steady state was obtained between 90 and 150 minutes (e.g. 1.4 mg.g -1 for GEM). Despite the low affinity of anionic PhACs to the clay mineral surface, 27 their removal was nonetheless remarkable, with minimum values around 70% for salicylic acid (SCA), leading to a significant equilibrium concentration at 0.28 mg.L -1 and mainly > 90 % for the other PhACs (Table 2).

To identify the mechanisms of adsorption, the potential removal rate and the control of the steps involved in the processes, the pseudo first-order, second-order and the Bangham kinetic models were used as follows in their linear form respectively:

24,28 logሺݍ െ ݍ ௧ ሻ ൌ log ݍ ୫ െ భ ଶ.ଷଷ ݐ ௧ ൌ ଵ మ ౣ ² ଵ ౣ ݐ
log ݍ ௧ ൌ log ݇ ߙ log ݐ with q t the sorbed concentration in mg.g -1 at the time t (min), q m the pseudo-equilibrium sorbed concentration (mg.g -1 ), k 1 (min -1 ), k 2 (mg.g -1 .min -1 ), k b (mg.g -1 .min -1 ) and α b respectively the first-order, the second-order and the Bangham sorption rate constants.

Based on the obtained correlation coefficients r² of the three tested models (Table 2), it appears that the experimental data are better adjusted with the pseudo second-order kinetic model (r² comprised between 0.995 and 0.999). Although the pseudo second-order kinetic model is based on the assumption that the adsorption is chemically achieved, 33 several studies reported good fits with this model despite the driving force for the adsorption follows other mechanisms. [34][35][36] It seems that the pseudofirst and the Bangham equations do not fit well with experimental data. The modeling of cationic PhACs adsorption kinetic is impossible due to their total adsorption since the first sample(i.e. q t < LOD).

Concerning both neutral and anionic PhACs, the starting concentration affects the kinetics for adsorption with large value for pseudo-second order rate constant k 2 which is consistent with the short time for the equilibrium Here, the rate of chemical interactions between PhACs and the accessible sites of the clay mineral represents the step that controls the overall kinetics of the processes.

Adsorption equilibrium experiments

Modeling. The fit of the resulting adsorption isotherms by using Freundlich equation models drives to numerous thermodynamic parameters allowing one to precisely quantify the affinity of both PhACs with the geosorbent. Briefly, the linear Freundlich equation is written as: 28,37 ݍ݈݊ ൌ ܭ݈݊ ி 1 ݊ ܥ݈݊ with ݍ the PhAC adsorbed amount at equilibrium (mol.g - 1 ), ܥ the PhAC equilibrium concentration in the supernatant (mol.L -1 ), K F the Freundlich affinity constant (L.g -1 ), that quantifies the extent of adsorption and n a constant indicating the degree of non-linearity between PhAC and the adsorbent.

Concerning cationic PhACs (DOX, TRA and MET) the selected equation model was unlikely to apply due to the total adsorption (i.e. ݍ < LOD) whatever the starting concentration or the solid/liquid ratio.

In contrast, both nonionic and anionic PhACs adsorption isotherms are well fitted by Freundlich model. Nevertheless, it appears that the agreement between the Freundlich fits and experimental data generally decreases with the starting PhAC concentration (Table 3) due to the proportional increase in the experimental errors. Fits remained in good agreement with the data with correlation coefficients mostly higher than 0.95, allowing us to put forward some interpretations of the results. Two trends emerged based on the analysis of the Freundlich parameters derived from the fitting procedure (Table 2). Four PhACs: ACE, CBZ, GEM and IBU (labeled as group 1) show a high K F and a low n values for a low starting concentration regime, whereas for DIC, NAP and SCA (group 2), an opposite behavior is observed (Figures 2a and2b). Interestingly, the attribution of PhACs group does not follow the charge of the organic molecules where for example group 1 includes a mix of neutral (ACE and CBZ) and anionic (GEM and IBU) PhACs but may be related to their hydrophobic behavior. where q e corresponds to the PhAC sorbed concentration (mol.kg -1 ) and C e the PhAC equilibrium concentration (mol.L -1 ).

Log K d values for the different neutral or anionic species exhibit the same trend shown in the Table 3. The lower the starting concentration, the higher the log K d , which underlines that the partition is enhanced by the reduction of the starting concentration, indicating a higher affinity to the clay mineral surface. However, the partition coefficients did not fluctuate once the solid/liquid ratio evolved (Figure 3) with RSD values < 5% of the mean for the whole (Table 2). This indicates that the affinity of PhACs to the clay mineral does not strongly depend on the solid/liquid ratio but mainly on the solid/water partition values.

The logarithm of the partition coefficient K d shows two distinct behavior following the chemical nature of PhACs and reinforces the idea of two groups for the organic molecules that exhibit different affinity to the clay mineral surface (Figures 3a and3b). Indeed, for the two highest concentrations (i.e. 0.5 and 1 mg.L -1 ), The group 1 including ACE, CBZ, GEM and IBU PhACs exhibits an absence of variation of log K d for the whole studied solid/liquid ratio with RSD < 1 % to the mean value. This indicates that the introduction of accessible adsorption sites in the solution that provides the addition of clay mineral rigorously leads to the same sorption properties (Figure 3a). In the opposite, the group 2 with DIC, KET, NAP and SCA PhACs, the RSD values vary between 1 and 5 % of the mean value (Table 3) which underlines a slight dependence of the coefficient partition (i.e. Log K d ) with the added masses of clay minerals. 

Clays characterization

The proper adsorption of the whole PhACs was confirmed by elemental analyses (Figure 4). Indeed, if one considers a PhACs removal of 100%, the comparison of the expected maximum carbon percentage to the elemental results indicate that the decrease of the PhAC concentration in the solution does not result to any degradation (although this hypothesis was obviously not valid since PhACs leads to environmental problem on decades) but to sorption onto clay mineral surface.

Elemental analyses leads to a removal rate equals to 97.5% and 94.2% (n = 6) at the starting concentrations of 0.5 and 1 mg.L -1 respectively. These results stress out that the adsorption onto clay minerals is more efficient at a low starting concentration regime. X-Ray diffraction represents an important tool for the understating of the structural changes in clay minerals by following the 00l reflection exhibiting probable intercalation of organic compounds in one hand and at large angular values; it can provide information on a possible crystallization of PhAC on the external surface of the phyllosilicates. The X-ray diffraction patterns of the dehydrated raw smectite show a wide 001 reflection at about 7.5° (2θ) corresponding to a d 001 spacing of 9.7 Å. After being in contact to a solution with a pool of PhACs, the 00l reflection shifts to low angular value with d 001 interlayer spacing at 11 and 12.7 Å for the two highest starting concentrations (Figure 5). In the aim of comparison, the diffractograms of three PhACs in single solution are given in Fig. S2, observing the same trends than in multi-component solutions. 

Discussion

The swelling of the clay mineral highlighted with the increase of the interlayer space shows a possible intercalation of PhAC molecules. Nevertheless, it is rather hard to identify the nature of the PhAC molecule located within the interlayer space. However, the spontaneous and total adsorption of cationic PhACs whatever the experimental conditions, combined with the small increase of the global d 001 spacing (i.e. 3 Å), indicate that cationic PhAC molecules may be organized in a lateral monolayer arrangement into the interlayer space. Moreover, the increase of the interlayer spacing is consistent with the molecular thickness of MET, DOX and TRA, the three selected cationic compounds.

39-41

Thus, this observation demonstrates that the whole surface (i.e. internal and external) of clay mineral is accessible for the adsorption leading to multiple possibilities for the interactional mechanisms with PhACs. As a result, cationic PhACs are primarily adsorbed conferring a hydrophobic behavior to some parts of the clay mineral surface and/or leading to a competition for the further adsorption of PhACs. 42 The generation of a hydrophobic network with the adsorption of organic cations such as surfactants for instance was successfully used for the adsorption of various kind of organic pollutants. However, here the concentration of the whole cationic PhACs is below the CEC and represents up to 26 % of the CEC of the clay minerals for the maximum starting concentration of PhACs (1 mg.L -1 ) and the minimum solid/liquid ratio (50 mg.L -1 ). Thus, such hydrophobic effect may play a minor part but does not mean it may be completely excluded in the sorption mechanisms as a comparison to the other adsorption sites clay mineral surface provides. In this study, the pH was set free at a value of 6.8 near the point of zero charge of the edge sites of the clay minerals, 43 and thus may slightly contribute to the PhACs adsorption. Nevertheless, pH fluctuations can occur (up to 7.2 in the case of the maximum clay mass) leading to a significant role of the edge adsorption sites, (i.e. silanol or aluminol groups) that can interact through hydrogen bonds with both anionic and neutral PhACs. However, the presence of Ca 2+ divalent cations may also be responsible for the adsorption of both anionic and neutral PhACs through iondipole interaction (i.e. cationic bridge) (Figure 6). 38 Indeed, Ca 2+ has been identified to favor the adsorption of organic matter such as humic acids for the generation of clay-humic complex, 44 although it is rather hard to distinguish and to quantify which adsorption mechanism is the most preponderant.

The adsorption isotherms allowed us to class PhACs in two groups if one excludes cationic PhACs where both adsorption mechanism and kinetics completely differ from anionic and neutral PhACs. These two groups show different evolution of the coefficient of partition Log K d , which was identified as a key parameter for the understanding of the adsorption of PhACs, with the addition of clay mineral in solution. 45,46 ACE, CBZ, GEM and IBU (Group 1) do not show any variation of the partition, while Log K d significantly increases with the addition of clay mineral underscoring a possible competition effect for the 4 anionic PhACs in the group 2. Interestingly, the behavior of K d with the solid/liquid ratio does not depend on the electric charge of PhACs but on their hydrophobic behavior. Indeed, IBU and GEM with a single aromatic ring in their chemical skeleton own a high log K ow value (Table 1) seem to be preferentially adsorbed compared to the other anionic PhACs DIC, NAP and KET that show two aromatic rings. Yu and Bi focused on the adsorption of naproxen, 45 an anionic PhAC, and stressed out the importance of n-π electron/donor acceptor (EDA) interactional mechanism with clay mineral. Although it is rather hard to point out the main adsorption driving force in a pool of PhACs, EDA mechanism may also play in the adsorption of IBU and GEM and could be one reason among those of the hydrophobic media generating through the primer adsorption of cationic PhACs favoring the adsorption of hydrophobic PhAC (or those showing a high log K ow ) and/or the possible association with cationic PhAC to the difference with their analogous PhACs. If the adsorption of cationic PhACs is well understood and involves strong electrostatic interaction, the scenario is far more complex for both neutral and anionic PhACs where several interaction mechanisms are involved as well as the competition of a pool of PhAC molecules to the adsorption sites. Once the solid to liquid ratio changes, the removal of both neutral and anionic PhACs are strongly impacted while Log K d values do not fluctuate so far. Indeed, their removal vary between 80 and 100% at the highest mass of clay mineral (Table 4). Thus, it appears that the best experimental conditions for the non-cationic PhACs removal are at a low PhAC starting concentration with a large amount of clay mineral (i.e. at high solid/liquid ratio) with numerous accessible sites for adsorption. It can also be noted that the solid/water partition, enhanced by reducing the starting concentration, is generally linear. It means that in environmental conditions, clay minerals could sorbed a constant amount of non-cationic PhACs, depending on the starting concentration, the hydrophobicity of each compound and the solid/liquid ratio. The chosen starting material, used without any purification, can be considered as a natural equivalent of natural smectites. Nevertheless, natural smectites are often less pure than SWy-2, often used as standard materials. The impact of impurities is difficult to evaluate, but we can assume that the compensating cations played a key role. The occurrence of divalent cations, sparsely present in SWy-2 but more present in other bentonites could favor the sorption capacity of these latter.

Conclusions

Beyond the excellent sorption capacity of natural montmorillonite, this work provides new insights about the parameters that control the competition for adsorption for a pool of pharmaceuticals onto a raw clay mineral. The complete removal of cationic PhACs results to a cation exchange with the accessible inorganic cations of the clay mineral whereas for both anionic and neutral species, the removal is strongly enhanced with the increase of the solidliquid ratio. Anionic PhACs are favorably adsorbed at a low starting concentration and for the highest solid-liquid ratio. However, not all anionic PhACs are sorbed to the same extent due to competition effect. Gemfibrozil and ibuprofen due to their more pronounced hydrophobic nature show a significantly better sorption than those of ketoprofen, naproxen, diclofenac and salicylic acid. Thus, beyond the molecular charge that controls the sorption mechanisms, other factors as hydrophobicity and structure of the PhAC play an important role in the magnitude of adsorption of non-cationic compounds.

The environmental fate of pharmaceuticals results to their possible association with suspended inorganic surfaces, such as raw smectite clays. These minerals represent, as shown in this study, a potential way of transport through the environment. This adsorption study, performed without organic matter, finally demonstrates that clays represented a potential adsorbent, even for non-ionic or anionic species, if used in appropriate conditions. Nevertheless, the PhAC Clay mass (mg)
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Figure 1 :

 1 Figure 1: PhAC adsorbed amount onto Swy2 as a function of time for IBU (white squares), GEM (white circles) and TRA (black circles)

Figure 2 :

 2 Figure 2: Adsorption isotherms of (a) IBU and (b) DIC onto SWy-2 for starting concentrations of 0.1 mg.L -1 (triangles), 0.5 mg.L -1 (squares) and 1 mg.L -1 (diamonds). Solid lines represent the Freundlich model fits and R² their coefficients of determination.

Figure 3 :

 3 Figure 3: Evolution of the solid-water partition of PhACs (log Kd) by the addition of Swy2 affecting the solid/liquid ratio for (a) ACE (black markers) and (b) KET (white markers) for starting concentrations of 0.5 mg.L-1 (squares) and 1 mg.L-1 (diamonds), error bars correspond to experimental triplicates

Figure 4 :

 4 Figure 4 : Carbon percentage of clays after experiments at 0.5 mg.L-1 (white box; n=6) and 1 mg.L-1 (grey box; n=6), the line within the box marks the median, boundaries indicates 25th and the 75th percentile respectively and error bars indicate the minimum and maximum values; the calculated carbon percentage for a total removal is represented for 0.5 mg.L-1 (black dotted line) and 1 mg.L-1 (black diamond line), the 6 analyzed samples correspond to an analytical replicate for each experimental triplicate This feature may underline a certain competition effect between PhACs at low accessible surface (i.e. low clay mineral mass regime), which has less importance once are introduced large amounts of clay mineral in solution since it drives to a large accessible sites for adsorption. Clays characterization

Figure 5 :

 5 Figure 5: X-ray diffractograms of clay mineral samples before (Raw) and after interactions with the 11 PhACs pool solutions at starting concentrations of 0.1, 0.5 and 1 mg.L-1. Q corresponds to the quartz, impurity, which is commonly associated with the SWy-2 clay mineral.

Figure 6 :

 6 Figure 6 : Sorption mechanisms of PhACs onto clay mineral function of their charge, with (1) and (2) a cation exchange with the example of doxepin (DOX), (3) sorption onto edge sites and (4) cationic bridge with the example of diclofenac (DIC), (5) n-π electron donor/acceptor interaction, (6) hydrogen bond with the example of carbamazepine (CBZ) and (7) hydrophobic interaction.

Table 1

 1 

	Eleven PhAC standards with a purity grade of > 98%,
	showing different electric charges were selected in this
	study. Acetaminophen (ACE), atenolol (ATE), doxepin
	(DOX), gemfibrozil (GEM), ketoprofen (KET), metoprolol
	(MET), naproxen (NAP), salicylic Acid (SCA), tramadol (TRA)
	were purchased from Sigma-Aldrich, whereas diclofenac
	(DCF) and ibuprofen (IBU) were obtained from Acros
	Organics (see Table 1 for details).
	Sorption experiments
	Batch equilibrium experiments were carried out in 1 L
	solution in triplicates for starting concentrations of each
	PhAC at 1, 0.5 and 0.1 mg.L	-1 respectively and at a free pH
	and buffered by clay minerals between 6.8 and 7.2. Each 2
	hours, some clay mineral was introduced in each bottle to
	reach total clay masses of 50 mg, 200 mg, 300 mg, 500 mg,
	700 mg, 800 mg and 1 g respectively for a total time of 12
	hours. The bottles were wrapped in aluminum foil during
	the experiment to prevent light-induced decomposition
	and were stirred for 2 hours at 500 rpm with a magnetic
	stirrer before and after each addition of clay. A volume of
	10 mL of supernatant was taken before each clay addition,
	then filtered through a 0.2 µm membrane and frozen for
	further freeze-drying. Clays were recovered after the last
	supernatant sampling by centrifugation and drying at 60°C.
	The kinetic experiments were carried out following the
	same protocol as the equilibrium ones but by starting with
	a PhACs concentration of 1 mg.L	-1 and a clay mineral mass
	of 500 mg in a single 1 L bottle.
	Analytical methods.
	Liquid samples. Before being injected into a Gaseous
	Chromatography coupled with Mass Spectrometer (GC-
	MS), the samples were prepared following a derivatization
	step with MTBSTFA as De Oliveira al. described.	22
	Analyses were performed on a Trace Ultra GC coupled to a
	TSQ Quantum XLS MS equipped with an AS 3000 auto-
	sampler (both from Thermo Scientific). The GC was fitted
	with a Thermo Trace Gold TG-5 MS capillary column (60 m,
	length 0.25mm internal diameter, 0.25µm film thickness).
	The temperature of the column was held at 50°C for 3 min,
	increased from 50 to 120°C at 30°C min	-1 , and from 120 to
	310°C at 3°C min	-1 with a final isothermal hold at 310°C for
	21min. 2µL of sample was injected in splitless mode at
	280°C. Helium was the carrier gas (1 mL.min	-1 ). The MS was
	operated in electron ionization mode at 70eV, from m/z 50
	to 500. More details on the analytical performance are
	given in Table S1.
	Clay samples. X-ray diffraction (XRD) patterns were
	recorded between 2 and 64° (2θ) using a Thermo Electron
	ARL'XTRA diffractometer equipped with a Cu anode (Cu
	Kα 1,2 = 1.5418 Å) coupled with a Si(Li) solid detector.
	Experimental measurement parameters were 10 s counting
	time per 0.04° 2θ step.

Selected PhACs and their relevant characteristics in the present study: Mw the molecular weight, pKa the acid/dissociation constant, log Kow the octanol/water partition coefficient, Sw the solubility in water at 25°C and Charge the dominant form at pH=7 Values from ref. 30 . a , and from ref. 31 . b + Please do not adjust margins Please do not adjust margins

Table 2 :

 2 Experimental (Exp) and modeled equilibrium concentration (qm), fitted parameters and correlation coefficients of sorption kinetic models, k1, k2, kb and αb are the pseudo first-order, pseudo second-order and bangham sorption kinetics constants respectively, and r² is the correlation coefficient between the linearized observed and fitted data

Table 3 :

 3 

	Starting Concentration		Freundlich			Solid-Water Partition
	PhAC	µg.L	-1	ln KF (L.g -1 )	n	r	2		log Kd SD	R
		1000	-7.56	1.49	0.971	4.26	0.029 **
	ACE	500	1.81	0.71	0.986	4.63	0.027 **
	Neutral	100 1000	7.89 -5.67	0.51 1.44	0.882 0.915	5.22 3.94	0.121 * 0.037 **
	CBZ	500	-3.61	0.99	0.987	4.69	0.036	**
	Group 1	100 1000	0.62 -4.00	0.74 1.20	0.928 0.989	4.68 3.54	0.050 0.009 **
	GEM	500	-1.45	1.02	0.944	3.86	0.009 **
		100	1.26	0.77	0.916	4.29	0.059 *
		1000	-0.42	0.89	0.975	3.73	0.014 **
	IBU	500	5.71	0.62	0.965	3.83	0.028 **
		100	19.41	0.39	0.870	4.12	0.104 *
		1000	48.66	0.20	0.919	3.75	0.101 *
	DIC	500	21.15	0.36	0.969	4.08	0.161 *
	Anionic	100 1000	1.75 24.49	0.65 0.31	0.913 0.959	4.46 3.95	0.086 0.079	* *
	KET	500	5.31	0.62	0.917	3.99	0.061	*
	Group 2	100 1000	-3.35 7.10	0.98 0.55	0.989 0.970	4.66 4.11	0.060 * 0.049 *
	NAP	500	4.97	0.59	0.954	4.51	0.059 *
		100	-8.27	1.55	0.979	4.57	0.045 *
		1000	41.69	0.21	0.951	3.57	0.071 *
	SCA	500	-2.62	1.04	0.928	3.89	0.041 *
		100	-6.11	1.22	0.933	4.62	0.027 *

Freundlich fit parameters and Solid-Water partition characterization with the mean log Kd values (Kd in L.kg-1) and Relative Standard Deviation (RSD) values and his statistical significance < 1 % of the mean for ** and < 5 % of the mean for * * * Solid/Water Partition. Further information can be obtained with the use of the solid/water partition coefficient K d (L.kg -1 ) of each PhAC with respect to the clay mineral, which can be determined with the following equation: 38 ܭ ௗ ൌ ݍ ܥ

Table 4

 4 

	: Removal Efficiency for the lowest and the highest added clay mineral mass
	(50 and 1000 mg) at a PhACs starting concentration of: 0.1, 0.5 and 1 mg.L-1
	respectively.
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