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Adsorption of purified Aldrich humic acid (PAHA) onto α-Al 2 O 3 is studied by batch experiments at different pH, ionic strength and coverage ratios R (mg of PAHA by m² of mineral surface). After equilibration, samples are centrifuged and the concentration of PAHA in the supernatants is measured. The amount of adsorbed PAHA per m² of mineral surface is decreasing with increasing pH. At constant pH value, the amount of adsorbed PAHA increases with initial PAHA concentration until pH-dependent a constant value is reached. UV/Visible specific parameters such as specific absorbance SUVA 254 , ratio of absorbance values E 2 /E 3 and width of the electron-transfer absorbance band Δ ET are calculated for supernatant PAHA fractions of adsorption experiments at pH 6.8, to have an insight on the evolution of PAHA characteristics with varying coverage ratio. No modification is observed compared to original compound for R ≥ 20 mg PAHA /g. Below this ratio, aromaticity decreases with initial PAHA concentration. Size-exclusion chromatography -organic carbon detection measurements on these supernatants also show a preferential adsorption of more aromatic and higher size fractions. Spectrophotometric titrations were done to estimate changes of reactivity of supernatants from adsorption experiments made at pH ≈ 6.8 and different PAHA concentrations. Evolutions of UV/Visible spectra with varying pH were treated to obtain titration curves that are interpreted within the NICA-Donnan framework. Protonation parameters of non-sorbed PAHA fractions are compared to those obtained for the PAHA before contact with the oxide. The amount of lowaffinity type of sites and the value of their median affinity constant decrease after adsorption. From PAHA concentration in the supernatant and mass balance calculations, "titration curves" are obtained and fitted for the adsorbed fractions for the first time. These changes in reactivity to our opinion could explain the difficulty to model the behavior of ternary systems composed of pollutants/HS/mineral since additivity is not respected.

Introduction

The interactions between humic substances (HS) and mineral surfaces modify their fate and their interactions with contaminants in the environment. Due to HS heterogeneous nature, their composition and binding properties are modified during adsorption onto minerals [START_REF] Claret | Fractionation of Suwannee River Fulvic Acid and Aldrich Humic Acid on alpha-Al2O3: Spectroscopic Evidence[END_REF][START_REF] Davis | Adsorption of dissolved organics in lake water by aluminum-oxide -effect of molecular weight[END_REF][START_REF] Hur | Molecular weight fractionation of humic substances by dx[END_REF][START_REF] Janot | Using Spectrophotometric Titrations To Characterize Humic Acid Reactivity at Environmental Concentrations[END_REF][START_REF] Reiller | Sorption of Aldrich humic acid onto hematite: Insights into fractionation phenomena by electrospray ionization with quadrupole time-offlight mass spectrometry[END_REF][START_REF] Saito | Adsorption of humic acid on goethite: Isotherms, charge adjustments, and potential profiles[END_REF]. Interactions between HS and mineral surfaces are controlled by different processes: electrostatic and hydrophobic interactions, ligand-exchange between phenolic and carboxylic groups of humic substances and mineral surface sites. The adsorption of humic substances onto mineral surfaces varies with pH, ionic strength, and concentration ratios between organic matter and minerals [START_REF] Saito | Adsorption of humic acid on goethite: Isotherms, charge adjustments, and potential profiles[END_REF][START_REF] Schlautman | Adsorption of aquatic humic substances on colloidal-size aluminum-oxide particles -Influence of solution chemistry[END_REF][START_REF] Vermeer | Adsorption of humic acid to mineral particles. 1. Specific and electrostatic interactions[END_REF][START_REF] Weng | Adsorption of humic acids onto goethite: Effects of molar mass, pH and ionic strength[END_REF]), but also with humic substances' origin and the type of mineral surface [START_REF] Hur | Molecular weight fractionation of humic substances by dx[END_REF].

During adsorption, fractionation of organic matter aggregates occurs, leading to two pools of organic matter, a dissolved one and an adsorbed one, each one with different structural and chemical properties. Previous studies have shown the influence of this fractionation on the modification of structures and moieties on humic molecules. Generally, these studies analyze the dissolved organic fraction only, which stays in the supernatant after centrifugation of the mixture. The modification of UV/Visible parameters (such as SUVA, E 2 /E 3 , or ε 280 ) gives information on aromaticity of molecules: all studies show a preferential adsorption of molecules with higher aromaticity [START_REF] Chorover | Reaction of forest floor organic matter at goethite, birnessite and smectite surfaces[END_REF][START_REF] Claret | Fractionation of Suwannee River Fulvic Acid and Aldrich Humic Acid on alpha-Al2O3: Spectroscopic Evidence[END_REF][START_REF] Gu | Adsorption and desorption of different organic-matter fractions on iron-oxide[END_REF][START_REF] Meier | Fractionation of aquatic natural organic matter upon sorption to goethite and kaolinite[END_REF][START_REF] Reiller | Sorption of Aldrich humic acid onto hematite: Insights into fractionation phenomena by electrospray ionization with quadrupole time-offlight mass spectrometry[END_REF][START_REF] Zhou | Size fractionation upon adsorption of fulvic acid on goethite: Equilibrium and kinetic studies[END_REF]. The apparent molecular weight (MW) of non-sorbed fraction has also been studied, using size-exclusion chromatography (SEC). Majority of studies have shown a preferential adsorption of higher MW fractions of various NOM extracts on goethite at pH between 4 and 7.5 [START_REF] Chorover | Reaction of forest floor organic matter at goethite, birnessite and smectite surfaces[END_REF][START_REF] Meier | Fractionation of aquatic natural organic matter upon sorption to goethite and kaolinite[END_REF][START_REF] Zhou | Size fractionation upon adsorption of fulvic acid on goethite: Equilibrium and kinetic studies[END_REF]. However opposite results are reported, for instance [START_REF] Hur | Effects of pH and phosphate on the adsorptive fractionation of purified Aldrich humic acid on kaolinite and hematite[END_REF] have shown that the apparent MW of non-sorbed fractions of purified Aldrich humic acid onto hematite was pH dependent: below the point of zero charge (i.e. pH=8), high MW fractions are enriched in the solution and apparent lower MW at higher pH. This is consistent with the work of [START_REF] Reiller | Sorption of Aldrich humic acid onto hematite: Insights into fractionation phenomena by electrospray ionization with quadrupole time-offlight mass spectrometry[END_REF] which observed a preferential adsorption of low molecular weight (m/z) fraction using ESI-MS with the same system at pH 7. [START_REF] Kang | Humic acid fractionation upon sequential adsorption onto goethite[END_REF] 

Materials and methods

Preparation of samples

Commercial Aldrich humic acid was purified (PAHA) according to [START_REF] Kim | Characterization of humic and fulvic-acids from Gorleben groundwater[END_REF] [START_REF] Claret | Fractionation of Suwannee River Fulvic Acid and Aldrich Humic Acid on alpha-Al2O3: Spectroscopic Evidence[END_REF][START_REF] Gu | Competitive adsorption, displacement, and transport of organic matter on iron oxide .1. Competitive adsorption[END_REF]. A non-contaminated set of supernatant solution has then been used as reference to choose the wavelengths of calibration in order to minimize the difference between UV and DOC measurements. For each wavelength between 220 and 600 nm, calibration curves were determined. Best results were found when using the mean of values obtained from wavelengths between 290 and 320 nm (see Figure S1 of the supplementary information (SI)).

LC-OCD measurements

The LC-OCD system (DOC-LABOR Dr. can then not be compared directly.

Titration experiments

A series of retention experiments at 10 g/L α- show a surface concentration up to 4.5 mg HA /m², depending on mineral, ionic strength, pH and initial coverage ratio [START_REF] Boily | Proton binding to humic acids and sorption of Pb(II) and humic acid to the corundum surface[END_REF][START_REF] Fairhurst | The influence of humic acid on europium-mineral interactions[END_REF][START_REF] Hur | Effects of pH and phosphate on the adsorptive fractionation of purified Aldrich humic acid on kaolinite and hematite[END_REF][START_REF] Murphy | The sorption of thorium (IV) and uranium (VI) to hematite in the presence of natural organic matter[END_REF][START_REF] Reiller | Retention behaviour of humic substances onto mineral surfaces and consequences upon thorium (IV) mobility: case of iron oxides[END_REF][START_REF] Schlautman | Adsorption of aquatic humic substances on colloidal-size aluminum-oxide particles -Influence of solution chemistry[END_REF][START_REF] Weng | Adsorption of humic acids onto goethite: Effects of molar mass, pH and ionic strength[END_REF] As previously observed for simple organic acids, the sorption of acid anions is linked to their protonation constant [START_REF] Evanko | Influence of structural features on sorption of NOM-analogue organic acids to goethite[END_REF]. From potentiometric titrations data of PAHA, the median intrinsic affinity parameters were found at logK̃H ,1 = 2.66 and logK̃H ,2 = 6.90 [START_REF] Janot | Using Spectrophotometric Titrations To Characterize Humic Acid Reactivity at Environmental Concentrations[END_REF], which gives maximum of affinity distribution around 5.0 and 9.2 at 0.01 M and 4.5 and 9.7 at 0.1 M, respectively. The distribution of affinity constants (K̃H ,i ) due to the PAHA heterogeneity induces a monotonous decrease of the sorption.

At low pH (< 5), inner-sphere complexation occurs between deprotonated carboxylic ligands of PAHA and positively charged surface groups of the oxide [START_REF] Weng | Adsorption of humic acids onto goethite: Effects of molar mass, pH and ionic strength[END_REF]. When pH increases, the net positive charge of alumina surface is decreasing and the more negatively charged PAHA is less attracted to it. The high point of zero charge of the surface, i.e. 9.6, also explains the significant amount of PAHA bound throughout the pH range studied.

Despite the low number of data at 0.01 M, adsorption of PAHA also seems to be slightly depend on ionic strength (see Figure 1), with amount of PAHA adsorbed decreasing with ionic strength above pH 5. [START_REF] Weng | Adsorption of humic acids onto goethite: Effects of molar mass, pH and ionic strength[END_REF] made the same observations for a HA/goethite system, in the same surface coverage conditions: 150 mg HA /L with 1 g/L of goethite with a 94 m²/g specific area, i.e. 1.60 mg HA /m² when we used 1.66 mg HA /m² in our experiment. The adsorption isotherms show an increase with increasing initial quantity, until a plateau is reached. This saturation threshold decreases with increasing pH, which is commonly found in the case of HS adsorption onto metal (hydr)oxides [START_REF] Filius | Adsorption of fulvic acid on goethite[END_REF][START_REF] Kang | Humic acid fractionation upon sequential adsorption onto goethite[END_REF][START_REF] Saito | Adsorption of humic acid on goethite: Isotherms, charge adjustments, and potential profiles[END_REF][START_REF] Schlautman | Adsorption of aquatic humic substances on colloidal-size aluminum-oxide particles -Influence of solution chemistry[END_REF][START_REF] Vermeer | Adsorption of humic acid to mineral particles. 1. Specific and electrostatic interactions[END_REF]. Saturation is reached for a lower R value at higher pH. 1.9 6.5

Characterization of supernatants

The three parameters shown in Table 1 are almost constant for 20 ≤ R ≤ 60 mg PAHA /g and comparable to the values of original PAHA at the same pH and ionic strength. For R < 20 mg PAHA /g α-Al2O3 , i.e. highest fractionation rates, SUVA 254 is decreasing.

Previous studies have shown that aromaticity is correlated to SUVA 254 as well as Δ ET [START_REF] Chin | Molecular weight, polydispersity, and spectroscopic properties of aquatic humic substances[END_REF][START_REF] Korshin | Influence of chlorination on chromophores and fluorophores in humic substances[END_REF][START_REF] Weishaar | Evaluation of specific ultraviolet absorbance as an indicator of the chemical composition and reactivity of dissolved organic carbon[END_REF] and anti-correlated to E 2 /E 3 [START_REF] Peuravuori | Molecular size distribution and spectroscopic properties of aquatic humic substances[END_REF]. In our case, it means that PAHA fractions in solution for concentration ratios below 20 mg PAHA /g α-Al2O3 show a loss of 8/19 (2008) for the same system after adsorption at pH = 6.1, with a decrease observed for R < 10 mg PAHA /g α-Al2O3 (see Figure S2). The preferential adsorption of more aromatic HA fraction is in agreement with literature data [START_REF] Chorover | Reaction of forest floor organic matter at goethite, birnessite and smectite surfaces[END_REF][START_REF] Claret | Fractionation of Suwannee River Fulvic Acid and Aldrich Humic Acid on alpha-Al2O3: Spectroscopic Evidence[END_REF][START_REF] Gu | Adsorption and desorption of different organic-matter fractions on iron-oxide[END_REF][START_REF] Meier | Fractionation of aquatic natural organic matter upon sorption to goethite and kaolinite[END_REF][START_REF] Reiller | Sorption of Aldrich humic acid onto hematite: Insights into fractionation phenomena by electrospray ionization with quadrupole time-offlight mass spectrometry[END_REF][START_REF] Zhou | Size fractionation upon adsorption of fulvic acid on goethite: Equilibrium and kinetic studies[END_REF].

LC-OCD measurements were performed on the same samples. Figure 3A shows the chromatograms obtained, with the organic carbon signal depending on elution time, larger aggregates being eluted faster. 3A and Table 2). This phenomenon implies that, compared to humics, these small organics are not as readily adsorbed onto the minerals under the present experimental conditions. Specially, as neutral organics are of very low UV absorbance [START_REF] Huber | Characterisation of aquatic humic and nonhumic matter with size-exclusion chromatographyorganic carbon detection -organic nitrogen detection (LC-OCD-OND)[END_REF], the increase of their relative content should reduce the SUVA of water samples, which is in agreement with observations (see Table 1 and Figure S2).

LC-OCD measurements were also performed on the supernatants of adsorption experiments at 0.01 M NaClO 4 and different pH values (macroscopic results shown in Figure 1).

Results are shown in Figure 3B and Table 2.

The analysis of fractionated DOC shows that when pH decreases and more PAHA is adsorbed onto the surface (Figure 1), the relative content of humics and building blocks (which are considered as break down products of humics)

is decreasing (see Table 2): these fractions are preferentially adsorbed onto the mineral.

Although the organic acids can also be removed, their relative content remains constant. Again, an ineffective removal of the neutrals increases their relative content in the residual DOC.

The LC-OCD analysis of these two series of supernatants shows that humics and humic-like substances (building blocks) have a similar behavior and are preferentially adsorbed onto the mineral surfaces in various conditions of pH, ionic strength and coverage ratio. For instance the building blocks could actually corresponds to the highly polar short-chain carboxylic acids identified by [START_REF] Ghosh | Colloidal Stability of Al2O3 Nanoparticles as Affected by Coating of Structurally Different Humic[END_REF] that could react with the surface mostly by ligand exchange of the carboxylic groups of the HA to yield innersphere complexes [START_REF] Kang | Humic acid fractionation upon sequential adsorption onto goethite[END_REF] and lateral interactions [START_REF] Ochs | Coordinative and hydrophobic interaction of humic substances with hydrophilic Al2O3 and hydrophobic mercury surfaces[END_REF].

Kinetic aspects of the process could also be important. For instance [START_REF] Van De Weerd | 042 desorption of a NOM mixture: effects of physical and chemical heterogeneity[END_REF] interpreted the data of [START_REF] Gu | Adsorption and desorption of natural organic-matter on iron-oxide -mechanisms and models[END_REF] from a kinetic point of view. The smaller molecules move faster and could thus be favored and slowly exchanged for the bigger ones. However, the ranges of molecular weights (from <3 kDa to >100 kDa) used in both papers rely on the determination by [START_REF] Mccarthy | Mobility of natural organic matter in a sandy aquifer[END_REF] based on ultrafiltration membranes calibrated with globular proteins. These calibrations give high molecular weight values because of the compact structure of proteins [START_REF] Chin | The abundance, distribution, and configuration of porewater organic colloids in recent sediments[END_REF][START_REF] Chin | Molecular weight, polydispersity, and spectroscopic properties of aquatic humic substances[END_REF]. As we did not perform the same molecular mass determinations, the direct comparison would then be tricky.

Spectrophotometric titrations

The differential absorbance spectra of all the supernatants were calculated as described by [START_REF] Janot | Using Spectrophotometric Titrations To Characterize Humic Acid Reactivity at Environmental Concentrations[END_REF]. Briefly, they are built from the absorbance spectra of PAHA solution recorded at different pH between 3 and 11, using the following equation:

Δ A pH (λ)= 1 l cell [ A pH (λ) DOC - A pH ref (λ ) DOC ref ]
where l cell is the cell length (cm), DOC and dx.doi.org/10.1016/j.watres.2011.11.042

Modeling

Data modeling was done within the NICA-Donnan formalism [START_REF] Kinniburgh | Ion binding to natural organic matter: competition, heterogeneity, stoichiometry and thermodynamic consistency[END_REF], optimizing the parameters with the software FIT [START_REF] Kinniburgh | FIT Non-linear Optimization Algorithm and User Manual[END_REF]). The number of data points in the spectrophotometric titration curves is much lower than in the potentiometric ones (80 vs 15). The parameters describing the charge vs. dx.doi.org/10.1016/j.watres.2011.11.042 The obtained fitting are satisfactory for all samples (r² > 0.98), but for 60 and 30 mg PAHA /g α-Al2O3 the best fit was obtained for m 1 values larger than 1, which is difficult to explain within the framework of the model and known titrations data of various humic substances from the literature [START_REF] Milne | Generic NICA-Donnan model parameters for proton binding by humic substances[END_REF]. Values of m 1 below 1 for these two ratios were optimized between neighboring values, since m 1 seems to increase when R decreases.

The obtained parameters are shown in Table S1 of SI and the corresponding fits are displayed on Figure 5.

The overall charge Q 1 + Q 2 decreases with the initial quantity of PAHA in the system, most of the reactive molecules being retained onto the mineral surface, their functional sites being directly fixed to the surface mostly via ligand exchange [START_REF] Ochs | Coordinative and hydrophobic interaction of humic substances with hydrophilic Al2O3 and hydrophobic mercury surfaces[END_REF][START_REF] Kang | Humic acid fractionation upon sequential adsorption onto goethite[END_REF]. evidenced by [START_REF] Ghosh | Colloidal Behavior of Aluminum Oxide Nanoparticles As Affected by pH and Natural Organic Matter[END_REF][START_REF] Ghosh | Colloidal Stability of Al2O3 Nanoparticles as Affected by Coating of Structurally Different Humic[END_REF]. There is no apparent evolution of the number of high proton-affinity-type (so-called phenolic) sites Q 2 , which seems to be constant above R = 20 mg PAHA /g α-Al2O3 and not significantly different from the original PAHA. However, it is lower for remaining PAHA fraction in solution at the two lowest ratios. This is consistent with the loss of aromaticity observed from the UV/Visible spectra for these supernatants (see Figure S2). The heterogeneity parameter m 1 increases with decreasing ratio.

This would mean that low proton-affinity-type sites of PAHA fraction in solution are more homogeneous than initial PAHA. When fractionation is more important, the apparent homogeneity of low affinity-type sites increases too.

The logK̃H ,1 values of supernatant fractions seem to slightly decrease with coverage ratio, which would mean a higher affinity for proton and a greater tendency for deprotonation. Previous works related to the adsorption of simple organic acids onto mineral oxides have shown that adsorption is maximal at the pH corresponding to the pK a of the acid (Gu et al. 1995, Schulthess and[START_REF] Schulthess | Competitive adsorption of aqueous carbonic and acetic-acids by an Aluminum-oxide[END_REF]. Some of these molecules, often considered as analogs of humic substances, show a maximum of adsorption below pH 4: it is the case of benzoic acid onto goethite [START_REF] Evanko | Influence of structural features on sorption of NOM-analogue organic acids to goethite[END_REF], phtalic acid onto hematite [START_REF] Gu | Adsorption and desorption of different organic-matter fractions on iron-oxide[END_REF] or salicylic acid onto δ-alumina [START_REF] Kraemer | Influence of pH and competitive adsorption on the kinetics of ligand-promoted dissolution of aluminum oxide[END_REF]. For these molecules, there is almost no more adsorption at pH higher than 6. By analogy, at the pH of our experiment (6.8), these molecules would be very weakly sorbed. The lower value of logK̃H ,1 for the humic molecules found in the supernatants regarding the original value may be related to the presence in these humic molecules of such organic moieties with very low pK a (3.0 for salicylic acid, 4.2 for benzoic acid and 2.9 for the first pK a of phtalic acid).

We can not conclude regarding the evolution of m 2 , since its values are too close from the original value. This is due to experimental pH In addition, it must be highlighted that these parameters are fitted from 15-points data sets, and that the correlation matrices show a strong correlation between Q 1 , m 2 and Q 2 , as shown in Table S2.

In 

  ligand exchange of the carboxylic groups of the HA to yield inner-sphere complexes; and (3) hydrophobic interactions on the HA-goethite complex that can provide new 2/19 dx.doi.org/10.1016/j.watres.2011.11.042 hydrophobic sorption sites for high MWHA fractions with condensed aromatic or long chain aliphatic moieties. The proposition of a generic trend for size modification of HS molecules after adsorption onto oxides minerals is not straightforward. For Al 2 O 3 nanoparticles the influence of pH, which seems of great importance, and structural modifications of the HS fractions after adsorption onto a mineral oxide were evidenced[START_REF] Ghosh | Colloidal Behavior of Aluminum Oxide Nanoparticles As Affected by pH and Natural Organic Matter[END_REF][START_REF] Ghosh | Colloidal Stability of Al2O3 Nanoparticles as Affected by Coating of Structurally Different Humic[END_REF]. However, to our knowledge, no study has yet looked at the modification of reactivity of the produced organic fractions, which could explain the difficulty to model the behavior of ternary systems composed of pollutants/HS/mineral. The behavior of the pollutant in a ternary system cannot be described by linear additivity of binary systems, due to the interactions between natural organic matter and mineral surfaces, which modify the surface properties, aggregation, and metal ion complexation[START_REF] Christl | Interaction of copper and fulvic acid at the hematite-water interface[END_REF][START_REF] Robertson | Humic substances in the global environment and implication on human health[END_REF][START_REF] Vermeer | Metal ion adsorption to complexes of humic acid and metal oxides: Deviations from the additivity rule[END_REF]. It is actually difficult to access to the binding properties of the dissolved fraction of HS, due to its low concentration in solution after the adsorption experiments. Recent works(Dryer et al. 2008, Janot et al. 2010) have described a new spectrophotometric titration approach, which allows the assessment of the reactivity of HS in solution at relevant environmental concentration (i.e. <10 mg HS /L). The aim of this study is to use this spectrophotometric titration approach to study dissolved fractions of HS after adsorption experiment, in order to quantify modifications of their binding moieties due to the contact with the mineral surface. In this work the modifications of reactivity of Purified Aldrich Humic Acid (PAHA) fraction left in solution after adsorption onto α-Al 2 O 3 at different organic/mineral ratios are qualitatively characterized. HS adsorption onto oxides has mostly been studied with Fe oxides. α-Al 2 O 3 was chosen since aluminol surface sites of Al oxides are part of clay mineral reactive sites. In addition, α-Al 2 O3 has significant industrial applications (abrasive agent, insulator, and catalyst) that could lead to environmental exposure. The behavior of man-made nanoparticles exposed to a natural aquatic environment will be controlled by their interactions with natural organic matter which could dictate their bioavailability and toxicity to aquatic species. The quantification of PAHA adsorption onto α-Al 2 O 3 depending on pH and initial PAHA concentration was studied by batch experiments. An attempt to access reactivity of the adsorbed PAHA fraction is proposed.

Huber,

  Germany) is equipped with a size exclusion column TSK HW50S (Tosoh, Japan) and an online organic carbon detector. After the injection of a water sample, organic compounds in the sample are separated by the size exclusion unit according to their molecular size. Thereafter, the separated organics are oxidized sequentially and their carbon content is quantified by the online detector. On average, the ratio of the chromatogram DOC, i.e., total dx.doi.org/10.1016/j.watres.2011.11.042 DOC analyzed after SEC chromatography, to the DOC analyzed using a TOC analyzer (Shimadzu TOC-VCSH) is over 85%. Thus, the component analysis based on LC-OCD chromatograms is considered to be able to represent the fraction distribution in the water samples. For data acquisition and data processing, the customized software ChromCALC ® is used. According to the study of Huber et al. (2011) and with the assistant of the software, 4 major components from the chromatograms are identified in the present work: colloidal + macromolecular humics, building blocks, low molecular weight acids and neutrals. Before measurement, the system was calibrated according to the methods described by Huber et al. (2011). According to Shimadzu results, the water samples are diluted using mQ water to a DOC of 1 to 3 mg/L prior to LC-OCD measurement. Accordingly, PAHA stock solution was diluted 100 times and the supernatants from adsorption experiments were diluted with a factor of 3. Calibration of organic carbon measurements being different from the one used for adsorption quantification, results

  Al 2 O 3 and various initial PAHA concentrations(600, 300, 200, 120 and 70 mg/L), I = 0.1 mol/L (NaClO 4 ), pH = 6.8 ± 0.3, and 5 days of equilibration was also done. For each PAHA concentration, at least three replicates were made. The supernatants were mixed and the solution was diluted in 0.1 mol/L (NaClO 4 ) to obtain a 100-mL solution of 10 mg/L, which was then titrated between pH 3 and pH 11 using the spectrophotometric method described in[START_REF] Janot | Using Spectrophotometric Titrations To Characterize Humic Acid Reactivity at Environmental Concentrations[END_REF]. Spectrophotometric titrations allow access to the reactivity of a dilute solution of humic substances (HS) due to the variations in UV/Vis spectra of the solution with evolving pH. The pH was increased by addition of freshly prepared NaOH at 0.01 or 0.1 mol/L. Absorbance spectra were recorded in a 5 cm quartz cuvette at ca. 0.5 pH intervals using a Thermo Evolution 600 UV/Visible spectrophotometer between 190 and 600 nm. UV/Visible spectra were recorded at room temperature. PAHA concentrations in the supernatant were measured using Shimadzu TOC-VCSH analyzer. Quantification of PAHA adsorption onto α-Al 2 O 3 was made at different pH, for a coverage ratio R = 25 mg PAHA /g α-Al2O3 . Humic acid adsorption onto oxides reported in the literature
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 191192 Figure 1. Influence of pH and ionic strength on PAHA adsorption onto α-Al 2 O 3 .Re-calculated data from[START_REF] Weng | Adsorption of humic acids onto goethite: Effects of molar mass, pH and ionic strength[END_REF] for HA adsorption onto goethite have been plotted for comparison.

Figure 3 .

 3 Figure 3. LC-OCD chromatograms of PAHA and of supernatants from adsorption experiments (A, top) at 0.1M and pH ≈ 6.8 (R in mg PAHA /gα-Al 2 O 3 ) and (B, bottom) at 0.01M and different pH (R ≈ 25 mg PAHA /gα-Al 2 O 3 ).

  Figure 4. The main evolution is the decrease of differential absorbance values with decreasing R value, at all the wavelength studied. The lack of differences in solution properties at high HS/surface ratio is accounted for by the small percentage of PAHA removed from the solution to the mineral surface (16%). In this situation big changes are not expected to be observed even if there is preferential adsorption of certain molecules. The effects are expected to become
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 4195 Figure 4. Differential absorbance spectra of supernatants from retention experiments (pH ref ≈ 3.0) for (a) original PAHA and different organic/mineral ratios (b) R = 60 mg/g (c) R = 30 mg/g (d) R = 20 mg/g (e) R = 12 mg/g (f) R = 7 mg/g.
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 196 Figure 6. NICA-Donnan parameters for the dissolved (blue) and adsorbed (green) fractions of PAHA, compared to the initial value (red line). Errors bars are equal to σ.

For

  the sake of clarity, the evolution of NICA-Donnan parameters with R and comparison to initial PAHA are plotted in Figure 6 (blue symbols). The progressive decrease of Q 1 with R shows a preferential adsorption of the molecules bearing the most reactive moieties. At experimental pH, i.e., 6are deprotonated and more easily retained onto the positively-charged alumina surface, which results in a non-sorbed PAHA fraction depleted in these moieties. It is also in agreement with the preferential sorption of highly polar short-chain carboxylic acids during humic acid sorption onto colloidal Al 2 O 3

6. 8

 8 under which the majority of phenolic-type sites are not deprotonated (logK̃H ,2 = 8.7 at I = 0.1 M). Thus only experiments made at very low R values would allow the more definitive conclusions on m 2 evolutions. Regarding the evolution of logK̃H ,2 it is again difficult to conclude since values seem higher in the nonsorbed PAHA molecules than in the original bulk PAHA.
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Table 1 .

 1 SUVA 254 (Specific UV Absorbance at 254 nm) values are summarized in Table1, together with the ratio of absorbance values at 254 and 365 nm (E 2 /E 3 ) and the half-width of the electron-transfer band (Δ ET , in electron-volt) Parameters of UV absorbance spectra

	as described by Korshin et al. (1999). These
	values have been measured for the original
	PAHA solution as well as for the different
	supernatants.

UV/Visible measurements were made on the supernatants from adsorption isotherm at pH 6.8 and 10 g/L α-Al 2 O 3 . UV/Visible spectra of NOM samples can provide some structural information.

of the different samples (at pH = 6).

Table 2

 2 

	shows

Table 2 .

 2 Percentage content of different fractions in water sample before and after adsorption as measured by LC-OCD. Definition for humics, building blocks, organic acids and neutrals can be found in[START_REF] Huber | Characterisation of aquatic humic and nonhumic matter with size-exclusion chromatographyorganic carbon detection -organic nitrogen detection (LC-OCD-OND)[END_REF].

	dx.doi.org/10.1016/j.watres.2011.11.042
	(see Figure

 dx.doi.org/10.1016/j.watres.2011.11.042adsorption. These changes in reactivity to our opinion could explain the difficulty to model the behavior of ternary systems composed of pollutants/HS/mineral since additivity is not respected. Model of ternary systems should explicitly take into account the different reactivity of both fractions.
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Supplementary material associated with this article can be found, in the online version, at doi:10.1016/j.watres.2011.11.042.