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impacts the ionic strength but it also has a dramatic impact on the structural organization of 

Fe-OM aggregates at several scales of organization, resulting in an increase of their sorption 

capacity. In the presence of high amounts of Ca, Fe-OM-Ca aggregates could immobilize 

pollutants in the soil porous media as they form a micrometric network exhibiting a strong 

sorption capacity. 
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results are expected: an increase in the availability of Fe binding sites, free from OM, or an 

increase in the size of the Fh-like Nps [8,26] involving a decrease in their SSA and 

subsequently, their decreased sorption capacity. Iron reactive sites are free from OM leading 

to an increase their binding site availability. Moreover the size of the Fh-like Nps increases 

[8,26] involving a decrease in their SSA and a subsequent decrease of their sorption capacity. 

To understand the overall adsorption capacity of the Fe-OM aggregates, it is necessary 

to investigate the reactivity of the Fe and OM phases independently. In the present study, we 

investigate the reactivity of the Fe phases within Fe-OM aggregates at several Fe/organic 

carbon (OC)OC and Ca/Fe ratios. Thus, our goal is to provide a clear description of the 

parameters that control their sorption capacity. For this purpose, arsenic (As) was used as a 

probe of the Fe surface reactivity of Fe as it arsenic is known to have a stronger affinity for Fe 

than for OM. Iron-OM-Ca aggregates were synthesized at various Fe/OC and Ca/Fe ratios. 

The speciation of Fe was studied by X-ray absorption spectroscopy (XAS) at the Fe K-edge 

and the size and specific surface of the particulate Fe in the Fe-OM-Ca aggregates was were 

investigated using small-angle X-ray scattering (SAXS). To evaluate the binding capacity of 

the Fe-OM aggregates and the parameters controlling this process, As sorption experiments 

were carried out and coupled with (ultra)filtrations to investigate the distribution of As 

relative to the size evolution of the Fe-OM aggregates.  

 

2. Materials and methods 

2.1. Sample syntheses and chemical analyses 

2.1.1. Sample synthesis 

Samples were synthesized at three Fe/OC ratios (0.02, 0.05 and 0.08 mol./mol.) and 

four Ca/Fe ratios (0, 0.1, 0.5 and 1 mol./mol.) following the procedure described by Guénet et 

al. [3]. Samples are labelled Fexx-Cayy, where xx and yy represent the Fe/OC and Ca/Fe 
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ratios, respectively. The OM used was Leonardite Humic Acid (LHA) purchased from the 

international humic substance society (IHSS) with the following elemental composition C = 

63.81%, O = 31.27%, H = 3.70% and N = 1.23% (as mass fraction). An iron(II) stock solution 

of 1.79×10-2 mol L-1 was prepared with FeCl2.4H2O (Sigma Aldrich). From this solution, 

three Fe(II)-Ca(II) solutions were prepared at [Ca] = 2.50×10-3 mol L-1, 1.25×10-2 mol L-1 and 

2.50×10-2 mol L-1 with CaCl2.2H2O (Sigma Aldrich). The Fe-OM-Ca aggregates were 

synthesized through a titration of the LHA suspension at [OC] = 1.00×10-1 mol L-1 with the 

Fe(II)-Ca(II) solution at 0.05 mL min-1 in 5×10-3 mol L-1 of NaCl using an automated titrator 

(Titrino 794, Metrohm). The pH was monitored at 6.5 ± 0.04 with a 0.1 M NaOH solution 

using a second titrator (Titrino 794, Metrohm) at a set pH mode. A solution of pure LHA was 

prepared by dissolving 25 mg of the LHA in a 1×10-3 mol L-1 NaCl solution at pH = 6.0 as a 

reference for the chemical analyses. 

The Fe-OM-Ca aggregates were synthesized following the procedure described by 

Guénet et al. [3] and Beauvois et al. [8]. The Leonardite Humic Acid (LHA), purchased from 

the international humic substance society (IHSS), was used as the OM and has the following 

elemental composition C = 63.81%, O = 31.27%, H = 3.70% and N = 1.23% (as mass 

fraction). A LHA solution at [OC] = 1.00×10-1 mol L-1 was prepared by dissolving the powder 

at pH = 9. After being stirred for 24 h, the pH of the LHA stock solution was adjusted to 6.5 

using a 1 mol L-1 HCl solution. An iron(II) stock solution of 1.79×10-2 mol L-1 was prepared 

with FeCl2.4H2O (Sigma Aldrich) at pH = 2 to avoid Fe(II) oxidation. From this solution, 

three Fe(II)-Ca solutions were prepared adding CaCl2.2H2O powder (Sigma Aldrich) to reach 

[Ca] = 2.50×10-3 mol L-1, 1.25×10-2 mol L-1 and 2.50×10-2 mol L-1, that corresponds to Ca/Fe 

molar ratios of 0.1, 0.5 and 1, respectively. The ionic strength of all of the solutions was fixed 

with 5×10-3 mol L-1 of NaCl. The synthesis of the samples consisted of titrating the LHA 

solution with the Fe(II) or the Fe(II)-Ca solutions at 0.05 mL min-1 using an automated titrator 
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(Titrino 794, Metrohm). The added volume of the Fe(II) or the Fe(II)-Ca solutions was 

determined in order to reach three Fe/OC molar ratios (0.02, 0.05 and 0.08). During the 

synthesis, the pH was monitored at 6.5 ± 0.04 with a 0.1 mol L-1 NaOH solution using a 

second titrator (Titrino 794, Metrohm) in a set pH mode. The samples were labelled Fexx-

Cayy, where xx and yy represent the Fe/OC and Ca/Fe ratios, respectively. 

2.1.2. Arsenic sorption experiments 

Arsenic sorption isotherms were performed in triplicate for all of the samples at for 

five As/Fe ratios (i.e. 0.0007, 0.004, 0.04, 0.15 and 0.4 mol/mol). For this purpose, various 

As(III) solutions were prepared from NaAsO2 (Sigma Aldrich) at 5.00×10-2 mol L-1, 5.00×10-

3 mol L-1 and 5.00×10-4 mol L-1. An aliquot of each As(III) solution was added to the 

suspension of Fe-OM-Ca aggregates to reach the fixed set As/Fe ratio. The pH of the 

suspensions was adjusted to 6.5 ± 0.04 using 1 mol L-1 HCl or NaOH. The equilibrium time 

for As adsorption onto goethite in the presence of with HA and onto hematite nanoparticles 

was demonstrated reported to be 4 h and 24 h, respectively [27,28]. Similarly, Raven et al. 

[29] observed an equilibrium time for the As adsorption of As by Fh of 24 h, irrespective of 

the pH or the initial As concentration. The suspensions were therefore stirred for 24 h to 

ensure that the equilibrium is reached. A fraction of each solution was ultrafiltrated at 30 kDa 

(Vivaspin VS2022, Sartorius). The ultrafiltrate corresponds to the dissolved species. The 

arsenic concentration was measured in the bulk fraction and in the <30 kDa fraction in order 

to determine the quantity of adsorbed As on Fe phases.  

For an As/Fe ratio = 0.004 and 0.15, additional (ultra)filtrations were performed at 0.2 

µm (cellulose acetate membrane filter, Sartorius), 1000 kDa (Vivaspin VS2062, Sartorius) 

and 100 kDa (Vivaspin VS2042, Sartorius). Each 0.2 µm filter was rinsed with 200 mL of 

Milli-Q water (Millipore) before use. Each ultrafiltration cell was washed several times with 

15 mL of a 0.1 mol L-1 NaOH solution and Milli-Q water until the DOC concentration in the 
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Highlights 

�x Ca improves iron-organic matter (Fe-OM) aggregate sorption capacities. 

�x Ca drives the Ferrihydrite-like nanoparticles (Fh-like Nps) amount for low Fe/OC. 

�x Ca drives the Fh-like Np adsorption capacity for high Fe/OC. 

�x As adsorption is controlled by Fe speciation within Fe-OM aggregates. 

�x As binding affinity is higher for Fe(III)-oligomers than for Fh-like Nps. 
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