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Report:

Arsenic biogeochemistry has received public and scientific attention due to environmental and public health disasters
around the world. Numerous remediation methodologies have been developed to remove As from drinking water
(membranes, coagulation, anion exchange, etc.) although adsorption is the most commonly used due to its efficiency,
capacity and relative low cost. Many different materials are being used for this purpose and the development of
nanotechnology at the end of 20th century has widened the variety of adsorbents in several industrial and
environmental applications. The nanosized iron oxide materials take advantage of the affinity of Fe(lll) for agqueous
inorganic arsenic species. The small size of nanoparticles provides several advantages, mainly related to the extremely
high surface area which allows improving the removal capacity several orders of magnitude [1].

In this study, we carry out the contact of superparamagnetic iron oxide nanoparticles (SPION) with synthetic
arsenic solutions in form of arsenate, arsenite or mixture of both. The study of the processes controlling
arsenic adsorption expects to provide information to optimize the load of the cellulose sponge with SPION
and get adsorbent system with high loading capacity which proves the potential application to water
treatment purification. The objective of this study at ESRF synchrotron is to characterize the arsenic
adsorbed in the SPION loaded over the sponge and it is expected to evaluate the arsenic speciation in order to
develop a methodology to study arsenite and arsenate in the same sample. To achieve this objective we
applied synchrotron radiation techniques at ESRF based on X-Ray Absorption Near Edge Structure
(XANES).

The first step of this study was the preparation of the experiment and the samples. To study the arsenic
loading capacity of the system, different concentration solutions of As(V) and As(lll) were mixed with
SPION loaded sponge in batch experiments. The sponge samples were dried, homogenised, mixed with
polyethylene and converted into pellets by hydraulic pressure to be analysed at the experimental station of
the synchrotron facility and encapsulated in kapton foils in order to avoid direct contact with the atmosphere.

The absorption of As was recorded at the edge energy for its K line at 7112eV. The selection of the detection
mode depends upon the sample concentration and the matrix background [2]. Therefore, reference
compounds were analysed by transmittance mode and the unknown samples were analysed by fluorescence
detection mode (multi-element solid state detector). Speciation data was obtained by comparing the spectra
from pure compounds, NaAsO,, NaHAsO7, with the spectra obtained in the sponge pellets. The reference
compounds were prepared in the same way of the samples.

Results

Results obtained for the analysis of the reference compounds diluted in polyethylene are presented in Fig 1.
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Figure 1: a) XANES spectra of three reference compounds.

The direct comparison of XANES spectra for arsenic standards and arsenic absorbed in the static adsorption
mode studies (shown in Figure 2) was made. The first study was realised with the different species alone.
The results show that the As(V) spectra at pH=3.6 were similar than reference compound (Fig 2a) but As(l11)
spectra were different (Fig 2b). This difference was due to the interaction between Fe(lll) of SPION and
As(111) [3].
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Figure 2: XANES spectra of the As(V) (a) and As(I11) (b) adsorption over SPION loaded sponge.

The effect in the adsorption process of presence of the two species of arsenic was studied for the speciation
study as show the Figure 3a. Then, by applying a PCA a linear combination fit will be carried out to study
the contribution of each As reference species (Fig 3b). The results confirm that Arsenate specie is
predominant (97%) which is easily removed of the contaminated water with this adsorbent system.
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Figure 3: XANES spectra of the As(V/I11) adsorption over SPION loaded sponge (a) and PCA analysis for the
As(V/II) adsorption (b).
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