The ability of calcium oxalates to incorporate Eu(III) and Cm(III)
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Plant cells and plants produce calcium oxalate (CaOx) and store it for instance in vacuoles. There are several functions of CaOx in plants discussed including calcium regulation and detoxification (e.g., heavy metals) [1]. Klotzsche et al. showed for the first time that in the presence of Eu(III), Nicotiana tabacum BY-2 cells formed a biomineral composed of Eu(III) and oxalate [2]. This biomineralization could be part of a detoxification strategy for Eu(III) used by BY-2 cells. CaOx can incorporate different cations (e.g. Eu(III) [3]), as well as proteins [4]. To better understand the uptake and behavior of trivalent lanthanides (Ln(III)) and actinides (An(III)) in plants, we first conducted abiotic experiments with Eu(III) and Cm(III) across a concentration range from trace levels to the millimolar scale. Our study aimed to elucidate the speciation of Eu(III) and Cm(III) after incorporation in CaOx using powder X-ray diffraction (PXRD), inductively coupled plasma mass spectrometry (ICP-MS), luminescence spectroscopy, scanning electron microscopy (SEM) coupled with spectrum imaging analysis based on energy-dispersive X-ray spectroscopy (EDXS), and chemical microscopy. 
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Figure 1. CaOx in the presence of 50 µM Eu(III). Left: SEM image and corresponding element distribution. Right: Results of chemical microscopy (COM/COD: CaOx monohydrate/CaOx dihydrate).
We could show that CaOx has the potential to incorporate large amounts of Eu(III) and Cm(III). More than 90% of the respective heavy metal was incorporated. Eu(III)- or Cm(III)-containing CaOx monohydrate (COM) was formed in the concentration range 0.05 to 5 µM. In the case of Cm(III), an increase in the distance between the interplanar spacing d in Å was observed, the so-called uniform strain effect. At 50 µM Eu(III), both phases, COM and COD were formed and contained Eu(III) (see Figure 1). The luminescence results obtained by using Cm(III) and Eu(III) as molecular probes will be compared and discussed. The obtained results contribute to the overall understanding of the An(III) /Ln(III) uptake by plants.
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