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Highlights
Novel DMSS-FAAS method for direct Se(IV) determination in water; No elution step; Detection Limit of 17.4 µg L-1 and preconcentration factor of 434; Accurate, low-cost, and eco-friendly alternative for Se analysis.
Abstract
This study introduces an innovative analytical approach for determining selenium(IV) in water samples through Direct Magnetic Sampling Sorbent coupled to Flame Atomic Absorption Spectrometry (DMSS-FAAS). The method eliminates traditional elution steps, simplifying sample preparation and enhancing analytical efficiency. A magnetic activated carbon adsorbent (Fe3O4-CA) was synthesized from avocado seed and characterized using Fourier transform infrared spectroscopy (FT-IR), nitrogen adsorption and desorption isotherms, and surface zero charge potential measurements. These analyses confirmed the successful incorporation of magnetite particles into the carbon matrix, high surface area, and appropriate porosity for the adsorption of ionic species. The adsorbent effectively captured Se(IV) ions from aqueous solutions and presented reducing properties from Fe3O4, reducing Se(IV) to Se(0) on its surface, favoring the sensitivity of the method. Magnetic separation was performed using a metal probe magnetized with a neodymium magnet and the probe, containing the retained adsorbent particles, was directly introduced into the FAAS flame, where atomization and detection of selenium occurred without the need for elution. Experimental conditions were optimized to achieve the best analytical response: pH 2.0, 20 seconds of vortex agitation and 4 mg of adsorbent. Interference studies involving common ions in natural waters showed no significant effects on selenium recovery. Under optimized conditions, the method provided a preconcentration factor of 434.2 and a limit of detection of 17.4 µg L-1. The proposed technique was successfully applied to tap and mineral water samples, demonstrating good accuracy, precision, and sensitivity. Compared with more complex and expensive analytical techniques such as electrothermal atomic absorption spectrometry (ETAAS) and inductively coupled plasma optical emission spectrometry (ICP-OES), the proposed methodology demonstrates equivalent performance while maintaining low operational cost, rapid analysis, and minimal sample manipulation. The direct sampling strategy eliminates the need for eluents and toxic reagents, contributing to a greener analytical approach aligned with sustainable chemistry principles.
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