Inter-laboratory Comparison of Selenium in Coal Mine Drainage
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Abstract:  Selenium (Se) is regulated in coal mine drainage in West Virginia to <5 µg/L. A variety of techniques for selenium analysis are available that range in sophistication, availability and cost.  Samples from 5 sources of selenium-laden drainage were collected at a West Virginia surface mine and, along with a blind field blank, blind duplicate, and blind certified reference material, were split and sent to four contract laboratories and one university laboratory.  The laboratories differed in analytical method (using either hydride generation inductively coupled plasma optical emission spectrometry (HG-ICP-OES), graphite furnace atomic absorption spectroscopy (GF-AAS), Zeeman corrected GF-AAS, HG-atomic fluorescence spectroscopy (HG-AFS), or inductively coupled plasma dynamic reaction cell mass spectrometry (ICP-DRC-MS) to analyze for total selenium.  Two labs also performed selenium speciation using either ion chromatography-ICP-DRC-MS or sequential hydride generation-OES. Each lab performed the analyses in triplicate.  There was very good agreement for all samples for total Se except for one site with higher concentrations of dissolved iron and manganese in the water.  Both of the AA measurements and the HG-AFS measurements yielded lower recovery when compared to ICP-DRC-MS, which is considered the method of choice for Se in fresh water.   Graphite furnace AAS should be used with extreme caution due to its sensitivity to matrix effects.  Elevated iron and manganese concentration have the potential to cause negative interferences for hydride generation based techniques.  Those interferences should be tested for and removed with mine drainage waters by conducting spike recovery checks at every step of the analytical process (including the HG step) for each matrix type and making necessary adjustments.  Waters with elevated chloride or bromide concentrations have the potential to cause positive interferences with standard ICP-MS; therefore, ICP-MS instruments equipped with a reaction cell should yield more accurate results.  Standard ICP-MS also suffers from interferences of argon and krypton that originate from the plasma, which result in poor detection limits.  While the accurate and precise measurements were made by all labs for most of the samples, the water chemistry of the sample has the potential to cause either positive or negative interferences if appropriate techniques and QC procedures are not employed.  Standard reference waters that are reflective of complex sample matrix represented by mine drainage are not available, but would be helpful to assure the quality of Se measurements in such samples.  
