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Three coal ash samples collected from coal-fired power plants located in Kentucky and 
Arkansas, USA were segregated into size fractions (< 1 mm to ≥ 100 µm, < 100 µm to ≥ 
10 µm, < 10 µm to ≥ 5 µm, and < 5 µm) using dry sieving. Coal ash size fractions were 
examined using SEM-EDS and XRD to examine particle size fractionation, composition 
and morphology. Synchrotron x-ray absorption spectroscopy (XANES) was used to 
identify the oxidation state and relative abundance of the As and Cr species present in 
the ash. Size fractionation results indicated that for all three coal ash samples, the < 100 
µm to ≥ 10 µm fraction contributed 80 to 90% of the total fly ash by mass, while the < 1 
mm to ≥ 100 µm contributed 5 to 8%, and the < 10 µm to ≥ 5 µm and < 5 µm fractions 
contributed < 5 %. SEM-EDS and XRD analyses suggested that the ash consists 
primarily of aluminosilicate and iron oxide phases. Preliminary XANES data suggested 
that Cr is largely present in the Cr(III) oxidation state, with a minor fraction (< 5 % of 
total Cr) present as Cr(VI). Arsenic XANES data suggested that As(V) is the dominant 
oxidation state (92 to 100% of total As) in all three fly ashes, and is associated primarily 
with iron oxide phases.  
 
In preliminary leaching experiments, whole coal-ash obtained from the two Kentucky 
plants (which utilize coal mined from the Appalachian Basin, USA) was exposed to a 
buffered solution (MOPS, pH ~7) with dissolved organic matter (DOM) (20 mg/L) and 
varying redox potential (reducing, oxic) to examine As and Cr leaching using ICP-MS. 
Three conditions were tested; 1) oxic, no DOM; 2) anoxic, no DOM; and 3) oxic, DOM 
over a period of 4 weeks. For ash from Plant 1, total As concentrations in the leachate 
were similar under all three conditions tested, ranging from 126 to 149 µg/L (t = 4 
weeks). With Plant 2 ash, the total As concentration obtained for condition 3 (anoxic, no 
DOM) was 93 µg/L while As concentrations obtained under conditions 1 and 2 were 
lower and ranged from 29 to 37 µg/L (t = 4 weeks). Leaching data for Cr suggested that 
Plant 1 ash contained leachable Cr, and that oxic conditions were more conducive for 
Cr leaching (total Cr = 120 µg/L, t = 4 weeks) compared to anoxic conditions (total Cr = 
~ 0 µg/L, t = 4 weeks). Overall, this data indicated that the leaching behavior of As and 
Cr in coal fly ash is influenced by environmental conditions such as redox potential. 
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Future work includes identifying As species and ash mineralogical composition in the 
various coal ash size fractions; determining the controls on As leaching from coal fly ash 
under various environmental conditions; and investigating the influence of redox 
potential and DOM on the leaching behavior of other trace elements, such as B, Tl, U, 
and Pb. 
 
 
 
 

 
 


