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Report: HERFD-XANES analysis of Hg speciation in environmental samples 
 
We performed a laboratory microcosm incubation experiments to study the speciation of Hg 
in a contaminated floodplain soil during a periodic flooding event. Special emphasis was 
placed on the speciation of Hg in colloids forming in the porewater during soil flooding and 
reduction. Even though Hg concentrations in these samples are high from the perspective of 
environmental quality (1.4 mg/kg Hg in the soil matrix), they are very low with respect to 
their analysis by XAS. We proposed to analyze these samples by Hg L3-edge XAS at ID26 to 
take advantage of the beamline’s high photon flux combined with the possibility to eliminate 
unwanted fluorescence radiation via the use of the emission spectrometer. However, we were 
not able to collect spectra on the respective soil and colloid samples because of two reasons: 
Firstly, even though the emission spectrometer effectively filtered the Hg L3-edge 
fluorescence signal, the limited solid angle covered by the spectrometer crystals resulted in a 
detection limit that was too high to analyze our samples. Secondly, despite sample cooling to 
77K, the high flux of the photon beam was observed to cause damage to some organic Hg 
reference phases, namely Hg bound to carboxylic groups, and likely also affected soil and 
colloidal Hg, whereas thiol-bound Hg and Hg minerals seemed not to be affected. 
 
Therefore, instead of the intended soil and colloid samples, we analyzed a series of samples 
collected near a former Hg mine (New Idria, California, USA). These samples comprised 
untreated and calcined mine wastes with Hg contents of 100-1000 mg/kg. HERFD-XANES 



 

spectra measured with the emission spectrometer revealed much more spectral details than 
conventional fluorescence spectra (Figure 1). The measured crystalline Hg compounds 
exhibited distinct structural features allowing for their distinction in sample spectra. Analysis 
of the spectra of New Idria waste samples by linear combination fitting suggested that most 
Hg in the untreated mine wastes was present as cinnabar. In addition to cinnabar, 
metacinnabar and calomel were important Hg species in the calcined waste samples, 
suggesting Hg transformation during calcination. 
 
Speciation results on Hg-bearing mine waste samples demonstrate the suitability of Hg L3-
edge HERFD-XANES for distinction of different environmentally relevant Hg species, 
especially for dilute samples where the collection of EXAFS spectra with a signal-to-noise 
ratio allowing for a similarly detailed analysis may take considerably longer. In continuing 
work, we plan to evaluate the experimental HERFD-XANES (and corresponding EXAFS) 
spectra by comparison with FEFF-based simulations. 
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Figure 1. HERFD-XANES spectra 
of cinnabar (α-HgS), metacinnabar 
(β-HgS), calomel (HgCl), and 
montroydite (HgO) (in color). 
Corresponding conventional 
fluorescence spectra are shown in 
black and reveal much less spectral 
detail. 

 
 



 

 


