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STUDY GOALS AND HYPOTHESES 

Redox transformations are important processes for mercury 

(Hg) stable isotope fractionation. Determining fractionation 

factors for specific Hg redox transformations enables stable Hg 

isotope techniques to be used as a tool to trace biogeo-

chemical processes. 

Previous studies showed that reduced Fe species and Fe(II)-

bearing minerals such as magnetite, green rust, siderite, mack-

inawite or vivianite are capable of reducing Hg(II) to Hg(0) 1–7. 

These processes may be important in environments with low 

organic matter concentration and changing redox conditions 

such as groundwater aquifers or temporarily saturated soils8-10. 

Increased emission of Hg(0) to the atmosphere, as well as a 

reduction of the bioavailable Hg(II) pool that may be methylated 

may result from the reduction of Hg(II) to Hg(0). 

In this study homogeneous and heterogeneous redox reactions 

of Hg(II) with dissolved Fe(II) and Fe(II)-bearing minerals are 

investigated in batch experiments under anoxic conditions. The 

goal is to determine isotope fractionation factors for each of the 

investigated redox reactions. 

Figure 1: Schematic overview of the 
experimental setup for the Hg(II) reduction 
combined with purge and trap 
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RESULTS & DISCUSSION 

During the reduction by SnCl2 we observed consistent 

isotopic trends which could be described by a Rayleigh 

model fit (Figure 2). 11,12 

Mass dependent fractionation 

(ε202Hg = -2.75 ± 0.07‰) and mass 

independent fractionation of odd-mass Hg 

isotopes (Ε199Hg = +0.32 ± 0.04‰) were 

observed (Figure 2). 

The observed MDF is larger than previously reported values 

of -1.56 ± 0.11‰ and -1.77 ± 0.11‰ 13.  

The slope of the linear regression of Δ199Hg/Δ201Hg was 

calculated to be 1.55 ± 0.22 (2SE of linear regression). This 

indicates that the MIF was likely caused by the nuclear 

volume effect (NVE) (Figure 3). 

The observed Δ199Hg/Δ201Hg slope is in good agreement 

with theoretical predictions and previously reported 

experimental values of 1.5 - 1.6 13,14. 

Both ∆199Hg and ∆201Hg are positive for the product Hg(0) and 

negative for the reactant Hg(II) as a result of NVE, which is 

the opposite direction compared to photoreduction. 

  

Methods 

The reducing agents are added 

stepwise to reduce fractions of 

Hg until complete reduction. 

The produced Hg(0) is purged 

into an oxidizing trap solution 

with N2 gas at a low flow rate.  

Total Hg concentrations in 

reactor and trap samples are 

measured with CV-AAS/AFS and 

isotopic composition determined 

by CV-MC-ICP-MS 11,12. 

Similar to previous studies 13 

different amounts of SnCl2 were 

initially used as reducing agent 

to test the experimental setup. 
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Figure 2: Mass dependent (MDF, top) and 
mass independent (MIF, bottom) isotope 
fractionation during the stepwise reduction 
of Hg(II) by SnCl2. 
Filled circles are results from measured 
samples (reactor, traps), empty circles are 
calculated. 
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Figure 3: ∆199Hg/∆201Hg during reduction by SnCl2. The solid line represents a 
linear regression accounting for errors in x and y direction (∆199Hg/∆201Hg 
slope).  



OUTLOOK 

In subsequent experiments different amounts of Fe(II) in 

solution are used as reducing agent. First results show that 

Hg(II) can be reduced and trapped using a Fe(II) stock solution 

prepared from Fe(II)Cl2 salt.  

In second step, surface catalyzed reduction using Fe(II) 

adsorbed to different mineral surfaces is studied. Additionally, 

experiments are carried out with Fe(II)-bearing minerals. 

The results produced from this study will be useful for the 

interpretation of field data from temporarily anoxic 

groundwater bodies at contaminated sites (e.g. 8,9). 

Most important, this study will add much 

needed fractionation factors to the toolbox 

of Hg stable isotope fractionation as a 

tracer for biogeochemical transformations. 

The insights from the experiments will further contribute to 

the understanding of the interplay between Hg and Fe 

biogeochemical cycles and redox transformations. 
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