
Prospects that Abiotic Degradation of TCE by Naturally Occurring 
Magnetite Can Be Important for Monitored Natural Attenuation 

 
John T. Wilson (john@scissortailenv.com) and Barbara Wilson 

(Scissortail Environmental Solutions, LLC, Ada, OK, USA) 
Dora Taggart (Microbial Insights, Knoxville, TN, USA) 

David Freedman (Clemson University, Clemson, SC, USA) 
Diana Cutt and Lorenzo Thantu (USEPA Region 2, New York, NY, USA) 

 
Background/Objectives.  Significant quantities of magnetite occur in many aquifers.  In these 
aquifers, abiotic degradation of TCE by magnetite can be an important mechanism for natural 
attenuation.  There is a direct correlation between the quantity of magnetite in aquifer sediments 
and their magnetic susceptibility.  A variety of approaches are available to determine mass 
magnetic susceptibility in aquifer sediments.  These include laboratory analyses of core 
samples and evaluation of aquifer sediments using a sonde inserted into a PVC monitoring 
well.   An empirical relationship has been established between the mass magnetic susceptibility 
of aquifer sediment and the rate constant for degradation of TCE and cis-DCE in the 
sediment.  In a variety of aerobic unconsolidated sand aquifers, the magnetic susceptibility 
ranged from 2E-07 to 2E-06 m3 kg-1.  Biological reductive dechlorination of TCE or cis-DCE 
would not be expected in these aquifers.  However, the field-scale bulk rate constants for TCE 
or cis-DCE degradation varied from 0.1 per year to 0.7 per year with a median near 0.3 per 
year. 
 
Approach/Activities.  We have done two things to support an evaluation of prospects for 
abiotic degradation of TCE by magnetite in aquifers.  We compared the distribution of magnetic 
susceptibility in 312 samples that had been submitted to Microbial Insights for analysis to 
determine the fraction of samples that fall into a range where abiotic degradation may be a 
plausible remedy.  Unfortunately, magnetic susceptibility in a particular range does not prove 
that abiotic degradation of TCE is important at a particular site.  We have developed a 14C-TCE 
assay that directly measures rate constants for abiotic degradation of TCE. The assay can be 
used to validate and confirm an inference made from measurements of magnetic 
susceptibility.  The assay was evaluated on samples from a large TCE plume in Hopewell 
Junction in New York State, USA.   
 
Results/Lessons Learned.  Of the 312 samples, 118 samples had a susceptibility ≥ 2E-07 m3 
kg-1.  Approximately 38% of the values for magnetic susceptibility fell in the same range of 
magnetic susceptibility as the field-scale plumes that had field-scale bulk rate constants that 
varied from 0.1 per year to 0.7 per year.  Many regulatory authorities will consider Monitored 
Natural Attenuation (MNA) at a site if the maximum concentration of TCE is 100 μg/L or less.  A 
rate constant of 0.1 per year will bring 100 μg/L to the MCL of 5 μg/L in 30 years, a rate 
constant of 0.3 per year reaches the MCL in 10 years and a rate constant of 0.7 per year 
reaches the MCL in 4.3 years. 
 
The 14C-TCE assay returned rate constants that were on average four-fold higher than the field- 
scale rate constant.  The assay made it possible to confidently attribute the field-scale rate 
constant to abiotic degradation by magnetite.  The discrepancy is within the uncertainty in the 
estimate of the field-scale rate constant.       
       


