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Real-time estimates of in situ anaerobic microbial activity are needed in order to elucidate the impacts of environmental 
perturbations, such as seasonal changes in temperature and nutrient availability, as well as to assess the effectiveness of 
bioremediation strategies.  Current methods typically involve invasive sampling of the environment, which can alter 
microbial activities, and often require the addition of tracers and/or expensive analytical equipment, adding complexity 
and expense. Therefore, we developed SMART (Subsurface Microbial Activity in Real Time) technology as a novel 
approach to monitoring microbial metabolism in anaerobic sediments and submerged soils. The SMART approach is based 
on microbial fuel cell concepts that have previously been adapted to detect changes in the availability of relatively high 
concentrations of organic compounds in wastewater, or during in situ bioremediation of uranium-contaminated 
groundwater.  However, in most soils and sediments, rates of microbial activity are not linked to the concentrations of 
organic substrates, but rather to the turnover rates of the substrate pools, which have steady state concentrations in the  
µM range.  In order to determine whether levels of current produced at a graphite anode would correspond to the rates 
of microbial metabolism in anaerobic sediments, small graphite anodes were inserted at various depths in sediment cores 
and connected to graphite brush cathodes in the overlying water.  Currents produced were compared with the rates of [2-
14C]-acetate turnover because acetate is a central intermediate in the anaerobic degradation of organic matter, 
regardless of the predominant terminal electron-accepting process.  Over a wide range of in situ metabolic rates, there 
was a direct correlation between current production and the rate that [2-14C]-acetate was metabolized to 14CO₂ and 
14CH4 in sediments in which Fe(III) reduction, sulfate reduction, or methane production was the predominant terminal 
electron-accepting process.  At comparable acetate turnover rates, currents were higher in the sediments in which sulfate-
reduction or Fe(III) reduction predominated than in methanogenic sediments.  This was attributed to reduced products 
(Fe(II), sulfide) produced at distance from the anode contributing to current production in addition to the current 
generated from the microbial oxidation of organic substrates at the anode surface in all three sediment types.  These 
results suggest that the SMART technology will serve as a simple, inexpensive, and effective approach for real-time 
monitoring of rates of anaerobic microbial metabolism in a diversity of anaerobic soils and sediments with applicability to 
the study of subsurface bioremediation and the impact of environmental perturbations on microbial activity. 
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