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Tetrachloroethene (PCE) and trichloroethene (TCE) impacted sites pose significant 
bioremediation challenges even when site characterization activities suggest that biodegradation 
is occurring naturally.  Although site-specific, regulatory, and economic factors play roles in the 
remedy selection process, evaluation of remedial alternatives should be science-driven and 
follow a tiered approach from small scale studies to screen bioremediation options (MNA, 
biostimulation, and bioaugmentation) to larger, more focused testing for design/scale-up 
purposes.  This case study summarizes six years of routine biological testing at one site.  In situ 
microcosms with Bio-Trap® samplers were used to evaluate bioremediation options, then to 
monitor a small scale biostimulation pilot test, and finally to routinely monitor the progress a 
large scale bioremediation since 2003.  This biological data set represents one of the most 
comprehensive to date and provides insights on the value of integrating molecular biological 
testing into the bioremediation design processes and routine bioremediation progress monitoring.   
 
The case study was performed at a PCE-impacted site at which naturally occurring reductive 
dechlorination of PCE and TCE had led to accumulation of cis-dichlorethene (cis-DCE) 
concentrations ranging from approximately 10 to 100+ mg/L.  Bio-Trap® samplers and 
quantitative polymerase chain reaction (qPCR) enumeration of Dehalococcoides spp. were used 
to evaluate biostimulation with HRC®, and HRC-S.  Dehalococcoides populations in HRC-S 
amended Bio-Traps deployed in impacted wells were on the order of 103 – 104 cells/bead but 
were below detection limits in most unamended and HRC amended Bio-Traps.  Thus the in situ 
Bio-Trap study identified biostimulation with HRC-S as the approach to pilot study.  After the 
pilot HRC-S injection, Dehalococcoides populations increased to 106 – 107 cells/bead and 
concentrations of cis-DCE and vinyl chloride decreased with concurrent ethene production.  
Based on these results, a large scale HRC-S injection was proposed as the site remedy and 
quickly approved by the regulator based on the pilot results.  As with the pilot study, the large 
scale HRC-S injection promoted growth of Dehalococcoides spp. and stimulated reductive 
dechlorination of cis-DCE and vinyl chloride.  Ongoing biological monitoring at the site has 
demonstrated that the bioremediation in place remains robust.   
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The success of in-situ-remediation strategies depends very much on the efficiency of the 
distribution of chemical or biological reactants in a contaminated aquifer. A major uncertainty 
linked with the detail engineering of in-situ remediation always remains with the heterogeneity 
of the aquifer geology, hydrology and chemistry. Often, the site-specific reaction patterns, spatial 
reaction differences, and reactant distribution patterns cannot be predicted but have to be 
determined empirically in the field.  
 
At high process speed observed with ISCO-processes and partly also with aerobic biological 
processes, process parameters such as redox potential, in-situ-pressure, pH-value, electrical 
conductivity, oxygen content may be subject to change within minutes or hours and can therefore 
hardly be detected by traditional groundwater sampling technologies. Instead, process control 
requires a high measurement frequency and a high spatial resolution of the data of concern. 
Technologies for the data collection using robust in-situ-sensors with digital data transfer and 
high recording time frequency are available for this purpose:  
 

- Redox potential / oxygen concentration indicate spatial stabilization of anaerobic redox 
conditions for the treatment of DNAPL-plumes, spatial dynamics of oxygen distribution 
and consumption in gas curtains, preferential distribution of permanganate and Fenton’s 
distribution in ISCO-applications, 

- Temperature readings indicate reaction temperatures for chemical (ISCO) and biological 
remediation processes, 

- pH-value indicates the biological acid production during fermentation of sugar-based co- 
 substrates (e.g.  Molasses) and pyrite oxidation in gas curtains, 
- electrical conductivity indicates an increase of ion concentrations e.g. pyrite oxidation 
- in-situ-pressure indicates pressure increase due to gas production during Fenton’s  

reaction and dynamic processes of gas storage in the aquifer e.g. in gas curtains 
 
Examples for in-situ-sensor based remediation process control including an overview of state-of-
the-art environmental sensor systems will be presented. 
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