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• • Optimization of electrochemical zone(s) in natural hydrogeological settings towards in situ destruction of the harmful chlorinated ethenes and their chlorinated degradation products as plume control for the protection of the drinking water resource, its consumers and the environment 

I Project objectives 

• Chlorinated ethenes are more frequently detected in groundwater aquifers. They 

cause health risks [1] and consequently, drinking water extraction wells are closed 

 

 

 

 

 

 

 

• The compound’s properties challenge the current treatment technologies, e.g. the 

commonly used pump-and-treat facilities for hydraulic containment. These are long-

term solutions with substantial operation and maintenance costs, limited efficiency 

towards chlorinated intermediates and a significant carbon-footprint 

• Optimized means of protecting the groundwater from these contaminants are re-

quested. We propose establishment of electrochemical zones for in situ destruction 

of chlorinated ethenes and their chlorinated degradation products. 

II Motivation 

• Reactants can be generated and subsequently reduce or oxidize the chlorinated  

ethenes [3], and fast electrochemical reduction of chlorinated ethenes near the elec-

trodes can be obtained [2].  
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

III Abiotic reduction and oxidation processes 

• Focus has been on the influence from electrode materials [6,7,9] and configurations 

[7,8], and of system parameters such as current density [6,7,8,9,10], flow rate [6,7] 

etc. for TCE in spiked, synthetic liquid phase 

 

 

 

• Knowledge gaps between state of 

the art and field implementation exist [11]:  
 

• Influence of naturally occurring 

geochemistry and aged contami- 

nation at natural groundwater 

temperatures and flows 

• Electrochemical removal of tetra- 

chloroethylene. 

 

 

IV State of the art 

• Up to 99 % of PCE is removed, reaching levels of 5 µg/l. >93 % is removed in the major reducing 

zone in vicinity of the cathode.  

 

 

 

 

 

 

 

 

• The strong oxidant H2O2 is measured in levels up to 5 mg/l, which is considered an excess. Based 

on stoichiometry, 12 mg/l PCE can be oxidized. The initial PCE concentration was 2.7 mg/l. The 

sandy geology reduces the distribution of H2O2, but not the quantity. H2O2 distribution is insignifi-

cantly influenced by the reduced temperature and field-extracted groundwater 

• Trichloromethane is the only transformation product detected in the effluent. Concentrations initial-

ly build-up and subsequently decrease over time. 

VI Contaminant removal 

• Changes in hydrogeochemistry over time based on effluent samples: 

• A fraction of Ca precipitates (in the reducing zone) 

• Mg, Na and K co-precipitate 

• Stabilization of pH 4 with glass beads, while pH 7 with the sandy geology 

• The power consumption varies with the ionic strength of the system  

 (250 Wh is similar to boiling water in a kettle for 5 min or an 8W bulb turned on for 30 h) 

• Most power and time is consumed for treatment of the low contaminant levels  (~90 % is removed 

within 1/3 of total duration).  

 

 

 

 

 

 

 

 

VII System response  

• Electrochemical formation of the oxidant H2O2 in natural aquifer settings is successful. 

Quantities are adequate for oxidation of >10 mg/l PCE.  The distribution of H2O2 is re-

duced in tests conducted in a sandy geology, but not the quantities 
 

• Electrochemically induced destruction of PCE was achieved, reaching contaminant lev-

els of 5 µg/l PCE. Only trichloromethane is distributed downgradient of the treatment 

zone, but is transformed over time. No MCLs are defined for trichloromethane in USA & 

DK 
 

• pH of the effluent from the natural field-settings remains neutral despite alkaline and 

acidic conditions generated at the cathode and anode, respectively 

• Hydrogeochemical species compete with contaminants due to reduction and oxidation. 

Fractions of Ca, Mg and Na precipitates in the electrochemical zone 
 

• The power consumption is influenced by the ionic strength of the saturated matrix stud-

ied, in an inverse relationship 

 

• Electrochemistry appears promising for in situ destruction of PCE in groundwater plumes 

IIX Summary of findings 

• Finding the right balance between low sampling volume and adequate analytical 

documentation. Included 16 VOCs (gas & dissolved), 28 ions, pH, conductivity, H2O2 
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