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Previous activities at a razor blades and cutleries plant situated in Apeldoorn, the Netherlands 
have caused severe soil and groundwater contamination by metals and chlorinated solvents 
(VOCs). The groundwater VOC plume has spread underneath adjacent private properties over a 
distance of about 200 m from the source area. A large fraction of VOCs that had infiltrated to the 
groundwater, was absorbed into a peat layer.  
 
Highly contaminated unsaturated soil and shallow aquifer material in three areas were remediated 
by excavation and backfilling using a mixture of zero valent iron (5 % vol.) and sand (Figures 1 
and 2). In total, about 7.000 m3 of soil material was removed. Next to the excavated areas, three 
rows of infiltration wells were installed perpendicular to the groundwater flow direction (Figure 
1) to treat a soil volume of about 35.000 m3 to a depth of about 15 m bg. 

 
After completing the soil excavation and backfill activities, a monitoring well was installed at a 
depth of 7 m bg in each of the areas. Even though dewatering was used during those activities, 
concentrations of up to 19 mg/l DCE were measured in those wells after completion of this 
remedial stage.  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  
 
Backfilling with iron/sand 
mixture 

 
The groundwater flow within the property was hydrologically controlled by two extraction wells 
located at the downgradient site boundary, each extracting a few m3/hour (Figure 1). The 
extracted water was constantly re-circulated upgradient within the site through the injection wells 
(drains) and the infiltration wells installed in the backfilled areas. Groundwater levels were 
monitored by a telemetric control to prevent an overflow.  
 
Based on previous site investigation, background conditions in the site aquifer were favourable 
for natural attenuation of VOCs. To further enhance anaerobic bioremediation of VOCs,  
EHC-AÔ (Adventus Group), a soluble combination of a carbon source and ferrous iron, was 
periodically injected through the infiltration wells and infiltration beds within the backfilled 
areas. Resulting DOC-concentrations increased from < 5 mg/l to 38 mg/l and a slight increase in 
pH was observed. A year after the in-situ remediation began, significant reductions in VOC-
concentrations were observed in the monitoring wells. PCE and TCE concentrations practically 
disappeared, methane levels increased, while concentrations of cDCE and VC were reduced 
significantly (Figure 3). Based on the observed success of this remedial approach, the site is now 
being prepared for redevelopment to take place. 

 
 
 
 
 
 
 
 
Figure 3.  
 
Temporal trends 
in cDCE and VC 
concentrations in 
a monitoring well 
at the site. 

Concentrations in monitoring well A (6-7 m bgl.)
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