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R E G E N E S I S  T E C H N I C A L  B U L L E T I N   
 

CCOOMMPPAARRAATTIIVVEE  TTEECCHHNNOOLLOOGGYY  RREEVVIIEEWW    
 

Vegetable Matter/ZVI Blends 
Technical Mechanisms and Lack of Performance 

 
 

Introduction 

Within the scope of in-situ treatment of chlorinated solvents, the primary contaminants encountered are 
the chlorinated ethenes such as tetrachloroethene (PCE), trichloroethene (TCE), dichloroethene 
isomers (DCE), and vinyl chloride (VC).  Enhanced anaerobic bioremediation has emerged as a 
premier technology for remediation of these contaminants in-situ, where the above compounds are 
biologically dechlorinated to ethene using a slow-release electron donor such as Hydrogen Release 
Compound (HRC®).1 While it is much faster acting than monitored natural attenuation (MNA), 
enhanced bioremediation does require months to years for its full effect to be observed.  In favor of 
faster remediation there is increasing interest in chemical technologies that can directly and rapidly 
react with contaminants in the subsurface.  The relatively oxidized nature of halocarbons, such as the 
chlorinated ethenes, leads to the prospect of using chemical reductants to break carbon-chlorine bonds 
and convert contaminants of concern (COCs) to less toxic hydrocarbon products, such as ethene, in a 
rapid time frame.   The prospect of employing reducing agents in remediation has been coined in-situ 
chemical reduction (ISCR). 
 
Zero-Valent Iron (ZVI) 

Iron, in the form of oxides and carbonates (e.g, magnetic, hematite, limonite and siderite), is abundant 
in the earth’s crust; however, zero-valent iron (ZVI) is primarily a man-made material.  ZVI is 
commonly used as an ISCR agent. Equation 1 is a simple representation of the reduction of PCE to 
ethene by ZVI.  This representation considers the transformation from Fe0 to Fe2+ where in practice 
Fe2+ may also oxidize to Fe3+. 
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Equation 1. Transformation of PCE to Ethene via ZVI 
 

Mechanistic Details – ZVI 

Laboratory studies have shown that iron metal can reduce PCE to ethene; however the mechanisms at 
work in this process are a matter of debate.  Some have reported that the reaction proceeds via β-
chloride elimination from iron-vinyl complexes and that PCE degradation proceeds through acetylene 
intermediates and does not produce much, if any, chlorinated ethylene daughter products.2  However,  
Roberts et al.3,4 have shown that chlorinated ethene reduction by zero-valent metals proceeds via  
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two parallel pathways: hydrogenolysis and reductive β-elimination (see Scheme 1). Field Studies with 
ZVI have shown that a significant (the majority) of the degradation of chlorinated ethenes is the result 
of reductive dechlorination.  Therefore, the exact mechanistic details of ZVI products, especially when 
combined with organic material, are not well defined and are probably very site specific. 

 
Scheme 1. Depiction of the Hypothesized Reaction Pathways for Chlorinated Ethenes During 

Reduction by Fe0. The red boxes indicate the β-elimination pathway. 
 

 
Field Application of ZVI 
The use of iron as a reducing agent for treatment of contaminated groundwater is well documented.5,6,7  
In this form metallic iron is placed into a subsurface trench perpendicular to groundwater flow. The 
groundwater to be treated is channeled through the trench so as to force the contact of the dissolved 
halocarbon contaminant directly with the zero valent iron particles (so called “funnel and gate”). Only 
some 125+ such PRB systems have been installed in the past decade.7   The reason more of these 
systems have not been installed is due to the fact that these installations are very costly to successfully 
construct relative to enhanced biodegradation systems and the barrier, once installed, only treats the 
flux of contaminants directly contacting the iron within the trench, leaving the source area and the 
balance of the plume untreated.   
 
In an attempt to treat an entire contaminant plume, rather than simply putting in a down-gradient 
barrier, practitioners have tried to directly inject zero-valent iron into the contaminated aquifer matrix. 
Early attempts employed iron particles sized on the order of micrometers (so-called “micro-scale” 
iron).   Attempts to inject this material using conventional injection techniques such as direct-push 
equipment quickly proved unsuccessful.  It was then recognized that high pressure fracturing 
techniques were required in order to force the micro-scale iron into the aquifer matrix.  This fracturing 
causes uneven placement of the iron material within the treatment zone as the iron particles are 
preferentially placed only within the fractures produced. Thus, the only reductive treatment achieved is 
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that of the contaminant molecules that happen to contact the iron concentrated within the fractures.  
Under this scenario, the vast volume of the contaminant plume goes untreated.   
 

Vegetable Matter/ZVI Blends 

Products are now on the market which are composed of vegetable matter blended with small amounts 
of micro-scale zero-valent iron.  Manufacturers claim that when this material is injected in the 
subsurface a synergistic effect occurs between the iron and vegetable matter allowing for rapid and 
complete dechlorination of target contaminants without producing intermediate partially-chlorinated 
daughter products.8 (Daughter products generally associated with reductive dechlorination of PCE 
include TCE, DCE, and in some cases small concentrations of VC.)  Unfortunately, there is no credible 
documented scientific account of how this vegetable matter/ZVI induced mechanism could occur. 
 
Upon injection of these vegetable matter/ZVI blends, one would expect to see fermentation of the 
vegetable matter generating hydrogen which, in turn, would stimulate the sequential dehalogenation 
reaction through the typical daughter product sequence (PCE to TCE to DCE to VC to ethene). This, in 
fact, is exactly what engineering firms employing these products actually see in the field.   
 
Typical site data is presented in Table 1 (actual data from a field application of a vegetable matter/ZVI 
blend ). Nine months after injection of the material, only 17% to 55% of the parent product was 
removed.  Furthermore, after nine month’s time, all expected daughter products were produced in 
significant quantities including a 1000X increase in vinyl chloride, a compound rarely seen to 
accumulate in any significant quantity under typical biological reductive dechlorination conditions 
such as those generated by HRC® and 3-D Microemulsion (3DMe)™.  This is clear evidence that the 
vegetable matter/ZVI blend doesn’t perform in a more effective manner than biological reductive 
dechlorination technology and certainly does not eliminate daughter products - quite the opposite is 
evident! 
 

Table 1:  Results of Vegetable Matter/ZVI Blend  at a TCE-Impacted Site* 

 
 

*Reference: www.adventusgroup.com, May 10, 2007- use of EHC® (typical vegetable matter/ZVI blend) 
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The iron in these vegetable matter/ZVI blends does however, make the application of the material to 
the subsurface very difficult.  Application of these materials generally requires high pressure fracturing 
to apply.  This requires specialized fracturing equipment and ultimately places the material within 
specific fracture planes rather than across the contaminated target zone. 
 
 
Summary 
 

1. The major pathways for ZVI degradation of chlorinated ethenes are through sequential 
dechlorination (includes biotic and abiotic); 

2. Rapid and complete contaminant degradation can occur with ZVI, but only when direct contact 
is made between contaminant and the iron surface, and only when contact is made over a 
significant residence time, as in “funnel and gate”-type barriers where contaminants are forced 
to cross a ZVI filled trench of adequate thickness; 

3. Injecting micro-scale ZVI has not been shown to be commercially viable due to the high cost of 
fracturing the material into the subsurface and the inadequate distribution of material - not 
allowing for direct contact to occur;  

4. Claims made by manufacturers of vegetable matter/ZVI  blends of rapid parent compound 
degradation without generating daughter products are unfounded and viewed by most in the 
environmental industry as lacking technical credibility; 

5. No credible case studies of vegetable matter/ZVI blends injected into the subsurface to treat a 
chlorinated ethene plumes have proven to meet the manufacturers’ claims of degrading the 
parent compound without significant daughter product buildup.  
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