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What is this Webinar about? 
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To provide the State-of-the-Art of the scientific 
knowledge, engineering experiences, and field 
applications of AC based remedial technology for in 
situ subsurface remediation.  
 

•  Overview of Science, Engineering, and Applications 
•  Best practice for applying AC-based technology for in-

situ treatment 
•  A long-term pilot study of applying AC-based 

technology for in situ treatment of chlorinated solvent in 
Germany 



What is In Situ AC-based Technology? 
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https://semspub.epa.gov/work/HQ/100001159.pdf 

AC-based technology applies a 
composite or mixture of AC and 
chemical and/or biological amendments 
that commonly are used in a 
range of in situ treatment technologies. 

•  6 commercial and 1 research products 
•  2 composites and 5 mixtures 
•  5 for chlorinated solvents and 3 for 

petroleum hydrocarbons  
•  AC size: granular, powder, colloidal 



Product List 
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Product Property Target 
Contaminant Degradation Pathway 

BOS-100® 

（2004） Granular AC (GAC) impregnated by ZVI Chlorinated 
solvents 

Abiotic reductive 
dechlorination 

BOS-200®  
（2002） 

Powder AC (PAC) mixed with nutrients, electron 
acceptors, and facultative bacteria mix 

Petroleum 
hydrocarbons 

Aerobic and anaerobic 
bioaugmentation 

CAT-100®     
（2016） 

BOS-100® and reductive dechlorination bacterial 
strains 

Chlorinated 
solvents 

Abiotic and biotic reductive 
dechlorination 

COGAC®       
（2011） 

GAC or PAC mixed with calcium peroxide, and 
sodium persulfate 

Chlorinated 
solvents or 
petroleum 
hydrocarbons 

Chemical oxidation, aerobic 
and anaerobic biostimulation 

PlumeStop® 

(2014) 

Colloidal AC (1−2 µm) suspension with an organic 
stabilizer, co-applied with hydrogen or oxygen 
release compounds, and/or corresponding 
bacterial strains 

Chlorinated 
solvents or 
petroleum 
hydrocarbons 

Enhanced biotic reductive 
dechlorination for chlorinated 
solvents and aerobic 
biodegradation for petroleum 
hydrocarbons 

Carbo-Iron® Colloidal AC (1−2 µm) impregnated with ZVI Chlorinated 
solvents 

Abiotic reductive 
dechlorination 

EHC® Plus 
(2018) PAC + Microscale ZVI + Organic C + Nutrients Chlorinated 

solvents 
Abiotic and biotic 
dechlorination 



Fundamental Processes involving AC-based Technology 
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Adsorption 
•  Large adsorption capacity 
•  Reversible process 

Degradation 
•  Mechanistically well characterized 
•  Aqueous phase reaction  

Desportion 

Regeneration? 

Abiotic 
Dechlorination 

Biotic 
Dechlorination 



Synergy Between Adsorption and Degradation 
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Activated carbon enhanced persistence 
of abiotic dechlorination by nZVI Kjellerup et al., 2013 

1982 

1994 



Evaluation of Degradation in the Field  

�  Adsorption removes aqueous 
contaminants rapidly and also 
may sorb daughter products, 
which creates challenges in 
evaluating the rate and extent 
of degradation processes.  

�  Progresses have been made in 
recent applications to look for 
definitive evidence of 
degradation: 

¡  Alternative indicators 

¡  Environmental Molecular 
Diagnostic Tools (EMDs) 
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Examples of Degradation Evaluation 

9 AST Environmental, 2017 

Abiotic reductive dechlorination with BOS-100® 
at a dry cleaner site in fracture bedrock  



Examples of Degradation Evaluation 

10 Regenesis, 2015 

Biotic reductive dechlorination with PlumeStop® + 
HRC® + DHC at a dry cleaner site 



Vogel et al. 2018: Pilot Injection of Carbo-Iron to Treat PCE 
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Colloidal AC impregnated by 
nZVI and stabilized by CMC 

Injection in a source area with 
PCE concentration up to ~100 

ppm   

3 yr monitoring of contaminant 
and microbial community 

under different redox  
conditions 

A 3-yr case study that documents detailed characterizations of chemical and 
biological reductive dechlorination of PCE over time 



Two Major Science Questions to be Answered 
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�  Long-term effectiveness 
¡  Many early UST applications do not require long-term monitoring data. 

¡  Recent cVOC sites yet have long-term data. 

�  Contributions of degradation vs. adsorption.  

¡  Important policy implications: leave waste in place or not? 

¡  If waste is left in place, how to maintain the degradation activity to counter continuous 
but slow desorption processes.  



The Importance of Collaborative Research 
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�  Vendor-University partnership  
¡  Regenesis and Colorado State University to study effects of PS + Bio on mitigating back 

diffusion  
�  Projects funded by industrial association 

¡  U of Waterloo funded by American Petroleum Institute to study biodegradation of BTEX 
involved in AC-based technology (ongoing) 

�  Projects funded by Federal programs 
¡  NIEHS grant to JHU, USGS, and Geosyntec to study AC + mixed biofilm for chlorobenzene 

degradation at a groundwater-surface water interface (ongoing) 
¡  SERDP grant to UMD on activated carbon supported biofilm for PCB dechlorination 

(completed) 
�  Project(s) to be funded by Air Force  

¡  Air Force is interested in investigating and validating applications of coupled sorption-
degradation technologies to address chlorinated solvent sites with complex hydrogeology.  

¡  Proposal offers must provide for field-scale demonstration and/or validation of amendment 
delivery, sorption/sequestration, biogeochemistry, and contaminant degradation.  



Application Scenario 
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The concept is to rely on the combination of adsorption and 
degradation as a long-term mechanism to combat back diffusion. 



The State of Application 
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•  As of 2015, RPI reported: 
o  Over 100 sites with BOS-100® 

o  Over 1ooo sites with BOS-200® 

•  As of 2017, Regenesis reported: 
o  Over 50 sites with PlumeStop® 

o  Chlorinated vs. Petroleum: 1:1 

•  As of 2018, Federal program has 
o  1 RCRA sites 
o  4 NPL sites 
o  4 DoD sites 

2015 



Overview of Site Conditions 
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Contaminant of 
Concern (9 sites) 

Concentration 
Range 

Geological 
Conditions 



Overview of Technology Applications 
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Treatment Configuration 

Coupled with 
other source 
treatment 
technologies 

Two sites applied AC w/o 
reactive amendments to 
prevent (1) VC production 
and (2) remobilization of Mn 
and As 



Rationale for Selecting AC-based Technology 

�  Technologies could not achieve remediation goal or determined to be not 
suitable:  
¡  At the former Lowry AFB, addition of alkaline-activated persulfate resulted 70% CT 

concentration reduction in bedrock aquifer after injection but showed rebound after 6 
month.  

¡  At the former Intel SC3 facility NPL in R9, multiple attempts have been tried to reduce 
TCE concentrations below MCL in all monitoring wells in the tailing part of the plume, 
including ISCO, MNA and P&T. One well is resistant to all treatments.  

¡  At the East 67th Street NPL in R6, injection of EVO for bio impacts water quality and 
requires ongoing maintenance due to biofouling of injection wells. P&T limited by 
property access.  

¡  At Vandenburg AFB and FCX NPL site, production of VC and high groundwater velocity 
adjacent to surface water are concerns that prevent selection of bio or ISCO.  
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Overview of Treatment Performance 
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Two sites that applied AC 
only without adding 

reactive amendments 

A site AC-
based 

amendments 
applied at 
multiple 

areas 



Benefits to Superfund 
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�  Reduce risks of plume offsite migration 
¡  Rapid adsorption of contaminants 

�  Reduce long term mass flux from SZ 
¡  Coupled with other aggressive source treatment technology 

�  Address difficult/returning sites more effectively 
¡  Possible longevity advantage for combating back diffusion 
¡  In situ bioreactor to enhance biodegradation (biofilm) 

�  Accelerate cleanup and save long-term cost 



Concluding Remarks 
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Regulatory 

Biogeochemical processes 
involving AC: 
 
v  Electric properties of 

carbonaceous material for 
contaminant degradation 

v  Interactions between AC 
and microorganisms and 
the resulting effects on 
contaminant degradation. 

v  Desorption kinetics/risks  

Evaluation and optimization 
of long-term performance 
 
v  How to differentiate 

contributions between 
adsorption and 
degradation?  

v  How to optimize the 
persistence of degradation 
in long term? 

v  How to couple with other 
technologies? 

Categorization of the technology What monitoring frequency or 
parameters we need to require? 


