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SiREM Major Service Areas

Bioaugmentation Cultures  

Characterization/MonitoringRemediation Testing    

▪ Molecular Testing 

▪ Passive Samplers for 

Vapor and Pore Water    



Advantages of Enhanced 

Bioremediation for Chlorinated Solvents

• Cost Effective: As little as 1/3rd the cost of other options

• Destroys Contaminants: doesn’t just move them

• Prevents Rebound: Once down concentrations stay down 

• Sustainable: low carbon foot print/natural process/inobtrusive       



BIOAUGMENTATION



The Basics of Enhanced Bioremediation 

• Biostimulation: The addition 

of nutrients to stimulate 

microbial activity  

(e.g. electron donors)     

• Bioaugmentation:

the addition of beneficial 

microorganisms to improve 

the rate or extent of 

biodegradation

• KB-1®and KB-1® Plus: 

bioaugmentation cultures for 

remediation of chlorinated 

volatile organic compounds 

Injection of KB-1® each liter has 

~100 billion Dhc cells  



Dehalococcoides (Dhc) 

as Featured in Wired Magazine



Introduction to Dehalococcoides (Dhc)  

• One of the smallest free living 

microbes  ~0.5 µm, disk shaped

• Obligate anaerobes  

• Degrader of a range of chlorinated 

compounds (chlorinated ethenes, 

propanes, dioxins, PCB’s and more)

• Distributed throughout the world but 

not ubiquitous Dehalococcoides mccartyi strain FL2 



KB-1® (101) 

• Anaerobic bioaugmentation

culture enriched from TCE site

• Non GMO/pathogen free

• Used to add Dhc to 

groundwater has 

~100 billion Dhc/liter (L)

• Typically added at 1L : 35,000L 

culture : groundwater 



Site Bioaugmentation Kit

Materials shipped to site- 20L vessel and  injection tools



Bioaugmentation Culture Field Application
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KB-1 Bioaugmentation (Day 157)

Impact of KB-1 Bioaugmentation

California  Site  

Complete dechlorination of TCE to ethene only achieved 

after KB-1 added  to groundwater 



KB-1®/Plus Bioaugmentation Globally 

More than 600 sites have been bioaugmented with KB-1® and 

KB-1 ® Plus cultures



Why Bioaugment?

• Complete degradation of chlorinated solvents will simply not 

occur in the absence of the right microorganisms 

-They must be introduced by bioaugmentation

• Where the right type of indigenous microorganisms are present 

but at low concentrations/poorly distributed-bioaugmentation can 

decrease the time-frame and costs required for site cleanup

• By increasing the speed and effectiveness of bioremediation can 

increase efficiency of electron donor use and decrease O&M 

costs including monitoring 



EXPANDING THE RANGE OF 

BIOAUGMENTATION



Conditions for Complete Reductive 

Dechlorination of Chlorinated Ethenes 

• Anaerobic: DO < 0.2 mg/L ORP <-75 mV

• Sufficient electron donor 

• pH 6.0-8.5 (may be able to go a low as 5.5)

• Management of inhibitory co-contaminants 
(1,1,1-TCA/Chloroform/CFCs)

• The right bugs must be present
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Examples of Compounds Observed to be 

Inhibitory to Reductive Dechlorination

Inhibit Dehalococcoides by 

binding to reductive 

dehalogenases

-C 

-H

Tri-halogenated Compounds: 

KB-1 Plus cultures are used to overcome inhibition 

caused  by these compounds 



Key  Reductive Dechlorinators

Dehalococcoides

Dehalobacter 

Dehalogenimonas

Chlorinated 

ethenes/1,2-DCA

Chlorinated 

ethanes

/Chlorinated 

methanes 

Chlorinated 

propanes

/ethanes/ethenes



Dehalobacter (Dhb) Dechlorinates 

Tri-halogenated and other Compounds  

Dehalobacter activities include:

• 1,1,1-TCA degradation to CA 
(Grostern and Edwards, 2006)

• Chloroform to Dichloromethane (cfrA)
(Grostern, Edwards, Duhamel and Dworatzek, 2010)

• DCM to acetate
(Justicia-Leon et al., 2011)

• 1,1,2,2-TeCA to ethene
(Manchester et al., 2012)

• 1,2,4-Trichlorobenzene–benzene 
(Jacome’ and Edwards, 2017)  

Dehalobacter restrictus



Dehalogenimonas (Dhgm)  

Dihaloelimination

1,2-DCA
Ethene

Dihaloelimination

1,2-Dichloropropane Propene 

• Degrades Chlorinated propanes (1,2-DCP, 1,2,3-TCP)

1,2-DCA, trans-DCE- Dhgm is dihaloelimination specialist

• Dehalogenimonas sp. recently reported to degrade VC to ethene (Yang et al., 2017)  



Bioaugmentation Cultures Available for 

Chlorinated and Other Compounds

Compound Class
Bioaugmentation 

Culture Available
Comment

Chlorinated ethenes ✓ PCE, TCE, DCE, VC

Low pH chlorinated ethenes ✓
Complete dechlorination 

to pH 5.7

Chlorinated ethanes ✓ 1,2-DCA /1,1,1-TCA/TeCA

Chlorinated methanes
✓

Chloroform /Dichloromethane

CFCs ✓ Defluorination?

Chlorinated propanes ✓ TCP/DCP

Benzene ✓
Anaerobic Pathways-Initial field 

pilots in progress

TEX For lab studies
Anaerobic pathways current 

research project 

Chlorinated Benzenes For lab studies Aanerobic Pathways 

1,4-Dioxane
For lab studies/

custom pilot
Aerobic
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Impact of pH on Dechlorination

• pH of 6.0-8.5 is generally required for dechlorination to ethene*

• pH 6.8-7.5 is considered optimal range, 7.5 is best* 

• Sites with low pH more likely to accumulate cDCE/VC

• Low pH cultures may be of benefit where pH below 6.3

Optimal 

Dechlorination

6.8

No

Dechlorination

Incomplete/Slow

Dechlorination

Incomplete/Slow

Dechlorination

*Rowlands, 2004 



Low pH KB-1® Plus  

• Anaerobic bioaugmentation

culture enriched from a wetland 

site with intrinsic pH~5.0

• Grown on TCE at progressively 

lower pH over a ~4 year period 

currently at pH 5.6-5.8

Low pH  culture isolated from 
acidic wetland  site  

Image courtesy USGS 



Low pH Site – South West Florida

• TCE source area up to 730 mg/L 

• pH adjustment (calcium carbonate) 

proved challenging–long term pH 

was 5-6 in source area 

• EISB: EVO/KB-1 Plus–low pH 

• 2012-2017 

o Dhc abundance in MW-11 

(increased 2 orders of magnitude 

at pH 5.6-5.9) 

o 90% reduction in source zone TCE 

concentrations

o Plume extent decreased 

from 5 acres -1.5 acres  

Damasceno, S., 2017. A Case Study: Evaluation of Enhanced In Situ Bioremediation Performance in Low pH Aquifer. 

Battelle Bioremediation Symposium: Miami Florida.



Complete Dechlorination of Carbon Tetrachloride 

Requires Several Mechanisms  

Carbon tetrachloride
(CTC)

Chloroform 
(CF) 

Dichloromethane
(DCM)

Acetate 

Abiotic/

cometabolic-

various 

organisms  

Reductive 

dechlorination

CF is e- acceptor 

Dehalobacter

Formate

cfrA

http://www.google.ca/url?sa=i&rct=j&q=Formate+structure&source=images&cd=&cad=rja&docid=oebdf5Bu1Mc5MM&tbnid=qZyUws8uwwYwdM:&ved=&url=http://en.wikipedia.org/wiki/Formate&ei=36FqUfC2De2O0QH2rIBQ&bvm=bv.45175338,d.dmQ&psig=AFQjCNEppvGCT7Ahe1VUpBx1tczjNIxNzw&ust=1366029151591942


Quiz Question 1   



Carbon Tetrachloride Remediation in 

Karst Aquifer–Eastern US Site  

• Manufacturing site since 1940’s 

• Carbon tetrachloride as high as

50 mg/L in groundwater with recurring spikes 

• EVO/Vitamin B12 /KB-1 Plus 

chlorinated methanes formulation

• Treatability test and push pull field test 

performed to verify remedy effectiveness

• Repeated bioaugmentation/biostimulation

deemed good value by client for optimizing 

ongoing dechlorination

Tom Geiger et al. 2018 SUCCESSFUL BIOAUGMENTATION FOR DNAPL CARBON TETRACHLORIDE IN A 

KARST AQUIFER 11th Chlorinated and Recalcitrant Compounds Palm Springs CA 



MW-47D-Dehalobacter Population 
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MW-HE-04 Results
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Quiz Question 2   



Summary 

• Bioremediation offers significant benefits

• Bioaugmentation increases our ability to implement 

bioremediation dependably at a larger range of sites

• Bioaugmentation is  now routine for chlorinated 

ethenes/ethanes/methanes/low pH  

• Novel cultures and approaches are expanding the 

range of conditions and compounds for which 

bioremediation is applicable  



Questions

Further Information

siremlab.com

1-866-251-1747

519-515-0836

Phil Dennis: pdennis@siremlab.com

mailto:pdennis@siremlab.com

