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Review of Bioremediation

Natural Attenuation Biostimulation Bioaugmentation



Does the Site have the right microbes?

Quantitative PCR 
Quantify specific pre-selected targets:

o Microbial, e.g., Dhc, Dhb, Dhg

o Functional genes e.g., tceA, bvcA, vcrA

Next Generation Sequencing 
Characterize the entire microbial community



Review of Bioaugmentation

Injected microbes:

➢ Perform the 
same/similar metabolic 
functions as intrinsic 
pollutant-degrading 
microbes

➢ Are often closely related
to intrinsic pollutant-
degrading microbes

❖The use of high concentrations of cultured microorganisms to speed up 
degradation of specific (targeted) contaminants 



Anaerobic Injection Water

Benefits of KB-1 Primer

• Reducing conditions 

achieved within hours

• Fully dissolvable – no tank 

residues



Advantages of Enhanced In Situ  Bioremediation (EISB) 

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

• High Concentrations Treatable: Including DNAPL/LNAPL sites

• Sustainable: low carbon foot print/natural process

• Inobtrusive: no excavations or excavated soils that require treatment

• Compatible with remote sites: no utility or maintenance requirements

• Destroys Contaminants: doesn’t just move them

• Resistant to Rebound: Once down concentrations tend to stay down 



NSN –why?

• The Canadian Environmental 
Protection Act, 1999 (CEPA 1999), 
promulgated in 1988 and amended in 
1999, provides the federal government 
the authority to address pollution 
issues.  

• It addresses substances ranging from 
chemicals to animate products of 
biotechnology (i.e., living organisms). 

• The Act takes a preventative approach 
by requiring that substances be 
identified and assessed, prior to market 
introduction, to determine whether they 
are "toxic" or capable of becoming 
toxic.



Lots of Information Required



Trailer Park

Coming Soon:

• Chlorinated ethanes (1,2-DCA, 1,1,1-TCA, 

TeCA) 

• Chlorinated methanes (CF, DCM)

SiREM Bioaugmentation Cultures

Commercially Available in Canada 

• Chlorinated ethenes (PCE, TCE, DCE, VC)

• Benzene, Toluene and Xylene (anaerobic 

pathway)

SiREM has bioaugmentation capabilities for the following compounds: 



Mixed Chlorinated Solvent Interactions
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Inhibitory to Dechlorination 

Reductive Dechlorination

Tri-halogenated Compounds
Inhibit Dehalococcoides by binding to 

reductive dehalogenases

KB-1 Plus cultures are used to overcome 
inhibition caused  by these compounds 

Co-metabolically Degraded



• 1,1,1-TCA degradation to CA (Dhb)
(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 (Dhgm)
(Manchester et al., 2012)

Dehalobacter (Dhb) & Dehalogenimonas (Dhgm)

Dehalobacter

Dehalogenimonas



Abiotic & Biotic Degradation of Trihalogenated

Compounds

• 1,1,1-TCA

Metal sulfides can degrade 1,1,1-TCA 
(Scheutz et al., 2011)

• CFC-113

Abiotic dechlorination of CFC-113 and 
CFC-11 by ZVI (Philips et al, 2020)

• Chloroform

CF degradation was 8X-14X faster when a 
Dhb culture was combined with ZVI 
compared with ZVI alone. (Lee et al., 2015)



CASE STUDY 1: CHLORINATED METHANES AND ETHENES



Site Overview

• Manufacturing facility located in Louisiana

• Contaminants include: PCE, TCE, CTC, CF

• Treatability Study in 2016

➢ Is anaerobic biodegradation a viable remedial option?

➢ Can ZVI optimize EISB?

❖ Conclusion: The best treatment strategy was observed 
with the addition of ZVI combined with KB-1 Plus and 
electron donor addition.

• Pilot Test in 2018

❖ ZVI was injected into the “60 foot zone” – consisting of 
silts, sandy silts, and silty clays

❖ Two injection wells in SWMU-10 area – injected with ZVI,, 
KB-1 Plus, and electron donor targeted an ROI of 15’



UPGRADIENT

DOWNGRADIENT

INJECTION AREA

INJECTION AREA
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❖ Treatability studies provide proof of concept 

and information to optimize the remedial 

strategy

❖Molecular Gene-Trac testing can be used to 

determine if key degrading bacteria are 

present and at sufficient concentrations

❖ Bioaugment to introduce key degrading 

bacteria

Optimize Bioremedation at Mixed Contaminant Sites



CASE STUDY 2: CHLORINATED METHANES AND 1,4-DIOXANE



1,4-D and CF Treatability Study (Confidential Site) 

Chloroform
(CF)

Dichloromethane
(DCM)

Carbon 
Tetrachloride

(CTC)

Acetate, Formic 
Acid, CO2

1,4-Dioxane

Carbon Dioxide
(CO2)

ANAEROBIC DEGRADATION AEROBIC DEGRADATION

• Problem: Chloroform more readily degrades under 

anaerobic reductive conditions and 1,4-D under 

aerobic conditions, CF inhibits aerobic 1,4-D 

degradation 

Solution?: Phased anaerobic/aerobic bioaugmentation 
oKB-1® Plus – CF  Anaerobic  Culture
oDXO-88TM – 1,4-Dioxane Aerobic Culture



Chloroform

ANAEROBIC INCUBATION

KB-1 Plus CF Culture 

AEROBIC INCUBATION

DXO-88



CASE STUDY 3: CHLORINATED ETHENES & CHLORINATED ETHANES, 

& PETROLEUM HYDROCARBONS 

(ANAEROBICALLY)



Chlorinated Solvents as Electron Acceptor

Organohalide

Respiring Bacteria

Electron Donor or 

Substrate (Reduced)

EVO/lactate

Electron Donor or 

Substrate (Oxidized)

CO2, H2O

Electron Acceptor 

(Oxidized)

Electron Acceptor 

(Reduced)

e.g., PCE

e.g., TCE

VFAs → H2



Hydrocarbons are electron donors rather than electron acceptors

Key Difference Between Bioremediation of Chlorinated 

Solvents vs Hydrocarbons 

➢ Adding carbon (sugars, VFAs, yeast extract) may not enhance bioremediation performance

Toluene

Benzene

o-Xylene

Benzoyl-CoA

H2, Formate,

Acetate
CH4, H2S

Methanogens

Sulfate Reducing 
Bacteria



Benzene

Benzoyl-CoA

Fatty Acids,

Alcohols

H2, Formate,

Acetate

CH4, CO2

?

Methanogenic Archaea
Methanoregula

Methanosaeta

qPCR target

Toluene o-Xylene

Benzyl

succinate
Methylbenzyl

succinate

Toluene Fermenter
Desulfosporosinus

(DSP)

o-Xylene Fermenter
Peptococcaceae

(PEP)

mbssAbssA

Benzene 

Fermenter
Ca. Benzovorax

(ORM2)• Anaerobic culture 

for benzene, toluene 

and xylene

• The key microbes in 

each culture include 

hydrocarbon 

fermenters and 

methanogens

• Key microbes & 

functional genes can 

be monitored by 

qPCR and/or NGS



Results from a Field Pilot

• US chemical manufacturing site, 
groundwater contaminated with 
chlorinated ethenes, chlorinated 
ethanes, and TEX
➢ Green = exceeds drinking water limits

➢ Blue = exceeds residential vapor 
limits

➢ Yellow = exceeds industrial vapor 
limits

• In Sept 2020, a blend of KB-1® Plus 
and DGG PlusTM was injected at 
3 points () near the center of the 
plume core

26
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To Wrap up

1. Know your microbes;

➢Dhc for chlorinated ethene degradation (KB-1)

➢Dhb and Dhg for chlorinated methane and ethane degradation (KB-1 Plus)

2. Optimize Degradation of mixed chlorinated solvents by promoting chemical 

reduction and biotic degradation

3. Environment Canada NSN approval for KB-1 Plus cultures target date is 

August 2023



Questions?
siremlab.com

Corey Scales
Bioaugmentation Coordinator
cscales@siremlab.com

519-515-0848

mailto:cscales@siremlab.com

