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Polluants : Solvants chlorés, HET, HAP, etc.

HET: Héterocycliques

& Amines aromatiques.

Solvants chlorés (PCE, 

TCE, DCE, CV, etc.).

HAP (Hydrocarbures

Aromatiques, Poly-

cycliques)

Pollutions sous forme 

de LNAPL, DNAPL 

(huiles de goudron 

et dissoutes.
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Project Example: Aerospatiale/ 

Chlorinated Solvents + Cr6:

Microbiological In-situ-Treatment

Bio-Technologies & Genetic Bacteria Selection

In-situ DNBA: 
DynamizedNatural

Bio-Attenuation
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TCE dans les ESO

max. 28 000 ï37 000 µg/l

Project Example: DNBA: ChlorinatedSolvents+ Cr6:
MicrobiologicalIn-situ-Treatmentvia DNBA   (France)

CrVI Dans les ESO: 

max. 14 700 ï15 800 µg/l



Project Example: DNBA: ChlorinatedSolvents+ Cr6:
MicrobiologicalIn-situ-Treatmentvia DNBA



Aerobic and anaerobicDegradation Reactionsof TCE Reductionof 
variouselectronacceptors. PCE Degradationonly in anaerobicconditions.

Reactionequationof the TCE Degradation

Aerobic & Anaerobic HVOC DegradationProject Example: DNBA: ChlorinatedSolvents+ Cr6:
MicrobiologicalIn-situ-Treatmentvia DNBA
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Microbiological Pollutant Degradation and 
ElectronAcceptoruse: Nitrate

Benzene Nitrate

Investigation Program M/DNBA-Study
Project Example: / DNBA: ChlorinatedSolvents+ Cr6:

MicrobiologicalIn-situ-Treatmentvia DNBA



Schematicpresentationof the TCE Plume

in the bio-reactor
Project Example:  DNBA: ChlorinatedSolvents+ Cr6:

MicrobiologicalIn-situ-Treatmentvia DNBA



PCRq-based Bacteria 
Selection:

Sampling of Bacteria Consortia of 
groundwater with microbiological 
Passive Samplers (Frogs) by installing it 
in a Groundwater Monitoring Well 
(GWM) for PCRqtesting.

Investigation ProgramM/DNBA-StudyProject Example:  DNBA: ChlorinatedSolvents+ Cr6:
MicrobiologicalIn-situ-Treatmentvia DNBA

PCR



Microbiological Excotoxicity:

Determination of Microbiological Eco-toxicities to identify 
disruptive factors to the current microbiological degradation 
and to identify zones with DNBA measures required. 

Investigation ProgramM/DNBA-StudyProject Example: DNBA: ChlorinatedSolvents+ Cr6:
MicrobiologicalIn-situ-Treatmentvia DNBA

Mapping of constraint zones of microbiological TCE & PCE

degradationĄ Treatment of Cr6+ first !



Isotopic Fractioning to Identify in-situ Microbial Biodegradation

Bacteria

Investigation ProgramM/DNBA-Study
Project Example: DNBA: ChlorinatedSolvents+ Cr6:

MicrobiologicalIn-situ-Treatmentvia DNBA



DNBA-Treatment:

ÅSENS: Substratum ïEmulsifier ïNutriments -

Stabilizator for anaerobic Aquifer Conditions: 

>Eh of about -200 mV: special Veget. Oil Emulsion of  2,5 ς7 µm, 

>Special Lactates(site specific & Bacteria Consortium specific), 

>Bio-available degradable Surfactants / Alginates from Brittany /

Roscoff or Emulsion Stabilization, 

>Special Nutriments & Oligo-elements, to dynamize the Bio-

degradation  (constituted Site specifically):

Ą For reductive, anaerobic Dehalogenation of the HVOC and

Ą For reductive Immobilization of CrVI to CrIII . 

ÅSSMC: Site Specific Microbiological Consortium:
Dehalococcoidesrestrictus, Dehalococcoidesmultivorans, Dehalococcoidesethenogenes:

ĄAnaerobic Degradation of PCE, TCE to cis-DCE (SENS + SSMC-KB1®),

ĄAerobic Degradation of cis-DCE to Ethene / CO2 SSMC-162).

DNBA-Feasibility Study by Laboratory & Field TestsProject Example: DNBA: ChlorinatedSolvents+ Cr6:
MicrobiologicalIn-situ-Treatmentvia DNBA



Injection
of  SSMC

at the site
"B" 

DNBA FeasibilityStudy:   Productionof site specific
Bacteria Consortiumafter Selectionby PCR

SSMC is delivered in stainless steel container 
for injection under Nitrogen or Argon

SSMC ς
Vessel

Step 1: Connecting clean 
pipes with N2 or Ar container 
& SSMC and Injection pipe 
into the Groundwater

Step 2: Flushing Injection pipe 
with N2 or Ar Flow

N2 or Ais flushing SSMC out of 
the container directly into the 
Groundwater

Project Example: DNBA: ChlorinatedSolvents+ Cr6:
MicrobiologicalIn-situ-Treatmentvia DNBA

Production and 
injection of 

Bacteria
Consortium
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Remediation of Chromium VI

Goal: Reduction of CrVI to CrIII and Immobilisation

Project Example: DNBA: ChlorinatedSolvents+ Cr6:
MicrobiologicalIn-situ-Treatmentvia DNBA
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Time of HVOC-Metabolization & Degradation at Eh -75 to -250 mV
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1,2-c-DCE
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Optimal Degradation of PCE & TCE to DCE & VC 

CO2

Withoută ĄWith

Dehalococcoides

ethenogenis

Project Example: DNBA: ChlorinatedSolvents+ Cr6:
MicrobiologicalIn-situ-Treatmentvia DNBA

Chlorinated

Solvent

Degradation



January 2022

January 2017 April 2017

August 2018

after Injection 1

Degradation after Pilot SENS & SSMC Injection
TCE: Trichloroethylene: 15 700 µg/l max. - (01/2015 ς01/2016)

Project Example: DNBA: Chlorinated Solvents + Cr6:
Microbiological In-situ-Treatment via DNBA

TCE



August 2017

after Injecton 1

January 2022

January 2017

Degradation after Pilot SENS & SSMC Injection
Chromium CrVI(01/2015 ς01/2016)

Project Example: DNBA: Chlorinated Solvents + Cr6:
Microbiological In-situ-Treatment via DNBA

August 2018

after Injection 2

Cr6



Full Scale Treatment: Starting 2016:

Full DNBA-Treatment

Project Example: DNBA: ChlorinatedSolvents+ Cr6:
MicrobiologicalIn-situ-Treatmentvia DNBA



The technical-economic Feasibility Study and detailed DNBA 

Investigations was the Basement for the Successfully microbiological  

DNBA-Remediation by NBA Dynamization.

ĄCost Savings: in Comparison to P&T: Pump & Treat:  
aƛƴƛƳǳƳΥ тΣу aƛƭƭƛƻƴ ϵǳǊƻǎ

ĄTime Savings: Remediation Time of 2 - 3 Years in 
Comparison to P&T:  22 ς35 Years.

Project Example: DNBA: ChlorinatedSolvents+ Cr6:
MicrobiologicalIn-situ-Treatmentvia DNBA

Conclusion: DNBA Aerospatiale Site
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Project Examples: Chemical & 

Electronic Industries:

Microbiological In-situ-Treatment 

Bio-Technologies & Genetic Bacteria Selection

Project Exemples : Chemical & ElectronicIndustries/ 
PAH, HET, AA, BTEX, etc.: MicrobiologicalIn-situ-Treatmentvia DNBA

In-situ DNBA: 
DynamizedNatural

Bio-Attenuation



Traitements in-situ des HET-NSO & AA:  BAND (DNBA) microbiologique aérobie
Ą Bio-Atténuation Naturelle Dynamisée : Example via Percolation 25°C + Aération & B-Consortium : 

Site de lôancienne Usine ¨ Gaz dôEON

Ą A préalable: Etude de Faisabilité:  >S®lection dôun Consortium Bact®riologique par PCRq, Ecotoxicologie microbiol.,

>Fractionnement dôisotopes 12C/13C, 32S/33S, 16O/17O & 14N/15N, 

>Tests de Challenge, de Respiration et de Minéralisation

HET-NSO

HAP

HAP

Project Exemples : Chemical & ElectronicIndustries/ 
PAH, HET, AA, BTEX, etc.: MicrobiologicalIn-situ-Treatmentvia DNBA
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