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Project ExampleDNBAChlorinatedSolvents+ Cr6:
Microbiologicalln-situ-Treatmentvia DNBA (France)
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Aerobic andanaerobicDegradationReactionof TCHReductionof
variouselectronacceptors PCE Degradatioanly in anaerobicconditions.

Reactionequation of the TCEDegradation Eh [mV]
: CzHCls + O3 —= C2010:2H —
Oxygen consumption | c.c.on+ 0, + 24 > 2C0;+3H +3CF "
. . 3CzHCls+ 2 NO3- S 3C:Ch0H + Nz —
Nitrate reduction 3C:CLOH + 2 NOs + 6 H* > BCO:+MN:+9H*+9CF
Nitrate reduction 3CHCls+ 202 +6 H* 3 3 CzCls0zH + 2 NH:* — 500 A 740
3CsCLOH + 2 NO;-+ 6 B 3 6COy+2NHs+9H*+9CF 0
|3 CHClz+ 3 MnO: S 3C:CHOMH +3 Mt —
Manganese redaction |3~ 104 s 30, +6H*  — 6CO2+3MnZ+9H+9Cl 0 A 500
. 3C2HClz+ 3 Fe’0(0H) S 3CCEOH+3Fer — 50 A O
oI R BT 3C2ChOH + 3Fe’0(0H) + 6H = 6COz+3Fei~+9H*+ 9Cl A
Sulfate reduction 2 CzHCls + SOu* + 10 H* — CiHs+2COz+H:5+6H +6CI -240 A -50
Methanogese 2 CHCls + 4 H:0 + 4 H* > 2CH,+2C0.+6H™=6CI _
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Biological degradation of Tetrachlorethene (PCE)

N anaerobic conditions

Only by presence of:
Dehalococcoides restrictus
Dehalococcoides multivorans
Dehalococcoides ethenogenes

Degradation up to Ethene only by
presence of: Dehalococcoides
ethenogenes
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PCRepased Bacteria
Selection:

Sampling oBacteria Consorti@f
groundwater with microbiological
Passive Samplers (Frods) installing it
In a Groundwater Monitoring Well
(GWM) forPCRdesting.

Suche von abbauenden Mikroorganismen und der

Ausdehnung des nattrlichen Bio-Reaktors per Gen- GWM

Tests: PCR
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mi;::g;;lgs)if:ﬂIk:fotoxicity tests (Investigation of disruptive factors of the pollution Dete rm | n atl O n Of M ICrO b I O | Oq ICaI ECG:OXI Cltl eS tO Ide ntlfy

Toximeter tests (Measurement of the metabolic activity of selected soil bacteria strains b . . . . c .

using luminous soil bacteria) ' ' disruptive factors to the current microbiological degradation
Determination of pollution toxicity for soil bacteria with and o |dent|fy zones W|th DNBA measures req u | red )

gene-modified soil bacteria

(S5 st OB o) | : Mikrobiological ecotoxicity in aqueous solutions

ié} <+  nontoxic sample —_—
toxic sample —_— -

120

ECs wird nicht emmeicht

.+.
X
|
/
y
/

[%]

20
/ Eicae = 3300
o "-—1.’ v v T L

q 2000 4000 6000 8000 10000 12000 14000

Konzentration [pg/l]

FPLANREAL AL

ST e - temewe  |—® -Lichtemission [%] —®—Toxizitat [%]]
typical toxicity- ——  light emission graph —
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Isotopic Fractioning to lIdentify in-situ Microbial Biodegradation

Microbiological Degradation of PCE & TCE and Accumulation of
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DNBA-Treatment:

A SENS Substratumi Emulsifier i Nutriments - g
Stabilizator for anaerobic Aquifer Conditions:

>Eh of about-200 mV: specialVeget Oil Emulsion of 2,5¢ 7 um,

>SpecialLactates (site specific & Bacteria Consortium specific)

>Bio-avalilable degradable Surfactants / Alginates from Brittany /
Roscoffor Emulsion Stabilization,

>SpecialNutriments & Oligo-elements, to dynamize the Bio
degradation (constituted Site specifically)

A For reductive, anaerobic Dehalogenation of the HVOC andeg
A For reductive Immobilization of CrVI to Crlll . _
A SSMC: Site SpecificMicrobiological Consortium:

Dehalococcoidesestrictus Dehalococcoidesultivorans Dehalococcoidegthenogenes

A Anaerobic Degradation of PCE, TCE to cisDCE (SENS + SSMCGKB1®),
A Aerobic Degradation of cisDCE to Ethene / CO, SSMC-162).
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W ¢ Injection Phase 2 > SSMC-CHC-KB-1

for injection under Nitrogen

SSMC is delivered in stainless steel containe
or Argon

BioClean-CHC-KBL | 1 raccurbationport

Vessel SSMQ
Vessel =

fandPressure Gauge Port

Production and
Injection of
Bacteria
Consortium

Injection
of SSMC
at the site
g

Ll

Xinogen' .

- Step 1: Connecting clean

pipes with N or Ar container
& SSMC and Injection pipe
into the Groundwater

Step 2: Flushing Injection pipe
with N, or Ar Flow

N, or Ais flushing SSMC out o
the container directly into the
Groundwater
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1000

800

600

Goal: Reduction of CrVI to Crlll and Immobilisation

Eh 500 Crs*

[mV] N Cr(OH) \

0 —
Cr(OH) *, \\
-200 —
Cr(OH) 4

-400 —
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600 ] Cr2t \
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) Without & A With
(S:h:OFInated TCE 1,2-c-DCE Dehalococcoides
olvent ethenogenis

Degradation

Concentration

Time of HYO@®/etabolization & Degradation at ER/5 to-250 mV
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2 Avril/ mai 2006
Janvier 2008

B
A )

d uits it els - l:; :2::::::]‘ 8 /
s A N/ Siro B August 2017
C r( s Sl i o o | after Injecton 1
s = 2 2 /‘:r. b e - - W S

: %/ %/

:\_) 100 pg <[ ] < 500 pgAl
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=
¢ =

3 500 ugn <[ 1<1000 g :\_) 500 pgl < J< 1000 pgi

@2 1000 g1 <[ 1 <5000 pg

@ 50008151 1<10000 51

@ wooun<))

D 1000pgn<] <5000 4

@ 5000121 1<10000 g1

August 2018
after Injection 2
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Microbiologicalln-situ-Treatmentvia DNBA
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Conclusion:DNBA Aerospatiale Site

The technicaleconomic Feasibility Study and detailed DNBA

DNBA-Remediation by NBADynamization.

A Cost Savingsin Comparison to P&T: Pump & Treat _
aAyAYdzyYY T2y aAttAz &

A Time SavingsRemediation Time of 23 Years Iin

Project ExampleDNBAChlorinatedSolvents+ Cr6: HK e

NATIONAL SAS

Investigations was the Basement for the Successfully microbiological

- dzNR a

Comparison to P&T22¢ 35 Years.
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Traitements in-situ des HET-NSO & AA: BAND (DNBA) microbiologigue aérobie

A Bio-Atténuation Naturelle Dynamisée : Example via Percolation 25°C + Aération & B-Consortium :
Site de I 6ancienne Usine ° Gaz doEON

A A préalable: Etude de Faisabilite: >S®| ecti on doun Consort i RCORq, Baptoxic®logieoricoohpiplg u
>Fr acti onne me n®C/1LBISK3S, L°0/F@ & 14N/°N,
>Tests de Challenge, de Respiration et de Minéralisation

‘ersickerung dber Rigolen
-t

Bodenluftpegel Bodenluftpegel Bodenluftpegel
(Beluftung) (Beldftung) i Beliftun

Oberflachen
versiegelung

brunnen

Beobachtungs-

—} TSanierungs-
] brunnen

Auffille

HAP

Schluff,

HAP

Schiefer  Kies f Sand
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