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Micropolluants toxiques et les biotechnologies des traitements de dépollution in-situ
microbiologiques et biochimiques applicables : Exemples des BAND
(Bio-Atténuation Naturelle Dynamisée) /
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Dépollution du sous-sol par traitement in-situ HK ®
BAND des HET-NSO, HAP, Solvants chlorés, etc.

HPC INTERNATIONAL SAS

Polluants : Solvants chlorés, HET, HAP, etc.

Conceptual Scheme
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Dépollution du sous-sol par traitement in-situ Hm o
BAND des HET-NSO, HAP, Solvants chlorés, etc.

In-situ DNBA:

HPC INTERNATIONAL SAS

Dynamized Natural
Bio-Attenuation

Project Example: Aerospatiale/

Chlorinated Solvents + Cr6:

Microbiological In-situ-Treatment

Bio-Technologies & Genetic Bacteria Selection
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Project Example: DNBA: Chlorinated Solvents + Cr6:
Microbiological In-situ-Treatment via DNBA (France)
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Project Example: DNBA: Chlorinated Solvents + Cr6 Hm ~

Microbiological In-situ-Treatment via DNBA
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Project Example: DNBA: Chlorinated Solvents + Cr6:
Microbiological In-situ-Treatment via DNBA
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Aerobic and anaerobic Degradation Reactions of TCE Reduction of
various electron acceptors. PCE Degradation only in anaerobic conditions.

Reaction equation of the TCE Degradation Eh [mV]
: CzHCls + O3 —= C2010:2H —
Oxygen consumption CoClOH + 05 + 2 H* Sy 2C0,+3H +3 0l > 740
. . 3 C2HCls+ 2 N0 > 3C:ChOzH+N: =
Nitrate reduction 3C:CLOH + 2 NOs + 6 H* 3 G6COz+MN:+9H*+9Cl
itrate reduction 3CzHCls+ 2N0:- +6 H S 3C2Cls0:H + 2 NH: — 500 > 740
3C,CLOM + 2 ND; -+ 6 H 3 BCOy+2HH+0H*+0CF
— |3CzHCls+ 3 MnO: S 3C:CHOH +3 Mnt =
Manganese redaction |3~ 104 s 30, +6H*  — 6CO2+3MnZ+9H+9Cl 0 > 500
. 3CzHCls+ 3 FeO[0H) 5> 3CChOzH+3Fer = .50 0
oI R BT 3C2ChOH + 3Fe’0(0H) + 6H = 6COz+3Fei~+9H*+ 9Cl
Sulfate reduction 2 CzHCl: + SO4* +10 H* — CiHs+2COr+H:5+6H"+6ClI -240 - -50
Methanogese 2 CHCls + 4 H:0 + 4 H* > 2CH,+2C0:+6H™ 6CI- _




Project Example: / DNBA: Chlorinated Solvents + Cr6:
Microbiological In-situ-Treatment via DNBA
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Microbiological Pollutant Degradation and
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Project Example: DNBA: Chlorinated Solvents + Cr6: HK
Microbiological In-situ-Treatment via DNBA —
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Project Example: DNBA: Chlorinated Solvents + Cr6:

Microbiological In-situ-Treatment via DNBA
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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 PCRq testing.
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Project Example: DNBA: Chlorinated Solvents + Cr6: HK ®
Microbiological In-situ-Treatment via DNBA
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Microbiological ecotoxicity M ICrO b 10 I Og ICa I EXCOtOXl C |ty .
mi;::g;;lgs)if:ﬂIk:fotoxicity tests (Investigation of disruptive factors of the pollution Determ i nation Of M icrObiOIOgica I ECO-tOXiCitieS tO identify
TO)'(imeter. tests (Measurement of the metabolic activity of selected soil bacteria strains by o . . . . .
using luminous soil bacteria) disruptive factors to the current microbiological degradation
Determination of pollution toxicity for soil bacteria with an d to id e ntify zones wit h DNBA measures requ i red .

gene-modified soil bacteria

| e.g. Ps. fluorescens pUCD607 (non-degrader)
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degradation = Treatment of Crb* first !




Project Example: DNBA: Chlorinated Solvents + Cr6: Hm ®
Microbiological In-situ-Treatment via DNBA
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Isotopic Fractioning to lIdentify in-situ Microbial Biodegradation
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[ Project Example: DNBA: Chlorinated Solvents + Cr6: Hm ®
Microbiological In-situ-Treatment via DNBA

- HPC INTERNATIONAL SAS

DNBA-Treatment:

« SENS: Substratum — Emulsifier — Nutriments - g 7
Stabilizator for anaerobic Aquifer Conditions:

>Eh of about -200 mV: special Veget. Oil Emulsion of 2,5-7 pm,

>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):

-> For reductive, anaerobic Dehalogenation of the HVOC and -

- For reductive Immobilization of CrVI to Crlll.

« SSMC: Site Specific Microbiological Consortium:

Dehalococcoides restrictus, Dehalococcoides multivorans, Dehalococcoides ethenogenes:

- Anaerobic Degradation of PCE, TCE to cis-DCE (SENS + SSMC-KB1°®),
-> Aerobic Degradation of cis-DCE to Ethene / CO, SSMC-162).




Project Example: DNBA: Chlorinated Solvents + Cr6:

Microbiological In-situ-Treatment via DNBA
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for injection under Nitrogen or Argon

BioClean-CHC-KBL
Vessel

SSMC —
Vessel

Injection

of SSMC

at the site
IIBIl

Xinogen' .

fandPressure Gauge Port
it

W ¢ Injection Phase 2 > SSMC-CHC-KB-1

SSMC is delivered in stainless steel container

Production and
injection of
Bacteria
Consortium

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 of
the container directly into the
Groundwater




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

Goal: Reduction of CrVI to Crlll and Immobilisation

HPC:e
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Project Example: DNBA: Chlorinated Solvents + Cr6: Hm ®
Microbiological In-situ-Treatment via DNBA
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Chlorinated Without € = With
Sol t 1,2-c-DCE Dehalococcoides
oven ethenogenis

Degradation

Concentration

Time of HVOC-Metabolization & Degradation at Eh -75 to -250 mV



Project Example: DNBA: Chlorinated Solvents + Cr6: HK ()

Microbiological In-5|tu-Treatment via DNBA L HPC INTERNATIONAL SAS
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Project Example: DNBA: Chlorinated Solvents + Cr6:

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




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

Conclusion: DNBA Aerospatiale Site

The technical-economic Feasibility Study and detailed DNBA

Investigations was the Basement for the Successfully microbiological

DNBA-Remediation by NBA Dynamization.

— Cost Savings: in Comparison to P&T: Pump & Treat:
Minimum: 7,8 Million €uros

- Time Savings: Remediation Time of 2 - 3 Years in
Comparison to P&T: 22 - 35 Years.




Project Exemples : Chemical & Electronic Industries/ Hm e
PAH, HET, AA, BTEX, etc.: Microbiological In-situ-Treatment via DNBA

- HPC INTERNATIONAL SAS

In-situ DNBA: @
Dynamized Natural
Bio-Attenuation %

Project Examples: Chemical &

Electronic Industries:

Microbiological In-situ-Treatment

Bio-Technologies & Genetic Bacteria Selection




Project Exemples : Chemical & Electronic Industries/ HK.
PAH, HET, AA, BTEX, etc.: Microbiological In-situ-Treatment via DNBA
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Traitements in-situ des HET-NSO & AA: BAND (DNBA) microbiologigue aérobie

-> Bio-Atténuation Naturelle Dynamisée : Example via Percolation 25°C + Aération & B-Consortium :
Site de I’ancienne Usine a Gaz d’EON

- A préalable: Etude de Faisabilité: >Sélection d’un Consortium Bactériologique par PCRq, Ecotoxicolonie micrahinl

: >Fractionnement d’isotopes 12C/13C, 32S/33S, 160/170 & 14N/15N,
Carbazole (j’_:@ >Tests de Challenge, de Respiration et de Minéralisation
‘ersickerung dber Rigolen
% Bodenluftpegel Bodenluftpegel Bodenluftpegel %j
E = (Beloftung) (Belaftung) i Beliiftun =
8 = £ ¢ Oberflachen-
= o 2 wversiegelung
m =
'_ "r_' .

iy
Auffille

Schluff,

Schiefer  Kies f Sand
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Project Exemples : Chemical & Electronic Industries/ HK.
PAH, HET, AA, BTEX, etc.: Microbiological In-situ-Treatment via DNBA

HPC INTERNATIONAL SAS

Traitements in-situ des HET-NSO & AA: BAND (DNBA) microbiologigue aérobie

-> Bio-Atténuation Naturelle Dynamisée : Example via BAS & B-Consortium : Site de I’ancienne Usine Carbochimigue C

- A préalable: Etude de Faisabilité: >Sélection d’'un Consortium Bactériologique par PCR(q, Ecotoxicologie microbiol.,
_ Cj@ >Fractionnement d’isotopes 12C/13C & 32S/33S, & 160/170 et “N/®N,
Eenzoiihiophons \ >Tests de Challenge, de Respiration et de Minéralisation, Tests BAS & I1SOC.

e i;‘#ﬁi ‘::m % m!

T HW#*”
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| e Sﬂm 1 |.-1
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iISOC™ Mass Transfer Device
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Project Exemples : Chemical & Electronic Industries/ HK ®
PAH, HET, AA, BTEX, etc.: Microbiological In-situ-Treatment via DNBA

HPC INTERNATIONAL SAS

Traitements in-situ des HET-NSO & HAP: BAND (DNBA) microbioloqgigue aérobie

- Bio-Atténuation Naturelle Dynamisée : Example via BAS & B-Consortium : Site de I’ancienne Usine Carbochimique C

" i
N SS|

[r vzl | llIr
o “ .
0.05* \ ! |



https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.inogenalliance.com%2F&data=02%7C01%7Cfrank.karg%40hpc-international.com%7C73d8402000124ed628cc08d8588ef22e%7C22a00662dc9e4f69935f9c4326a5d620%7C0%7C0%7C637356718255517172&sdata=GYjz0YVnL53E6m3OaN2JeLDD6ulyGi1jDNFWe1yK0oo%3D&reserved=0

PAH, HET, AA, BTEX, etc.: Microbiological In-situ-Treatment via DNBA

Project Exemples : Chemical & Electronic Industries/

HPC#:

HPC INTERNATIONAL SAS

Traitements in-situ des HET-NSO & AA: BAND (DNBA) microbiologigue aérobie

-> Bio-Atténuation Naturelle Dynamisée : Example via In-situ BAS: Site de I’ancienne imprégnation de bois: Hanau

hi&Pfaff#

HaQnau ..

e 3
‘...\. .

Bad und Fllesen

\# VistygaczGmbH&s Co

GWM7/HH

S

Museumselsenbahn '
,_HanaUse YN\ /L

B18 GWM1/1 GWM1/20

GWM4/20 GWI 3/2
B21

SanBr: 2/
4
Msf C:) @ @s 1Br1 l\/

TBR1 &t Brd

L2130

e Betr Br 1
— o

@

:

g
09'L01

GWM21/HH

-~
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~
&

CH;
p-Toluidine

Benzofurane
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Project Exemples : Chemical & Electronic Industries/ HK ®
PAH, HET, AA, BTEX, etc.: Microbiological In-situ-Treatment via DNBA

HPC INTERNATIONAL SAS

Traitements in-situ des AA & HET-NSO: BAND (DNBA) microbiologigue aérobie

- Bio-Atténuation Naturelle Dynamisée : Example via In-situ BAS: Site de I’ancienne imprégnation de bois: Site H.

Oxygenation A(Iils;:(r)?nuse Course of Reaction
BT2 % S Use of Oxygen CioHs + 12 O2 — 10CO2+4 H20
gﬁ Use of Nitrate CioHs+9,6 NOz~ +9,6 H* — 10CO>+4,8 N2+ 8,8 H.0
\Q\if\sg Use of Nitrate CioHs+ 9,6 NO3"+ 384 H* > 10 CO> + 9,6 NHs" + 8,8 H.0
el g{f" . Use of Manganese CioHs + 48 H* + 24 MnO2 — 24 Mn?*" + 10 CO2 + 28 H20
@® AS6 Use of Iron CioHs + 20 H20 + 48 Fe®*  — 48 Fe?* +10 COz + 48 H*
Ky Use of Sulfate CioHs + 9 H* + 6 SO — 3 H2S+3HS +10CO; + 4 H0
Methanogenic Cond. | CioHs + 8 H20 — 6CH4 +4CO2
: ﬁ.\\m Redox Zones
NS *{1%283) sz BB
AS\}} = | S 12: il s KA§2\GW[A2/03 GWM4/98 HU126P4 e %W'szz

104 A
103
102
101 H

=

Z 100 -

-}

E 94

9 ] K QR RN RN
%5 4 AN GW-FlieBrichtung

« 840 m >
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Project Exemples : Chemical & Electronic Industries/ HK ®
PAH, HET, AA, BTEX, etc.: Microbiological In-situ-Treatment via DNBA

HPC INTERNATIONAL SAS

Traitements in-situ des AA, HET-NSO: BAND (DNBA) microbiologigue aérobie

—> Bio-Atténuation Naturelle Dynamisée : Example via In-situ BAS : Site de I’ancienne imprégnation de bois: Site H.
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Project Exemples : Chemical & Electronic Industries/ HK ®
PAH, HET, AA, BTEX, etc.: Microbiological In-situ-Treatment via DNBA

HPC INTERNATIONAL SAS

Traitements in-situ des BTEX & HET: BAND (DNBA) microbiologigue aérobie

-> Bio-Atténuation Naturelle Dynamisée : Example via In-situ Oxyactivator: Site de I’ancienne décharge Oberhausen-L .
- A préalable: Etude de Faisabilité: >Sélection d’un Consortium Bactériologique par qPCR, Ecotoxicologie microbiol.,

Dibenzofurane Enachiens @@ >Fractionnement d’isotopes 12C/13C, 32S/33S,Tests de Challenge, Respiration.
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Project Exemples : Chemical & Electronic Industries/ HK ®
PAH, HET, AA, BTEX, etc.: Microbiological In-situ-Treatment via DNBA

HPC INTERNATIONAL SAS

Traitements in-situ des BTEX & HET: BAND (DNBA) microbiologigue aérobie

-> Bio-Atténuation Naturelle Dynamisée : Example via In-situ Oxyactivator: Site de I’ancienne décharge Oberhausen-L .
Infiltration d’oxygéne, de nitrate et des nutriments. Mesures in-situ Eh, pH, O,

Planreal Oxi-Aktivator (¢
anreal Oxi ivator Q.L

Pegeleinbauschema

Zugabe Nahrstoffe= = \
N

Halterung mit Drahtseil

Programmierbare Steuerung

12V Akku
Elektronische Verteilung

Luftaggregat

Behalter mit Aktivator-Lésung
(Elektronakzeptoren, Nahrstoffe)

Zufuhrungsschlauch fur Luft und
Aktivator zum Injektionskopf

activators s
y (O, & NOy)

Grundwasserspiegel

Grundwasser

Injektionskopf mit
Sauerstoffanreicherungund
Aktivator-Lésung

L
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Controling Injection Gallery
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Project Exemples : Chemical & Electronic Industries/ HK ®
Chlorinated Solvants b(PCE, TCE, DCE, CV) Microbiological In-situ-Treatment via DNBA

HPC INTERNATIONAL SAS
Traitements in-situ des PCE, TCE, DCE, CV: BAND microbiologique anaérobie

- Bio-Atténuation Naturelle Dynamisée : Site en Normandie : Example via Injections n-situ sous Eh de 75 a -250 mV
Infiltration des Substrates - Nutriment et Consortium Bactériologique spécifique sous Azote Mesures in-situ Eh, pH, O,

0000
&

l e T
W ——— Fre————

Apres 8 mois : PCE: 6800 ug/l = 26 pug/l max.
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Project Exemples : Chemical & Electronic Industries/ HK ®
PAH, HET, AA, BTEX, etc.: Microbiological In-situ-Treatment via DNBA

HPC INTERNATIONAL SAS

Traitements in-situ des HET-NSO, BTEX, HAP & AA: Alternatives couteuses: P&T !

- MPE: Multiphase Extraction (Cornelsen)

5 .;‘ :,'. . . S ) b . el Ry 39 . A.'.“.
Legende . : A : L i _Réinluft

WA - Wasserabscheider

* VA - Vakuumaggregat
AP - Austragpumpe
VP - Luftaktivkohlefilter
WAK - Wasseraktivkohlefilter
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Project Exemples : Chemical & Electronic Industries/ HK ®
PAH, HET, AA, BTEX, etc.: Microbiological In-situ-Treatment via DNBA

HPC INTERNATIONAL SAS

Traitements in-situ des HET-NSO & AA: Alternatives thermigues (220 °C !)

-> TUBA: Injection de Vapeur sous pression (Reconsite) = THERIS: Traitement thermique électrique (Reconsite)
Volatilisation & remobilisation des polluants et MPE Volatilisation & remobilisation des polluants et MPE

Z.B. LEHM WARMEQUELLEN

: (“’TIONAL GW-SICHERUNG

BODENLUFT-
ABSAUGUNG
(BLA)
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Project Exemples : Chemical & Electronic Industries/

PAH, HET, AA, BTEX, etc.: Microbiological In-situ-Treatment via DNBA

HPC:e

HPC INTERNATIONAL SAS

Traitements in-situ des PFAS:

Immobilisation in-situ

—> Application du Charbon Colloidal ou des Adsorbants spécifiques

et

PFOS, etc. dans les sols

Increasing or Reduction of Solubility and Extractability of some PFAS-Fluorotelomers
Erhdhung bzw. Erniedrigung der Polaritédt & Loslichkeit einiger PFAS-Fluortelomere

eaux souterraines

Example: Sea water Impact to Groundwater (HH): Analyses by DIN 38407-42 (solid-liquid extraction) r.kars , HPC®

Acid pH 6,7

Site pétrolier HH

PFAS-Projektbeispiel: Brownfield « B »

Sanierungsziel-Uberschreitungen

gemdss B-LFU Stufe-2-Wert: PFOS

(x 1, x10, x 50)

5 ﬁ)_\_\

HPC INTERNATIONAI

Dr. Alfred-Herrhausen-Allee

Sanierungsziele PFA N—
> 1xSZ I— OH H
> 5xsz | OH

SAS
2

>10x5SZ -— =
0=s5=0

BLIL

>50 xS

I

-

6:2-FT(S)AB = Capstone B (Fire Fighting Foam)

6:2 Flourotelomer sulfonamido propyl betaine
1-Propanaminium, N-(carboxymethyl}-N,N-dimethyl-3-[[(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctyl)sulfonyllamino] and inert salt
N-({Carboxymethyl)-N,N-dimethyl-3-{[(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoroctyl|sulfonyl]amino}-1-propanaminium and inert salt

1 .
) PFPeA - CHy Less polar & soluble at acid pH
‘* & PFHxA | Conc. In GW: 130 pg/I

=0

6:2-FTS = H4-PFOS

(6:2-FTSA) 6:2 Fluorotelomer sulfonic acid

2>to~>

pH7,3 Basic

6:2-FT(S)AB = Capstone B (Fire Fighting Foam)

6:2 Flourotelomer sulfonamido propyl betaine inert salt

PFPeA
& PFHxA *

o=

I
0=s5=0

CH More polar & soluble at basic pH

\ i .
Hee — N Conc in GW: 1 500 pg/l

6:2-FTS = H4-PFOS

6:2 Fluorotelomer sulfonic acid polar
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Project Exemples : Chemical & Electronic Industries/ HK g\
PAH, HET, AA, BTEX, etc.: Microbiological In-situ-Treatment via DNBA Yaf

HPC INTERNATIONAL SAS

Traitements in-situ des PFAS: in-situ Washing (Belgigue: site confidentiel)
-> Application des produits de lavage du type Bio-polymeéres protéiniques et régénération des réactifs

In-situ Soil & Aquifer Washing via Proteinic Bio-Polymer Adsorbents

Groungdwater : ' : ' ' ‘ Groundwater

@ Bio Proteinic Polymer Adsorbent Injection Unit

Bio Proteinic Polymer Regeneration & PFAS Separation Unit

Bio Polymer Injection Well Bio Polymer & PFAS Extraction



https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.inogenalliance.com%2F&data=02%7C01%7Cfrank.karg%40hpc-international.com%7C73d8402000124ed628cc08d8588ef22e%7C22a00662dc9e4f69935f9c4326a5d620%7C0%7C0%7C637356718255517172&sdata=GYjz0YVnL53E6m3OaN2JeLDD6ulyGi1jDNFWe1yK0oo%3D&reserved=0

Dépollution du sous-sol par traitement in-situ
BAND des HET-NSO, HAP, Solvants chlorés, etc.

HPC:¢

HPC INTERNATIONAL SAS

Micropolluants toxiques et les biotechnologies des traitements de dépollution in-situ
microbiologiques et biochimiques applicables : Exemples des BAND
(Bio-Atténuation Naturelle Dynamisée) / L’ Approche au meilleur bilan Cout-avantages

Merci !
Questions ? Remarques ?

Dr. (PhD) Frank Karg / Scientific Director of HPC-Group (INOGEN JV) and
CEO-President of HPC INTERNATIONAL / France, Germany, Hungary, Balkan, etc.

Email: frank.karg@hpc-international.com /Phone: +33 607 346 916

“Warsickerung Uber Rigolen

Bodenluftpegel Bodenluftpegel

Cherflachen
rsiegelung

(Beluftung) (Beluftun
k 4

Sanierungs-
brunnen

X

I

wo  Beobachtungs-

Schiefer Kies/Sand  Schiuff,  auffille

INOGEN"

ALLIAMCE Bio Polymer Injection Well Bio Polymer & PFAS Extracti
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