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Avancements dans P’identification et différentiation des sources de pollutions par les
PFAS via la MVA sur base de I’IA: Intelligence Artificielle pour clarification des
responsabilités
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In 1. Perfluoroalkane-sulfonic-acids (PFASs), 18. Perfluoroalkyl-amines,
minimum 2. Perfluoroalkane-sulfonats (salts), 19. Perfluoroalkyl-amino-acides/salts/esters,

3. Perfluoroalkane-sulfinic-acid/sulfonates, 20. Perfluoroalkyl-phosphates,

33 4. Perfluoro-cycloalkane-sulfonic-acids & derivats, 21. Perfluoroalkyl-acrylate,

. 5. Perfluoroalkane-sulfonamids (FASAS), 22. Perfluoroalkyl-methacrylates,
Categone 6. Perfluoroalkane-sulfonamide & quaternary 23. Other Perfluoroalkyl-carboxylic esters,

S ammonium salts, 24. Perfluoroalkyl-heterocyclic Compounds,

7. Acrylate de perfluoroalkane-sulfonamide 25. Perfluoroalkyl-silanes,
(MeFASACs), 26. Fluorotelomer-alcools,

8. Perfluoroalkane-sulfonamide methylacrylates, 27. Fluorotelomer halogenides,
9. Perfluoroalkane-sulfonamide phosphates, 28. Fluorotelomer sulfonates, sulfonyl chlorides
10. Perfluoroalkane-sulfonyl halogenureas, and
11. Different polyfluoroalkyl-sulfur compounds, sulfonamides,
12. Perfluoroalkyl-carboxyl-acids (PFCA), 29. Fluorotelomer Acrylates,
13. Perfluoroalkyl-carboxyl-acids, 30. Fluorotelomer Methylacrylates
14. Perfluoroalkyl-alcohols/cetones, 31. Other Fluorotelomer Acrylates
15. Halogenurea perfluoroalkyl-carboxylic acids, 32. Fluorotelomer phosphates,
16. Perfluoroalkyl-halogenureas, 3. Other fluorotelomers.
17. Perfluoroalkyl-ethers, In total > 9 000 — 12 000 PFAS

are existing !
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Biotransformation
du 6:2-FTS

to stable perfluorinated, stable
PFAS:

PFBA
(Perfluoro-butanonic Acid),
PFPeA
(Perfluoro-pentanonic Acid),
PFHXA
(Perfluoro-hexanonic Acid)

(D.M.J. Shaw et al. 2019 ,Ying Shi,
2018 et V. Mendeza et. al. 2022)
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Degradation of poly-fluorinated

PFAS via volatile FTOHs to PFCAs
F. KARG, 2024
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Databank Registering of Commercial
PFAS Products and their degraded
individual PFAS Molecules, based on
more than 800 000 Analysis
experiences.

Registering of individual PFAS
Product Spectrums and statistical
Relation-ships of Commercial Product
by non-Target Analysis (400-500
Compounds) on fresh Products and
degraded Products, after 3 months
Lysimeter Tests with bio-transforming
Bacteria.

Artificial Intelligence Multi-Vector-Analysis (AlI-MVA) for Identification
& Differentiation of PFAS Sources & Commercial Products

Registering of typical Product
related statistical relationships of
fresh and degraded Products for
Artificial Intelligence based Multi-

Vector-Analysis (Al-MVA)

Identification of statistical Indicators
per commercial Product via Standard
Analyses(min. 20-70 Molecules in
environmental soil and water samples

' 4

Al-MVA-Identification of PFAS
Contamination Sources and Commerc-
ial Products in Environmental Samples

with Standard Analyses.
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HYDRAL3 ? (H4)

Fresh 6W: Aerobic 12 -24W: principally Anaerobic 15W Soils Top Assay
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14,4% ‘-
— 17‘,4% e PFOS isoméres ramifiés C O n d Itl O n S
Isomeres ramifies 25’1%
PFOA isomeéres ramifiés P S I OWS d OW n O r

PFOA isoméres ramifiés

stops the bio-
transformation

during the
42,7% PFAS
6: 2 FTAB ) )
migration
3,7%; 6:2 FTS process
10,3%
6: 2 FTAB
4,4%; PFHpA
pH:6,4-7,5 pH 8,52 alkaline
BRUT BIO-LYSIMETRIE 6 SEMAINES BIO-LYSIMETRIE 12 BIO-LYSIMETRIE SOL TOP ASSAY 14

SEMAINES
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PROFILM 1
Fresh 6W: Aerobic 12 -24W: principally Anaerobic 15W Soils Top Assay

Anaerobic
conditions
stops the bio-
transformation
during the
PFAS
migration
process

2,3%; 6:2 FTS

49,5%
6: 2 FTAB

6: 2 FTAB

48,0%
6:2 FTNO

19,0%
6:2 FTNO

pH:6,8—-8,4 pH 8,92 alkaline
BRUT BIO-LYSIMETRIE 6 BIO-LYSIMETRIE 12 BIO-LYSIMETRIE SOL TOP ASSAY

SEMAINES SEMAINES 15



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

P GING - R Advancements of PFAS Source Identification & Differentiation based on Hm.
MVA and Al : Artificial Intelligence Clustering for Responsibility Clearing

HPC INTERNATIONAL SAS
PROFILM 2
Fresh 6W: Aerobic 12 -24W: principally Anaerobic  15W Soils Top Assay
4,6% o g- .
o ers (L5%; 6:2 FTS Anaerobic
conditions
stops the bio-
39,8% transformation
SEREs during the
PFAS
migration
process
6: 2 FTAB
55,5%
6:2 FTNO
20,2%
6:2 FTNO
pH:6,7-8,3 pH 8,82 alkaline
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Présence of 6,2-FTAB in AFFFs

AFFE: Samples Profilm|Profilm| Petrofilm |Petrofilm|Petrofilm H4 Superlube Port Edouard
. P 1 2 CTFE 1 2 (Hydral 3) P Hérriot ARS

6:2 FTAB 49,5%39,7%| 87,3% | 95,4% | 89,3% | 42,7/% 58% 69%

Pourcentage en PFAS avant top assay (sans incertitude)

> 66,3 % average of
6,2-FTAB in AFFFs o

B
PROFOAM
_—

PROFILM 3

Pet. CTFE1 et 2 P1 P2/P2his PR1/PR1bis PR2/PR2bis
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: . M -
Ansql Arctic National  Hazard Contrs LightWate 3M 1988- Fireade Buckeye Solberg Niagara 1-3 Hi Combat A
Ansulite foam foam Tech ™

2007
PFCA X X X
PFSA X X X
5-PFCA
H-PFSA
K-PFSA
H-PFCA
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V. Gl N G R Advancements of PFAS Source Identification & Differentiation based on HK @

MVA and Al : Artificial Intelligence Clustering for Responsibility Clearing Rl TR RE

o= = PFAS Monomers & Polymers +
' other organo-fluorine Compounds;

Total Organo Fluorine Pesticides, Pharmaceuticals, etc.

R
E KARG 2025 - =2 =2 No Compound ldentification !

AOF: = PFAS Monomers & Polymers +

: : other organo-fluorine Compounds;
Adsorbable Organic Fluorine Pesticides, Pharmaceuticals, etc.

- No Compound ldentification !

N

TA: Non-Target Analysis = Semi-quantitative Identification of up to A
12 000 Compounds: PFAS Monomers

r o
QTA: Quantitative Target QTA+TA; after TOP Assay (20- )
Analysis = up to 20-700 Com- 200 Compounds: PFCA including
\ pounds: PFAS Monomers transformed polyfluorinated PFAS)

INOGEN PFAS Analyses
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V.GING

Environmental Samplings (soil, groundwater, surface waters) / Registering of Standards 023

R Advancements of PFAS Source Identification & Differentiation based on
MVA and Al : Artificial Intelligence Clustering for Responsibility Clearing

HPC:e

HPC INTERNATIONAL SAS

" w s Emmen we " s ws wEm ws

F. Karg,

---.....

Target Analysis
on 20 - 70 individual
PFAS compounds:
PFAS-Signature

®

(D Target Analyses on 20-70 individual PFAS compounds
(standard PFAS-Signature Analysis) for AI-MVA-
Procedure

(2 Extended PFAS List Analysis for AI-MVA — Data Bank.

(3 Registering of individual PFAS Compounds Spectrums
from Commercial PFAS Products and degraded
Commercial Products after long term Lysimeter &
Percolation Tests with Bacteria for bio-transformation
of poly-fluorinated PFAS to per-fluorinated PFAS

Identification of commercial

PFAS-Products and Pollution
Sources de pollution in Standard
Environmental Soil and Water

Analyses via polytopic AI-MVA

. i
e s
I *
HRMS Screening Non-Target PFAS . _

Analyses on 400 - 500 Screening Analysis . JSOFri'ng%tflaﬁrgﬁzg:
individual Molecules on max. 12 000 : Compounds
Extended PFAS-List . Molecules o* P

o, ?
"“apg/uunnn® -
Statistical Identification on
Basis of more than 800 000 F. Karg,
(@) TOF (Total Organo-Fluorine) Analysis oﬁ yélf needed.

No Detail concerning individual PFAS Molecules is
obtained.

() Identification of commercial PFAS Products based on
the Extended PFAS-List Spectrums of HPC
INTERNATIONAL'’s Data Bank.

(&) Identification on Experiences Basis on more than
800 000 PFAS Analyses and registered statistical
Polytopic PFAS Parameters.
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/ PFAS-Source ldentification and Differentiation Tools by use of PFAS Data
Bank on Commercial Products and AlI-MVA-Tool (Artificial Intelligence

VIOIT=-VECILOT-ATId

Environmental Samplings (soil, groundwater, surface waters): Routine Analysis (+ Top Assay)

HPC:e

HPC INTERNATIONAL SAS

" w s Emmen we " s ws wEm ws

Target Analysis HRMS Screening NEIRICTIO e AR TOF : Total Organo-
on 20 — 70 individual Analyses on 400 - 500 Screening Analysis fluori-ne on all gFAS_
PFAS compounds: individual Molecules on max. 12 000 T aEEE

PFAS-Signature Extended PFAS-List Molecules P

Statistical Identification on
Basis of more than 800 000

. Karg,

0O\ A

F
(@) TOF (Total Organo-Fluorine) Analysis oﬁ yélf needed.
No Detail concerning individual PFAS Molecules is

obtained.

(D Target Analyses on 20-70 individual PFAS compounds
(standard PFAS-Signature Analysis) for AI-MVA-
Procedure

(2 Extended PFAS List Analysis for AI-MVA — Data Bank. (5 Identification of commercial PFAS Products based on
. . Identification of commercial the Extended PFAS-List Spectrums of HPC
@ Registerlng of individual PFAS Compounds SpeCtrumS . INTERNATIONAL’s Data Bank
from Commercial PFAS Products and degraded PFAS-Products .and. Pollution
Commercial Products after long term Lysimeter & Sourqes de pOHUt'O_n in Standard | | ®) Identification on Experiences Basis on more than
Percolation Tests with Bacteria for bio-transformation Environmental Soil and Water 800 000 PFAS Analyses and registered statistical
of poly-fluorinated PFAS to per-fluorinated PFAS Analyses via polytopic AI-MVA Polytopic PFAS Parameters.
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V.GING

R Advancements of PFAS Source Identification & Differentiation based on
MVA and Al : Artificial Intelligence Clustering for Responsibility Clearing

HPC:e

HPC INTERNATIONAL SAS
LQ Dir. CE AM LQ Dir. CE AM
PFAS CAS VTR | EP2020/ | 20/06/23 PFAS CAS VTR | EP2020/ | 20/06/23
Eaux 2184 France Eaux 2184 France
PFBA (acide perfluorobutanoique) ng/l 1 375-22-4 MeFOSA ramifié (N-méthylperfluoro-n-octanesulfonamide) 31506-32-8
PFPeA (acide perfluoropentanoique) ng/l 5 2706-90-3 (MePFOSA) ng/l 1
PFHXA (acide perfluorohexanoigue) ng/l 1 307-24-4 MeFOSA totale (N-méthylperfluoro-n-octanesulfonamide) 31506-32-8
PFHpA (acide perfluoroheptanoique) ng/l 1 375-85-9 (MePFOSA) ng/l 1
PFOA linéaire (acide perfluorooctanoigue) ng/l 1 335-67-1 8:2 DIiPAP (8:2 polyfluoroalkyl phosphate diester) ng/l 1 678-41-1
PFOA ramifié (acide perfluorooctanoigue) ng/l 1 335-67-1 HFPO-DA (acide hexafluoropropyleneoxide dimer) Gen X ng/l 1 13252-13-6
PFOA totale (acide perfluorooctanoique) ng/l 1 335-67-1 EtFOSA linéaire (N-éthylperfluorooctanesulfonamide) (EtPFOSA) |ng/l 1 4151-50-2
PENA (acide perfluorononanoigue) ng/l 1 375-95-1 EtFOSA ramifié (N-éthylperfluorooctanesulfonamide) (EtPFOSA) [ng/l 1 4151-50-2
PFEDA (acide perfluorodecanoique) ng/l 1 335-76-2 EtFOSA totale (N-éthylperfluorooctanesulfonamide) (EtPFOSA)  [ng/l 1 4151-50-2
PFUNDA (acide perfluoroundecanoique) ng/l 1 2058-94-8 MeFBSAA (perfluorobutanesulfonamide(N-méthyl)acetate) ng/l 5 159381-10-9
PEDoDA (acide perfluorododecanoique) ng/l 2 307-55-1 5:3-FTCA: 5:3 acide carboxylique fluorotélomere) ng/l 1 914637-49-3
PFTrDA (acide perfluorotridecanoique) ng/l 1 72629-94-8 6-2-FTCA: 6:2 acide carboxylique fluorotélomere ng/l 5 53826-12-3
PFTeDA (acide perfluorotetradecanoique) ng/l 1 376-06-7 8:2 FTUCA (acide 2H-perfluoro-2-décenoique) ng/l 1 70887-84-2
PFEHXxDA (acide perfluorohexadecanoigue) ng/l 2 67905-19-5 DONA (acide 4,8-dioxa-3H-perfluorononanoique) ADONA ng/l 1 919005-14-4
PFODA (acide perfluorooctadecanoique) ng/l 1 16517-11-6 MeFBSA (n-méthylperfluorobutanesulfonamide) ng/l 1 68298-12-4
PFBS (acide perfluorobutane sulfonique) ng/l 1 375-73-5 PFBSA (perfluorobutanesulfonamide) ng/l 1 30334-69-1
PFPeS (acide perfluoropentane sulfonigue) ng/l 1 2706-91-4 PFECHS (acide perfluoro-4-éthylcyclohexanesulfonique) ng/l 1 646-83-3
PEHXS linéaire (acide perfluorohexane sulfonique) ng/l 1 355-46-4 PENS (acide perfluorononane sulfonique) ng/l 1 68259-12-1
PFHXS ramifié (acide perfluorohexane sulfonique) ng/l 1 355-46-4 PFEDoDS (acide perfluorododecane sulfonique) ng/l 1 79780-39-5
PFHXS totale ng/l 1 355-46-4 6:2 diester de phosphate fluorotélomérique. 6:2 diPAP ng/l | 10 57677-95-9
PFHpS (acide perfluoroheptane sulfonigue) ng/l 1 375-92-8 6:2 8:2 diester de phosphate fluorotélomérique. 6:2 8:2 diPAP ng/l | 10 943913-15-3
PFOS linéaire (acide perfluorooctane sulfonique) ng/l 1 1763-23-1 PFHXSA (perfluorohexanesulfonamide) ng/l 1 41997-13-1
PFOS ramifié (acide perfluorooctane sulfonique) ng/l 1 1763-23-1 PFUNDS (acide perfluoroundecane sulfonique) ng/l 2 749786-16-1
PFOS totale (acide perfluorooctane sulfonique) ng/l | 1 1763-23-1 PETrDS (acide perfluorotridecane sulfonigue) ng/l | 2 | 791563-89-8
PFEDS (acide perfluorodecane sulfonique) ng/l 1 335-77-3 EtFOSE (2-(N-ethylperfluoro-1-octanesulfonamido)-ethanol) ng/l | 5 1691-99-2
4:2 FTS (acide 4:2 fluorotelomer sulfonique) H4-PFOS ng/l 1 | 757124-72-4 MeFOSE (2-(N-methylperfluoro-1-octanesulfonamido)-ethanol) |ng/l 5 24448-09-7
6:2 FTS (acide 6:2 fluorotelomer sulfonique) ng/l | 1 | 27619-97-2 NFDHpA (Nonafluoro-3,6-dioxaheptanoic acid) ng/l | 1 | 151772-58-6
8:2 FTS (acide 8:2 fluorotelomer sulfonique) ng/l | 1 | 39108-34-4 PEMPA (Perfluoro-3-methoxypropanoic acid) ng/l | 1 377-73-1
10:2 FTS (acide 10:2 fluorotelomer sulfonigue) ng/l_ | 1 |120226-60-0 PEMBA (perfluoro-4-methoxybutanoic acid) ng/l | 1 | 863090-89-5
MePFOSAA (acide N-méthylperfluorooctane sulfonamide 1 2355-31-9 C604 (Perfluoro([5-methoxy-1,3-dioxolan-4-yl]oxy)acetic acid) |ng/l | 10 | 1190931-41-9
acétique) ng/l 6:2-FTOH (6:2 fluorotelemer alcohol) FHET ng/l | 20 647-42-7
EtFOSAA (acide N-éthylperfluorooctane sulfonamide acétique)|ng/l 1 2991-50-6 8:2-FTOH (8:2 fluorotelemer alcohol) FOET ng/l | 10 678-39-7
PFOSA linéaire (perfluoro-n-octanesulfonamide) ng/l 2 754-91-6 PFAS U ItraShortS )
PFOSA ramifié (perfluoro-n-octanesulfonamide) ng/l 2 754-91-6 - — -
PFOSA totale (perfluoro-n-octanesulfonamide) ng/l 2 754-91-6 TFA (trifluoroacetic amd). - ng/l | 10
MeFOSA linéaire (N-méthylperfluorooctanesulfonamide) il (pgrfluoropropanmc ac@) : el [ L
(MePFOSA) ng/l | 1 | 31506-32-8 TEMS (trifluoromethanesulfonic acid) ng/l | 10
6:2-FTAB (6 :2 fluorotelomer sulfonamido propyl betaine) 34455.20-3 gEES (perfluoroethanesulfonic acid) ng/l | 10
Capstone B ng/l | 10 rS (perfluoropropanesulfonic acid) ng/l | 10
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\(Gestion des PFAS: Per- & Polyfluoro-Alkyl Substances: \sed on
'V Pollutions environnementales et Risques pour la Santé learing

HPC:e

HPC INTERNATIONAL SAS

Considering of Top Assay Total Oxidizable Precursor Frank KARG 2004
all — -
pOIy'ﬂ uorinated S,0,% — SO, pHO>H11 » SO, + OH" (activation de persulfate)
PFAS as final PFAS poly-fluorés (Précurseurs) : 0 R4 1 PFAS perfluuréso
er-fluorinated OH*
P C,F. CH, CH,R ou CF,. S N > C.F. C
P FCAS 7" 15 2 2 7 15 gl 17
s , R2 OH
telomeres ou sulfonates poly-fluores O PFCAs
Avant Top Assay —— Aprées Top Assay
] ] ] 1 ] ]
6:2 diPAP ! 6:2 diPAP > PFCAs | T [ ]
. 1 1
8:2 diPAP ! 8:2 diPAP > PFCAs ]:E:_::l :
8:2FTS i 8:2FTS - PFCAs :D:.-.:I i I%:I “‘:::’L}Eé‘:ﬁ’.‘ﬁi%i?’
8:2 FTOH ' 8:2 FTOH - PFCA [ ] | [E==] PrPeA
: - ! ! | : [ ] rHxa
6:2 FTS ! 6:2FTS > PFCAs| | B | rreen
: : ' 1 [ rroa
6:2 FTOH | | | | 6:2 FTOH > PFCAs | | . | l | Pena
Conc. [nM] 0 5 10 15 20 25 Conc. 0 5 10 15 20 25 [Nm]
INOGEN PFAS poly-fluorés (Précurseurs) ————————- PFAS perfluorés
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W.GINGER

Advancements of PFAS Source Identification & Differentiation based on
MVA and Al : Artificial Intelligence Clustering for Responsibility Clearing

Analyses PFAS sans et avec Top Assay

HPC:e

HPC INTERNATIONAL SAS

Only the Peak of the Iceberg Via Top Assay analyzed PFAS
by PFAS Target Analysis: via « complete »
PFCAs, PFSAs, etc... Transformation of the poly-
fluorinated ones
//
|.f" Non-analyzed PFAS: ~
Especially poly-fluorinated Via Top Assay analyzed poly-
L Precursors which will be bio- :,.J TOP ASSEV fluorinated PFAS covered by
—~] transformed later to PFCAs, the chemical Analyses
l etc.
. r/
;\'\ [ ; !/f\. |
N ___,--' »~ \_ Non-analyzed |
: PFAS
S - "
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PGING R Advancements of PFAS Source Identification & Differentiation based on Hm e
MVA and Al : Artificial Intelligence Clustering for Responsibility Clearing

PFAS-Source-ldentification via Isotope Ratios (1:3C/12C) :

HPC INTERNATIONAL SAS

Ampl 44 &d13C/12C g
8000 -26.0 S
n 2
‘E o
= 6000 -28.0 o oY
I I o € o
3 4000 300 Q| [SE
= * TR |9
£ 2000 - -32.0 |
< Z

0 -34.0 A-2Z nombre de neutrons —

PFOA PFOA CD iIsotopes (sosies)

Application 3C/12C Ratios for identification of PFAS Sources: Example of PFOA (Kuntze 2023).
PFAS Source Identifications with Sulfur-Isotopes for PFOS, etc. is in development.

\mﬁeﬁu‘ 45
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PGING R Advancements of PFAS Source Identification & Differentiation based on
MVA and Al : Artificial Intelligence Clustering for Responsibility Clearing

HPC:¢:

HPC INTERNATIONAL SAS

Identification et différenciation des sources PFAS par analyses des Clusters

Des analyses de Clusters PFAS permettent d’identifier les origines des produits et industries ayant
provoqueé les pollutions environnementales

Cluster composition by PFAS compound

Cluster 4 Cluster 5

Cluster 3

Cluster 1 Cluster 2

m PFBA mPFPeA m PFBS

Cluster O
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®m Perfluorbutansaure (PFBA)

m Perfluordodecansaure (PFDoA)

HPC ‘@ W Perfluorhexansaure (PFHxA)
HPC INTERNATIONAL SAS m Perfluoroctansiure (PFOA)
Dr. Frank KARG
12.07.2023 m Perfluortridecansaure (PFTrDA)

® Perfluorbutansulfonsaure (PFBS) m Perfluordecansaure (PFDA)

M Perfluordodecansulfonsiaure (PFDoS) m Perfluorheptansdure (PFHpA)
W Perfluorhexansulfonsaure (PFHxS) W Perfluornonansaure (PFNA)
m Perfluoroctansulfonsaure (PFOS) m Perfluorpentansaure (PFPeA)

m Perfluortridecansulfonsaure (PFTrDS) m Perfluorundecansaure (PFUNA)

—_—
5
N

Perfluordecansulfonsaure (PFDS)
B Perfluorheptansulfonsdure (PFHpS)
m Perfluornonansulfonsaure (PFNS)
Perfluorpentansulfonsaure (PFPeS)

m Perfluorundecansulfonsaure (PFUNS)



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

' GI N G R Advancements of PFAS Source Identification & Differentiation based on MVA and Al:
Artificial Intelligence Clustering for Responsibility Clearing

HPC:e

Exemples Statistiques basés sur plus que 800 000 Analyses Environnementales (NAS, 2023)
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' Gl N G R Advancements of PFAS Source Identification & Differentiation based on MVA and Al:
Artificial Intelligence Clustering for Responsibility Clearing

HPC:e

HPC INTERNATIONAL SAS

Exemples Statistiques basés sur plus que 800 000 Analyses Environnementales (NAS, 2023)
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Radar Plots of PFAS Relationships for several Commercial PFAS Products
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PFAS-66 total
Presence In
Groundwater

Identified PFAS
Sources S1 -S3

|| > 1ug/PFAS-66
| > 5ug/ PFAS-66
- > 50 ug/l PFAS-66
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PFAS-Sources
In Groundwater

MVA-AI: Dominating Clusters:
Sources S1 - S9

6:2-FTAB, 6:2-FTS, 6:2-FTOH,
PFHxXA, PFPeA, PFBA, PFOS

6:2-FTS, 6:2-FTAB, 6:2-FTOH,
PFHxXA, PFPeA, PFOA, PFHXS....
6:2-FTS, 6:2-FTOH, PFHxXA, PFPeA,
PFBA, PFHxS, PFBS, 4:2-FTS

PFHxXA, PFPeA, PFOA, PFBA,
PFOS, PFBS, PFHpA, PFBS...

PFBA, PFPeA, PFHxA, PFOA,
PFHpA, 8:2-FTOH, 5:3-FTCA....

4:2-FTS, 6:2-FTS, PFHxS, PFBS, 6:2-
FTOH, PFHxA, PFPeA....

6:2-FTS, PFHXS, PFBS, 6:2-FTOH,
PFHA, PFPeA, PFBA...
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Port Edouard-Herrit

PORT DE LYON
EDOUARD Qserdex

HERRIOT
BFT Transportsv

® (e
Entrepot e ‘%doe
Petrolier de Lyon
Bétghprét a
CHAMPION SAS LYON Q
Land Marks

SAULAIE Société Stockages (3

Pétroliers du Rhone

Le’?ho,, Béton VICAT - PEHQ
Daikin Chemical France e

4

QArkema France
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6,2-FTAB:
A&D

ive gauche de St Fons (site Solvay Rhod\a‘

0,960 pg/!

Aérodrome de Lyon-Brindas |

Nappe rive droite amont immédiat plateforme Pirre-Bénite
0,010 g/l

appe port Edouard Herriol
80,7 g/l

Rjve gauche STEU Pierre Bénitel
Rive droite STEU Pierre Bénite l 0,210 pg/I
0,590 pg/I

ive Gauche Feyzin (site TOTAL énergies|
0,440 g/l

Ile de la table ronde (restaurant I'lle)
0,040 g/l fuche Solaize (site IFPEN)

0,060 g/l

lle de la table ronde (restaurant chez Paul’0)
0,020 g/l

Production d’eau potable

Périmétre de protection rapproché
du champ de captage du
Méandre de Chasse-Ternay

ryGauche Eau Brute usine AEP Terna1
0,130 pg/1

Port E. Herriot|,

Diagrammes PFAS
PFBA
PFPeA
PFHXA
PFHpA
PFOA
PFNA
PFDA
PFUNDA
PFDoDA
PFTrDA
PFBS
PFPeS
PFHxS
PFHpS
PFOS
PFNS
PFDS
PFUNDS
PFDoDS
PFTrDS
6:2 FTS
8:2 FTS
6:2 FTAB
100 pg/!

50 pg/!

<10 pg/!

0 750 1500 m
=

Contexte industriel
Concentration des PFAS
(Somme des 23 PFAS)
- Clusters ESO - ARS -

Légende :

+ Aérodromes

Etablissement Concentration inférieure a 0,100 pg/!|

Etablissement | Concentration supérieure 0,100 pg/|

PFAS-66:
over 18 km:

O other Sources
PFAS

_

Titre : Index:
Contexte ind Echelle : 1:75000 (A3)
Conc ion des N° de projet :
PFAS Date: |Nom:

(Somme des 23 PFAS) | 19/04/2024| YT

19/04/2024| FK

- Clusters ESO - ARS -

Vérificateurs :

Client : Auteur :

HPC INTERNATIONAL
Hotel de Recherche
Centre de Perharidy 45

29680 ROSCOFF
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Proportion (%)

4
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v m a n o M 23] =] ~ ) R n o
y 2 F 3 S N S SR S 8 & S

I PFBA W PFOA

I PFPeA L-PFOA

B PFHxA BN R-PFOA
PFHpA W PFNA

I PFDA
I PFURA
I |-PFBS

I PFHxS
I L-PFHxS
" R-PFHxS

B [-PFHpS
m PFOS
 L-PFOS

PFAS

[ R-PFOS B PFHxSA I 6:2FTAB W L-PFOSA 0 L-N-EtFOSA W N-MeFOSA
B L-PFPeS  mmm N-EtFOSAA W 6:2 FTS Il PFOSA B R-N-EtFOSA W 6:2 FTNO
N PFBSA I N-MeFOSAA 1 6:2FTOH R-PFOSA 0 N-EtFOSA B 6:2 FTCA

Site « C »:
Cluster 1: AFFE-A

Cluster 2: SB FC807

Cluster 3: AFFF-B

Cluster 4: Mix C1&2
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Legende:

S | . PFAS-Sources
§ Relative Verhaltnisse Ahnlichkeit mit P FAS - CI u Ste r

KB24/2, KB24/9 und KB24/20:

KB 24/2 KB24/9 K8 24/20 °
o e R g Overlapping
L1 I3 D] vemaowbisaox
I R In Groundwater
|: :l |: ] E :] von 40% bis 50%
I:l I: |:] von 50% bis 60%
BR[O O [ woem and percentage of
4 D Cd [ vonvowbissox
' B B e Plume part
- 24/5 ) = @ - von 90% bis 100%
KB 24/02: 53.08% Tl (e g % AN A : o
KB 24/09: 46.12% i 1 292, - = . , | Beitrige der einzelnen Cluster:
IKB 24/20: 0,8%) : 7,127 - s A 4
. KB 24/18
- KB 24/02: 7,97%
=\ < A4 KB24/09:19,93%
KB 24/09: 0,3%:_a 7 ] KB 24/20:72,1%

4/20: 99,7%\!
- #’ Do\,

I

Datum Name
1501205 | v7
geprint 15012005 | gy

N\ KB 24/02: 63.02% ) : % \ e
KB 24/09: 29.41% 2 Moy R e HPC e
¥ A ‘ A HPC INTERNATIONAL
Hotel de Recherche
Centre de Perharidy
29680 ROSCOFF
LOANKERICE,
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Al-MVA: Artificial Intelligence HK o
based Multi-Vector-Analysis

for Identification & Differen- HPC INTERNATIONAL SAS

tiation of PFAS Sources

Circular PFAS
Distributions
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Conclusion:

» About 9000 — 15 000 PFAS exist

> In Groundwater Contamination Plumes and in
Soil, Poly-PFAS-Sources are often responsible.

Contact: frank.karg@hpc-international.com

e B Bl B ] ] Bl
[PFBA - PFPeA - PFHXA + PFHpA - PFOA |

\s:zr“rou / o Ks:z F#OH/

» PFAS Source Identification & Differentiation is R
possible via MVA-AI: Multi-Vector —Analysis, e e L
based on Artificial Intelligence. : ]

» MVA-AL: is based on Statistics and on Clustering.

» Legal and Financial Responsibilities for environ-
mental PFAS - Contaminations can be identified. §*

» The application is important for Industries, | g
Authorities, Insurance Companies and for Court s
decisions and Cost Sharings ! &

XlNﬂGEN'
ALLIANCE

| Radar Plot des Lo
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Thank You / Merci !

Questions ? Remarks ?

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

Degradation of poly-fluorinated I | ” i
PFAS via volatile FTOHs to PFCAs !I,”,!..“Ih
F. KARG, 2024
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