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Degradation of poly-fluorinated
PFAS via volatile FTOHs to PFCAs
F. KARG, 2024
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Environmental Chemistry:

» PFAS and aromatic Amines have strange behaviors in the
environment.

» Concerning some environmental effects,

» they are similar in chemical reactions. H2NNH2
» A comparison is done between some key

> PFAS products e.g. 6:2-FTAB and Benzidine.

» Both pollutants are for ex. present in contaminated

groundwater under influence of (hazardous waste)
Landfill leachates.
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PFAS (Fluorinated Tensioactifs) contain hydrophile groups
(strong solubility):

» Non-ionic (for ex. Polyethylene glycols, Acrylamide Oligomers).

OH
» Anionic (for ex., Sulfonates, Sulfates, Carboxylates, Phosphates). | 05’
. /0
» Cationics (for ex., Quarternary Ammonium). _T AS]7 o
HsC o
» Amphoters (for ex., Betaines & Sulfo-betaines): base + acid. HSSJNGJ\)L O
HaC” o°

- Commercial products mainly contain mixtures.

—>The long chain fluoro-telomeres (> C;) used as substitutes for PFOS
(prohibited) and PFOA are transformed into PFOA in the subsoil.

=> Short-chain PFAS’ (< C;) can’t be transformed into PFOA or PFOS.
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Aromatic Amine Pollutants of Benzidine Type HPC INTERNATIONAL SAS
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,
Categorles 6. Perfluoroalkane-sulfonamide & quaternary 23. Other Perfluoroalkyl-carboxylic esters,
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 and
10. Perfluoroalkane-sulfonyl halogenureas, sulfonamides,
11. Different polyfluoroalkyl-sulfur compounds, 29. Fluorotelomer Acrylates,
12. Perfluoroalkyl-carboxyl-acids (PFCA), 30. Fluorotelomer Methylacrylates
13. Perfluoroalkyl-carboxyl-acids, 31. Other Fluorotelomer Acrylates
14. Perfluoroalkyl-alcohols/cetones, 32. Fluorotelomer phosphates,
15. Halogenurea perfluoroalkyl-carboxylic acids, 33. Other fluorotelomers.
16. Perfluoroalkyl-halogenureas,
17. Perfluoroalkyl-ethers, In total > 9 000 — 12 000 PFAS
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ALLIAHCE



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

Environmental Behavior of some Key-PFAS and

Aromatic Amine Pollutants of Benzidine Type

HPC:e

HPC INTERNATIONAL SAS

>
>
>
>

>
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Degradation of poly-fluorinated

PFAS via volatile FTOHs to PFCAs
F. KARG, 2024
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6 :2 FTAB:

Degradation
via6:2FTSand 6 :2
FTOH to per-
fluorinated PFBA,
PFPeA & PFHXA

(LaFond et al. 2023, D.M.J.

Shaw et al. 2019 ,Ying Shi,

2018 and V. Mendeza et. al.
2022)
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PFAS: Environmental Chemistry

Photochemical
defluorination
of PFBA to TFA

Bentel et al. 2019 & Masruck, A. et al. 2020)

Ultrashort PFAS:

» TFA: Trifluoro acetic acid: CAS:
»TFMS: Trifluoro methane sulfonic acid: CAS: 1493-13-6
» PFES: Penta(per)fluoro ethane sulfonic acid: 354-88-1
» PFPrA: Perfluoro propanonic acid: CAS: 422-64-0
» PFPrS: Perfluoro propane sulfonic acid: CAS: 423-41-6

76-05-1

TFA

G
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Toxicology: PFAS
Eg. PFOA et PFOS:

» Endocrine disruptors (on the production of steroid hormones,

such as reduced testosterone levels, etc.): PFOS + FTOH (Fluoro-
telomeric alcohols),

- G
PFOA . O Sl —

» Carcinogenicity: Breast & Testicular Cancer Develop- W

ments (PFOA + PFOS: Apoptosis Suppression),

» Teratogenicity (eg.: levels of androgens or
abnormal thyroid hormones, etc.),

» Immunotoxicity (via thyroid effects and on the
immune system),

Molecular mechanisms of PFOA-induced
» Neurotoxicity (hyperactivity disorders, etc.). Toxicity

NnesevAs well as other neurological disorders can result. 1
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Aromatic Amines (Anilines, Toluidines, Benzidines, etc.)

» Cationics (for ex., Quarternary Ammonium).

DL OO

Benzidine
CHs;
Aniline o-Toluidine m-Toluidine p-Toluidine 2,2'- D|am|no b|phenyle
H,C o-Dianisidine NH2 o-Tolidine CH3

2,2’-Dimethoxy- 3,3’-Dimethyle-

2,2’-Dimethyle-
H2N benzidine HBC benzidine

benzidine
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- S0Na F. Karg, 2024 . 2o
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Dye Waste Landfill: Benzidine: Intermediary Production Compounds & Degradation Metabolites
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Mineralisierung

= Vermutete Zwischenprodukte der Fachliteratur &
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Environmental Behavior of some Key-PFAS and Hm @
Aromatic Amine Pollutants of Benzidine Type HPC INTERNATIONAL SAS

Toxicology: Aromatic Amines: Amino-Benzenes, -Biphenyls,-Toluines, Benzidines, etc.

» Aromatic amines : For Production of Textiles & Leather Azo-Dyes, Paper Pigments,
Inks, Rubbers, Plastics, Cutting oils, Pesticides, Cosmetics, etc.
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Leaching Increasing or Reduction of of some PFAS-Fluortelomeres by pH-changing

Example: Seawater Intrusion into the Aquifer (HH): Analyses according DIN 38407-42

pH 6,7 -2 zu - pH 7,3
6:2-FTAB = Capstone B (AFFF) 6:2-FTAB = Capstone B (AFFF)
6:2 Flourotelomer-sulfonamid-propyl-betain 6:2 Flourotelomer-sulfonamid-propyl-betain
Factor 11,5 x higher Concentrations
PFPeA - CHq More polarer PEPeA - CHa less polar
& PFHXA ' & PEHXA HaC — N —\_\Cunc in GW: 1 500 pg/!

HaC — N — Conc. in GW: 130 pg/I
(8]
‘ Dﬁ) \_\ ﬁ 1 Dﬁ) _ ~/_

N — =0 N— =0
o H OH : N
OH 2 o- N\

o= | =0 \/— N\ 0= | =0 \“L N\
AV-aw < > NN
T
6:2-FTS = H4-PFOS 6:2-FTS = H4-PFOS

(6:2-FTSA) 6:2 Fluorotelomer sulfonic acid 6:2 Fluorotelomer sulfonic acid
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Polarization of PFAS-Sulfonamide-betaines and aromatic Amines at alkaline pH

<|3H3 Desorption on Soil |CH3 Sorption on Soil

HsC — N _\T'\FTAB Minerals & GAC HC — N'— 6:2-FTAB | \inerals & GAC
o) o)
o) T O \_\ I

ﬁ) u —as =0 \L ﬁ/l u —_S =0 \L
OH ol
NHy pH<<7 +NH, pH>>7
T 4 N
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Polarization of PFAS-Sulfonamide-betaines and aromatic Amines at alkaline pH
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Aromatic Amine Pollutants of Benzidine Type HPC INTERNATIONAL SAS

Conclusion:

Contact: frank.karg@hpc-international.com

» About 2 000 PFAS of > 12 000 are Sulfonamid-betaines under strong pH Influence.

» All Aromatic Amines are under strong pH Influence.

» Chemical Analysis must be done under slight alkaline conditions, other-
wise Extractions, Detection and Site Investigations are nearly impossible.

> If slight acid pH change to (slight) alkaline pH conditions, Polarization will
be neutralized, and Desorption will be happened. Sulfonamid-betaines
PFAS and aromatic Amines will do Desorption from Soil & GAC to Water.
Aromatic Amines could even be volatilized to Soil gas and Ambient Air.

° ° ° | Polarization of PFAS-Sulfonamide-betaines and aromatic Amines at alkaline pH |

» The pH-Dependent Environmental Chemistry Behavior of those | - R g [T
L] L] . ° ° ﬁ) ° °

PFAS and Aromatic Amines must be considered in Pollution lf
Investigations, Risk Assessment and Remediation. ¢ o

INOGEN’

ALLIAHCE

6 2-FTAB
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Management of PFAS: Per- & Polyfluoro-Alkyl Substances:

Environmental Contaminations & Health Risk

Thank You !

Questions? Remarks? Requests?

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
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