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Introduktion - olika typer av fluor
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Per- och polyfluorerade alkylamnen (PFAS)

Definition av PFAS:

» 2011 - En eller flera perfluoralkyl (C F,, . ) delar och minst en PFOS
funktionell grupp (Buck et al. 2011) FF OFF FEE FF
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Fluorinated carbon backbone Functional group

« 2021 - Minst en fullstandigt fluorerad kolatom (utan H/CI/Br)
(OECD 2021)
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Anvandningsomraden

Industry branches........co
1.1 AETOSPACE s e e
1.2 Biotechnology ..o e e,
1.3 Building and Construction ... cevensessssssens,
1.4 Chemical industny ...,
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1.7 Electronics industny . vemienis s cncescessssneens,
1.8 Energy seclor. ... e e s
1.9 Food production industny.....ccccceeesncencessssneen,
1.10  Machinery and equipment.....cccceicnceniensnnnnen,
1.11  Manufacture of metal products ....cccievemnnninnn,
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1.13  Nuclear industrny e s s s,
1.14  Oil and gas iNdustiy . s s s,
1.15  Pharmaceutical industry .....oceeveeereccecnmreressrannnn,
1.16  Photographic industrny .....ccemiemnniescnnencessnsneens,
1.17  Production of plastic and rubber .......ccoereeneens,
1.18  Semiconductor industiy ... nsencessssssens,
1.19  Textile production .,
1.20 Watchmaking industry ... neens,
1.21 Wood pProcessing e enmsnmsmssnsensassssssenns,
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Other use categories ..o s
2.1 Aerosol propellants ...
2.2 Air conditioning ..ocsussessemerme s
2.3 ANtifoamINg AENT .o e s s s
2.4 AMMURTTION civriiiessrea s s s s s e
2.5 == N
2.6 AUTomMOTIVE s
2.7 Cleaning compPOSsitionS ..o s resrssrss s rersssne s e msen s mssansns
2.8 Coatings, paints, and varnishes ...,
2.9 Conservation of books and manuscripts......cvecveceereerneennns
2,10  Cook- and Daking Ware ... e s s sssssses
L0 1 N I -4 T - s
2,12 Electronic deViCeS.. e s sssmssmsensa s e s s e
2,13 Fingerprint development e s s
2.14  Fire-fighting fO@ms ....vievrecrciresree s s res s rs s s e r s s e nes e e e s
215  Flame retardants ... s s s e
2.16  Floor covering including carpets and floor polish .....ccccevineen
R L 1 = <.
2,18  Household applications ... s
2.19  Laboratory supplies, equipment and instrumentation ..........
220 Leather i s e s
2,21  Lubricants and greases.. s s
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Metallic and ceramic SUMaCES . e renreens s sessenssnsesnsenss snses

Music instruments and related eguipement... ...

Optical devices ... s s

Paper and packaging ....ccccreerrereressssssserssssssmsssssssenssnsanssmssannn:

Particle physics . s

Personal care products and cosmetics. .. cevecvesmvenieennnens
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PRHAIMMACEUTICAIS e sieesrenrararnnssssressnsssensssnssnsessmenssssesnssnns snses

Pipes, pumps, fittings and liNers ...,

Plastic, rubber and resins v e s

Printing (iNkS) e creecrssns ssmsssssnsssnsssssssnsnn
Refrigerant systems....ome i s,
Sealants and adhesives ...,
SOIdErNG v e s s e
S0il remediation .......ccceecevec e
SPOrt ariCle s e e ———
Stone, concrete and tile e .
Textile and upholstery....coveverisreecreias
Tracing and tagEing ....ccocvecremrerrersssrneesssrn s
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Gluge et al. 2020



Spridning, bioackumulering, effekter
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Spridning, bioackumulering, effekter

—— High certainty

- Lower certainty

Thyroid disease

Increased cholesterol levels
Developmental effects
affecting the unborn child

_____ - Breast cancer
Delayed mammary gland development, . W __..---"~
Reduced response to vaccines Liver damage
Lower birth weight ey carice
Obesity ~---------======------
Early puberty onset -=="

- Inflammatory bowel disease
(ulcerative colitis)
Increased miscarriage risk -~

(i.e. pregnancy loss) Testicular cancer

Low sperm count and mobility <

** Increased time to pregnancy

“\‘ Pregnancy induced
hypertension/pre-eclampsia
(increased blood pressure)

https://www.eea.europa.eu/themes/human/chemicals/emerging-chemical-risks-in-europe. US National Toxicology Program, (2016); C8
Health Project Reports, (2012); WHO IARC, (2017); Barry et al., (2013); Fenton et al., (2009); and White et al., (2011).
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PFAS i1 papper, och sediment utanfor pappers-
tillverkning

i »

PFAS i matforpackningar PFAS i sediment
(2019-2020) (2015-2022)




PFAS i papper

PFAS 1 papper och kartong

Matforpackningar fran affarer och verksamheter, Sverige
2019-2020 (n=44)*

» Totalfluor (TF) > LOD i n=41 (Combustion ion
chromatography, CIC)
e <0.6-950 ppm
e n=22 > 20 ppm**

« Target PFAS-69 (LC-MS/MS)

*KEMI Rapport 5/21 Kartlaggning av farliga kemiska **Fluorinated Substances in Paper and Board Food Contact

amnen i livsmedelsforpackningar av papper och kartong Materials. Danish Ministry of Environment and Food 2020.
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PFAS i paper

PFAS i papper och kartong

42 Fiber till Take away
25 Tallrik

12 Pizza I |

i —— m——— Metanolextraktion och LC-
— MS/MS resulterade i laga nivaer

8 Pulvermjolk O | PFCA

29 Pulvergrot
32 glutenfri mix I

30 Pulvergrét
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PFAS i paper

PFAS 1 papper och kartong
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42 Fiber till Take away

25 Tallrik
12 Pizza 1
33 Villing 1
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43 Tartbotten |
29 Pulvergrét |1
32 glutenfri mix 1
16 Popcorn 1
28 Pulvermjolk 1
31 Pulvergrét |
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11 Pizza |
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15 Popcorn |
17 Micropopcorn |
14 Popcorn |
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27 Sugrér
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Etylacetate och GC-MS

analysis resulterade i hogre, ...,
halter for enstaka prover: =rrsa
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1500
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PFAS i paper

Sammanfattning

 PFAS | matforpackningar av papper och kartong
« diPAP, diSAmMPAP, PFCA, 6:2 FTMAC

« totalfluor reflekterar inte “extraherbara” PFAS
» extraktionsmetoden ar betydelsefull
 Icke-extraherbart fluor (polymerer?)

* oorganiskt fluor ?

12



PFAS fran papperstillverkning

Screening av PFAS i sediment

Sediment (n=66) fran 14 platser nara pagaende massa-
/pappersfabriker (provtagning 2015-2022) SWEDISH ENVIRONMENTAL

PROTECTION AGENCY

Basisk metanolextraktion, SPE-WAX

» Target PFAS-83

. PFCA, PFSA, FTSAs, FASA (C6, C8), FOSAA, diSAMPAP, diPAPs, HFPO-
DA, ADONA, 11CIPF30UdS, 9CIPF30ONS, PFECHS, PFPIA, PFPA, FTUCA,
FTCA

» Totalfluor i extrakt (extraherbart organiskt fluor, EOF-CIC)
» Oxidation av extrakt, foljt av LC-MS/MS (PFCA C2-C18)

Kérrman et al. 2022. Screening of per- and polyfluoroalkyl substances (PFAS) in sediment and water close to paper industries. urn:nbn:se:naturvardsverket:diva-10419

Yuen et al. 2022. Insight to PFAS Precursors Contamination in Sediments via Total Oxidizable Precursor Assay. Organohalogen Compd. 83, 145-148 13



PFAS fran papperstillverkning

Resultat- ytsediment

6 av 14 lokaler forhojda*
halter av:

« diPAP
« diISAMPAP
« FOSAA

EOF >lod i 31% av
ytsedimenten

. 350-1300 ng/g d.w.

*Jamfort med studier som inte inkluderat diPAP, FOSA-derivativ
Fororenade sedimentomraden i Vanern, SGU-rapport 2021:21
Contaminants in Swedish offshore sediments 2003—-2021, SGU 2022:08
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PFAS fran papperstillverkning

Exempel pa diPAP

Massa, sackpapper,
fluting, liner,
forpackningsmaterial
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0
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PFAS fran papperstillverkning

Exempel pa FOSA-derivativ
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PFAS fran papperstillverkning

Anvandning av PFAS i papper och kartong

Historisk:

Foregangare till PFOS

. etyl-FOSA h ﬁ d

* Omvandlas till: etyl-FOSAA, FOSA OIS MNP N
 SAMPAP, diSAMPAP

Ersattare: AT
Foregangare till PFCA
« Telomerbaserade syror, acrylater F'{EFE7L‘?-"”:—‘5'“z—‘-'3&.~~ Py
" p
* Perfluorerade etrar F_(CF:)FTHI_EHE_DH ‘\D”
» Polyfluorfosfatestrar (PAPs, diPAPs, triPAPS) n

diPAP

18



PFAS fran papperstillverkning

EOF — motsvarar det target PFAS-83 eller

oxidationsprodukterna?

Concentration ng/g d.w.

EOF 1136 ng/g

900

800

700

600

500

400

300

200

100

0

Asfjorden (e003)

10:2/14:2 diPAP
m12:2 diPAP
8 10:2/12:2 diPAP
10:2 diPAP
2 8:2/10:2 diPAP
m 8:2 diPAP
7 6:2/8:2 diPAP
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PFAS fran papperstillverkning

EOF — motsvarar det target PFAS-83 eller
oxidationsprodukterna?

EOF-CIC

44%

56%

ZUOF ©Target PFAS-83

Concentration ng/g d.w.

EOF 1136 ng/g
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7 6:2/8:2 diPAP
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2 &
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Oxidativ omvandling =

EOF-CIC Total Oxidizable
Precurosr Assay (TOPA)

40%
60%

ZUOF = PFCA post-TOPA 300
700

600
500
400
300
200
100

Concentration ng/g dw

" post-TOPA
®pre-TOPA
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PFAS fran papperstillverkning

EOF — motsvarar det target PFAS-83 eller
oxidationsprodukterna?

EOF-CIC

(0)'4
/0

95%
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w
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Factory H
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EOF 546 ng/g

B diSAmPAP

B EtFOSAA

B MeFOSAA
FOSAA

lll EtFOSA
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Downstream

21%

EOF-CIC

79%

ZUOF OPFCA post-TOPA

Concentration ng/g dw

I
h

800
700
600
500
400
300
200
100

0

w post-TOPA
®pre-TOPA

Factory H
Factory H

(downstream)

EOF-CIC

31%

69%

ZUOF OPFCA post-TOPA

# v
u u d |
250 300 350 4.00 450 500 550 6.00 650 7.00 780 8.00 850 9.00
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PFAS fran papperstillverkning

Sammanfattning

 PFAS i sediment nara papperstillverkning
« diPAP, diISAMPAP, FOSA-derivat i forhojda halter
 kompletterande analyser av utsjosediment under 2023
 EOF >lod i 31% av proverna

» Oxidation (TOPA) ger ibland mer information jamfort med
PFAS-83

* |ngen fluormassbalans med EOF
 validering av fler oorganiska foreningar

 Endast en extraktionsmetod anvandes

22
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