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• 20 PFAS producers

• 232 industrial users

• >17,000 contaminated sites

• Further >21,000 suspected 

sites
(Red reports detection of PFAS in 

soil/water)

Cost: 114 million NOK

Le Monde (23/02/23)



The concentrations of all compound groups measured at the Zeppelin observatory in 2022.
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Where are we measuring right now (northern Europe)?

Neutrals (e.g. FTOHs) Ionics (e.g. PFOA, PFOS etc)



What do we know so far (in the Arctic)?
• Atmospheric deposition enables:

• Ubiquitous detection of PFAS in Arctic ocean surface water, including 

emerging PFAS like GenX (HFPO-DA)

• Export of some PFAS from the Arctic (!?)

Joerss et al. 2020



What should we measure?

Current active air sampling measures:

Ionic PFAS: i.e. C4 – C11 PFCAs

Neutral PFAS: i.e. FTOHs, FASAs, FASEs

PFAS are persistent, some also bioaccumulative and 

toxic

Some PFAS also relevant to climate forcing (high GWP)

(Ozone depleting?)



What do we know so far (in the Arctic)?

Neutral PFAS

(e.g. FTOHs)

Ionic PFAS

(e.g. PFOA)

Alert

(Canada - ECCC)

2006 – ongoing

(GFF + PUF/XAD-2)

2006 – ongoing

(GFF + PUF/XAD-2)

Villum

(Greenland - Aarhus)

2014 – ongoing

(GFF + PUF/XAD-2)

2021 – ongoing

(GFF only)

Zeppelin

(Svalbard - NILU)

2017 – ongoing

(PUF/XAD-2)

2006 – ongoing

(GFF only)

Andøya

(dicscon. - NILU)

2017 – 2021

(PUF/XAD-2)

2010 – 2021

(GFF only)



What should we measure?

Current active air sampling measures:

Ionic PFAS: i.e. C4 – C11 PFCAs

Neutral PFAS: FTOHs, FASAs, FASEs

Measured at Zeppelin

XAD-2/PUF Sandwich
GFF

Online GC-MS (Medusa)
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Ultrashort-

chain

FTUCAs

C4 PFAS

PFECHS, GenX, 

ADONA +

Other data references:

Björnsdotter, Maria K., et al. "Levels and seasonal
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discovery of trifluoromethane sulfonic acid in

surface snow in the Arctic." Environmental Science
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What should we measure?

Current active air sampling measures:

• Ionic PFAS: i.e. C4 – C11 PFCAs

• Neutral PFAS: FTOHs, FASAs, FASEs

Future?

• Ultrashort chain PFAAs (e.g. TFA, TFMS)

• Emerging PFAS (e.g. GenX, PFECHS)

• FTUCAs (FTOH degradation product)

• C4 replacement compounds (e.g. FBSA, MeFBSA, 

MeFBSE, MeFBSAA)

• Other compounds?



Volatile Fluorinated & Chlorinated Substances

Halvorsen, H. L., Pfaffhuber, K. A., Nipen, M., Bohlin-Nizzetto, P., Berglen, T. F., Nikiforov, V., & Hartz, W. F. (2023). Monitoring of environmental contaminants in air and 

precipitation. Annual report 2022. NILU rapport.



Volatile Fluorinated & Chlorinated Substances

Halvorsen, H. L., Pfaffhuber, K. A., Nipen, M., Bohlin-Nizzetto, P., Berglen, T. F., Nikiforov, V., & Hartz, W. F. (2023). Monitoring of environmental contaminants in air and 

precipitation. Annual report 2022. NILU rapport.



Volatile Fluorinated & Chlorinated Substances

PFTBA

HCBD

TCPFB

HCcBen

PFPHP 
Halvorsen, H. L., Pfaffhuber, K. A., Nipen, M., Bohlin-Nizzetto, P., Berglen, T. F., Nikiforov, V., & Hartz, W. F. (2023). Monitoring of environmental contaminants in air and 

precipitation. Annual report 2022. NILU rapport.



Other measurement approaches?

Indoor and outdoor (urban) 

air measurements in Japan

Approx. 1% could be 

identified

Role for CIC?

Li et al. 2022



Points for discussion

• Different measurement strategies at different locations vs Harmonisation of measurements

• Current sampling often distinguishes particles vs gas phase

• Is this important knowledge, or even accurate? Requirement for harmonisation across sites?

• What is relevant to measure? How important are PFAS that don’t fulfil all PBT or long-range 

transport requirements (but are climate forcing / ozone depleting)?

• New role for ABN/online sampling for neutral/ionic PFAS?

• Deposition vs direct air measurement?

• Any QA/QC issues to discuss? Requirement for analytical/sampling method inter-institution 

comparison?

• For those not measuring PFAS currently – should we expand geographical coverage e.g. with PAS?

• Role of PAS in a field dominated by active sampling - Deploy XAD-2 PAS with EMEP/MONET? EMEP 

intensive measurement campaign?

• Role of archived filters/XAD-2 sandwich for retrospective investigations?

• Role for Fluorine Mass Balance approach (with CIC) or Total Oxidisable Precursor Assay (TOPA)?

• Anything I have missed?
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Neutral PFAS Ionic PFAS

Station Latitude Time period Sampling method Time period Sampling method

Alert
(Canada - ECCC)

82.5 °N 2006 – ongoing GFF + PUF/XAD-2 2006 – ongoing GFF + PUF/XAD-2

Villum, Station Nord
(Greenland - Aarhus)

81.6 °N 2014 – ongoing GFF + PUF/XAD-2 2021 – ongoing GFF

Zeppelin
(Svalbard - NILU)

78.9 °N 2017 – ongoing PUF/XAD-2 2006 – ongoing GFF

Andøya
(Norway - NILU)

69.3 °N 2017 – 2021 PUF/XAD-2 2010 – 2021 GFF

Pallas
(Finland - IVL)

68.0 °N - - 2017 - ongoing GFF

Sofienbergparken
(Oslo - NILU)

59.9 °N 2022 – ongoing PUF/XAD-2 2022 - ongoing GFF

Birkenes
(Norway – NILU)

58.4 °N 2017 – ongoing PUF/XAD-2 2006 – ongoing GFF

Råö
(Sweden – IVL)

57.3 °N - - 2009 - ongoing GFF

Kosetice
(Czechia – Masaryk)

49.6 °N ongoing QFF + PUF/XAD-2 ongoing QFF + PUF/XAD-2

Summary of monitoring stations



Discussion for conclusions, recommendations and outlook - PFAS

• Different measurement strategies at different locations vs Harmonisation of measurements

• Unable to use GFF and PUF/XAD-2 to distinguish particles-bound and gas phase 

neutral/ionic PFAS

• Need for harmonisation, by measuring both GFF and XAD-2/PUF matrices for both 

individually for ionic and neutral PFAS

• Also inconsistent sampling time periods, use of pooling, QFF vs GFF

• High background from PUF for ionic PFAS with LC – use of mesh instead to hold XAD-2

• How do we achieve this together?

• What new PFAS should we measure (next slide)?

• New role for ABN/online sampling for neutral/ionic PFAS

• First results coming soon

• Requirement for PAS to expand geographical coverage in Europe (+ N. America and Africa?)

• Are PAS methods ready for this? EMEP intensive measurement campaign?

• Deposition vs direct air measurement?

• Role for Fluorine Mass Balance approach (with CIC) or Total Oxidisable Precursor Assay (TOPA)?

• Potentially has a future role

• Policy makers – need to reduce and remove atmospheric emissions of FTOHs?



What should we measure?

Current active air sampling measures:

• Ionic PFAS: i.e. C4 – C11 PFCAs

• Neutral PFAS: FTOHs, FASAs, FASEs

Future?

• Ultrashort chain PFAAs (e.g. TFA, TFMS)

• Emerging PFAS (e.g. GenX, PFECHS, F-53B, PFECAs)

• FTUCAs (FTOH degradation product)

• C4 replacement compounds (e.g. FBSA, MeFBSA, MeFBSE, 

MeFBSAA)

• PFTBA, PFPeTA, PFPHA, TCPFB, (HCBD)

• Other compounds?

PFPHA

PFTBA

TCPFB



Conclusion of Discission (written after the workshop)

• Arctic/established stations should aim to measure both neutral and ionic PFAS on filters and 

PUF/XAD-2 individually

• Results should be summed and reported as a combined gas + particle phase 

concentration

• To increase special coverage, stations already measuring PAHs, can also measure PFAS just on 

a GFF filter

• This is to get an indication of regional/local atmospheric levels, owing to lack of 

established method for passive air sampling for PFAS

• A Europe wide passive air sampling campaign to measure neutral PFAS (with XAD-2) is 

recommended (e.g. EMEP intensive measurement campaign and/or MONET network)

• All stations should continue to measure existing (neutral and/or ionic) analytes and try to 

measure as many additional analytes as possible

• As a minimum, this should include GenX (HFPO-DA)
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