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Aims and goal

• The aim of this presentation is to rise the awareness of 
PFASs and PFAS-precursors in soil.

Sub goals:
1.Investigate if PFOS the major compound in the contaminated sites?

2.Investigate how much of PFOS or other regulated PFAS are present in 
the contaminated sites?

3.Investigate if there are any precursor compounds of PFOS or other 
regulated PFAS in the contaminated sites?

4.How good mass balance of PFAS can we assemble in soil?
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Identified PFAS sources and NIRAS work 
with PFAS in Sweden
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According to the survey,
323 fire training sites are
in operation or dismissed in
Sweden.

28 firefighting training
sites in connection with
military and civilian airports
have been identified in the
geographical survey.

Investigations performed by
NIRAS in Sweden
encompassing various sectors
such as: fire training sites ,
industries and private sector.

Report 6709
March 2016

>2000 sources
Including:

• Industries
• Landfills
• Firefighting training sites
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PFAS IN AFFF
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PFAS IN AFFF
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The complex degradation pathways of selected
PFAS-precurosrs



Swedish guidelines for riskassesment of
PFAS contaminated land
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The Swedish EPA has, in collaboration with the Swedish 
Geotechnical Institute (SGI), developed a joint guidance 
document regarding risk assessment and remediation of 
sites contaminated by highly fluorinated substances (per-
and polyfluorinated alkyl substances, PFAS). 

This guidance document is primarily intended for 
authorities that conduct regulatory supervision on 
contaminated sites. 

The Swedish preliminary guideline values for PFOS:
• in soil:

• 3µg/kg d.w. for areas of sensitive land use
• 20µg/kg d.w. for less sensitive land use 

• in groundwater: 45 ng/L
Potable water: Swedish National Food Agency suggest guideline 

values (90 ng/L and 900 ng/L) ∑11 PFASs Sum of PFBS, PFHxS, 
PFOS, 6:2 FTSA, PFBA, PFPeA, PFHxA, PFHpA, PFOA, PFNA and PFDA
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NEOF - Non Extractable OF

UOF - Unidentifed OF

TOP-assay precursor to PFAS

IF - Inorganic fluorine

EOF - Extractable OF
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Sample information
• Ten potential PFAS hot-spot areas 

were investigated within one airport.

• Training with PFAS containing AFFF 
since 1970s.

• Aqueous film forming foams (AFFFs) 
are and have been historically used at 
the investigated site.

• In total >200 top soil samples were 
collected whereas 10 samples were 
selected for the current 
investigation. 
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Figure illustrated by Andreas Ekoutsidis©



Methods of measuring unidentified PFAS
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Houtz and Sedlak 2012. Environ. Sci. & Technol., 46. 9342. Weiner et al. 2013 Environ Chem 10, 486

Total oxidizable precursor 
(TOP) assay

Extractable organofluorine
(EOF) analysis

Mass Balance of PFAS

Measurable
PFAS

o Extraction blank

o Samples were extracted in duplicate (RSD 
% of the measured levels <10% for PFAS 
and <20% for EOF)

o Recoveries: 85 – 103%

QA/QC
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Before TOP: 51 – 23 000 ng/g d.w.
After TOP: 47 – 23 200 ng/g d.w.
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1.Investigate if PFOS the major compound in the 
contaminated sites?

2.Investigate how much of PFOS or other regulated PFAS 
are present in the contaminated sites?



11

PFAS levels –TOP assay
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o PFOS is the dominating compound in some soils reflecting usage of
different AFFF at the different areas. 

o PFSAs levels are within the range of method uncertanity. 

o PFCAs show a significant increase in 6 soil samples but not all!

PFSAs: C4, C6, C8, C10 
PFCAs: C4-C18



PFAS composition – pre/post TOP assay
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3.Investigate if there are any precursor compounds of 
PFOS or other regulated PFAS in the contaminated sites?



PFAS composition – pre/post TOP assay
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PFAS composition – pre/post TOP assay
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Formation of branched PFOA is probably due to precursors produced by ECF 
which could potentially include PreFOS compounds.

o There is a high presence of PFAS-precursors of multiple regulated PFAS.

o We observe an increase of Br-PFOA after TOP-assay in some samples. We
assume that there might be presence of PreFOS. 

o Increasing the number of target precursors might improve the 
understanding of PreFOS in the samples. 



Mass balance analysis
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4.How good mass balance of PFAS can we assemble?
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o By combining the TOP-assay we are able increase the percentage of 
measurable PFAS to extractable organofluorine (EOF).

o EOF shows a high presence of neutral/cationic PFAS which we are not 
meassuring in our current HPLC-MS/MS method.

o EOF fractination of neutral/cationic and anionic PFAS can be used as tool
to better understand which PFAS-groups we lack knowledge about.



Conclusion
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• This investigation highlighted the range and levels of known PFAS showed huge 
variation among AFFF polluted site. PFOS is not always the most dominant PFAS in 
soil.

• TOP assay “visualized” unknown precursors to a varying extent in several samples.

• After TOP assay, substantial increases were observed for C4-C6 PFCAs with the 
greatest level for PFPeA. Results were consistent with the degradation pattern of 
6:2 precursors, and that suggest the 6:2 structures, the backbone of more 
modern AFFF, present in the contaminated soils. 

• The PFAS/EOF demonstrated that the degree of explanation is highly dependent 
upon the PFAS and precursor composition. 

• The F budget showed that the TOP-assay increases the explanation level of
EOF. 
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Thank you 
for your attention
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Contact

Marko Filipovic PhD
marko.filipovic@niras.se

Highly appritiated scientific review
o >6200 downloads



The power to question 
is the basis of all 
human progress.

Indira Ghandi
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Lets progress

Question time!


