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• This presentation reflects the 

views of the presenter.

• The presenter is not a 

representative of the Danish 

EPA 



A bit of history for PFCs in Scandinavia

• 1949 – 3M begins production in the US

• 1966-2000:  Use of PFAS is widespread

• 2000: 3M announces phase out of PFAS

• 2002: PFAS (especially PFOS use drops significantly). 

• 2006: EU regulation on use of PFAS. 

• 2008: first finds of PFAS in Sweden at Arlanda airport.

• 2010: First finds in Denmark, at an airport

• 2011: Swedavia investigates all large Swedish airports

• 2013: The Danish EPA initiates the first project on mapping PFAS 

contamination

• 2014-2015: The Danish Defence investigates all their relevant sites

• May 2015: Danish criteria for groundwater and soil are set
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Danish EPA study on the occurrence of 

PFAS in groundwater



Motivation for mapping PFC contamination

• The drinking water supply 

in DK is entirely based on 

groundwater

Drinking water should be 

based on pure 

groundwater which only 

needs simple treatment with 

aeration, pH adjustment and filtration 

before it is distributed to the 

consumers. Groundwater quality in 

deeper aquifers in Denmark is 

generally good, thus obviating the 

need for complex and expensive water 

purification. Except for Copenhagen, 

with long transmission networks, the 

drinking water is not 

chlorinated and the quality 

of tap water is even better 

than bottle water.
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PFC in Danish media

Friday, July 03, 

2015

6



Project aim

• to identify potential point sources of groundwater 

pollution with PFC and perform investigations at relevant sites 

• A first step in mapping PFC contamination in Danish 

groundwater. 

• The project is an initiative under the Danish EPAs risk 

management strategy for PFOS and PFOA. 

• PFOS, PFOA and 7 other PFCs were investigated (6 long 

chained and 1 short chained)
Navn Group Carbon chain

length
Abbreviation CAS nr. Classification

Perfluoro-n-heptanoic acid PFCA C7 PFHpA 375-85-9 no classification available

Perfluorooctanoic acid PFCA C8 PFOA 335-67-1 R22 R34 R52/53, S26 S36/37/39 S45

Perfluoro-n-nonanoic acid PFCA C9 PFNA 375-95-1 no classification available

Perfluorobutanesulfonic acid PFSA C4 PFBS 375-73-5 no classification available

Perfluorohexanesulfonic acid PFSA C6 PFHxS 355-46-4 no classification available

Perfluorooctane sulfonic acid PFSA C8 PFOS 1763-23-1 Carc. Cat. 3; R40, Repr. Cat. 2; R61, T; R48/25, Xn; R20/22, 

R64, N; R51-53

Heneicosafluoro-1-decanesulfonic acid PFSAs C10 PFDS 335-77-3 no classification available

Perfluorooctanesulfonamide FASAs C8 PFOSA 754-91-6 no classification available

Perfluorohexanoic acid PFCAs C6 PFHxA 307-24-4 no classification available



PFC applications in Denmark

Consumption in Denmark 9-16 tons per year until 2005

• 1 % used in firefighting foam for fuel fires 

• 50 % used in impregnation of textiles leather and paper

• Moreover used in paints, cleaning agents

• Still used in hard chromium plating

There can be other sources than firefighting foams/fire drill sites



Phase 1

The project’s first phase comprised a review of industries where 

PFCs have been used and could potentially result in the pollution of 

soil and groundwater. 

– Literature review

– Interviews with industry representatives

Phase 2

Site investigations (groundwater sampling) were performed/data 

was collected from 17 sites for PFOS, PFOA and seven other 

PFCs.

Project approach
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Results of phase 1

The following industries/site uses were highlighted as potential sources of 

PFC contamination in groundwater as PFC’s have been used in there 

industries: 

• Fire drill sites for fuel-fires, PFC used up to 2011

• Chromium plating,

• Carpet manufacturing,

• Paint manufacturing, 

• Landfill sites for construction waste and older municipal waste 

landfills. 

Criteria

• Amount of PFCs used

• Processes that are likely to cause a leak to soil and groundwater
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Phase 2: Overview of investigated sites
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We performed investigations at existing wells at

• 8 fire drill sites*

• 2 chromium plating sites

• 4 landfill sites

• 1 carpet industry

• 1 paint industry 

*At 2 sites we drilled new investigation wells

Site selection based on

• accessibility

• availability of suitable monitoring wells 

• Previous knowledge of contamination with other contaminants

Quality of site investigations

Poor: <2 wells not necessarily at or down gradient PFC application area

Fair:  <2 wells situated at or directly down gradient PFC application area

Good: >2 wells situated at or directly down gradient PFC application area or a deeper 

pumping well
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Fire drill sites Landfills

Hard chromium
plating

Carpet

Paint

Sum of PFOS +PFOA

C
o

n
ce

n
tr

at
io

n
in

 n
g

/l

Results of site investigations

P      F     G     F     G     G              P     G    G   F/P    P     P     G   G/M    GQuality

Danish guideline value for groundwater



Friday, July 03, 

2015

14

There could be others
The Danish defense find a 
higher content of PFHeA

Composition of PFAS found at fire drill 

sites



Conclusion and perspectives: Fire drill sites

PFC found in 5/8 fire drill sites

• 2 sites with levels over 1,000 ng/l

• 2 sites with levels over 100 ng/l

• Detailed investigations  PFC found

• Less detailed investigated sites  little or no PFC 

• 27 other candidate sites 
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Conclusions and perspectives-Other 

industries 

• Landfills and paint industry: No sign of significant PFC contamination 

but only few sites have been investigated

• Chromium plating- Possible source of PFC pollution

• Carpet industry- Likely source of PFC pollution but limited number of 

sites
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The press had fun…



Danish PFCs Guidelines for 

groundwater set after this project

– 0,1 µg/l for the sum of 12 PFCs in groundwater 
and drinking water  and 400 µg/kg for the sum 
og 12 PFCs in soil

– Suggested MCL of 0,1 µg/l for PFOS +PFOA in 
Germany

– 0,3 µg/l for PFOS og 10 µg/l for PFOA in 
drinking water in Great Britain

– EPA provisional health advisory (200 ng/l for 
PFOS and 400 ng/l for PFOA), NJ 40 ng/l for 
PFOA



The twelve regulated PFAS

– 100 ng/l for the sum of 12 PFCs in groundwater and 
drinking water  and 400 µg/kg for the sum og 12 PFCs in 
soil

PFBS
PFHxS
PFOS 
PFOSA 
6:2 FTS 
PFBA
PFPeA, 
PFHxA
PFHpA
PFOA
PFNA  
PFDA



A Case study

This content has been removed by the 

presenter



Remediation options
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What I am keeping an eye on

• Activated Persulfate oxidation (High 

temperature, ozone, UV, iron)

– Positive results for PFOS 

decomposition at 80 C (Pardo et al., 

2015)

– Mixed results (Dr. Lee, Purdue 

University, Dr. McIndoe, University of 

Victoria 

– Most promising for PFOA and short 

chained (Dr. Lee, Purdue)

– Need for careful experimental design 

to avoid false positives

– Need for proof of actual 

decomposition

– Perozox® to be applied at Schiphol

• Bioremediation with fungi (Dr. 

Mahendra, UCLA)

– Experimental, very promising 

results for precursors

• Electrodialysis (With g-Irradiation  

University of Arizona)

• Ion Exhange Resins

• Reverse Osmosis (Used at POU 

treatment)

• Immobilisation (eg. Matcare™ , or 

RemBind™)

• PRB with GAC and ECOHR 

(SERDP project)
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