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More than 60% of Europe’s soils | N
are in an unhealthy state and . °

need urgent actions: P i {

what we need is :

ACHIEVING REMEDIATION AND GO\/ERNING
RESTORATION OF CONTAMINATED SOILS NOW



The Consortium

UNIVERSITY OF
COPENHAGEN

University of
Copenhagen
UCPH

FACULTY

OF NATURAL SCIENCES
Comenis University

Bratislava

Comenius University

Bratislava

NIRG\S

NIRAS AS

NG|

Norwegian Geotechnical

CONSULTING

Institute ARCHE consulting

NGI

< eurofins ‘

ENVIT Milis

ENVIT Eurofins
EURDK

Mational Institute for Public Health

d znd the Environment A
inis UNIVERSITA

Ministry af Health, i
inistry of Health, Welfare and Sport DEGLI STUDI
FIRENZE

National Institute for
Public Health and the University of Florence

Environment UNIFI

ONVERSIATEA M 301 w39
2\ SABES-BOLYAI TUDOMANYEGYETEN & = 2 2
RARES-SDUYAL NIV ERMTAT . "' w
BARES-S00YAL DNIVERSITY a
IO E | LGN R nf)w-_-__-{‘o
¥ o¢

Babes-Bolyai University City of Copehagen

© Mendelova
I C . N S @ univerzita C&@ ,
® vBmé <[Thumus
0 Tginierie des sols

ICONS
Mendel University Brno Microhumus

ETH:zurich

Utrecht_ ]
University 5 =
ETH Zurich

University of Utrecht Orebro University



Agenda

I. Prioritization
1. Principle

Scoring

>

2.
3. Weight
4.

“Real process’

1. PFAS-43

I11. Results, occurrence \
IV. Reflections A mix between how we "chink it should be aone,

And how we actually did it (given the constrains at the time) |

"




I. Prioritization
1. Principle



I. Prioritization, principle

Regulatory Risk and Impact

Exposure

Hazard

Natural Scientific Risk and Impact

*or volumes emitted

Socioeconomic Risk and Impact




I. Prioritization
2. Scoting



Transparent

Show foundation/«assumptions»

* Updatable

[ J [ J [ [ [ F ]_1 d o
I. Prioritization, scoring peltate discussions
regulations

Ba. Hazard

Bal Human hazard

Ba2 Environmental

hazard

Bb. Exposure

Bb1 Persistence

Bb2 Partitioning

Bb3 Monitoring

occurrence or volumes

emitted

C. Cost of analysis
Normalised before weighting




I. Prioritization
3. Weight



Transparent

Show foundation/«assumptions»

* Updatable

I . Prioritiz atio n’ We i ght Facilitate discussions

Cost of

Other

analysis regulations

33% 33%

Occurrence

6% Hum Ha:z

Partitioning 80p

6% Env Haz
Persistence 8%

6%

The relative contribution (%) of each parameter; a) other regulations, b) risk (hazard (human and

environment) and properties (persistence, pattitioning, occurrence)), and c) cost of analysis, after
normalisation of score ranges and applying weights.



Transparent

* Show foundation/«assumptions»

* Updatable

I o Prioritiz ation, we i ght Facilitate discussions

In the end:
evaluating 57
compounds



I. Prioritization

4. “Real process”



I. Prioritization, “real process”

e DPre-screening Not time to make a thorough

review of existing data,

O  Other regulations

O Increase analytical coverage Nor apply a systematic
prioritisation scheme

O Cost



II. PFAS-43



aragxrn

n for soil

PFAS to monitor WFD GWD [proposed)® WD EU Aragorn PFAS43
{in force:
/propased]

PFAS-Totl - - . - .
PFOS derivatives® = -

FFOS e - . - .
PFOA e . . . .
FFHaS B . . .
PENA e - . - .
PFBS " ' - .
FFPeS e . . - .
PFHpS ofe . . - .
PFNS = - . - .
PFDS e . . N .
FFUNDS i B . N .
PFDoDS - - . - .
FFTDS - - . - .
PFRA " ' - .
FFPef e . . _ .
PFHA ofe . . - .
FFHpA e . . N .
FFD# g . . - .
PFUNDA e - . N .
FFDoDA e . . - .
FFTrDA LY - . - .
PFTDA e - - .
PFHxDA ofe * - -
FFODA e * - R
HFFO-DA * - N
ADONA . B _
6:2FTOH -/ * - -
BZFIOH -/ . - B
CEOA e . - R
PFOSA? -f- - - .
N-EtFOSA? -/ - - .

Funded by the
Eunropean Union

N MeFGah - . . -
FOSAR - - - .
N EtFOSAe - - - -
N MeF OSAA - - - -
FHxSA ) ) .
N-ENFHXSA - B . ) "
N-MeFHXSA B ) ) "
FHXSAL - ) ) "
N-EtFHXSAA _.'I.' - - - -
N-MEFHXSAA - ) - "
FEsA - - - .
N-EtFESA ! . ) ) .
N-MeFBSA - ) ) "
FESAA - i . -
N-EtFESAA - ) ) .
N-MeFESAA - ) ) .
622 FI5 -+ - - - .
B2 FTS + ) ) "
5:3 FTca - ) - - .
7:3 FTCA - - - - -

1. The WFD-GWD is curently nnder nepotiation, and the list shown here is therefore a combination of the
WFD in force and the snbstances proposed to be included in the revised WDF.

Using proxy methods, e.g. EOF, TOPA, etc.

Precursors, salts, or functionalized analognes that can transfosm into PFOS throngh environmental oz
biological processes.

(=]

[#%]

Precurzors o PFAS-4 (PFOS, PFOA, PFNA, PFHxS) inclnding PFOS denvanves

Relevant indicators for important contaminations

Funded by the
Enropean Union



Excluded PFAS: 7

PFAS to WEFD* GWD Aragorn
. | . | DWD EU

monitor (in force /proposed)| (proposed) PFAS43
PFHXDA o/e * - - -
PFODA o/e * : - -
HFPO-DA -/ e * - - -
ADONA -/ * - - -
6:2 FTOH -/ * - - -
8:2FTOH A * - - -
C604 /e * - - -




NeW PF AS: 2 2 Relevant indicators for important contaminations

data-set

WFD* GWD Aragorn
. | . | DWD EU

monitor (in force /proposed)| (proposed) PFAS43
/- _ _ _ o
/- _ _ _ .
/- _ _ _ o
/- _ _ _ .
/- - - - . FOSE/FOSAA:
-/- - - - . identified in 20-
-/- - - - J 40% of all samples
/- - - _ o in the occurrence
/-
¥
/-

/- - - - o




New PFAS: 22

Precursors to PFAS-4

Relevant indicators for important contaminations

PFAS to WEFD* GWD Aragorn
. | . | DWD EU

monitor (in force /proposed)| (proposed) PFAS43
FBSA yE - _ _ .
N-EtFBSA = - _ _ .
N-MeFBSA -/- - - - .
FBSAA -/- - - - .
N-EtFBSAA -/- - - - o
N-MeFBSAA -/- - - - o
6:2 FTS -/- - - - .

/- _ _ _ .

/- _ _ _ .

_/_

8:2 F'TS: identified
in 30% of all

samples in the

occurrence data-set




New PFAS: 22

Relevant indicators for important contaminations

: : Aragorn
PFAS to monitor| Precursor to Typical sources PFAS43

PFOS Textile and carpet impregnation -

PFOS 'lgeré’gllgg{garpets paper and food packaging, cleaning .

Textiles/carpets, paper and food packaging, cleaning

AREE products °

PFOS Impregnation (textiles, carpets), paper coating o

o5 | S e e e °

PFOS Impregnation and surface treatment N

prris | Tl and carpet impregnation, paper/cardboard :

PFHXS Textiles/carpets, specialty chemicals .

PFHxXS Textiles/carpets, specialty chemicals .

PFHXS Impregnation and surface treatment N

PFHXS Impregnation, paper/cardboard o

PFHXS Impregnation, paper/cardboard .




New PF AS: 2 2 Relevant indicators for important contaminations

: : Aragorn
PFAS to monitor| Precursor to Typical sources PEASA3
Short-chain impregnation products (textiles, carpets), .
FBSA PFBS paper/cardboarpd . P ( pets
N-EtFBSA PFBS Impregnation agents and industrial surfactants o
N-MeFBSA PFBS Impregnation agents and industrial surfactants .
FBSAA PFBS Impregnation (textiles/paper), specialty chemicals o
N-EtFBSAA PFBS Impregnation, paper/cardboard o
N-MeFBSAA PFBS Impregnation, paper/cardboard o
E e ey Modern AFFF firefighting foams ((;6), textile and footwear
6:2 FTS iImpregnation, paper/food packaging, metal .
PFAA (e.g. PFHXA) : )
plating/electroplating
Fluorotelomer- Older/certain firefighting foams, textile and paper .
PFAA (e.g. PFOA) |impregnation
5:3FTCA Fluorotelomer- Dae ge:?daar;ccizloﬁoporro dgﬁzﬂ r6e:§t?nnedn1f:35:2anTva)elz_lllsaL;S§ rde1i‘? Let)i(:\”e' .
| PFAA (e.g. PFOA) | PP~ P ' ghting
Fluorotelomer- Degradation product of fluorotelomer alcohols used in the .
PFAA (e.g. PFOA) |same application areas




Example of PFAS sub-groups

Compound group

Perfluoroalkane carboxylic acids

Perfluoroalkane sulfonic acids
Transformation intermediates

Ultrashort acids
Sulfonamido alcohols
Fluorotelomer alcohols

Cyclics

Sulfonamido-based precursors
Perfluoroethers
Perfluoroalkyl phosphonic and phosphinic

acids
Fluorotelomer acrylates

Polyfluoroalkyl phosphate estets

Imides

Examples (non-comprehensive) of individual indicators

PEFBA (C4) to PFTDA (C14)
PFHxDA, PFODA, and longer

PFBS (C4) to PFDoDS (C12)
FTCA, FTUCA
TFA, TEMS, TFEtS, PEPrA, PFEtA, PEPrA, PFEtA, PFPtS,

FOSE, FHxSE, FBSE and their Me/ Et-derivatives
6:2 FTOH, 8:2 FTOH, 10:2 FTOH, 7:2s FTOH

PFECHS

6:2 FTAB, 6:2 FTMAP, 5:3 FTB, 5:1:2 FTB, N-TAmP-FHxSA, N-AP-
FHxSA, DPOSA, 6:2 FTSAS

ADONA, HFPO-DA, PFEESA, PF4OP, P5MeODIOXOAc, PF5OHxA,
3,6-OPFHpA, C604, PEMPA, PEMBA

PFHxPA, PFOPA, PFDPA, 6:6 PFPIA, 6:8 PFPIA, 8:8 PFPIA

8:2 FTAct, 10:2 FTAct, 6:2 FTAct, 6:2 FTMAct

6:2/6:2 diPAP, 6:2/8:2 diPAP, 8:2/8:2 diPAP, 8:2/10:2 diPAP, 10:2/10:2
diPAP, diSAmPAP

Bistriflimide (NT£2), bis-perfluoro methanesulfonimide (Bis-FMeSI),

bisperfluoroethane sulfonimide (Bis-FEtSI), bisperfluorobutane sulfonimide

(Bis-FP+SI)

Indicative of:

Many uses and precutsors
Indicative for (semi-)fluorinated alkane pollution

Many uses and precursors

Industrial use, transformation product (e.g. from chemical- or
electroremediation, pesticides), diffuse pollution

AFFF, coatings, surfactant and industrial applications (FOSE and FHxSE
with respective detivatives are PEOS and PFHxS detivatives)

Production of fluoropolymer and surfactants, industrial and consumer
applications

Hydraulic fluids, personal care products

AFFF ingredients
Fluoropolymer manufacturing, industrial use
Coatings, industrial applications biomedical use

Industrial and consumer applications e.g. coatings, co-polymers

Industrial and consumer applications, primarily for coatings

lonic liquids, battety electrolytes, catalysts



I11. Results, occurrence



Legend:

Present in both PFAS-21 and PFAS-43

Only present in PFAS-43 (not PFAS-21)

Present in dataset, not part of either PFAS-43 (nor PFAS-21)

Only present in validation dataset, not part of either PFAS-43 (nor PFAS-21)

III. Results, occurrence

Occurrence rate (% measured) PFAS compounds, from the original dataset of Occurrence rate (% measured) of PFAS compounds measured in the validation dataset
about 23 000 samples analyzed for PFAS-35. (Eurofins NL, n = 1000 - 5000)
Compound % Measured Compound I % Measured .
Pros o8 = 7 Most frequently occurring
PFOA 64 PFOA 66
PFHXS 59 PFBA 41% d d b b
e > pren i compounds are covered by both
PFHXA 52 PFHXA 25%
PFNA 49 PFHpA 22% PFAS_Zl aﬂd PFAS_43
PFHpA 46 PFDA 20%
PFUNDA 31 PFNA 16%
6:2 FTS 31 PFHxS 12%
PFBA 30 6:2 FTS 12%
PFHpS 30 FBSA 10% _ d - d
e 2 s - PFAS-43 does not exclude any
PFDA 27 PFUNDA 8.1% o
5218 s s V1% frequently occurring compounds
PFDS 20 FOSA 6.1% . . o o .
PFTTDA 1o N-E1FOSA 61% (validation dataset confirmed initial
PFBS 16 N-EtFOSAA 57% L.
PFDODA 15 N-MeFOSAA 48% CXpCft OplﬁlOﬂS)
PFPeS 15 PFHpS 4.4%
PENS 13 PFTeDA 4.1%
PFTeDA 12 N-MeFBSAA 4.0%
FOSAA 8.1 PFTrDA 3.5%
N-MeFOSAA 7.3 8:2 FTS 3.4%
N-EtFOSAA 5.6 PFPeS 3.3%

PFHXDA 4.2 10:2 FTS 2.7%

PFDoDS 3.8 PFDS 2.4% . .
N-MeFOsA 38 PFHXDA 22% PFAS-21 underestimates PFAS in
N-EtFOSE 2.7 HPFHpA 2.2% .

TS 28 HFPO-DA (Ger 20 approx. 35% of the samples in the
N-MeFOSE 19 8:2 FTUCA 1.8%

PFTrDS 1.6 8:2 diPAP 1.5%

N-EtFOSA 0.55 PFODA 1.3% da’ta’ Sets’

HPFHpA 0.51 N-MeFOSA 1.2%

4:2 FTS 0.20 N-MeFBSA 0.78%

PF-3,7-DMOA 0.029 9CI-PF30NS 0.52%
DONA 0.39%
4:2 FTS 0.27%




IV. Reflections



Let us say:

TFA
80% -

O
E |

POy ) 20%

F

Air

e Very water soluble (mobile) PFAS

e [ack robustness of sampling/results
O e.g after rain events

O detection levels



6:2 FTAB

NP
F 0
| [
5—OH
F F
F F O



Complexity of soil

i)
VA
g
N
s

e Sce a “higher”

amount of

different PFAS

e (hidden) pool
of PFAS

compounds



Analytical strategies

Ditferent compounds

will have
AN different pathways
for

different receptors

PFAS is not a “coherent”
group of compounds

N o /




Analytical strategies

e Monitoring e Site characterization e Source tracking

o  “total” + indicator compounds o  Conceptual understanding o  Pathways

O “Tow cost” O Minimize data gaps O Unique markers
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Thank you!

Eirik Aas Follow us on our social media platforms:

Eirik. Aas@etn.eurofins.com ‘ hopse £ vwirtercom 2 A rpomliL

‘ https://wwwlinkedin.com/company/aragorn-cu/about/?viewAsMember=true

Visit our website
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