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R
3= Background
The ,,Rastatt-Case”

« 2000-2008:

= main period of agricultural soil
contamination

= most likely source:
Jfertilization® of sites with composts
containing PFAS-contaminated paper
sludges

picture source: Aktenvermerk der Stadt Bihl (Liegenschaftsamt), 2007
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2= Background

The ,,Rastatt-Case”
« 2000-2008:

= main period of agricultural soil
contamination

= most likely source:
Jfertilization® of sites with composts
containing PFAS-contaminated paper
sludges

= soil contamination mainly by various
precursors

S

graphic removed for

public version due to
copyright reasons

example:
8:2 diPAP (8:2 Fluorotelomer phosphate diester)
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2= Background

The ,,Rastatt-Case”
« 2000-2008:

= main period of agricultural soil
contamination

= most likely source:
sfertilization® of sites with composts

containing PFAS-contaminated paper graphic removed for
sludges public version due to

= soil contamination mainly by various copyright reasons
precursors

= additionally many perfluorinated
PFCA and PFSA occur

example:
PFBA (Perfluorobutanoic acid)
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2= Background

The ,,Rastatt-Case”
« 2000-2008:

= main period of agricultural soil
contamination

= most likely source:
Jfertilization® of sites with composts graphic removed for
containing PFAS-contaminated paper public version due to
sludges

copyright reasons

= soil contamination mainly by various
precursors

= additionally many perfluorinated
PFCA and PFSA occur

= contaminated and uncontaminated
sites lie in close vicinity

= appr. 1600 ha contaminated in the
region (2025)
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PFAS-Trials by LTZ

« pot experiments in a cold-greenhouse using

Kick-Brauckmann-pots

 field trials at two PFAS contaminated sites
(Hugelsheim, I'S; Steinbach, uL)

e Goals

= determination of PFAS uptake by main crops
cultivated in the region

= selection of alternative crops:

v' little or no PFAS uptake in harvesting
products

v’ increase of biodiversity in crop rotation
v’ adaption to climate change

mmm) cultivation recommendations for farmers
with PFAS contaminated sites

management tool installed 2015

Pre-Harvest Monitoring

risk-based selection of PFAS contaminated
sites by agricultural public services

graphic
removed for
public version

due to
copyright
reasons

= based on combining
knowledge about PFAS
levels in field soils and
PFAS uptake behaviour
of different plants
species

Getreide (Korn)

PFAS-Aufnah-

Empfeh-

Kulturen meverhalten lungen L
2
. Anbau x 2
Dinkel I (mit Ausnahmes)| % X
VEM Selbstzahler | Selbstzahler | Selbstzahler
Durum/ . Anbau 2 2 x>
Hartweizen VEM amtlich Selbstzahler | Selbstzahler
Gerste I Anbau '/ l/ '/
VEM nein amtlich amtlich

graphics: Geoportal Rastatt (top), RP Karlsruhe & LTZ, 2024 (bottom)
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3% PFAS-Trials by LTZ Pre-Harvest Monitoring

PR

« pot experimentsin a cold-greenhouse using  management tool installed 2015
Kick-Brauckmann-pots * risk-based selection of PFAS contaminated
» field trials at two PFAS contaminated sites sites by agricultural public services
(Hugelsheim, U'S; Steinbach, uL)  sampling of harvesting products 14 days
 Goals prior to harvest
= determination of PFAS uptake by main crops = food
cultivated in the region | « edible plant parts such as kernels,
= selection of alternative crops: fruits etc.
v' little or no PFAS uptake in harvesting
products = fodder
v increase of biodiversity in crop rotation e all plant parts used for fodder

v’ adaption to climate change

S
~
~
~
~
~
~
S

~

mmm) cultivation recommendations for farmers e \
with PFAS contaminated sites

ItZ D graphics: LTZ
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SR .
3=  PFAS-Trials by LTZ
« pot experiments in a cold-greenhouse using
Kick-Brauckmann-pots

* field trials at two PFAS contaminated sites
(Hugelsheim, I'S; Steinbach, uL)

« Goals

= determination of PFAS uptake by main crops
cultivated in the region

= selection of alternative crops:

v’ little or no PFAS uptake in harvesting
products

v’ increase of biodiversity in crop rotation
v’ adaption to climate change

mmm) cultivation recommendations for farmers
with PFAS contaminated sites
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Pre-Harvest Monitoring

management tool installed 2015

risk-based selection of PFAS contaminated
sites by agricultural public services

sampling of harvesting products 14 days
prior to harvest

= food

» edible plant parts such as kernels,
fruits etc.

= fodder

» all plant parts used for fodder

sample preparation and routine PFAS
analyses at LTZ for 23 PFAS:

 PFCA:C4to Cl14
* PFSA:C4to C10
* precursors: 4:6 FTS. 6:2 FTS, 8:2 FTS
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2= PFAS-Trials by LTZ Pre-Harvest Monitoring

PR

« pot experiments in a cold-greenhouse using  management tool installed 2015

Kick-Brauckmann-pots « risk-based selection of PFAS contaminated

+ field trials at two PFAS contaminated sites published in:
(Hugelsheim, I'S; Steinbach, uL) Zeitschrift fir Bodenschutz

« Goals

= determination of PFAS uptake by main crops
cultivated in the region

= selection of alternative crops:

v’ little or no PFAS uptake in harvesting
products

v’ increase of biodiversity in crop rotation
v’ adaption to climate change

mmm) cultivation recommendations for farmers
with PFAS contaminated sites

= https://doi.org/10.37307/}.1868-
7741.2025.03.06
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3= PFAS uptake by plants E—

PFAS content across several years, example summer barley

kernels straw
35 300
30 L] 250 = =
= 25 —
o - E: 200
= 0P
= 3150
< 2 =
a 10 & 100
s I - 50 _ B —
2016 2017 2018 2019 2016 2017 2018 2019 2016 2017 2018 2019 2016 2017 2018 2019
Higelsheim Steinbach Higelsheim Steinbach
M PFPrA BPFBA M PFPeA M PFHXA M PFPrA EPFBA M PFPeA M PFHxA
W PFHpA B PFOA ®PFDA ®PFOS H PFHpA B PFOA ®PFDA ®PFOS

source: LTZ data
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g PFAS uptal<e by plants FIuortransfer/PHM

R
« cropt ifi ke of 90
p type specific uptake o
PFAS 80
_ _ x 710
* example from 3 sites with T 60
. . 4
several crop types in different % ¢
years g 10
wv
g 30 W site 1
o 20 M site 2
10 site 3
0 - - - - - l l [ [
& \g}e 55 & O§° Aef"\ \o@‘\ &5 & (J@\ R
N ¥ &L PSS S L
AP NN NI R AN\
® R O & & AN e A
N F ¥ @ & N &NV E ¥
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* dry substance for maize and cereals, fresh substance for vegetables © 42\\"\ O(ﬁ\(o
c)

source: Sacher et al., 2022
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field trials LTZ

> Bioaccumulation of PFAS in grassland plants

MeOH extract data soil and plant
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mean bioaccumulation factors
site PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFDoDA PFOS SC sum lc sum PFAS sum

Baden-Oos 60 27 8.8 3.7 1.9 0.9 0.1 0.1 0.3 26 0.3 0.2
Higelsheim 250 124 27 5.9 1.4 0.3 0.0 0.1 0.1 74 0.1 0.4
sc = short-chain; lc = long-chain

= bioaccumulation factors differ greatly, highest for short chain PFCA
= sampling green, vegetative plant parts at the end of spring/early summer has been proven

useful for screening for PFAS contamination in soils, if short chain PFCA occur
Landwirtschaftliches Technologiezentrum Augustenberg (LTZ) - Runa Boeddinghaus - October 8, 2025

source: Boeddinghaus et al. in prep.
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~ :
3% Effect of soil texture on PFAS uptake

enhancement experiment

soils spiked with different PFAS 800

levels 700 N
 PFAS content in wheat kernels 600 ™
50 _
« significant effects on PFAS uptake ;Z 0
of plants by £ 0 Z
200

= soil texture

= PFAS content in soil 100 j_ I
. Z |

silty loam loamy sand clayey loam
B PFBA B PFPeA B PFHxA PFHpA B PFOA H PFBS B PFHxS B PFOS

100 _

500

B

100
500
100
500

10

control
control
control

DM = dry matter, mean,n = 3
ItZ source: Sacher et al,, 2022
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3= PFAS uptake by plants

« short-chain PFCA are most 1600

detected PFAS in plants 1400

« uptake depends on chain % 1200

length % 1000
 PFCA show stronger %
uptake compared to PFSA -

g 400

800
600
200 I
0 I N . - o |

v ¥
& &

S S S SRS
L L FRL SO

Q@ &
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LOQ = limit of quantification, total number of samples = 3705
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source: LTZ data
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field trials LTZ

SR R
3= PFAS uptake 1n plants
Perfluoropropionic acid (PFPrA)
« field trial with flax oil press cake seeds
. PFPrA uptake similar to PFBA 20
.. . 15 =
* similar results in other plants =
10 =
— 1 1 2
2 ]
mmm) PFPrA should be analyzed routinely 2 20 = = — =
7))
<
B 15 o
10 g_?h
: - —0= =
0
Y o & ¥ o X Y o X
DM = dry matter, mean * standard deviation, n = 4;
Itz 6, — — — assessment values Baden-Wirttemberg source: LTZ data
?
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32 PFAS uptake in plants ==

Trifluoroacetate (TFA)

 samples taken from contaminated 500
sites of the “Rastatt case” and 450
uncontaminated sites

« TFA uptake of plants in = 300

considerable amounts %:250
= 200
= 150
mmm) TFA should be analyzed routinely " 100 I I
50
" ] ll = I

= but: TFA analysis requires separate extraction

and measurement procedures apart from the wheat maize  maize leave topinambur ryegrass
routine PFAA analyses >C3, which at the kernels kernels
moment would increase the analytical effort _ _
and costs to analyze PFAS in a plant sample M uncontaminated M contaminated
ItZ , data source: Sacher et al., 2019
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3% PFAS accumulation potential

SR
based on pre-harvest monitoring and field trial data - selection
high low
soy bean (beans)  strawberry (fruit) barley (kernels)
wheat (kernels) lamb's lettuce oat (kernels)
spelt (kernels) (leaves) sorghum (kernels)
triticale (kernels) chili (fruit) oilseed rape (kernels)
hemp (leaves and kale (leaves) spring onion
flowers) onion (bulb)
tomato (fruit) garlic
paprika (fruit) Lalsle=ler
parsley (leaves) zucchini
ltz . data source: LTZ
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Recommendations for cultivation

Fact sheet for arable and horticultural crops

Itz
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Getreide (Korn) Getreide (Korn) — Fortsetzung |
. - - PFAS-Aufnahme- | Empfeh-
Kulturen PPAS-Aufnan El"r:g;‘;h BKLWA2 | BKLWA3 - Kulturen verhalten lungen BKLWA2 | BKLWA3 -
. Anbau X : X : X | Triticale B """ | mitAusnehmey| % X
Dinkel ] (mit Ausnahme?)
VEM Selbstzahler Selbstzahler Selbstzahler
VEM Selbstzahler | Selbstzahler | Selbstzahler
. Anbau X
Durum/ - Anbau > 2 % 2 | Weizen — (mit Ausnahme?) | 2% X
Hartweizen VEM amtlich Selbstzahler | Selbstzahler VEM Selbstzahler Selbstzahler | Selbstzahler
Anbau v v v Ol- und EiweiBpflanzen (Korn)
Gerste 1 VEM nein amtlich amtlich PFAS-Aufnahme- | Empfeh-
Kulturen verhalten lungen BK LWA 2 BKLWA3
Anbau
Hafer | VEM "/ lt{h ltl(h Raps o Anbau v v i
nen amuic amtic VEM nein nein amtlich
Kornersorghum/ Anbau I./ / I/ | Mit PFAS-Verunreinigung des Rapshonigs bei Anbau auf verunreinigten Flachen
Sorghumhirse I VEM nein amtlich amitlich H ist zu rechnen. Honig muss vor Inverkehrbringen untersucht werden.
Mais O Anbau v v Soja I . X X
VEM nein amtlich amtlich VEM amtlich Selbstzahler Selbstzahler
Anbau Gemiise (iblicherweise verzehrte Teile)
Roggen - - - - - . -
VEM amtlich amtlich amtlich Kulturen PF S Aumahme El“r:gplih BK LWA 2 BK LWA 3 -
Buschbohne o Anbau V2 keine Daten | keine Daten
(Hulse) VEM amtlich amtlich amtlich
Chili _ Anbau X keine Daten keine Daten
(Frucht) VEM Selbstzahler Selbstzahler Selbstzahler

Landwirtschaftliches Technologiezentrum Augustenberg (LTZ) - Runa Boeddinghaus - October 8, 2025

source: RP Karlsruhe & LTZ, 2024
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Recommendations for cultivation

Fact sheet for arable and horticultural crops

= https.//rpk.baden-wuerttemberg.de/fileadmin/RP-

Getreide (Korn) Getreide (Korn) — Fortsetzung |
n
PFAS-Aufnah- |Empfeh- Download fact sheet pd f: ahme- | Empfeh- BKLWA2 | BKLWA3
Kulturen meverhalten Iungen lungen
Anbau
Dinkel _ Anbau ) (mit Ausnahme?) X X
Inke (mit Au VEM Selbstzahler Selbstzahler | Selbstzahler
VEM Selbs
Anbau X
Durum/ N Anbau (mit Ausnahme?) X X
Hartweizen VEM a VEM Selbstzahler Selbstzahler | Selbstzahler
Anbau Ol- und EiweiBpflanzen (Korn)
Gerste 0 VEM ahme- | Empfeh-
lungen BK LWA 2 BK LWA 3 -
Hafer | Anbau Anbau 4 v |/|'
VEM VEM nein nein amtlich
Kornersorghum/ Anbau \Verunreinigung des Rapshonigs bei Anbau auf verunreinigten Flachen
Sorghumhirse I VEM u rechnen. Honig muss vor Inverkehrbringen untersucht werden.
Mai ] Anbau Anbau X X
ais VEM VEM amtlich Selbstzahler | Selbstzahler
Anbau itise (liblicherweise verzehrte Teile)
Roggen [
VEM a ahme-| Empfeh- BK LWA 2 BKLWA 3 -
Iungen
Anbau V2 keine Daten | keine Daten
VEM amtlich amtlich amtlich
Anbau X keine Daten | keine Daten
ruc VEM Selbstzahler Selbstzahler | Selbstzahler

Internet/Karlsruhe/Abteilung_5/Referat_52/Stabsstelle_PFC/_ DocumentL/brar/es/Documents/
pfc_lw_merkblatt_Iw_kulturen.pdf

Landwirtschaftliches Technologiezentrum Augustenberg (LTZ) -

Runa Boeddinghaus - October 8, 2025

source: RP Karlsruhe & LTZ, 2024



2=  Food monitoring data

 PFAS analyses by CVUA Freiburg between 2015-2025

« samples collected in food stores, including direct marketing

* 1152 samples from known contaminated regions

« 3514 samples outside of known contaminated regions (named as “uncontaminated regions” in graph)
« 21 PFAA and 8 precursors analyzed

« PFCAC41toCl14
« PFSA C4to C13

e Precursors:
» FOSA; 4:2 FTS; 6:2 FTS; 8:2 FTS; DONA; HFPO-DA; 9CI-PF3ONS; 11CI-PF30OUdS

Itz . source: CVUA Freiburg
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[ Dairy products J

Oilseeds
& fats

‘{ Ready meals }

[ Beverages ]

Food
monitoring

| Fish |«

[ Legumes }

[ Cereals }

[ Vegetables ]

data source: CVUA Freiburg 2015-2025
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2= Food monitoring - contaminated regions

1000 °
900
[ ]
800
700
o L]
T 600 .
E) °
o 900
=
< 400 ok s
LL o8
o 300 . e
[ ] [ ]
200
L]
100 H .
0 oda R LME —s JAb, 2., s — - a
[tOtalN/NAN}\> 2/2 132/76  22/21 69/34 12/0 74/8 1/0 96/73 172/70 387/325 126/109 3/0 9/5 19/8
AppIeAuice: Honey: Milk: Eggs: Eel: Perch: Crayfish: Beef. Beef offal: Tomato: StrawberryLavender: Bean:  Wheat:
N 288 0.1 621 1003 4 16 238 119 91 18 14 67
[food source max. value = T Y
g @ & & & & &Oob & &£ ¢ & F & &
[max. sum PFAS &0 < O @ ) 2 < N o N &
S\ N G % o @ ©
' Q N L
N )
G N2

NA = value below LOQ

. ' sum short chain PFAA E sum long chain PFAA E sum EFSA4 . sum precursors
data source: CVUA Freiburg 2015-2025
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450 611 27
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Food monitoring — uncontaminated regions

19/ 1/ 29/ 49/
NA N

19 28 47

i

—_

0.2

. *[max. sum PFAS]

Spelt: 0.2

food source

Sunflower seeds: NA
Sunflower oil: NA
Vegetables

NA = value below LOQ

data source: CVUA Freiburg 2015-2025 . sum short chain PFAA E sum long chain PFAA E sum EFSA4 - sum precursors
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3= Summary

PR

 PFAS uptake differs
between

* indication for effects  grain/bean

of:

S

Itz

plant species
plant compartment

% leaf and stem

l._

root interior

Q i

plant breed
temperature
moisture

C,rg cONtent of soil
clay content of soil

root peel

B precursor
® |[ong-chain PFCA, PFCS (LC)
B short-chain PFCA, PFCS (SC)

pre-harvest
monitoring is a
reliable contamination
management tool

sources: Maize plant: Boeddinghaus & Just, data sources: LTZ
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3= Bioaccumulation of PFAS

mainly long-chain PFCA >C7

& PFSA 2C6

mainly short-chain PFCA
C2-C6

* chain length determines bioaccumulation
in plants and animals

» behavior of precursor substances?

e >14,000 PFAS known (US EPA)

PFCA- = perfluorocarboxylic acids; PFSA = perfluorosulfonic acids

sources: Silhouettes: https://pxhere.com/de/photo/1446613; https://commons.wikimedia.org/wiki/File:Silhouette_of_a_standing_man.svg;

Itz ant: Bo

‘) https://freesvg.org; Maize plant: Boeddinghaus & Just

Y
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> Thank you very much for your attention!
and many thanks to:
 all project and trial partners
» the Ministry of Nutrition, Rural Areas and Consumer Protection of Baden-
Wirttemberg for financing the PHM and LTZ-trials
« the Federal Environmental Agency for financing the Fluortransfer-project
* the environmental Ministry of Baden-Wirttemberg for financing of the
projects PROSPeCT and FluorTECH
|t\Z\\} g} Photo: Stoehr (LTZ)
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