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Bridging the Gap Across Scales

High Information Density

VEGAS Vision & Strategy
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VEGAS Methods

analytical chemistry lab
all major contaminants 
(e.g., Orbitrap, CIC, ICP)

well-controlled experiments at 
various scales

mathematical description 
of processes, heterogeneity, prognoses
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VEGAS Vision & Strategy

example of basic research: heterogeneity
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VEGAS Research

• Fate and Transport of Contaminants

• all relevant contaminants:

e.g.,  CHCs, PAHs, heavy metals, tar oil,

PFAS, pesticides, pharmaceutics

• under various conditions

• heterogeneity

• Remediation Technologies

• chemical

ISCO, ISCR

• thermal

• treatment trains

• electro-nano-bio-remediation 7
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Surfactant-enhanced In-Situ Chemical Oxidation

VEGAS Research: S-ISCO

Herzog et al. (2023), JCH, https://doi.org/10.1016/j.jconhyd.2023.104230 8



Water quality in drinking water supply networks:
Heat- and water transport driven from atmospheric boundary layer

VEGAS Research: Heat in the Subsurface

Nissler et al. (2023), VZJ, http://dx.doi.org/10.1002/vzj2.20286 9



Water quality in drinking water supply networks:
Heat- and water transport driven from atmospheric boundary layer

VEGAS Research: Heat in the Subsurface

Nissler et al. (2023), VZJ, http://dx.doi.org/10.1002/vzj2.20286 10



• per-  and polyfluoroalkyl substances

• do not occur naturally

• high water and oil repellency

• persistent, ubiquitous, 

→ “forever chemicals”

• thousands of different substances1

• limited analytical standards

PFAS

1 https://comptox.epa.gov/dashboard/chemical-lists/pfasmaster; Graph: https://pinellas.gov/per-and-polyfluoroalkyl-substances-pfas/ 11

What are they and why should we care?



Where is the Problem?
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The Netherlands warn: don’t touch Sea-Foam
“North Sea foam contains poisonous substances”
https://www.kreiszeitung.de/welt/niederlande-belgien-nordsee-schwimmen-verbot-pfas-meerschaum-algen-92738106.html

Where is the Problem?
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Where is the Problem? the FPP identified 22,934 known 
contamination sites, including
20 PFAS manufacturing facilities, and 21,426 
“presumptive contamination sites”, including 
13,745 sites presumably contaminated
with fluorinated aqueous film-forming foam 
(AFFF) discharge, 2911 industrial facilities, and 
4752 sites related to PFAS-containing
waste.

https://www.lemonde.fr/en/les-decodeurs/article/2023/02/23/forever-pollution-
explore-the-map-of-europe-s-pfas-contamination_6016905_8.html
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http://norden.diva-portal.org/smash/get/diva2:1295959/FULLTEXT01.pdf

“The costs for remediating some 
cases of contamination run to 
many millions of EUR. Total costs 
at the European level are 
expected to be in the hundreds 
of millions
of EUR as a minimum”

• cancer causing
• DNA altering
• accumulating
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Research Facility for Subsurface Remediation

http://norden.diva-portal.org/smash/get/diva2:1295959/FULLTEXT01.pdf

The costs for remediating some 
cases of contamination run to 
many millions of
EUR. Total costs at the European 
level are expected to be in the 
hundreds of millions
of EUR as a minimum;
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immobilisation

mobilisation“enhanced sorption”

thermal desorption

pilot site Reilingen, 
AFFF, aquifer

pilot site Hügelsheim,
variably saturated

exploratory;
lab- & technicum
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Test-Site 1: Rhine Valley – Hügelsheim
Non-point, ”biosolid”
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Test-Site 1: Rhine Valley – Hügelsheim
application of ”biosolids”
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• mainly agricultural land-use

• large area known contaminated (>1200 ha 

with >1 mg/kg PFAS measured in topsoil)

• “compost” from paper industry (2005 - 2008)

• complex infiltration processes

(sorption, transformations)

PFOS
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Test-Site 1: Rhine Valley – Hügelsheim
non-point, ”biosolid”
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1 grain of sugar = 625.000 ng
25



1 grain of salt = 58.500 ng
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limits in drinking water
 100 ng/L starting 12.1.2026 (PFAS-20, TrinkwV) 
 20 ng/L starting 12.1.2026 (PFAS-4: PFOA, PFNA, PFHxS, PFOS), TrinkwV)
 2 ng/L PFAS-4 since 2021, Danish EPA

No limits
- WWTPs
- Industrial wastewater
- soil (GFS)

porewater concentrations in Hügelsheim:  10.000 ng/L

eluate from contaminated soil (30-60cm, Hügelsheim)  80.000 ng/L 
(2:1 shaking, 24h, with water) 

background concentrations (LUBW):  200 ng/L … 700 ng/L
https://pd.lubw.de/ 10215

US EPA Lifetime Health Advisory Limits (HALs):    PFOA: 0,004  ng/L
       PFOS: 0,02    ng/L
https://www.eurofinsus.com/environment-test ing/pfas-test ing/pfas-resources/recent-pfas-news/epa-publ ishes-revised-lifetime-health-advisory-
limits-hals-for-pfas-compounds/
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PFAS Transport in the Unsaturated Zone

air-water interfaces, transformation processes
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PFAS Transport in the Unsaturated Zone

air-water interfaces, transformation processes



R-3, fluidized 
soil

N-1, untreated

R-2

R-1

∑27PFAS

eluate concentrations

≈ 4 months

30Bierbaum et al. (2023), STOTEN 10.1016/j.scitotenv.2023.162588

PFAS Transport in the Unsaturated Zone

air-water interfaces, transformation processes
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• The long tailing can not be represented using non-linear sorption isotherms 
but in combination with kinetic sortpion

• Kd from foc not sufficient

Bierbaum et al. (2023), EnvScPolRes, https://doi.org/10.1007/s11356-023-30811-2

PFAS Transport in the Unsaturated Zone

air-water interfaces, transformation processes



32Bierbaum et al. (2023), STOTEN 10.1016/j.scitotenv.2023.162588

PFAS Transport in the Unsaturated Zone

air-water interfaces, transformation processes

• field
• laboratory with controlled

• water input,
• transformations, 
• AC

• modelling



Test-Site 1: PFAS in the Soil
optimizing chemical extraction for PFAS residuum
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Immobilisation

• GAC with high sorption capcacity

• „filter  carpet“, well-mixed GAC

• detailed monitoring

(groundwater, pore water, soil)
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Test-Site 1: Rhine Valley – Hügelsheim



00-25 cm
25-50 cm

50-100 cm

continuing monitoring
preliminary results

Immobilisation

Test-Site 1: Rhine Valley – Hügelsheim



immobilisation

mobilisation“enhanced sorption”

thermal desorption

pilot site Reilingen, 
AFFF, aquifer

pilot site Hügelsheim,
variably saturated

exploratory;
lab- & technicum
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AFFF
Test-Site 2: Reilingen
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Elektrically polarised transformation; forced transformations
Funnel & Gate; Groundwater Circulation Well (GCW)
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Groundwater Circulation Well (GCW)
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at technicum-scale

Thermal Desorption
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at technicum-scale

Thermal Desorption



Click to edit Title
Click to add text
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Thank you!

Institute for Modelling Hydraulic and Environmental Systems
Research Facility for Subsurface Remediation

www.vegas.uni-stuttgart.de

Claus Haslauer

claus.haslauer@iws.uni-stuttgart.de

Thomas Bierbaum, Hue Nguyen, Anna Burkhardt,
Tobias Junginger, Simon Kleinknecht,

https://mathstodon.xyz/@planetwater

@planetwater.bsky.social
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