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9.Nijhuis Sauer Industries: Full destruction of short and long chain PFAS with PFAS Destruct™ (Yannick Severin)
10.Waterleau: PFAS-Test Bench: From lab tests to full-scale solutions (Michel Caluwé)

11.Sanitas Water: De AquaSampler... met een compacte monstername-unit PFAS meten, waar en wanneer u wilt (Peter
Overvest)

12.Forever Analytical: total PFAS meettechniek op basis van Particle-induced Gamma-ray Emission Spectroscopy (Cor
Datema)

13.Wetsus en Wageningen University & Research: Functionalized pillararenes for PFAS adsorption from water (Jesse Goed)
14.Wetsus en Wageningen University & Research: Pillar[5]arene-based sorbents for efficient PFAS removal (Rick Nooijen)
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PFAS en WSHD
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(Leontien van den Aker)



Prioritering PFAS brononderzoek afvalwaterketen

Onderzoek 2023 Vracht
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Conclusies

Specifieke bronnen bij aantal rwzi's

Alle rwzi's matig belast

3 rwzi's prioritair voor bronaanpak

Bronaanpak starten bij rwzi Willem-Anna

Brononderzoek

Rioleringsgebied als basis

‘Gebiedskennis
©Omgevingsdienst

Invullen ontbrekende info

Stakeholders meenemen

Volledig onderzoeksrapport
Derksen, AD eco advies, 2024
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Waterschap
Scheldestromen:
Prioritering van RWZI’s
voor nader
bronnenonderzoek
(Jos Goossen)



DATA-GEDREVEN GRIP OP INDIRECT:!
INDUSTRIELE PFAS-LOZINGEN

Interactieve hotspottool om risicovolle bedrijven

te identificeren en

gericht te controleren voor vergunningverlening, toezicht, en handhaving.

UITDAGINGEN

+ Vergunningen en regelgeving zjn derd
en versnipperd

* Toezicht en monitoring van bedrijven zijn
financieel en technisch moeilijk haalbaar

* RWZI's zijn vaak niet ontworpen om nieuwe s g
of industriéle stoffen, zoals PFAS. effectief « Frsase
te verwijderen. 28

* Gebrek aan overzicht en prioritering

Systematisch verzamelen en koppelen van
bedrij . potentitle geloosd
stoffen. lozingsroutes, en risicoklassen

« Encann
e —
\

OVERZICHT GEEOPFELDE DATABASES

ASHBOARD HOTSPOTTOOL INDIRECTE, INDUSTRIELE LOZINGEN

* Potentiéle PFAS-lozers worden
in kaart gebracht door
he activiteiten te

Door mogelijke lozers van schadelijke stoffen in beeld te brengen,
werken we aan betere en van KERW-doel

H koppelen aan verwachte PFAS-

emissies

Verkrijgen van inzicht in de

bedrijisbranches die de grootste

bijdrage leveren aan potentidle
'AS-lozingen

Overzicht van de verdeling van
mogelijk PFAS-lozende
bedrijven per ricolstelsel en
RWZI. om inzicht te krijgen in
de regionale belasting van het
watersysteem

Bedrijfsinventarisatie ter
ondersteuning van
risicogebascerde prioritering

* Door het koppelen van databases ontstaat een inzichtelijk
beeld van potenti€le indirecte. industriéle lozingen

®a.0s®",
MAAS

* Het identifi N en pi van bedrijven en
sectoren draagt bij aan onderbouwde VTH. en bronaanpak
waardoor beschikbare capaciteit efficiénter kan worden ingezet

* Het terugdringen van lozingen van ZZS en KRW-stoffen in
afval- en opperviaktewater draagt bij aan een schoner en
gezonder watermilieu. RIWA-RIjn

Onze samenwerkingen
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# FLEVOLAND i__z&lﬁ!ﬂtd!nd
N’

Hydrex Research:
Data-gedreven grip op
indirecte industriéle PFAS

lozingen

(Martijn van Ruiten)




Daadwerkelijk PFAS gebruik in Nederland

PFAS bedrijven

Methode
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SIQ!V_Q Kennisnetwerk Grip op Indirecte Lozingen
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START
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9 Zomer 2025: Voorstel STOWA Kennisnetwerk
)" Grip op Indirecte Lozingen

Juni: In overleg met partneroverheden
Samen kennisbehoeften oppakken

Dinsdag 10 Juni: Startbijeenkomst

A | Kennisnetwerk Grip op Indirecte Lozingen

Voor waterschappers g v 7 ™\
Wageningsche Bergin g g / \;
Ochtend: Kennisdelen en inspireren ¢ Meldtjeaanopde A
' ‘ Faiabenateringen owers onrdatenvaseTa. [~ STOWA wabsiel,_/
7 Middag: i i i -
Wor kenr ten netwerk g e 7,/|'

y N |T'€swf(gmp)speemewm) - KRW.stoffen - 2ZS - Alle stoffen |

* Laagdrempelig kennis Kennisvragen q
uitwisselen. -Viewers, toolings, datagedreven
*Samen werken aan risicobenadering, kaarten.
kennisvragen. % -Meten, data, innovatief monitoren.
*Versterken regionale -Instrumenten Vergunningverlening

e STOWA:
TR Kennisnetwerk Grip op

* Waarom willen waterschappen Grip op Indirecte Lozingen?

o Welke inspirerende voorbeelden en Best Practices zijn er?
* Waar liggen de Kennisbehoeften?
.

Wat doen partneroverheden en waar kunnen we samenwerken? i n d i re Cte | Ozi n ge n

27 Juni 2024: Bijeenkomst ‘Inzicht in het onzichtbare in het riool.
Kennis- en netwerkbijeenkomst indirecte lozingen voor waterschappen’

° [}
Er gebeurt veel (inhoudelijk en proces). Behoefte aan verspreiden . ) A I k R I n k
van kennis en ervaringen zowel binnen als buiten de waterschappen.

Meer informatie? M: gripopindirectelozingen@stowa.nl of ariinks@waterpolicypartner.com T: 06-44869506
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Call for Partners | Monitoring, Breakdown and
Removal of PFAS from (Waste) Water

Raphael Fredon, Erik Vriezekolk

Background

PFAS, known for their resistance to breakdown and posing heailth
risks, are increasingly detected in the environment, including
groundwater. As this serves as a vital source of drinking water, there
is an urgent need for the development of neéw technologies and
processes to ensure the safe reuse of (waste) water streams, prevent

Why this Project?

Desplte extensive PFAS research, key gaps remain:

» Integration of synergistic approaches (cascades, hybrids) for
complete PFAS destruction.

« Real-world testing in pilot plants.

= Adaptation to diverse water matrices.

the release of PFAS into the L , and safeguard gr
as a dependable source of drinking water.

Objectives
The initiative of WFBR focuses on the development of a
comprenensive process aimed at monitoring, removing and

* Real . g and
« Economic and operational feasibility.

Proposed Activities
. testing of 1 art tect (from Y)
and the of novel methods for PFAS removal and

PFAS from water, thereby ensuring Rts safe utilisation for various
purposes, induding agricultural irigation, industrial processes, and
potable water production.

Our Approach
Our approach encompasses a thorough and integrated examination of
separation, degradation, and monitoring technologies for PFAS.

Separation methods such as reverse osmosis, ion exchange, and
adsorption will be tested for their efficacy in removing PFAS, while
degradation technologies induding electrochemical oxidation, plasma
treatment, and biclogical processes will be explored for their potential
to break down these persistent compounds.

Fast and reliable monitoring will be integrated throughout the
treatment train to enable real-time assessment of PFAS removal and
ensure sale water for (rejuse

Goal: & process (In-sity) for complete removal and degrsdation of PFAS
and fast PTAS monitoring to guarantes water quality

£ ©-3

Project Information
Approved TKI project
Duration: 3 years

Start: June 2025

degradation.

* Process modelling, design, and cost estimation to optimise the
removal of harmful components.

» Development of robust monitoring systems capable of swiftly
detecting PFAS and other contaminants.

P e e S T s

| oo oomeem

Collaboration with Partners

We welcome partners managing water streams affected by PFAS, such
as water boards and provincial BUthorities, industrial partners with
residual streams suitable for reuse, and entities involved in

Qr M we are seeking collaboration
with technology providers specialising in water treatment, analysis, or
MOonitering to develop further and optimise the implementation of
their products.

Partners are asked to make both cash and in-kind contributions.

Contact Person
dr. ir. Raphael Fredon A M
Business Development Manager s
T: + 31 (0) 6 480 431 36
E: raphael.fredon@wur.nl

Contact Person

dr. ir. Erik Vriezekolk
Project leader/researcher
T: #31 (0) 317 481 165
E: erk.vriezekolk@wurnl

Wageningen University &
esearch:
KI project: The monitoring,
reakdown and removal of
FAS in (waste) water
(Raphael Fredon)



Wattie Julting & Masrten Vorhozven FVUR)

Achtergrond

Dat PFAS een probleem vormen behoeft geen verdere uitleg. Het is

een veelkoppig monster:

= Duizenden verschillende stoffen

- Grote variatie in fysisch-chemische eigenschappen

= Hoge toxiciteit

= Alom ig, bv.inr en he producten

= Achterg aties boven rick en
normen

= Zwaar verontreinigde locaties, etc.

Doel van het onderzoek

= Microbieleafbraak?

= Opnamedoor planten?

- Gec i fysisch-chemisc i he processen?

Tom NP Bosma, Sem Brasksma, Hang Groot, Marien Harkes, Nanne Hoskotra,
Anneiotte van der Linden, Marc Vernou & Ewan Zwart Deftares)

Deltares

Biologische methoden voor
PFAS-verwijdering:
perspectief of illusie? "

Grondkolom: PFOA verwijdering?
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= PFOA: 25-30% verwijdering
» PFOS: onduidelijk
= Proef is nog onderweg

Bioreactor: PFOS verwijdering

= Pseudomonas pubida stam F1 met tolueen
= 97% verwijdering / <5% fluoride
= PFHxSproduct?

Microbiéle elektrolysecel

Fluoride ut PFOS] |
‘ T
‘

- Fluoridevorming uit PFOS, PFOA, PFBS, PFBA
= <5%fluoride

= Fluorice is constant in controles

= Proefis nogonderweg

Precursoromzeting in rhizosfeer
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Opzet plantenproeven

= 7 plantensoorten, meerdere adsorbentia

= Binnen 2 uur volledige omzetting van B-FOSAA inB-PFOS
« Actieve kool beste adsorbens (nietgetoond)

= Analyseresultatenplanten nog in bewerking

e enabling deltalife it

wsereas www.deltares.nl

Deltares:
Biologische methoden voor

PFAS-verwijdering: perspectief

of illusie?
(Tom Bosma)



nijhuis | Nijhuis Saur Industries

Full destruction of short and long chain PFAS
with PFAS Destruct™

I g‘ Yannick Severin- Senior Peter Wessels— Water Rebecca Dhawle- R&D
Water Consultant 8 F:_mmum . Engineer s
(Tareiad Savarts 804 Frdenmtiton. s X e T

The PFAS Challenge: Concentration + Destruction = Complete solution

PFAS (poly- and perfluoroalkyl substances)
are over 9.000 synthetic chemicals with strong
carbon-fluorine bonds. They pose a significant environmental

and health risk due to their persistence and toxicity. = + +
Espedially the short chain ones (with <6 carbon atoms) are . o om e -
particularly hard to be removed. ——— STess ey

Next to conventional Activated Carbon and (single
use) lr_n ‘E,:dunge, NSI offeﬁ a tl:omprdmnsive
io t gil

- Ion exchange (regenerable): Concentrates short chain
PFAS in a very small volume

- Reverse Osmosis: Effective and compact solution
to concentrate PFAS both long and short chain

- PFAS FoamFrac™: Selective concentration of PFAS
through the adsorption at the air-liquid interface of
bubbles. Works well for mid and long chain PFAS, as

PFAS FoamFrac™ highlights: SRt e

- Whole reactor under vacuum which enhances =

. e o remctors and proces refelabty PFAS Destruct™ highlights: axine

in one or several stages in Proven (TRL 9) technol. which i i
2 5 logy applies an electrical
series to increase the concentration factor o okt G ged in t Z d effl

B ng reactive species that break down the strong fluorine

generatil
= G

Choice of technology depends on:

« Chain length and initial PFAS concentration
* Water matrix

» Targeted effluent quality
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Energy requirement: 0,2 to 0,6 kWh/m?

IIIIIIHIIII

TOTEX (10 year) range: 0,6 to 1,2 €/m?
for 8 2000 m3/h plant with & 500x concentration
factor
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#missionwater

Nijhuis Sauer Industries:
Full destruction of short and
long chain PFAS with PFAS
Destruct™

(Yannick Severin)



Say goodbye to PFAS, s -~
Van labo naar volle schaal oplossing

Daniels H.", Lenaic D.". Bleeckx D". Schnongs P.", Caluwe M."a,
* Wateriesu Group NV - Nleuattrast 26,
3150 Wespeinar, Begium
a G ing author, michel com

INTRODUCTIE

o ) e e ks
CASE « tarm (i ORImY 1 38 v var Arta i

Erasie ofen

- 00 m Boafrtiteg

- Conoaserates ko bates PFAS 2 000 = 50 000 ngil voor FFBA
- COD bahandeie water 200 = 400 SO

- Zogeate 0,000 - 20 000 yfkm

Beschrijving labo testen — evaluatle\
Sreeney

Py technologieen
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Waterleau:

PFAS-Test Bench: From lab
) tests to full-scale solutions
(Michel Caluwé)

« Lange. korte of ultma korte
ketenlengre

De water matrix is belangrijk ...

- Concenzaie PFAS \

« Verhouding USC. SC. LS PFAS

= Zout gehalte (specifieke jonen)

. O

+ Vast-vlosistof scheiding: Schuim Sactionatie ex dissolved ai
fonrion (DAF): verwijdering enkel lange ketens
. Erlponnr mat xmyxhhalbwap deze schaal

= LT

K D 2 3 v FA T &
wnTERLEnU BECAUSE EVERY DROP COUNTS www.waterleau.con
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De AquaSampler... meten waar en wanneer |

u wilt met een compacte monstername-unit

debietproportioneel | monsterconservering | aansturing met camera

Sanitas Water:

De AquaSampler... met een
compacte monstername-unit
PFAS meten, waar en wanneer
u wilt

(Peter Overvest)




Total PFAS Screening

Summary
+ Current methods to PFAS are expensive, take a long time and typically only cover a small percentage of all types
of PFAS.
+ Forever Analytical has developed a new measuring technique for total PFAS based on Particle-Induced Gamma-ray
Emission (PIGE) Spectroscopy.

* The method combines a simple i thod or direct of vanious types of samples: water, soil, ar,
ducts such as clothing toys, cosmetics and food preparati
The&ed:mquusfm (1-3 minutes), very sensitive (4 ppt), accurate (5-10%), simple (no lab required) and cheap. It can also
be used for inline PFAS measurements.
Particle-Induced Gamma-ray Emission PFAS extraction & measurement
* Nuclear i jons are used to d ne atomic * For water samples, a sample kat 15 shared with customer,
ofmamalsl{uv_mzemlu:hdmdmmwﬂh contaming a filter module, water bag and imstructions.
fluonre atom: gamma-ray * PFAS 15 extracted using an activated carbon fiber felt (ACFF)
filter module [1].
proton
o= —> G0

9 19p. 3
F
A unique compact particle accelerator 15 used to generate an
intense 2 MeV proton beam A high-quality detector 15 used to
create spectra of the emitted gamma-rays.

.

* Reference samples are used for calibration, wiich allows us to -Gm m n-

Limit of T R — mmwmmmmwnsw

(Selected) Use cases

Waste water samples

- waewh B
1 vwimn o i gt (] e
.

e
e T

Surface water samples Al b e i ()

Other types of samples
« Fire fighting gear contains up to 2% PFAS [2].
. Upnsmsdmmcmpmsgss
- Baby car seats contain PFAS [4].
+ Cosmetics contains PFAS, foundations, mascaras, and Lip products
have the highest proporton [5].

Contact: cdatema@foreveranalytical.com

Forever Analytical:

total PFAS meettechniek op
basis van Particle-induced
Gamma-ray Emission
Spectroscopy

(Cor Datema)
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Motivation

Per- and polyfluoroalkyl substances (PFAS) are a dass of
‘compounds that is known for their hydrophobicity and oleophobicity.
These properties make them useful in many consumer products,
g non-stick ghting foams, and food packaging.
Hnwever mrextmnelylugnstabdntyand mobilization by water,
cause them to accumulate in biological systems and humans.
Despite low environmental concentrations (ng/L). they cause
immune disorders, cancers. and birth defects in humans. [1]

PFAS cleanup can be performed by adsorption from water.
Currently, water treatment planis adsorb PFAS using Granular
Activated Carbon (GAC). because it is cheap. However, GAC is
non-selective, breaks through quickly, and requires thermal, off-site
regeneration. Non-selectivity is detrimental, because it results in
‘competition with natural organic matter. [2] Thus. there is a need for
highly specific PFAS adsorbers.
c FFAS PFAS-Selective Probes  PFAS-Free

L .
B

§

A s

o> HIF @ ¢

“ iy S *
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Sensors/Sorbents

Figure 1. APFAS shouid be comp
Mmemmwmmw {3{

Functionalized pillararenes for
PFAS adsorption

Research goals

Fundamentals of PiP formation are poory understcod. This

understanding is paramount for the design of a next generation of

PFAS-adsorbing pillararenes. These pillararenes should have an

extensive PFAS scope and increased FFAS binding strength, while
PFAS sel ity and

We have formulated the following objectives for our work:

- Design and synthesize new pillararenes and evaluate their
binding strengths towards different PFAS.
- Perform wrrpmatmal studies on PiP binding mechanisms to

discover what i are for PiP
- Implement knowledge on PiP mechanism to design a next
generation of PFAS adsorbents.
- &iaberanemheWmWURpmNdR-ekNooqen in
which we i gate what p
perform best as PFAS adsofbem.
o [Pillararene] - 10 [PFAS] <= [PiP]
[PP]
e Kanang
[Pitararene] [PFAS]'®
How do PFAS How to increase How to expand
bind? binding strength? PFAS scope?

miwmﬂmumw Weaﬂllo
o PP s

QOur group discoverad that a type of macrocycle (called )
strongly and specifically binds the two most common PFAS
compounds, PFOS and PFOA. This results in a Pillararene-PFAS
complex (PiP). see Figure 2. Immobilization of pillararenes onto a
commercial resin resulted in a PFAS adsorbent with high
breakthrough capacity for PFOS (80 mg/g) and PFOA (80 mg/g).
Crucially, the resin can be regenerated using salty (0.1 g/L)

-4 Fluorophilic interactions

- l|!l

ar (0
1~ % | Electrostatic interactions

Pillararene
PiP
Figure 2. e and w ions allow fve PFAS
molecules to bind on the rim of a pilararene.
-_— -

www.wetsus.eu
www.wur.nl

J.M.S. Goed, FM. Miloserdov, A. Larasati
L.C.PM. de Smet, H. Zuilhof

the and use this
design a next generabion of pilararenes.

Technological challenges

The innovative aspects of this research include:

- Pillararenes as a PFAS-adsorbing technology

- Synthesis of new functionalized pilararenes that improve

y and/or binding of the PiP =
- In\nshgztmn of the cxl'\lnbubm of the Huorophlic interactions in
PiP & through nal Y.

WAGENINGEN

UNIVERSITY & RESEARCH

Functional;
\Zed
PFAS pgbr rarones for

Sorption
Motivation
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PIAS Guarup cn i et by mhron v

Wetsus en Wageningen
University & Research:
Functionalized pillararenes for
PFAS adsorption from water
(Jesse Goed)




Integrated PFAS treatment

e cere of emnllencr
Jor sastmrodie woter teckeaiogy

Motivation
PFAS are a giobal problem for water quality and safety,
considering the persistent risk PFAS pose to human health.
Therefore, there is an urgent need for effective PFAS removal

i d carbon is the dard method
applied in water treatment to remove organic pollutants, but it is
inefficient for removing PFAS. Consequently. alematives like

Pillar[5]arene-based sorbents
~Wetsus for efficient PFAS removal

Rick Nocijen

[ B B coBguminsr crovengrn |

i

anion-exchange resins and clays are being exp However,
small perfluoroalkyl acids, like PFBA, cause eary failure of the
adsorbent [1]

Recently, certain cationic, macrocyclic pillar[Sjarenes (P5) (Figure
1) have proven to be promising adsorbents that offer a new
approach. P5 immobilized on resin beads has unique affinity.
selectivity and capacity for the capture of PFOA and PFOS in
continuous-flow systems [2] Some interactions between P5 and
PFAS that might play a role are shown in Figure 2.

Technological challenge
The promising results of P5-resin encourage to develop P5-based
adsorbents or cther methods into a real-wordd applicable system.
Broadening PS5 application first requires study of appropriate
materials to immobilize P5 onto. The functionalized material must
be stable: PS5 should not be damaged during use. Thereafter.
suitable P5-functionalized materials must be tested on a small
scale to elucidate kinetics of the P5-PFAS binding mechanism and
robustness against salt and fouling by natural organic matter.
Regeneration is important to optimize, because reusability of the
is for cosf Lastly, a PS5-based
system will have to be scaled up. At this step. it is expected that
and op 1| are the major

v o 3 5 PFOA
Q "

Deca-timethylammonium
substituted pillar{Sjarene
(FS)

PFOA

Fig 1. PS5 forming a complex with 10 PFOA molecules.

-_— -
www.wetsus.eu
www.wur.nl
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atracticn p

S
shmbary

Bl
Rl

Fig 2. Different kind of interactions and that maybe atplayina
PS-modified resin packed-bed column tested in prior research [2].

Research goals

This project aims to deepen the understanding of P5-based
adsorbents in PFAS removal and enhance their performance
through investigation of:

1) a range of matenals and (adsorption) methods, such as packed-
bed resins and other for their ibility as a base
for immobilization of P5 in a flowing system;

2) the efficiency of such regenerable P5-based systems for PFAS
capture on a small scale;

3) the requirements for scaling up the best-performing P5-based
system to efficiently reduce PFAS levels in water to acceptable
levels.
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