


2

PFAS substances
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Properties, applications and health impacts
• Numerous PFAS compounds exist in the environment (>4500). These include: 

o PFOA (perfluorooctanoic acid) 

o PFOS (perfluorooctane sulfonic acid)

• Wide range of application

o ability to repel oil and water, good durability

• Negative health effects on human health

o immune system the unborn child

o blood cholesterol, kidney and testicular cancer

PFAS Substances
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Legislation

PFAS in drinking water 

EU
• EU directive for PFAS in drinking water 0.5 µg/L, 

but each member state has their own approach. 

o PFAS regulation is developing!

• Most EU countries limit/monitor PFAS to 0.1 µg/l 
(sum of 20 compounds) 

à In NL officially into force from January 26th 2026

• Drinking water guideline value: EFSA-4 (PFOS, 
PFOA, PFNS en PFHxS) of 4,4 ng/L PEQ

4,4 ng/L 

0.1 µg/L 

0.5 µg/L 



Water Supply North-Holland
Drinking water supply company PWN

• Source is mainly surface water (95%)

• >1.7 million customers

• >110 million m3 of drinking water per year 

• Most of surface province below sea level

• Groundwater is salty

• Only available source is the IJssel Lake

• IJssel Lake is fed by the river Rhine

• Under the influence of industry, recreation, population, WWTPs

• High contamination level (delta of Europe)
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• North-Holland: surface water is main source of drinking water

• Dutch Delta: we are all part of a recirculation and re-use system

• Despite advocating for pristine surface water sources by drinking water companies (/VEWIN), this approach has 
not prevented PFAS pollution  

Selected PFAS concentration (ng/L)

Drinking water from surface water:
PFAS challenges

Lake

River



Current technologies in PWN water treatment
Selected technologies

NOM removal by the
SIX®-process- Andijk
NetherlandsUF-RO plants - Heemskerk

Netherlands

UV-H2O2- Andijk-
Netherlands



Robustness UV-GAC

• Objective MP UV(/GAC) in the 90s/00s: herbicide 
and pharmaceutical control

• PFAS removal by MP UV/H2O2 is limited (no surprise)

• Activated carbon known barrier against PFAS

• Short chain PFAS point of attention (break through)



PFAS and current/’new’ technologies

Re-evaluate existing and new barriers for PFAS via quick experiments
• Exchange in regular and specific resin in suspended ion exchange

• Retention of pfas in nanofiltration 400 Da cut-off

• Degradation of pfas in VUV treatment via advanced reduction processes



Ion exchange resin application in PWN treatment
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NOM removal by the
SIX®-process- Andijk
Netherlands

SIX© process in PWN system:
o Suspended Ion exchange process- SIX©

o NOM removal as a pre-treatment step for Ceramic MF

Resin and SIX© for PFAS retention:

o Strongly basic ion exchange resins have superior PFAS removal, 

o Packed columns application would lead to pressure increase (fouling)

o SIX© process for the removal of PFAS? 
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Ion Exchange



Ion Exchange resin jar test
• Jar test conditions: 

- IJssel lake water spiked with 1 mmol/L of  PFBA, PFBS, PFHxS, PFOA, PFOS, PFNA

- Resins dosed at 10 mL/L and 20 mL/L + reference sample no resin

- Sampled at 0 and 120 minutes 

Resin 1 Resin 2 Resin 3

Functional Group Modified quaternary 
ammonium Quaternary Ammonium Type 1

Matrix Polystyrenic, cross-linked 
with DVB Polyacrylic crosslinked with DVB

Structure Microporous (gel) Microporous (gel) Macroporous

Effective size (mm) 0.47 0.50 – 0.75 0.63 – 0.85

Total capacity (Min. eq/L) 0.78 1.25 0.8

Moisture content 36% 63 – 68% 66 – 72%

PFAS test



Ion Exchange resin jar test

• Disadvantage of applying non PFAS specific ionexchange resin is a reduced efficiency in use of exchange sites. 

• PFAS-specific resin: Whole spectrum PFAS compounds targeted (including short chain PFAS)

• In case of regeneration ionexchange resin, a mixed PFAS polluted waste stream is generated: additional technologies needed?

• Promising technology in (membrane) concentrate treatment solutions. 

Jafari et al. (2022) PFAS challenges and the emerging technologies-an utility point of view. SIWW 2022 



Hollow-fiber NF

• The hollow-fibre NF (dNF40) pilot by NX Filtration (MWCO: 400 Da)

• Feed flow 1.5 m3/h in a full-recirculation mode

• PFOA, PFNA, PFHxS and PFOS spiking experiment

• Spike test under 2 different conditions:
o Condition 1: recovery 90%, flux 20 L/m2/h, crossflow velocity 0.2 m/s

o Condition 2: recovery 70%, flux 30 L/m2/h, crossflow velocity 0.2 m/s

• Several days of operations prior to retention test (adsorption equilibrium)

PFAS test

Jafari et al. (2022) PFAS challenges and the emerging technologies-an utility point of view. SIWW 2022 



Results: PFAS retention

• Better retention for PFAS with Higher MW

• For compounds close to membrane MWCO other factors such as charge, hydrophobicity and polarity play roles in retention

• Significant adsorption of PFAS compounds on membrane/pipes surfaces

Hollow-fiber NF
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Jafari et al. (2022) PFAS challenges and the emerging technologies-an utility point of view. SIWW 2022 



Acknowledgements: Trojan UV technologies & Wetsus
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• Vacuum UV treatment demonstrated a significant 
degradation of perfluorocarboxylic PFAS species 
under elevated UV doses

• ARP conditions challenging to obtain

• Energy dosages needed for PFAS degradation in 
this proof-of-concept experiment high

PFAS Degradation VUV 

Jafari et al. (2022) PFAS challenges and the emerging technologies-an utility point of view. SIWW 2022 



Discussion
PFAS in the context of public perception, toxicology and regulatory drivers: push towards reactive technology 
implementation

Technology: 

1. Degradation, what will be the reaction products and metabolites? And are the power costs realistic?

2. Retention, where do we go with the retained PFAS? Treatment implies downstream problem

3. Exchange: same as for retention; at what cost is waste stream treatment acceptable

4. Adsorption works, but shifting PFAS to another environmental compartment?

à Future PFAS legislation enforcement: Possibly need for on site concentration and off-site regeneration/destruction 
together in water sector



• PWN Water Supply Company North-Holland

• Wetsus theme priority compounds and virus control

• KWR Water Cycle Research Institute

• DPWE working group treatment

• HWL Water Laboratory
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