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Fact sheet

Drinking Water Treatment for PFAS Removal

This fact sheet outlines various techniques for removing
per- and polyfluoroalkyl substances (PFAS) from drinking
water. It has been designed to help drinking water suppli-
ers address the problem of the presence of PFAS contami-
nation in raw water. It provides an overview of the effec-
tiveness of different treatment methods for eliminating
various types of PFAS, which can vary significantly. Further
it shows the implementation of the different treatment
methods tested within ZeroPM.

Activated Carbon (AC) filtration

The current widely accepted state-of-the-art technology for
removing PFAS from drinking water in Europe is AC
filtration. This technique is based on adsorption and
treatment efficiency and operating conditions depend on:

«  the spectrum of PFAS present and the concentration
of the individual substances;

«  the water matrix, especially the presence of organic
water constituents (NOM (natural organic matter) or
DOC (dissolved organic carbon)) or other organic
micropollutants which may compete with PFAS for
sorption sites on the AC;

+ thetreatment objective or the specific drinking
water concentration thresholds to be met.

In the ZeroPM project, a pilot system was operated for over a
year to collect additional data on the treatment efficiency of
AC filtration. The following operating times (in bed volumes,
BV) were observed in this experiment, as well as in various
other practical examples. Treatment efficiency evaluation
depends on the different PFAS that must be removed to
ensure that the limit for drinking water is not exceeded. After
that operation time the AC is exhausted and must be replaced.

«  PFBA: 4,000-9,000 BV
+ PFPeA: 10,000-16,000 BV
«  PFHxA: 15,000-25,000 BV

« PFOA: 25,000-40,000 BV
« PFBS: 15,000-30,000 BV
e PFHxS: 30,000-50,000 BV
« PFOS: 40,000-60,000 BV

In this case, the desired treatment outcome was to meet
the European Drinking Water Regulation thresholds of =
PFAS-20=0.1 pg/L and X PFAS-4 =20 ng/L. In cases where
concentration thresholds to meet are lower, a shorter
operation time (and lower number of BVs) would be
obtained prior to the AC needing to be replaced.
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lon Exchange (single use)

An alternative to AC for the adsorption of PFAS from
contaminated drinking water is the use of strong basic
anion exchangers (SBA), which are already widely used in
the USA. In the ZeroPM project, a pilot experiment was
operated for nearly two years to test SBA.

SBA generally have a higher adsorption capacity for PFAS
compared to AC. Consequently, they can be used for
longer before they need to be replaced. However, ion
exchangers have higher material costs, at around five
times the price of AC. Despite this, ion exchangers exhibit
very fast adsorption kinetics, meaning that water does not
need to be in contact with the ion exchanger for as long as
with AC. In practice, this results in significantly smaller
filter systems (approximately one quarter of the size),
reducing the investment costs for process technology and
building infrastructure.

The following operating times (in bed volumes, BVs) have
been observed in various practical examples (including
the ZeroPM pilot system) for different PFAS until the ion
exchanger has to be replaced. These times depend on the
specific PFAS, or group, that is driving the treatment
objective and that needs to be removed in order to comply
with the total limit value (X PFAS-20 or X PFAS-4). This is
dependent on the raw water pollution.
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8,000-12,000 BV
15,000-50,000 BV
50,000-100,000 BV
> 150,000 BV

> 150,000 BV

> 300,000 BV

> 400,000 BV
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After use, SBA must be disposed of using high temperature
incineration. At a sufficiently high temperature and for a
sufficiently long time, PFAS are mineralised in the
afterburner chamber of the incineration plant.
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lon Exchange (multiple use)

Removing short-chain carboxylic acids (e.g. PFBA, PFPeA,
or PFHxA) to meet low concentration thresholds is very
expensive using AC and single use ion exchangers as both
materials need to be replaced frequently.

To overcome this, ZeroPM investigated using weakly basic
anion exchangers (WBA) that were regenerated regularly
with sodium hydroxide (NaOH). This process enables the
short-chain PFAS to be extracted from the WBA which then
regains its adsorption capacity and can be used in the next
adsorption cycle. After regeneration of the WBA, the PFAS
are present in the liquid regenerate and must be treated in
this phase.

Different operating times were achieved for three
short-chain carboxylic acids until the WBA was exhausted
and required regeneration. The PFAS were presentin a
volume of 20 BV NaOH that was used for regeneration,
thus treatment was required for a much smaller liquid
volume when compared to the initial drinking water.
Accordingly, this type of treatment can be compared to a
liquid-liquid separation technique such as filtration
through dense membranes, (e.g. reverse osmosis or
nanofiltration) as a volume reduction factor (VRF) can be
determined from the volume of water treated and the
resulting regenerate. The following operating times (in
bed volumes, BVs) until regeneration and VRFs were
determined experimentally:

+ PFBA: 3,000 BV VRF: 150
+  PFPeA: 10,000 BV VRF: 500
e PFHxA: >10,000BV VRF: >500

Compared to reverse osmosis systems, which achieve VRFs
of around 5 at full flow, the volume reductions observed
here are very high. This means that only a small amount of
liquid regenerate needs to undergo further treatment to
destroy the remaining PFAS. However, testing carried out in
ZeroPM was not successful in finding a technology that was
able to completely mineralise the PFAS in the regenerate.

In cases where long chain PFAS are present in addition to
short chain carboxylic acids in the contaminated water, a
different adsorption technique (AC or SBA) must be used
upstream of the WBA. This ensures that long chain PFAS are
removed before they reach the WBA. This is crucial because
these long chain PFAS cannot be regenerated with NaOH in
the WBA. Thus, the adsorption capacity of the WBA is
reduced over time. However, this additional upstream
adsorption stage incurs additional treatment costs.
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Filtration through dense membranes

PFAS are retained very well by dense membranes such as
reverse osmose (RO) or nanofiltration (NF) membranes.
The treated water, or retentate, is therefore virtually free of
PFAS.

When RO is used, almost all water constituents, including
all salts, are removed from the water. In this case, reminer-
alisation of the water is necessary before it can be distrib-
uted as drinking water. To remove PFAS (present in the
ng/L or pug/L range) from water using this technique, also
all salts (present in the mg/L range) must first be removed
from the water in an energy-intensive process.

Contacts

As RO is a liquid-liquid separation technique, the PFAS
are removed to another water stream, the concentrate,
after treatment. To completely remove the PFAS from the
environment, further treatment of the concentrate is
needed. This is no trivial task and methods such as AC or
SBA may not work as well as expected as the concentrate
contains natural organic matter (NOM) and divalent
sulphate anion in concentrations approximately five
times higher than in the raw water.

Date: February 2026

Sarah Hale Marcel Riegel

German Water Center,
TZW

sarah.hale@tzw.de

TZW

German Water Center,

Marcel.riegel@tzw.de

Acknowledgement

This project ZeroPM: Zero pollution from persistent, mobile substances
has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 101036756

ZerOPM .v




