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PFAS-ELIMINATION DURING DRINKING WATER
TREATMENT

Effective processes: Ineffective processes:
= Adsorption = Bank Filtration

= Activated carbon = Air Stripping
= Dense membrane filtration * Flocculation

= Nanofiltration (NF)
= Reverse Osmosis (RO)

= |ron Removal

= Ultrafiltration (UF)

= Oxidation (O5, KMnO,)
= Disinfection (Cl,, UV)

B TZW



AKTIVATED CARBON FILTRATION

= Removal of every substance = Breakthrough curve

1

cg: Influent concentration
¢: Effluent concentration

Concentration
filter outlet
C/Cqy—

o

Operating time, t

= Start of breakthrough depends on various factors,
= mainly on adsorption behaviour of the selected substance

B TZW
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" PFAS: DIFFERENT LEVELS OF ADSORBABILITY

Ablaufkonzentration

clc,

1,4
4 C—4=PFBA

1,2
5 C—+—PFPeA
1,0
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0,2
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Specific throughput, BV

25000

= Short chain carboxylic
PFAS are much more
difficult to remove

= If short chain PFAS
have to be removed,
frequent AC changes
are necessary

= Type of PFAS
contamination is

important
Bl TZW



Slide 5

HSO Should it be short chain carboxylic acids? Rather than PFAS

“If short chain PFAS need to be removed, the AC filter needs to be changed frequently”
Hale, Sarah, 2024-06-11710:43:10.936



PROBLEM WITH SHORT CHAIN PFCA

Chromatography effect due to substance replacement
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HSO Perfluoroalkyl carboxylic acids

Not perfluorated ......
Hale, Sarah, 2024-06-11T10:43:59.782



PFAS FATE AFTER ADSORPTION

= After AC replacement = thermal treatment

= Combustion
= Reactivation and Reuse

= Total destruction of PFAS = sufficient temperature and time
= Transformation into fluoride (F-)

B TZW



“* GENERAL TREATMENT OPTIONS
(GROUNDWATER, WASTEWATER, ...)

Process engineering grouping:
1. Adsorption

2. Flocculation

3. Liquid-liquid separation

4. Destruction

*Riegel, M., Egner, S., Sacher, S.: Review of water treatment systems for PFAS removal.
Concawe Report no. 14/20 (2020) B TZW
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HSO https://www.concawe.eu/wp-content/uploads/Rpt_24-8.pdf

This is a nice report too! See who wrote it
Hale, Sarah, 2024-06-11T10:45:22.038



~” 1. ADSORPTION

= Activated carbon Marco Miiller

= |on exchange (single use) Bjorn Dinges

= QOther materials (modified organo-clay ,FluoroSorb®) Fiona Riickbeil
= Material mixtures Ronit Erlitzki
Challenges:

= High selectivity and capacity for PFAS
= Short-chain PFAS are difficult to adsorb
= Competition with other water constituents (DOC or sulphate)

Symposium
Presentations B TZW
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HSO | would change Ronits to "Full scale results"

Not sure | get what mixtures are
Hale, Sarah, 2024-06-11T10:47:44.502



"’ 2. FLOCCULATION

Providers are (for example):
= PerfluorAd

= InSite = Only for use in Groundwater
remediation
= Pre-Treatment = Flocculation chemicals not
= Longer operation times for downstream Suitable for use in drinking
AC filters water
" penriuonat = PFAS-containing flocculation
P e sludge
oo ) = Landfilling
— ,,lewﬂg = |ncineration

sludge
-------------- » 90 % PFAS *

% TREATED WATER - I Z vv
10 % PFAS *
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HSO "Flocculants are not suitable for use.....

Also what is flocculation sludge? Is it PFAS contaminated sludge where a flocculant has been added?
Hale, Sarah, 2024-06-11710:49:29.648



3. LIQUID-LIQUID SEPARATION

= Reverse Osmosis / Nanofiltration
= |lon exchange (including regeneration)

= Activated carbon
(including controlled desorption)

= Foam fractionation Helena Hinrichsen
= Distillation

Lukas Lesmeister

Anett Georgi

B TZW



TREATMENT WITH REVERSE OSMOSIS (RO)

Primary purpose: Desalination (softening) N [2

‘Pore diameter’ approx. 0.1 nm

= Pressure difference: approx. 8 bar
= Retention of

= dissolved salts

= almost all water constituents

Permeate = ‘distilled’ water

= Separation process
= Permeate: free of ‘all’ ingredients
= Concentrate: contains all ingredients




"~ PFAS-ELIMINATION WITH RO

= Reverse osmosis removes 100 % of PFAS

= Use of RO for softening: only in bypass mode
= Removal in bypass: 0 %

= Bypass share: approx. 50 %

= Total PFAS removal: 50 %

Concentrate

Raw water Drinking water

Reve
‘ @ osis (RO) ‘

Bypass

B TZW
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HSO You can remove the - between PFAS and elimination
Hale, Sarah, 2024-06-11T710:50:23.999



INCREASING THE REMOVAL RATE

= Bypass treatment using activated carbon

PFAS containing concentrate

Raw water

Reverse

Osmosis (RO)

Drinking water

Bypass

Activated
carbon

T

Full stream treatment with RO

B TZW



FULL STREAM TREATMENT

Raw water

Reverse Osmosis
(RO)

PFAS containing concentrate
e 20 % of the raw water volume
 Further treatment

Hardenlng / Treated water
CaCo.

>

Additional water treatment for hardening

Higher water demand (20 %)

B TZW



- ION EXCHANGER INCLUDING REGENERATION

ST S SN

e.g. NaOH

Regeneration

PFAS containing Further treatment for
Regenerate PFAS destruction

Problem: Regeneration of well absorbable
long chain PFAS only possible using
organic solvents
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HSO Problem: Regeneration of highly adsorbable....
Hale, Sarah, 2024-06-11T10:51:09.309



FOAM FRACTIONATION

oy e
AT

PFAS rich foam

\%

:@ PFAS

O O

O C?OO

Low level PFAS water

N

Air / O,

7

= separation mechanism due to surfactant properties of PFAS
= ex-situ (reactor) and in-situ (well, only with air)

= Oj: Oxidation of precursors to PFAS

B TZW



GENERAL EVALATION OF LIQUID-LIQUID
SEPARATION

Raw water Treated water
. PFAS
Removal \
= Efficiency PFAS = Effectiveness
= Yield of separation Destruction = Water quality, PFAS
processes concentration in treated
: water
= Energy required for
destruction

B TZW



4. DESTRUCTION

= Electrochemical Oxidation /
Degradation

= Sono-chemistry

= QOxidation processes (AOP using
sulphate radicals)

= Plasma destruction
= |ncineration

& Lara Stelmaszyk

= High energy costs

= Pre-concentration necessary
(liquid-liquid separation)

= By-products

Barbara Behrendt-Fryda

= C-F-bond:
very stable

B TZW



CONCLUSTIONS OF PFAS ELIMINATION
OUT OF WATER

PFAS containing raw water

PFAS Treated water with low PFAS
> Removal —b concentrations
/ solid / liquid \
= Efficiency PFAS = Effectiveness
= Yield of separation Destruction = Water quality, PFAS
processes or concentration in treated
water

operation time and
costs by adsorption

= Energy required for

destruction
B TZW
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Dr.-ing. Marcel Riegel

TZW: DVGW-Technologiezentrum Wasser
Karlsruher Stral3e 84 / 76139 Karlsruhe
0721 9678-132

marcel.riegel@tzw.de
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Usmg GAC for PFAS & React/vatlan

Product Development for best results and Mineralization of PFAS

Marco Mller — Head of Activated Carbon Application & Quallty Assurance
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Agenda

« Short introduction into activated carbon

« Product Development for best results against PFAS

« Results on the most important, short chain length substances
« Reactivation of spend carbon

« Mineralize PFAS during the reactivation

DONAU
CARBON

2 19.06.2024 - © Donau Chemie Group, all rights reserved




HYDRAFFIN®

granular & powdered types for
efficient treatment of all types
of water

DONAU
CARBON

3 19.06.2024 - © Donau Chemie Group, all rights reserved




Characteristics of Activated Carbon

Main characteristics in water applications

lodine number (mg/g)
Apparent density after backwash and drainage (kg/m?)

Pore size distribution (proportion of micro-, meso- and
macropores)

Granulation (mm) or (mesh)
Chlorine half value length (cm)

Hardness (wt.%)

-

lodine number

A

Pore radius
0,25 nm

DONAU
CARBON

19.06.2024 - © Donau Chemie Group, all rights reserved
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Product Portfolio at a glance

The main granulated Hydraffin® products for water treatment according customer requirements
Hydraffin® CC8x30 CC8x30plus XC30 A 8x30 30N
Application Drinking water Waste water
COD o o XY XY Y
BTX/ PAH (YY) (YY) (YY) o0 (Y
Halogenated HC YY) o0 oo o o0
Chlorine & Ozone oeo oo oo ° oo
Micro pollutants o oo oo YY) o
Odour & taste YY) YY) YY) o o0
PFAS o XYY X N o0 YYY X o0
* Specially developed for the adsorption of PFAS DONAU

CARBON

5 19/06/2024 - © Donau Chemie Group, all rights reserved
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PFAS - new development Hydraffin CC 8x30 plué

Substance Molecular perfluorinated
PFAS at a glance Shortname formula chain length
« The danger of this group of substances with its orEA CARO2E/ short
over 10,000 different individual substances is PFPeA C5HOZ2FS short
becoming more and more an issue. Per- and PFHXA C6HO2F11 short
polyfluorinated alkyl compounds (PFAS) are PFHPA CTHO2E13 <hort
suspected of harming people and the
environment. PFAS are manufactured industrially FIROA LIROZFIS el
and can be found in many everyday items such as PENA COHO2F17 long
textiles, carpets, cqsmetics and fireﬂghting foams. PEDA C10HO2F19 long
They enter the environment durmg production, PFBS CAHO3F9S chort
further processing, use and disposal. Due to the
knowledge of their influence on people's health, PFHXS CEHO3F135 long
the demand for high-quality activated carbons PFHPS C7HO3F15S long
remains high. PFOS C8HO3F17S  long
DONAU
CARBON

19.06.2024 - © Donau Chemie Group, all rights reserved




PFAS - new development Hydraffin CC 8x30 plus

DONAU
CARBON Differentielle Porenradien-Verteilung

Comparison of the pore size distribution of the o
new development . - —— Hydraffin CC 8x30
1,8 1 —— Hydraffin CC 8x30 plus

Hydraffin CC 8x30 plus vs. Hydraffin CC 8x30 164 _

1,4 1

1,2 1

(cmg)

p

- Conclusion: Pore size matters! o]

gr

0,8 1

P

0,6 1

dV J/dlo

04

0,21

0,0 L) L) LEELELELELEL L) L] IIIIIII
107 10°

Porenradius (nm)

Aktivkohle Rohstoff BET Porenvolumen Mikroporen Mesoporen Makroporen

Hydraffin CC 8x30 Kokosnussschalen -1126 | - 0,699 | m DONAU
Hydraffin CC 8x30 plus Kokosnussschalen CARBON

19.06.2024 - © Donau Chemie Group, all rights reserved




PFAS - new development Hydraffin CC 8x30 plus

ADSORPTION OF PFBA - COMPARISON OF AC
« Drinking water

Sum PFAS-20: 1,00
Limit: 100 ng/L
Start: 01/26

=@=Hydraffin CC 8x30 plus =@=coal based agglomerated carbon

0,80

0,60

media: drinking water
Co: ~0.157 pg/fL

0,40

RELATIVE CONCENTRATION C/CO

0,20

0,00

0 5.000 10.000 15.000
BED VOLUME DONAU
CARBON

19.06.2024 - © Donau Chemie Group, all rights reserved




PFAS - reactivation of Hydraffin

P oo Aliongen CEASEY |
L NenPomas FR FFR FR F O

F FF FF FF F

RFR FR FR F

4
FFF FF FF FO

——— Polymers

Shortname PoP-Regulation (EU) 2019/1021
PFOA 1 mg/kg
PFOS 50 mg/kg

HFPO-DA (GenX)  k.A.

PFHxS 1 mg/ke

DONAU
CARBON

19.06.2024 - © Donau Chemie Group, all rights reserved




Conclusion

» Short-chain PFAS, which are the focus of attention due to
coadsorption and lower adsorption capacity, can be retained very
well using Hydraffin CC 8x30 plus.

» Reactivation frees the Hydraffin activated carbon from PFAS and
demineralises it so that the “chemical of the century” is removed

from the environment

DONAU
CARBON

19.06.2024 — © Donau Chemie Group, all rights reserved



LANXESS

Energizing Chemistry

Lewatit® ion exchange resins for PFAS remediation: Challenges &
Removal

Dipl.-Ing. Bjorn Dinges, Technical Marketing Manager, LANXESS Deutschland GmbH

ZerOPM Rastatt, June 12, 2024




Versatile specialists — comprehensive product 1 ANXESS
portfolio provides advanced solutions S s e

Lewatit’

Lewatit’

e Scopeblue

Bayoxide’

LewaPlus’

2 15.06.2024

= lon exchange resins, adsorbers,
and functional polymers for use
in many industries and
applications

= Granular iron oxide adsorbers
for water treatment

= Software for designing and
optimizing ion exchange resin
plants

Products and brands Customer industries

=

e,

SRS :
Pharmaand biotech .1 - Photovoltaic -



The general structure of ion exchange resins LANXESS

Energizing Chemistry

Structure of IX resins made from a styrene-DVB copolymer

. = Synthetic ion exchange beads
CH,NR; CH,NR;* CH,NR;* CH,NR;* consist of an organic

copolymer material
O O O 0 O 0 = Polymer chains are linked to form
a three-dimensional network
= Cross-linker connects different

_ Polvstvrene chain polymer chains to enhance
O DVB cross-linker G CH,NR;* i physical strength

Functional group

GO QOG

CH,NR,* CH,NR;* CH,NR;* CH,NR,*

= Each monomer unit carries a
functional group

3 15.06.2024



Monodisperse droplet generation by jetting process LANXESS

Stable scaffolds for demanding metals processing applications!

Energizing Chemistry

Continuous | = Continuous process
jetting column

= Raw materials are fed through a nozzle plate at

< the bottom of the column
' = The resulting monomer jet is chopped into
droplets of the same size
,* |o o = Particle size can be controlled by adjustment of
) % the whole width of the nozzle plate
S > = The droplets formed at the bottom start to
Styrene Batch encapsulate as they proceed to the column head

Divinylbenzene

(Porogere) = Polymerization of the monodisperse

‘ __— Nozzle plate encapsulated droplets is completed afterwards

4 15.06.2024

polymerization



Bead size distribution: HD vs. MD
A flexible portfolio of solutions for critical separation challengeSMXEss

Energizing Chemistry
Physical Properties o 1 gg: e

=
o
Critical parameters are: 3 g0 Bl MonoPilus S 108
n a
. g 70
* Diameter d [mm] T Bl
8 50-
* Fines d <0.315 [mm] 2 40 Droo / Draos
101
= Unifority coefficient UC o gg_' \
Ej- 10
effective bead size = Drogy, | =0.52 mm =0.58 mm 0 ]
Unitormity coeffcient = Drur/Drsr = 37200 | 0,52 mim | = e 02 04 06 08 10 12
Bead diameter [mm]
The UC is an indicator how homogenious the beads " s
9 Lewatit® MonoPlus S 108 Lewatit® S 100

are. UC<1.1 means very low content of fines that
would block the colomn nozzles and low content of
bigger beads that are less stabile and that cause
uneven loading profile.

~




The structure of macroporous resins LA_NXESS

Energizing Chamistry

Small opaque beads are actually of a highly permeable sponge-like structure

Microscopic image Schematic structure
- . ¥ i ' " » 'l. ' : : v

Micropore

6 15.06.2024



lon Exchange resin terminology

LANXESS

Energizing Chemistry

Physical Properties | Volume change

[ /f b
{ '| et fesin =
I..\ /_ Plastic & water o0
\\h__ " smmsotma
$03Ma  503-Ma —
Density = g
mass of a bead [g]
Bead volume [ml mass of one liter
[ ] of beaﬂs +8. ..t 45%
one liter
. = The higher the resin density the more polymer is
Crosslinkage sold. With this high crosslinkage (low water
so S04 SO 50 retention) the resins swell less during operation and
o = Crosslinkage range typical 4-20% regeneration.
" Crosslinkers maintain the resin shape = Especially customers who order material in the
= In non-oxidative media, resins cannot swollen for_n? have to take care when they compare
dissolve total capacities of products.

0

d0H ,H éu;-l sn,H

= Dependant on solvant polarity, they either
swell or shrink



lon Exchange Resin Terminology

LANXESS

Energizing Chemistry

Chemical Properties - Total Resin Capacity e: " Customers have to understand the relationship

between the total amount of functional groups in the
volumetric measured resin matrix (eq/ liter resin) and
the delivered ionic form. In this example the strong
acidic cation resin swells after acid regeneration by
+8%, so the total capacity of the resin is reduced by
-8%.

= Also important is the amount of fines, to avoid a
blocking of the nozzles customer who order
heterodisperse resin have to backwash the material
more intensive. The small beads that affect the total

F— B A = ﬁ )@ WG l .—f,—Hn resin capacity result have to be washed out and the

e h—\ L = _i { ,_k_,h real capacity of the material is lower.

X 'MDL.,-'L_: ; | | _
= F.e. is the theoretical cupper capacity of

_12:0 g@?’ f & ':2,1 =t !f"‘* Lewatit TP207:

O f £ TC () =TC (aa ) *MG (g/mol) =22 65 = 71500,/ ream
charfe (eq/mol] 2




Basic Design Parameters

LANXESS

Energizing Chemistry

Chemical Properties - Operating Capacity

|
Parameters with influence on OC: ea

= Total capacity of resin & resin age

Feed concentration of removed species

= Competing ions

concentration of exchanged
ion in outlet of column

= Feed velocity / throughput in bed volumes (BV)

n pH leakage
= Setting of break through point i

1.5

= Hydrodynamics in filter

g
- 13
. 2 SP 112

= Depth of regeneration S ta orionr oo
g = —
o 1 _.a-""-_--‘

= Temperature F 1o T
[} ! _,..-f"'

. . . o r
= Oxidative state of ion (Fe(ll), Fe(lll)) i

0.8
40 50 60 TO .11] 80 100 110 120

= Complexing agents in solution... HCI [9A Hara)




LANXESS

Energiring Chemistry

Influence of Velocity on breakthrough Influence of Competing lons on breakthrough

0,35
0,6
——14 m/h 0,3 X
0,5 030 m/h / —o— 17 mg/L Ca
m

04 /‘ 42 m/h 0.25 —0—50 mg/L Ca
< 0 —A—42m _
% / Z 02 A —A—125mg/L Ca
2 03 8 //P —X—174mg/L C
3 S 0,15 X mg/t- La
©

0,1 //Er//u QéS /
oio— ‘ o0 oW o000

0 10 20 30 40 50 0 10 20 30 40 50
operating time (d) operating time (d)
IX= Lewatit TP 207; Co(Ni) = 120 - 153 ug/l, c(Ca)=45-51 mg/L,pH=7.5-7.9 IX= Lewatit TP 207; Co(Ni) = 81 - 140 pg/l, c(Ca) =45 - 51 mg/L, vF = 29 - 30 m/h,

pH=53-74



Basic Design Parameters

LANXESS

Energiring Chemistry

Pressure Loss

A les Vorlage emelioine
Specific pressure loss (15 °C) approx. kPa‘h!m’l 1.0
Pressure loss max. kF’al 200

Ap[kPa]=h[m]xv[m/h]xF,x F; x Fg

h = Resin bed depth [m]

v = Linear velocity [m/h]

Fy = Velocity factor [ from diagram 1]

F; = Temperature factor [ from diagram 2 ]

Fr = Resin factor ( specific pressure drop ) from table 1 [kPa x m™? x h]

Diagram 1 Velocity Factor Diagram 2 Temperature Factor
1,8 14
5 1.7 // £1.2 =g
s 1.6 T 1.0 =
g 15 = s 0 S
> 14 -] = o -
214 £06
2.0 - 204
- 1,1 = 502 e =
1,0 +—="] " 00
20 30 40 50 60 70 80 90 100 110 120 0 10 20 30 40 50 60 70 80 90 100

Flow rate [ m'h ] Temperature [ °C ]

11



lon Exchange Resin Terminology

12

LANXESS

Energizing Chemistry

Definition of Selectivity

0000000

Q
00 O | o 09""0
OO0 O 8 © o@ 90 @
00 O 3:“;% o
00 O 8
00 4
000 @ g
000 |® 3% 0 & 50
OO o o

%
%

—

V0009 0O

CPPO 0G0

O @ O o

©
el e

@

>> ()

= Selectivity describes the
tendency of certain ion
species (e.g. o ) of
being adsobed on an ion
exchange material( D )
in comparison to other
ionic species

(eg @, O )
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lon exchange resin terminology :Selectivity as...

Complexation reaction (IDA resin)

o 2
N\ %Py H
S
e +EDTA:  —= | O -Me& o %
o : o
Wi '
LY e
MCHL)
Heterogenic reaction
CH,-COO .
Me* + (R -IDA* = (R -CH/N} - Me
CHcoo”
Lewatit M+TP 207
Heavy metals, alkali earth metals
Fe¥*>Cu?*> H*> Hg?* >Pb?*>Ni?*>Zn?*>Cd?*>Co?*>Fe?*>Mn?*>> +>>>
Ataliy metals > >>> alkali metals
For comparison the SAC selectivity:
©-SO0O;Na
Pb2*>

>Ni?*>Cd?*> Cu?* > Co?*> Zn?* >Fe?*> >Mn2*> Alkalis > H*
> heavy metals > alkali metals

> Hf

Homogenic reaction

Heterogenic reaction

selectivity: boron, oxyanions, ....

LANXESS
Precipitation reaction

Energizing Chemistry

Me2* + S

—

p—_

MeSl

Me2* + 2®-CH2-S' <——’(®-CH2-S)2"V'9

selectivity: heavy metals, noble metals
Heterogenic reaction

Me? + §O,* =  MesO, }

e+ ({)-soz

=t @-503 Me
selectivity: earth alkali metals, lead, ....

condensation reaction

Homogenic reaction

B(OH), + 3 EtOH

B(OEt), + 3 H,0
_ [B(OH).1

+

OHH OH QH
CH,-N(CH,)-CH,-C - dI: -c-¢

-CH,OH
I
HOHH H

HO  OH
=
B o
H \
? \ OHH
H

¥
: p R
,-N(CH,)-CH,-C - C - €
4

+1H,0 +0H
I
HOHH H



lon exchange resin terminology : Selectivity as...

LANXESS

Energizing Chemistry

Hydrophilic interaction

agdsorber resin

7
/\/\/\/\/\/@—ﬁ—O—Na
0

selectivity: surfactants, BTEX, ...

se s . selechivity: AQX, golvents
Hydrophilic interaction adsorher resin
Acid / Base reaction

Soft base likes to react with soft acid not with hard acids

hydrophohic interaction  +  ionic interaction

(RMNCH),c o+ NOy — (RINCHNO,  + C
m— (R)-N(CH,CH,-CH,),Cl + NO,; = (R)-N(CH,-CH,-CH,,NO, + CI
selectivity: surfagtants, tannins, lignins ... - ity: ke ol  lodid ...

14



LANXESS

Vessel Technologies

Liftbed

REGENERIERM, !
WASCHWASEER

Cocurrent

)
()
m
=)

h,
REINWASSER )
~ OBERERE  V
DUSENBOOTN sirsina:

— sighl gt

Countercurrent

2
E-
= P
=
£ . runu:Hl_-H
- nfSFNRONEN
2 n o WGN0 Skt
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ABWESSER
V

ARBEITSZI
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Flow Patterns MXESS

Energiring Chemistry

Reduced effective bed depths

EXHAUSTED
RESIN
EXHAUSTED
RESIN
EXHAUSTED
RESIN

WORKING ZONE

WORKING ZONE WORKING ZONE

POLISHING ZONE

POLISHING ZONE POLISHING ZONE

>

H¥3LvMm

¥3LYM
a3ldnd

¥ILYM ’
a3lnd




Energiring Chemistry

LANXESS

Filter Nozzles

e ‘75.:2'-"'-:":";




Key properties of ion exchange resins LANXESS

Energiring Chemistry

Precise control of resin parameters for critical separation challenges

= Functional group (type of chelating) Resin bea Throughput Factors
= Polymer Matrix (styrenic or acrylic) Lewate e TP 207 e L
48.00 48300 1.06
= Morphology (gel or macroporous) BV ) | B LHEV) Fuesin
. . T - 18.20 = .| 1 !
= Crosslinking 180 m i compre
o . R wikira apm A3 gpm | f2 Visemsity [oF)
= Bead size (mono- vs. heterodisperse) g . taer o
o 2 180 m ' 21122 =t 2
= Kinetics -
-~ 1m —— 5
= Resin Swelllng —L—Gm-—ll-— Priveo dmp” “E;" *;I_i:m tmin.} Tﬂ:ﬂp "I-'n;.'s1 ;u-:
T pl
" » Comad time 31 min
& Vedums iBE s
Cycle time calculation Element  Cu
;:‘:w-n:r in influent s 078 meg! Cu = 26 ppm (larget .15 ppm)
Crumentity in influent ik AT 8 eq :mu:rk"_‘[‘;::; 2'3-:: S sbm Lewali
Cpamating capacity / | resin 1.80 mg'l oroPlus X n and lag ;
:}pwa"r: r_ﬂpncl't:: mesin bad 4 600 eg EZHU-I:IE::::::T:;:::M ool
Cyole time 1088 h
Throughput / oydle 2,028 &6V
5,083 m3
|
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Chemical structures of most critical Per- and 1 ANXESS
Polyfluorinated Alkyl (PFAS) substances ma

Energizing Chemistry

Highly efficient resin for the removal of toxic anions such as perchlorate, chlorate, and bromate

Long chain Short chain
FFF FF FF F Q FRFFF Q
S—OH S—OH ‘ PHOTOGRAPHY )3
EEATATAN Fg i FFF Fg "\ / rmngimne
;W'fgg%“lta“fs“'h“'c acid (PFOS) Perfluorobutanesulfonic acid (PFBS) :
- >rhgimo MW = 300 g/mol
F FE FF F 0 FF O PESTICIDES STAIN RESISTANT
F F
OH OH
F FF FF FF F F FF F
Perfluorooctanoic acid (PFOA) Perfluorobutanoic acid (PFBA)
MW = 414 g/mol MW = 214 g/mol PAINTS FAST FOOD

PACKAGING

NON-STICK
COOKWARE

A high-performance ion exchange resin required in order to remove mixture PFAS
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Options for treatment of PFAS LANXESS
lon exchange is most efficient technology especially for short chain PFAS! E—

Reverse
osmosis/
nanofiltration

Granulated
activated
carbon

lon exchange

20 15.06.2024

Effectively removes even smaller chain PFAs
Capex cost is high

Operating cost and energy consumption is high
Results in a relatively large waste stream

Low-cost media difficult to change and
expensive to reactivate

Large footprint

Low selectivity short chain PFAS results short
cycles frequent exchanges

Fast kinetics, small vessels,
Spent material is easy to be exchanged

Very high selectivity, long cycles, low
exchange rate

Energizing Chemistry

Cost Calculation using Lewatit® TP 108 DW,
a competitor ion exchange resin (IER), and
activated carbon

Costs in %
Normalized to AC costs

100 | gy - ---on--mssmssessnsoesoossoesoeoooooooooo

23
80 -58%

60

40 69

20 32

8

Activated carbon ~ Competitive IER Lewatit TP 108 DW
m Equipment ®Material (initial fillig and refill) m Disposal



Lewatit® PFAS resins MXESS

Lewatit®
TP 108 DW

S

Lewatit®
MonoPlus

TP 109 E i ’

Lewatit®
MP 62 WS

Lewatit®
MP 62 WS Eco

Energizing Chemistry

Very high selectivity to PFAS

Especially effective against short-chains, e.g., PFBA types
Not recommended for regeneration

NSF 61 Certified for drinking water application

High selectivity to PFAS species

Macroporous structure for improved kinetics, fouling resistance and easier regeneration
Monodisperse resin bead size for improved hydraulics

Optimum functional group hydrocarbon chain length for balance PFAS removal and regeneration
High regeneration efficiency 70% methanol + 1% NaCI!']

Medium selectivity for PFAS species weak base anion exchange resin, short chains regenerated NaOH
Suitable for highly PFAS-contaminated waters such as point sources or aquifers

Macroporous structure for improved kinetics, fouling resistance and easier regeneration

A high operating capacity and total capacity (=1.7 eq/l), ideal as a pretreatment resin

24% greenhouse gas savings? due to usage of ISCC? Plus certified styrene in accordance with mass balance
approach

" Deng et al. Water Research 2010, 44, 5188
2 Compared to standard Lewatit® based on fossil monomer (acrylonitrile/styrene). ISCC refers to International Sustainability & Carbon Certification
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LANXESS

Energizing Chemistry

Required resins and filter arrangements

Ground water

Wastewater leachates from hot spots

(PFAS influent: ppt)

(PFAS influent: ppm-ppb)

Activated carbon removal

0 Activated carbon e RO unit — _
removal of natural — = ‘ Select_lve of natural organic matter
organic matter m——=—> | Lewatit®
B 1 TP 108
concentrate  Polishing l
E"acr‘t’,f@?;zgse"zes\‘fgerag'e: l Selective Lewatit® TP 108
ewall an Polishing, longest cycle time

Lewatit® MonoPlus TP 109 -
Regenerable working filter

PFAS selective Lewatit® TP
108 and Lewatit® K 6362
polishing, especially short
chain PFAS

Purified
water

22 15.06.2024

Lewatit TP 108 single
use or Lewatit®
MonoPlus TP 109

“ Regenerable

l

Purified
water

lowest leakage



Interactions of PFAS with anion exchange resins
Strongest interaction between Lewatit® TP 108 DW and long chain PFAS

Strong interactions between Medium interactions between Weak interaction between
Lewatit® TP 108 DW and PFNA Lewatit® TP 108 DW and PFBA Lewatit® K 6362 and PFBA

H,C ;
~ (e
H,C n CH eF,
\(\9/@\000 J[
H,C - C| (|: i
U crp

)( Hydrophobic interaction
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LANXESS

Energizing Chemistry

Qo9

o'\ Ohon,
ooc )( / | ooc
<\ ~CF, g H.C CF,
HyC | ’ |
FoC.o_ F.Co_
CF, CF,

n>1 “ lonic interaction



Warminster plant comparison LANXESS

Lewatit® TP 108 offers longer lifetime than competitor resin

Energiring Chemistry

50
45
40
—a— PFOA
2 35 competitor
--4--PFOS
o
c 30 competitor
0 25 —e— PFHXA
E competitor
& 20 —& -PFHpA
8 competitor
g 15 -4 -PFOA
; Lewatit®TP 108
& 10 --¢--PFOS .
o Lewatit®TP 108

”
- L

5 ’ < ’ ,-I" —:_‘_“f':
- - —_— —
0 - Y
0 20000 40000 60000 80000 100000

Bed volumes

1.5L, 30 BV/h PFOS 429 ppt, PFHxA 80 ppt, PFOA 174 ppt, PFHxS 110 ppt

24 15.06.2024



PFPrA" and PFBA? removal from process stream

Lewatit® MP 62 WS outperforms with high loading capacity and efficient I.ANXESS
regeneration using 4% NaOH Enegizng Cherisiy

PFPrA and PFBA removal by Lewatit® MP 62 WS

operating conditions

[
Q 450
PFPrA;..4 103 ppm 'TE:
o
|:'I:F,rAloading capacity 10.3 g/L a_z 350
o
PFBA;..4 602 ppm _d=>
=] 250
c
|:'FBAloading capacity 145 g/L 'E
(]
Volume 900 L :'3 150
-
c
pH 2 8 50
c
S ® —
sV 2BVih o 500 50 100 150 200 250
<
Reg. 4% NaOH, 3-4 BV '5.': Throughput (bed volumes)
Configuration merry-go-round PFPrA PFBA

Reliable and efficient PFAS removal for several years at waste water plant in Germany

25 15.06.2024 1) Perfluoropropanoic acid 2) Perfluorobutanoic acid



PFOA and PFOS removal from ground water

Lewatit® TP 108 DW offers longer lifetime than competitor resin and I.ANXESS
activated carbon Energizng Chenisty

Resin in Cl form :é 7

t 6
PFOS 61 ppt ]

£ 5
PFOA 44 ppt 2

£ ‘

c
Volume 75 L 2 3

(1]

t 2
pH 7 §

o 1

(3]
SV 15 BV/h 2 0

[T

o 0 10,000 20,000 30,000 40,000 50,000 60,000 70,000
Temp 20°C Throughput (bed volumes)

GAC PFOA Competitor Resin PFOA

Breakthrough > 1 ppt

- — — GACPFOS Lewatit® TP 108 PFOA and PFOS

|
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Lewatit® TP 108 DW offers longer lifetime than 1 ANXESS
competitor resin e Saiie e

Pilot Trial in a River Water Project, USA PFOA and GenX Removal

= 20 BV/Hour = PFOA (feed) = 23.5 ppt; GenX (feed) = 28.7 ppt
= EBCT =3 min
= Competitor resin is a gel type non-regenerable PFAS resin

35

30 SenX-
Bed PFOS, | PFOA, | PFBS, PFNA, PFHXA, | PFHpA, g | iyl
Volumes | ppt ppt ppt ppt ppt ppt = = ipe e
(-9 -
IX a 25 -
Resins \'}Vaav:er 208 235 6.1 9.3 59 28.7 64.9 425 e o E
o ' 4 - = GenX-Competitor
- S F -
TP108DW 27,400 ND ND ND ND ND ND ND ND € 20 / =7 —-
= /] /
TP108DW 62,500 ND ND ND ND ND 109 7.8 ND § 5 P
8 15 ’ /
TP108DW 90,900 ND ND ND ND ND 235 37.0 6 = ’ K PFOA-Competitor
= 7/
@ ¢
TP108DW 133400  ND ND ND ND ND 28.7 68.7 115 2 10 L e
4
A Competit 4 r gt
Reain T OT 27,400 ND ND ND ND ND ND ND ND 2 ] ud
esin = 5 Pl
oo /., 4
NCoIBEHCH Ne51P00 ND ND ND ND ND 215 169 25 ’
Resin .L, PFOA 108 DW
A Competitor o, 5, ND 35 ND ND ND 203 376 15.7 ¢
Resin ' ’ ’ ’ ’ 0 30,000 60,000 90,000 120,000 150,000
Qé‘i’:”"w 133400  ND 125 ND ND ND 246 50.6 263 Bed Volumes

ND: non-detect
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Lewatit® TP 108 DW offers longer lifetime than
competitor resin

LANXESS

Energizing Chemistry

California OCWD Pilot Data (Phase 2) 19 Month Trial

= 30 BV/hour, run for about 19 months

= EBCT =2min

Avg. Influent conc., ppt
0
20,000
40,000
60,000
80,000
100,000
120,000
140,000
160,000
180,000
200,000
220,000
240,000
260,000

ND: non-detect
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20.1
ND
ND
ND
ND
ND
4
5.5

245
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

10.3

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

14.9
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

PFHxA
45

ND
ND
ND
2

4.9
4.9
4.9
4.7
4.5
43
4.3
4

3

3

PFAS Effluent Concentration, ppt

16

14

=
N

[
o

o]

= PFOS, PFHxS and PFBS didn’t breakthrough

50000 100000 150000 200000 250000 300000

Bed volumes



Lewatit® TP 108 DW offers the highest capacity for 1 ANXESS
most PFAS species found in drinking water sources e it

PFHxA and PFHpA breakthrough curves PFHxA breakthrough curves generated
generated USA USA

A5 A5
40 40
Influent_PFHxA Influent_PFHxA
35 35
= Influent _PFHpA 50
= 25 5
o a
. W
g 20 £ 20
Gel tribuyl_PFHxA
15 1
10 10
ffluent_PFHxA TP 108DW_PFHxA
0 & . " 3 i ET N T 4 z & Effluent fFHpA = 0
0 50000 100000 150000 200000 250000 300000 350000 0 50000 100000 150000 200000 250000 300000 350000
Bed volumes Bed volumes
]
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Resin performance for PFAS application
Simulated breakthrough curves by use of Klinkenberg MXESS
odel

= Lewatit® TP 108 DW best resin to be used as single use polisher:

11 20 BV/h, 60 ppt PFNA in longest cycle time and lowest leakage
=== =- S = Macroporous resins, shorter cycle times and higher leakage
0.9 ’ / values due to lower total capacity
/
/ ,' = Technique established that yields fast access to breakthrough
07 ,’ ! curves 2-3 weeks instead of 15 weeks for traditional method
!
05 )/ y
/ ]
0.3 / ]
/ /
/ / }
0.1 T g
______ _ ~ [lmfw’ I+ )]
T E
-0.1
0 10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000 " k[&u (1 -5 r = ]_ ( f - )
Throughput (BV) G = ( ) -
Z &
- Macro, trimethyl Macro, TBA Lewatit® TP 108 DW
Gel, trimethyl = = Gel, tributyl
|
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Case study at fire training site Australia LANXESS

One of the most successful PFAS water treatment plants

Energizing Chemistry

Containerized PFAS treatment plant Characteristics

= Training using aqueous fire-fighting foam (AFFF)
containing per- and poly-fluoroalkyl substances (PFAS)

= PFAS leached into groundwater

= Discharge criteria for long and short-chain PFAS
to comply with

= Processes: oxidation, pH adjustment, flocculation, solids
separation, media filtration, ion exchange and adsorption
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PFAS treatment in a fire-fighting facility MXESS

Energizing Chemistry

, PFAS treatment summary
-
= Influent: total PFAS up to 200 ppb

Effluent targets
PFOA Removal

5 — PFOS and PFHxS combined
| total less than 0.07 ppb

— PFOA less than 0.56 ppb

PFBA Removal

Equalization
Tank
7

%. &23 — PFBA to non-detect level up
5 £ to 10,000BVs
) ) = 20 m¥hour flow rate

In operation for 12 months and
treating nearly 14 million gallons
0 2000 4000 6000 8000 10000 12000 0 2000 4000 6000 8000 10000 12000 of Water
Bed volumes ed volumes
—o—Feed —8—After GAC —8—After MP62 WS —@—After TP 108 DW —e—Feed —8—After GAC — B:zc-lr-dpsz WS —e—After TP 108 DW Deemed one of the most successful
PFAS water treatment plants in
Australia

Lewatit® TP 108 DW reduced most PFAS compounds to non-detect!
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Operational Guidelines LANXESS

Energizing Chemistry

Recommended Operational Conditions Design Considerations

= Total suspended solids in the feed < 0.5 ppm = Specific flow rate: 10-20 BV/hour
= Pressure drop <150kpa to prevent mechanical stress on = Vessels: 8 ft, 12 ft diameter vessels are typical
the resins

Cross-sectional linear velocity: > 5 m/hour

= Free chlorine < 0.05 ppm: effective pre-treatment is
required to prevent irreversible chemical damage to
the resins

Bed depth: minimum 3 ft

Backwash: not recommended except startup

= Presence of other oxidants e.g., ozone, permanganate = Pretreatments

and etc are not tolerable- same as above — High TOC: GAC, Acrylic resin pre-filter

= Organic as TOC < 1 ppm: effective pre-treatment is — High PFAS concentration: regenerable resins
required to prevent fouling of the resins and prevent as pre-filters
poor performance = Configuration

= Qil & grease are not tolerable- same as above ~ Lead/lag

= Heavy metals: <0.05 ppm
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Overview of LANXESS resins and adsorbers for 1 ANXESS
drinking water applications e g Chuhie

Strong portfolio of Lewatit® ion exchange resins for critical water purification challenges

Chelating Strong base anion resin (SBA) Ferric hydroxide
resin adsorber

Lewatit® Lewatit® Lewatit® TP Lewatit® Lewatit® Lewatit® Bayoxide®

MonoPlus TP 107 108 DW TP 106 S 5128 DW 630 E33 /E33 HC
TP 207

Heavy metals HM u

Chromium CrO,* -

Nitrate NO; u

Per- and PFAS n

polyfluoroalkyl

substances

Perchlorate ClO, u

Natural organic NOM u

matter

Uranium UO,(SO,),* -

Arsenic AsO* -

34 15.06.2024 Country specific potable water approval certificates can be received as manufacture's declaration.



Please get in contact with us

Contact details

Dipl.-Ing. Bjorn Dinges
Technical Marketing Manager
LANXESS Deutschland GmbH

Mobile: +49 (0)151 74650606
E-mail: Bjoern.dinges@lanxess.com

Linked )

Marco Dreiner
Area Sales Manager Germany
LANXESS Deutschland GmbH

Mobile: +49 (0)1622003262
E-mail: marco.dreiner@lanxess.com

Linked[T})
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Disclaimer MXESS

Energizing Chemistry

Health and Safety Information: Appropriate literature has been assembled which provides information concerning the health and safety precautions that must be observed when
handling the LANXESS products mentioned in this publication. For materials mentioned which are not LANXESS products, appropriate industrial hygiene and other safety precautions
recommended by their manufacturers should be followed. Before working with any of these products, you must read and become familiar with the available information on their
hazards, proper use and handling. This cannot be overemphasized. Information is available in several forms, e.g., material safety data sheets, product information and product labels.
Consult your LANXESS representative in Germany or contact the Regulatory Affairs and Product Safety Department of LANXESS Deutschland GmbH or - for business in the USA -
the LANXESS Corporation Product Safety and Regulatory Affairs Department in Pittsburgh, PA, USA.

Regulatory Compliance Information: Some of the end uses of the products described in this publication must comply with applicable regulations, such as the FDA, BfR, NSF,
USDA, and CPSC. If you have any questions on the regulatory status of these products, contact — for business in the USA-, the LANXESS Corporation Regulatory Affairs and Product
Safety Department in Pittsburgh, PA, USA or for business outside US the Regulatory Affairs and Product Safety Department of LANXESS Deutschland GmbH in Germany.

The manner, in which you use and the purpose to which you put and utilize our products, technical assistance and information (whether verbal, written or by way of production
evaluations), including any suggested formulations and recommendations are beyond our control. Therefore, it is imperative that you test our products, technical assistance and
information to determine to your own satisfaction whether they are suitable for your intended uses and applications. This application-specific analysis must at least include testing to
determine suitability from a technical as well as health, safety, and environmental standpoint. Such testing has not necessarily been done by us. Unless we otherwise agree in writing,
all products are sold strictly pursuant to the terms of our standard conditions of sale. All information and technical assistance is given without warranty or guarantee and is subject to
change without notice. It is expressly understood and agreed that you assume and hereby expressly release us from all liability, in tort, contract or otherwise, incurred in connection
with the use of our products, technical assistance, and information.

Any statement or recommendation not contained herein is unauthorized and shall not bind us. Nothing herein shall be construed as a recommendation to use any product in conflict
with patents covering any material or its use. No license is implied or in fact granted under the claims of any patent.
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ZerOPM

ZeroPM treatment approach: Two step
treatment with activated carbon and
regenerable anion exchanger

Special Symposium on PFAS elimination, 12.6.2024,
Karlsruhe/Rastatt

Lukas Lesmeister, Dr.-Ing. Marcel Riegel

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 101036756.




Perfluoroalkyl acids (PFAA)

F
F 0 0
- - Terminal degradation products
0 F =
O(H) /
hydrophobic ‘ hydrophilic
PEBA é/lkyIIZhain F ‘ < " head
Fl| O
. n

n=C.=3->PFBA 4 Catoms
n=C.=4-> PFPeA5 C atoms
n=C;=5-> PFHxA6 C atoms

12.06.2024 Lukas Lesmeister




Current Situation

160
Removal of 140 PFBA (c0 = 33)
long chain PFAA
I 120 - PFPeA (c0 = 92)

Feed Activated 0\0100 B VRSOSSN ASLOUOOTN, OSSO AV, e s T WO S
Carbon § 80 - A 5 PFHXxA (0 = 95)
B g |

0 - PFHpA(cO|=39)
Long chain PFAA ¢4 40 - djjd}jmd: or
Short chain PFAA €72 20 | M
0 I I I 1
30000 40000
1 bed volume (BV) = volume of Abb.: Relative effluent concentrations in GAC filter
water equal to the volume of the in pilot plant, h = 2 m, flow = 5 BV/h, v = 10 m/h,
filter bed ¢ in na/L
0 g/L.
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Impact of the new DWD

» Former guidance values (LW), health
orientation values (GOW)

long chain PFAA
Feed Activated C Hg/L | pg/L
Carbon 10 -
3.0

Removal of

PFBA Perfluorobutanoate 4

3
] 2°72Y:W Perfluoropentanoate 5 4 -
) I:i:ﬂ:‘ Perfluorohexanoate 6 5 6
Long chain PFAA & 6 i
7

. MPerﬂuoroheptanoate 7
Short Chaln PFAA @ MPerfluorooctanoate 8

=Up to 80 % reduced operating New threshold, RL 2020/2184/EU
time (presence of short chain PFAA) 5., PFAS = 0.1 ug/L

= Additional effort & costs

0.3
0.1 -

12.06.2024 Lukas Lesmeister 4



Approach in the EU ZeroPM project

Removal of Removal of
long chain PFAA short chain PFAA

Feed Activated : Drinking water
Anion Exchanger —>
Carbon

12.06.2024 Lukas Lesmeister



Approach in the EU ZeroPM project

Removal of Removal of
long chain PFAA short chain PFAA
Feed Activated . Drinking water
Anion Exchanger —>
Carbon

Halide-free
Regenerant (e.g. NaOH)

aqueous
Regeneration

PFAS containing Electrochemical
Regenerate Destruction of PFAS

12.06.2024 Lukas Lesmeister



Selection of suitable test resins

« Comparison of adsorption and desorption on different anion
exchange resins (16 resins, 5 manufacturers) in the laboratory

Test in pilot plant:
»Weakly basic resin (Purolite A111, regenerable)
»Strongly basic resin (Lewatit MonoPlus M600, regenerable)

»PFAS-specific strongly basic resin (Amberlite PSR2+, not
regenerable)

12.06.2024 Lukas Lesmeister



Water matrix
Threshold ZPFAS-20 = -
Parameter | Unit |  Mean mm

pH - 6.2 TFAA ng/L

Temperature °C 12 PFPrA ng/L 18

El. Conductivity uS/cm 301 PFBA ng/L 32

TOC mg/L 0.58 PFPeA ng/L 91

Total hardness °dH 6.6 PFHXA ng/L 94
Total hardness mmol/L 1.18 PFHpA ng/L 39
Sulphate mg/L 24.7 PFOA ng/L 187
Chloride mg/L 19.5 2PFAS-20 ng/L 442
Nitrate mg/L 27.1

12.06.2024 Lukas Lesmeister 8



Scheme of the pilot plant

— Raw water (GW)

12.06.2024

GAC (hard coal) I

PSR2Plus

GAC effluent WBA effluent

WBA

MonoPlus M600 l >

1 M Nacl SBA effluent

A111 I >
0.1 M NaOH ---* Regenerate

>

° Regenerate SBA

PFAS-spec. AER effluent

Lukas Lesmeister



GAC-Filter (hard coal)

|
-@-Sum PFAS-20 ——PFBA effluent ——PFPeA effluent

—><PFHxA effluent —~PFHpA effluent —%PFOA effluent
300

vi = 10 m/h = 440 ng/L in influent

3250 1 Q=5BV/h
c
Z 200 -
c
2 150 -
o
=
S 100 s R NS
(@]
5
S 50 -
0 A= HRIHAS
0 10000 20000 30000 40000
Throughput / BV |
349 days
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Effluent ZPFAS comparison

--------- limit value ——GAC1 e GAC1: Hard coal
* GAC2: Coconut shell-based

~——-GAC2 e PSR2Plus

Table: Comparison of flow parameters.

Ve / (m/h) 10 10
Throughput /
(BV/h) . 10
0 20000 40000 60000
Throughput / BV

12.06.2024 Lukas Lesmeister 11






Strongly basic anion exchanger, M600

¢~ PFBA influent A-PFPeA influent —<-PFHxA influent
x-PFOA influent —<—PFBA effluent -A—PFPeA effluent
—PFHxA effluent

140 -
100 -
c . .

O 80 -
5 60 - 5
c
S 40 - ZSS p L}
g g ‘ F°
U 20 - R 55

0 | seuessiatilt i okl i

0 10000 20000 30000
Throughput / BV

* R, regeneration using 1 M NaNO; in pilot plant
* *R8 and R9: regeneration using 1 M NacCl.

Concentration / (ng
)
o

350
= 300
S

N N
© U
o O

-
i O©
o O o©O

¢ YPFAS influent ——YPFAS effluent

0

Vi

Q

10000 20000 30000
Throughput / BV

10m/h BVgey = 10
10 BV/h
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Weakly basic anion exchanger, A111

vi = 10 m/h o-PFBA influent &-PFPeA influent x-PFHxA influent o PFHpA influent
Q =10BV/h x-PFOA influent —-PFBA effluent ~a-PFPeA effluent
120 R1HR2 H*R3—R4 R5 R6 —R7 R8 ROHR10—*R11 R12
3100 - s
NG : A DD S g A
S %07 A N
o ~AS P X =
S 60 - A . AR S
g i P, Se ?
c 40 - 800 SN oKX
8 Y < ¢ q
g 20 X ¥ 0 O ;
[ 5
v : L :
0 | A0 AR AN ANASTTSS o5y i I :
0 5000 1000 15000 20000 25000 30000 35000 | 40000
Throughput / BV
280 days
* R, regeneration using 0.1 M NaOH in pilot plant BV, = 10

* *R3 and R11: regeneration using 0.01 M NaOH.

12.06.2024 Lukas Lesmeister
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Weakly basic anion exchanger, A111

vi = 10 m/h

o-influent

——effluent

Q =10 BV/h

350

—*R3 R5 R6 R7 R8 R9

~R10

*R11

R1HR2 R4
- : : :
Y 300

£ 250 -
N

oo

R12

S ARIR T IV e

15000 20000 25000
Throughput / BV

0 5000 10000

« R, regeneration using 0.1 M NaOH in pilot plant
* *R3 and R11: regeneration using 0.01 M NaOH.

BV = 10

12.06.2024 Lukas Lesmeister

30000

35000

280 days

40000
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Process evaluation (example)

Assuming regeneration every 3 weeks:

« 10080 L treated drinking water
« 25 L regenerate - process efficiency: 99.8%
60 L flush water cut-off > process efficiency: 99.1%

Comparison with reverse osmosis treatment: approx. 80%

Without consideration of additional treatment of regenerates or
concentrates

12.06.2024 Lukas Lesmeister
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Conclusions / outlook

* Process evaluation:
- Effective: PFAA concentration in the effluent < 100 ng/L v/
e Efficient: > 99% v/
« Treatment costs: materials, specific costs pending

 Treatment of Regenerate pending

12.06.2024 Lukas Lesmeister
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Technician
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EU Green Week
HANDLING A PFAS
CONTAMINATION
EXPERIENCE OF

Symposium on PFAS elimi

12th June 2024
Rastatt, Germany

STADTWERKE @
RASTATT




ZerOPM STADTWERKE @

RASTATT

STADTWERKE RASTATT AS AN EXAMPLE OF ENGAGEMENT

» Highlights of a real example of a public utility that has
effectively managed a PFAS contamination

» Challenges of PFAS, drinking water regulations and
water supply responsibilities

» Immediate measures and actions taken:
investigation, best technologies, expert involvement,
investment and treatment optimization

» Crisis Management: priorities, decision making

» Ensure a reliable water supply: long term efforts and
continuous engagement

Handling a PFAS groundwater contamination
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i ( CURRENT SITUATION oo
> ,f - "’“’ﬂ-mr i ‘::'me s "“.'. P‘;;ﬂ:“-q:i‘;( -

PV w.. Cgem

CAUSE OF THE CONTAMINATION

Seite 3
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Zord) STADTWERKE @
LerOPM RASTATT

CURRENT SITUATION

foey
» PFAS discovered in groundwater well in 2012 by

chance of a full water-analysis

» PFAS contamination in the region “Mittelbaden” is
one of the biggest environmental scandal in Germany

» The groundwater and soil remediation is
economically impossible

> "
Karlsruhe }

» Measures taken regarding PFAS removal made it
possible to ensure a safe water supply

Handling a PFAS groundwater contamination



CURRENT SITUATION

SOIL
1.100 hectares contaminated with PFAS so far
11% of the total agricultural land

GROUNDWATER
170 million m3
58 km? of groundwater surface (Lake Starnberg)

ZerOPM STADTWERKE @

RASTATT

I
!

vvvvvvv

Wasserschutzgebiete
U Grundwasserhshenlinie
Modellgebiet

Untersuchte Fldchen

Kart

enlaver

Summe PFC [pg/l]

im oberen GW-Leiter

Jahresende 2030
——)

01 05 1 > 10

Stand April 2022

= mogliche Eintragsflachen E
(QS im Eluat >1) I

unbelastet (QS im Eluat s1) ",

Lauf

Handling a PFAS groundwater contamination
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CURRENT SITUATION

Dachau - |~
SOIL S N
i T Karlsfeld m S :, Ismanlrag
1.100 hectares contaminated with PFAS so far = Jew a0 [ 0 )
. urste:nie: 7-fuc nundaciones en\: lemania Ry S sc o Polng;
11% of the total agricultural land S AR et
C, g Munich -®rg”
Gilching 4 ) Planegg - .‘ e | N Héq‘r -, 
GROUNDWATER ] e . . ""'-Z?rnedn,ngh
PRl Gauting f Unterhaching y - Kirchse|
170 million m3 " N e/
/ / Oberhaching™ q
58 km? of groundwater surface (Lake Starnberg) |, Lm '
ersee G { Glonn
behs Péckin.g::: f?gfg ‘ f Sau(e“r!ach" Aying
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- i b ", Irs
Seeshaupty |
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ZerOPM. sTAeicie o
CURRENT SITUATION OF WATER TREATMENT PLANTS

Measures taken for safe water:
» Inter-municipal pipe connections
» New internal pipelines

N OTTERSDORF RAUENTAL B P> Treatment technology: activated

8 extension of processing technic ; Activated carbon filters

S8 and construction of new wells | | T ke carbon filters in treatment plants
44 _ESTE@._?_-? o T 5 Ly ¥ « K / ¥ :
» PFAS-Monitoring

» Construction of new wells

'NIEDERBUHL Bl S e > Further .research. for most
Out of operation since 2011 9 i econom|ca| SO|Ut|0nS

- _ =i : .- m/"‘ ’ ..‘ ‘/;f

oo/
-/

Seite 7
e Handling a PFAS groundwater contamination



Zord) STADTWERKE @
ZerOPM RASTATT

CAUSE OF THE CONTAMINATION

= SWR AKTUELL S E m A0 BADISCHE TR,
" . NEUESTE NACHRICHTEN
WH O - Juristische Folgen aus dem PFC / PFAS Umweltskandal aden Kraichgau Pforzheim Erleben Nachrichten M

i+ BNN bei WhatsApp Newsletter Sporttabelien

Mitiehacen | Rastatt

N Aufriistung und neue Stellen

E =S

» A compost company from Baden-Baden @
Fast alle Trinkwasserversorger
in der Region Rastatt kampfen

Landgericht
WHAT? - | _
J:FC / PFAS Umweltskandal: Zivilklage vor dem Landgericht Baden-Baden| m I.t d e m P F C ¥ P ro b I e m

> Experts Conclusion: the Contamination Was Die PFC-Belastung in der Region ist bei fast allen

Einfluss von PFC / PFAS auf die Gesundheit Trinkwasserversorgern Thema. Diese begegnen der Belastung mit

htlich des Dauerthemas neue

most likely due to compost distribution on fields | B ey ™ .
mixed with paper sludge ’ Woher kam das Zeug blo§? 4%

HOW?

» Spreading PFAS-containing compost over large
areas of agriculture land between 2000 and 2006

[E——— P
PFC / PFAS: Giftin Umwel, Tier und Mensch PFC-Skandalim R} B
gen gehen in ci

1)

Seite 8
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EVENTS HAPPENED

Zer$) STADTWERKE @
ZerOPM RASTATT

» Rejection for the sewage sludge
compensation fund

» Revision of the EU Drinking
Water Directive

» Participation and statement on
water management planning

» PFAS discovered by chance in
water analysis » Completion of redundancy

» Criminal complaint » First Symposium in Rastatt

» Public communication » First juristic verdict

» Information exchange with » Expert opinion on health
specialists and authorities

—\/ \/
2012-2013 2014-2015 2016-2017 2018-2019
% M

» Search for financing

» Research for treatment technologies
» Groundwater models

» Activated carbon in water treatment
» Inter-municipal connection pipeline

N—

2020- 2021 2022-ongoing

» Civil action against polluter
» Further PFAS Symposiums
» Appeals to state

» Request for financing

» Public communication

Seite 9

» Reconstruction of water
treatment plant in Ottersdorf
» Legal action against Baden-

Warttemberg
» Oral hearing of damages
claim

Handling a PFAS groundwater contamination



Zard ) STADTWERKE @
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CHALLENGES

Difficult removal due Ensuring drinking Ensuring Advancing
to the special water supply water quality prevention th.roug.h
properties of PFAS : appeals to legislation
Lack of practical [ PFAS-Monitoring
: experience with and Analvsis [ Find the polluter]
Find and contact PEAS before 2012 y
experts

evaluation of
) health effects

{Fightforfinancing} [ Take legal ]

Investigation and { Polluter pays J

principle applicable?
treatment
technologies

solutions

Research for { Develop technical 1

Save the - :
Determine the company and funding actions
extent of damage reputation

challenges ituati
stakeholders water prices g legal situation

Fight for Giving consumers
Fut ifyi
{ Inform 1 [ Definition of fair } [ HTE 1 clarifying the security

Seite 10
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ZerOPM STADTWERKE &

RASTATT

CHALLENGES

'Polluter pays'
N principle applicable?

Fight for financing -
and funding
Fight for
{ Future J clarifying the

challenges legal situation

Determine the
extent of damage

Seite 11
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Zer$) STADTWERKE @
ZerOPM RASTATT

SOLUTION APPROACHES

» First urgent measure E> Water wells were taken out of operation

» Research E> Feasibility study for best technologies
[ Activated carbon for PFAS removal

» Extension of damage ':> Groundwater models
|:> Water, soil and groundwater analysis

E>Interconnection pipeline for redundancy
» Engineering |:>Reconstruction of water treatment plants
[>Construction of additional water wells

» PFAS-Monitoring [> Over 35 measuring points

Seite 12
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ZerOPM STADTWERKE &

RASTATT

SOLUTION APPROACHES

Seite 13
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SOLUTION APPROACHES

ACTIVATED CARBON TECHNOLOGY IN WATER TREATMENT

PLANT IN RAUENTAL

PFAS removal

De-acidification

H .
ardening water supply

network

L — - =

Water supply from

Muggensturm
Water well 99

Seite 14

» 4 filters with granulated activated carbon (GAC)
» 25 tons of activated carbon

» 250 m3/h treatment capacity

» 2,33 kg of PFAS removed to date

ZerOPM STADTWERKE @

RASTATT

Handling a PFAS groundwater contamination



Zer$) STADTWERKE @
ZerOPM RASTATT

SOLUTION APPROACHES

» Research projects with activated carbon and ion exchangers
» Effectiveness test with ion exchangers for short-chain PFAS removal |
» Collaboration in the EU project ZeroPM |

COMMUNICATION AND NETWORKING

» Networking for PFAS cases
» Specialist reinforcement

» Information exchange with authorities and water utilities
» Transparent communication with public stakeholders

» Symposiums with technical and legal experts ‘
» Communication with the Environment Agency and politicians |"#=

Seite 15
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SOLUTION APPROACHES

LEGAL ACTIONS

» Criminal complaint against unknown person

» Civil action in 2019 for damages for amount of 6.5
million € against the compost manufacturer

» Legal action against the state of Baden-Wurttemberg

» Application for compensation from the National ﬁ
Sewage Sludge Compensation Fund - m

» Lawsuit against water management plan l

Seite 16

Zord) STADTWERKE @
ZerOPM RASTATT

2% BADISCHE WPR_

NEUESTE NACHRICHTEN

n Kraichgau Pforzheim Erleben Nachrichten
BNN bei WhatsApp Newsletter Sporttabellen
Mittelbaden / Bohl

130 Hektar belastete Hache

Kosten durch PFAS-Belastung
im Grundwasser: Stadt Biihl
und Stadtwerke Rastatt klagen
gegen Land

Die Stadtwerke Rastatt und die Stadt Bihl klagen vor dem
Verwaltungsgerichtshof Baden-Wirttemberg gegen das Land
Baden-Wirttemberg wegen der Belastung des Grundwassers in
Mittelbaden mit PFAS, bislang bekannt als PFC.

Handling a PFAS groundwater contamination
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CONSECUENCES OF ACTIONS TAKEN FOR PFAS REMOVAL

COMPLEXER OPERATION + HIGHER COSTS = HIGHER WATER PRICES f?

3 Development of drinking water price
since 2015 /2.79
25 2.54
£ 5 _2.08=2 05—2.08 =2.08
W _1.86—1.86 Water price
_1.64 almost
1.5 1.50 doubled

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
—Preis (brutto) [€/m?]

Seite 17

—

Total net costs 2012 -2023

Investment 11,2 M €
Operation costs 4,1 M€
Total 15,3 M €

2024

Handling a PFAS groundwater contamination
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OUR SOLUTION APPROACHES

CONSECUENCES OF NEW LIMITS OF THE EU DRINKING WATER DIRECTIVE 2020/2184

EU WATER DIRECTIVE 2020/2184
PFAS Total < 0,5ug/L

Sum of PFAS-20 < 0,1pg/L
GERMAN DRINKING WATER
DIRECTIVE

Sum of PFAS-20 < 0,1ug/L

Sum of PFAS-4 < 0,02ug/L

Seite 18

» Shorter service life of activated carbon: more
frequent filter changes and regeneration cycles

» Reduction of the adsorption efficiency of
activated carbon due to short-chain PFAS

» Research for more cost-efficient processes

» Higher demand for laboratory analysis
» Staff training

Handling a PFAS groundwater contamination



ZerOPM STADTWERKE @

RASTATT

UNFORTUNATELY, WE ARE NOT THE ONLY ONE...

D
Q Kebenhavn
S Region Syddanmgori Odense {

Research results of Stadtwerke Rastatt (2022):

» 187 cases of PFAS contamination in Germany
» 50% related to extinguishing water or foam use
» Greatest damage caused by soil application

» Groundwater is the most affected by PFAS

» 23 water utilities in Germany are dealing with PFAS

contamination caused by extinguishing foams

Seite 19
o Handling a PFAS groundwater contamination



Zor$) STADTWERKE @
Zer OPM RASTATT

RECOMMENDATIONS FOR WATER UTILITIES

» DETERMINATION OF POLLUTION

Analytics, groundwater models

» ENSURING THE WATER SUPPLY [ b
» FUNDING/ SUPPORT

Reconstruction of water treatment plants, investment, > PRICE POLICY

redundancy » LEGAL PROCEDURES

» IMPLEMENTATION OF TECHNICAL SOLUTIONS » TRANSPARENT COMMUNICATION

Testing, feasibility studies, research, experts support, training > COOPERATION WITH AUTHORITIES

& J

» PROTECTING REPUTATION
Public relations, documentation, legal measures
» CONVEYING SECURITY

Consumer protection and public and transparent communication

Handling a PFAS groundwater contamination



ZerOPM STADTWERKE &

RASTATT

CONCLUSIONS

» Public water utilities are forced to “remove” PFAS from the environment

» Uncertain and unknown duration of the cost increase and contamination

» Technical and legal processes due to PFAS contamination leads to considerable costs

» Citizens and municipalities assume the costs through water price increases

» The new limits for PFAS leads to further expenses and efforts for water utilities

Seite 21
e Handling a PFAS groundwater contamination
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UNKNOWNS

» How could such cases of contamination be avoided in the future?
» How long will the contamination last ?
» What responsibilities should PFAS manufacturers take ?

» Will PFAS be banned in future 2

Seite 22

Handling a PFAS groundwater contamination



THANK YOU!

Olaf Kaspryk
Tel.: 07222 773-0
E-Mail: o.kaspryk@stadtwerke-rastatt.de

Lorena Rodriguez
Tel.: 0164 2424642
E-Mail: mlorena.rodriguez@outlook.com

Stadtwerke Rastatt GmbH
Markgrafenstral’e 7, 76437 Rastatt
www.stadtwerke-rastatt.de

\—15/ | ?’(E’
RASTATT

STADTWERKE @
RASTATT



Agenda

Wednesday 12" June
Time Activity Location

12.30-14.50 Presentations BadnerHalle

15.00 -16.00 Free time

16.00 — 18.30 Buses to the Rauental Buses depart from BadnerHalle at 16.00. Group one
water works for tours will arrive back at around 17.15 and group two by

18.15

18.30 — late Dinner Avocado Restaurant, KarlstraSe 38, 76437 Rastatt

Thursday 13t June

Time Activity Location

8.15 Depart for TZW Buses depart from BadnerHalle at 8.15!

9.15 Presentations TZW, Karlsruher Str. 84, 76131 Karlsruhe

15.30 End of event




Zer{OPM STADTWERKE &

RASTATT

Back up

Seite 25
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ERFOLG: NEUE GRENZWERTE

Zer$) STADTWERKE @
ZerOPM RASTATT

EU-Trinkwasserrichtlinie hinsichtlich PFAS Erfullt von Deadline

Umsetzung der neuen Grenzwerte fur PFAS in die Deutsche Mitgliedstaaten 24. Juni 2023

Trinkwasserverordnung

Festlegung technischer Leitlinien bzgl. der Analyseverfahren zur EU- 12.Januar 2024

Uberwachung von ,PFAS gesamt und ,Summe PFAS® Kommission

Klarung des Parameters ,PFAS gesamt” EU- 12. Januar 2024
Kommission

Umsetzung der notigen Mallnahmen

Mitgliedstaaten 12. Januar 2026

PFAS EU-Verbotsverfahren: Anfang 2023 veroffentlichte ECHA Vorschlag zur EU-weiten Beschrankung
von PFAS, der aktuell wissenschaftlich bewertet wird. Die Beschrankungen sollen 2026/27 in Kraft treten.

Deutsche Trinkwasserverordnung hinsichtlich PFAS Erfullt von Deadline

Summe PFAS-20 < 0,1ug/L Deutsche 12. Januar 2026
Wasserversorger

Summe PFAS-4 < 0,02ug/L Deutsche 12. Januar 2028

PFAS-Beherrschung durch die Stadtwerke Rastatt

Wasserversorger



7ZerOYPM STADTWERKE ®

HERSTELLERVERANTWORTUNG | RASTATT

= Wichtige Quellen von PFAS-Emissionen sind die Hersteller von Fluorchemikalien und/ oder
Fluorpolymeren sowie Karton- und Papierfabriken

» Die europaische Chemikalienagentur ECHA eroffnet Konsultation zur Beschrankung von PFAS

= EU-Kommission verbietet alle PFAS als Gruppe in Feuerldschschaumen sowie in anderen
Verwendungszwecken und Zulassung ihrer Verwendung, es sei denn, dass sie fur die
Gesellschaft unerlasslich sind

= Derzeit keine Einstufung oder Aufnahme der kurzkettigen PFAS, da bisher keine Toxizitat
nachgewiesen werden konnte

» Ersatzstoffe sind kritisch: nach dem Verbot der PFAS werden Ersatzstoffe auf dem
Markt gebracht die jedoch nur unzureichend auf gesundheitliche Auswirkungen getestet
wurden. Als Beispiel ist die GenX-bezogene Chemikalie

» In den USA werden PFAS-Hersteller bereits verklagt

» Deutsche Industrieverbande warnen vor einer Gefahrdung der EU-Klimaziele bei einem
umfassenden Verbot von sogenannten Ewigkeits-Chemikalien

Seite 27
PFAS Beherrschung durch die Stadtwerke Rastatt



WIE KANN PFAS IM TRINKWASSER ENTFERNT WERIME NI ERKE &

Wirksame Verfahren:

= Adsorption
= Aktivkohle
* (lonenaustausch)
= (Bentonit)
= Membranfiltration
= Nanofiltration (NF)
= Umkehrosmose (UO)

Unwirksame Verfahren:
= Uferpassage

= Belluftung

= Flockung

= Enteisenung

= Ultrafiltration

= Oxidation (O3, KMnO, )
= Desinfektion (Cl,, UV)



AKTIVKOHLE: WIE KANN DAS GUT FUNKTIONIERENAM smorwesk ®

-> Pilotversuche bei den SW Rastatt, um Erfahrungen zur
grof3technischen Umsetzung zu bekommen.

Versuchsfilter

4C
(5 [ CoAPrE Ak . L
E Cuierrran e = Effizienz abhangig von der
é 10 pommmmme Kettenlange
s X
% 5% 7 Ce-prHoa / = Kurzkettige PFAS sind
g " 08 goapron / deutlich schlechter entfernbar
®
< % / /_- = Chromatographie-Effekt
0,2 Y . :
= Haufige Aktivkohlewechsel
0,0 .
0 5000 10000 15000 20000 25000

Durchsatz in BV



ERFAHRUNGEN MIT DER MEMBRANTECHNIK ZerOPM staotwerke @

Verschnitt

Rohwasser
(PFAS)

Umkehrosmose
(UO)

'

Konzentrat mit PFAS (aufkonzentriert)

Trinkwasser




KONSEQUENZ FUR DIE MEMBRANTECHNIK ~ ZerOPM smorwerke @

licher Aufwand

Verschnitt

Rohwasser
(PFAS)

Umkehrosmose
(UO)

o

Trinkwasser

Konzentrat



WEITERE FORSCHUNG & ENTWICKLUNGEN ~ ZerOPM smaorwere @

— Die Hoffnung gilt dem lonenaustausch:

. N

14 Regenerlerung\

——PFBA

PFAS

(kurzkettig)

1,2

—o—PFPeA
1,0 =
——-PFHxA
0,8
-e—PFHpA
0.6 ——PFOA
0,4
0,2
0,0
0 5000 10000 15000 20000 25000

Durchsatz in BV
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EU Green Week
PARTNER EVENT

ZeroPM Speci:
Symposium o
elimination frc
water

Rastatt / Karlsruhe

12th and 13" June
2024

#WaterWiseEU

.
DVGW

TZW  ZerOPM




An introduction to the PFAS
problem and ZeroPM’s
approach to solve it

Sarah Hale
TZW
sarah.hale@tzw.de




Experts call for tighter limits on

T h e P FAS p ro b I e m 'forever chemicals' in water

North Yorkshire town has UK’s highest
concentration of ‘forever chemicals’

PFAS contamination recorded in groundwater on Angus

Fire site in Bentham, and includes chemicals with known
health impacts

Jersey people with high PFAS levels
could get treatment

@21 Cctober 2023 '

I ]
§ ’ 1]
E ‘li . -
itallard

tience reporter, BEC News

iits are needed on levels of 'forever chemicals' in UK drinking
h are potentially harmful to human health, experts have warned.

© Bentham is home to the Angus International Safety Group - locally known as
Photograph: Rob Whitrow/Rob Whitrow/Ends Report

‘ PFAS, used In firefighting foam, leaked into the area by the airport’s fire training ground In the sarly 1990s

Experts have recommended that a blood treatment is offered to Jersey
people with high levels of PFAS.




The ZeroPM approach
to solve it

s | TZW

Dvaw Technologiezentrum

Wasser




Zero pollution of persistent, mobile
substances

« ZeroPM will interlink and Ze ro P M

synergize three strategies to
protect the environment and

human health from persistent, Prevent

mobile substances: Prevent,
Prioritize and Remove. Prioritize




ZeroPM’s concept

Multilevel framewor Ze ro P M

- Preventing regrettable substitution for
- Prevent prioritized PM substances, by assessing
hazards, sustainability, exposure and removal.

Chemical Technology, Policy and Markets ( Prioritizing PM substancesand groups

Prioritize based on intrinsic properties, exposure,
and hazard to select those substancesto
prevent and remove most urgently

Interlinked Strategy

‘e . Water Exposure and Hazards
Y prioritized PM substancesvia
o {L effective, sustainable and safe remediation
"' * methods, that nrevent unfocused
Y’ Remediation and Impacts remediation effort



WP2 Alternatives Assessment

» for each use of substances of concern, the database provides its chemical function, end-use

function, and function as a service

Use categories

Active pharmaceutical ingredients
Biocidal product
Building and construction products
Consumer mixtures
Cosmetics
Electronics and semiconductors
Energy sector
Fluorinated gases
Food contact materials
Lubricant
Medical devices
Metal products manufacture and metal plating
Petroleum and mining
. Plant protection products
Ski wax
Transport
‘ Textile, upholstery, leather, apparel, and carpets (TULAC)

2

sent into the
public
consultation for

the broad PFAS
restriction

¥ ¥

Uses | Fluorinated gases | Food contact material |

Propellants
Sub-uses Foam blowing

agents

| Refri -
and heat pumps
Industrial Non food
refrigeration o packaging

Domestic and

: Food & feed
Domestic Cc’mn';s:;:; heat Consumer packaging
refrigeration cookware

. Heat transferring Heat transferring Corrosion Waterproofing
— Functions I agent agent inhibitor agent

Applications

Water, oil and
grease
repellency

% Preservation of Increase i .
—  Services goods in cool temperature in Facilitate cleaning
temperature a building l_
(e.g. foad

e.g. foad in
refrigerator, freezers) Prevent food

Resistant to
harsh chemicals

Remove heat Provide heat
from a space to a space

— End-uses

Facilitate cleaning I Improve | from sticking

durability during cooking

Alternatives

General structure of the ZeroPM alternatives database for PFAS -
Examples of fluorinated gases and food contact material
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WP2 Alternatives Assessment

« Social perceptions

* An extra layer of
essentiality beyond
technical function

« Relevant for
assessing diverse
stakeholder
perspectives
(industry, general
public, policy)

Technical definition of Regulate use of PFAS as

essential use: t No s | on-essential
Is PFAS needed for the
functioning of product?
Yes=» Apply social data: No
‘ Is the product or the level ‘ Retain as
of functioning socially essential, but with
essential? Yes wss=r-an overall

reduction in
essential uses

Social science methods:

* Assess what different stakeholders know/think about PFAS, across key groups in society.

* Assess whether there is majority support for policy changes to enforce PFAS regulation for certain
uses, when people are adequately informed of the risks/benefits.

« Test and use best-practice communications about the risks/benefits of PFAS to foster support for
regulatory control of PFAS (+ extend practice to other SVHCs).

Suffill et al. Environ. Sci. Europe. 2024




WP2 Overall Sustainability Considerations

» Consider life cycle impact analysis with
alternatives assessment

 Also consider technology and impacts of
water removal technology

LCA step LCI Transformation LCIA
PFAS ; lnwmkxyol ;n—t;t As ------ ; A. Identification of relevant
specific | emusmons n the studed j tesrmunal degradabion 8. Chanicladaation of
< 1 system, mcluding polymenc | »| products, thew respective §
procedure - f:o-c.bd:ﬁ and mpuntios : yelds and assocated (ecoNamicity impacts
. u ! (pnmary pollutants) ' emisson compartments
b U ¢ 4 Energy intensive reverse osmosis facility to
: In PFAS use n Translahon table PFAA od .. .
. o prodcts and i LA model eliminate PFAS at the Rastatt test site to make
A omesmon actors transformabion . .
fractions drinking water potable

‘2 Holmaquist et al. Environ. Sci. Technol. 2020, 54, 10, 6224-6234



WP3 Policy

Obijective: to stimulate and support policy changes to more effectively

tackle PM substances

V' ZeroPM Regulatory Watch

V Policy actions tailored to groups of PM/PFAS
substances, uses or sectors facilitating a transition
towards zero pollution from PM substances

V Design roadmaps for groups of PM substances, uses
or sectors

V To promote implementation of PM substance
assessment into EU legislation engaging all relevant
stakeholders

https://zeropm.eu/regulatory-watch/



WP4 Market Transition

Obijective: to catalyse a market transition away from harmful PM substances

CHEMSEC'S CORPORATE PFAS MOVEMENT

PEASCI JIDE ] e on o s P P
PFASGUIDE | MARKETPLACE

Welcome to the

PFAS Guide Future-proof your business
Find safer alternatives to hazardous chemicals

expect it. The PFAS Guide can alert you to products likely to contain these Marketplace gathers all green chemistry innovations in one
icals and give your advice on how to phase them out. place, making it easier for companies to choose safer
solutions. Search advertisements of safer alternatives and

@ tl & I-_%'.I @ connect with suppliers.

Investigate

Regulation Sector

httpS//pfaS.ChemSECOFg/ & chemsec How itworks  Find alternatives ~ Add alternative  Submit request  Terms & conditions News FAQ

SIN LIST
https://marketplace.chemsec.org/

Search, explore and

SIN List helps you identify the most

‘o H relevant PFAS and other hazardous
SUbStItUte It Now substances to start substituting
b:) https://sinlist.chemsec.org/ Don'’t let hazardous chemicals ruin your product (bEfore regulators make yOU)

o



WP4 Market Transition

* Map PFAS in products to provide information to companies
* Existing reports, databases and publications

* The investigate section lists and explains typical PFAS uses showing red flags where these
uses are suspected to contain PFAS.

* There is a section on supply chain communication explaining how and what to ask
suppliers about PFAS.

* There is a section with a basic introduction to different methods for chemical analysis of
PFAS in different types of products.

* The phaseout section gives a short introduction to substitution and alternatives
assessment and links to further resources on this.

* There is a short summary of the regulatory situation for PFAS in the EU and the US.

* There are also links to good reports by others about PFAS and how to substitute PFAS in
different sectors, such as Paints, Textiles, Food Packaging, Construction and more.

* There is also a database where you can search for sectors, products, uses and functions to
understand if you have “PFAS hotspots” in your business

PEASGUIDE

Welcome to the

PFAS Guide

expect it
he

Hh U A 806

Investigate  Phasoout ncem  Reguation  Seclor

Investigate

This chapter will teach you about typical “red flags” indicating that PFAS
could be in a product. You will also find suggestions on how to
communicate about PFAS in the supply chain and what to doif you do not
get the answers you need from your suppliers, or want to verify them.

Phase out

To phase out PFAS you need to find a way to achieve the same
functionality without them. The most straightforward approach is to simply
replace one chemical with a safer one. But this can be tricky. Other ways
include changing materials, technologies or production processes.

Concern

PFAS continue to be used on a broad scale despite their adverse health
effects, linking them to issues such as cancers and infertility. Since theses
“forever chemicals” do not degrade, they are now found all over the planet
in our environment and in the blood of every single human being.

Regulation

It has taken some time, but regulation is now finally stepping up to address
this vast and problematic family of chemicals. A comprehensive PFAS ban
is expected in the European Union within the coming years and a range of
regulatory actions are in the pipeline in other regions as well.

Sector

Many industries use PFAS in some way or another for a variety of functions
and purposes. These uses can be hard to find at a first glance. In this part
of the guide, we publish reports with information on PFAS use and
substitution with relevance for specific industry sectors.




WP5 Substance Grouping

Objective: To prioritize PM substances and substance groups on the global
chemical market for prevention and removal

PFAS Tree to navigate PFAS on Pubchem (>7 million!)

https://pubchem.ncbi.nIm.nih.gov/classification/#hid=120

PubChem Classification Browser

Browse PubChem: PFAS and Fluorinated Compounds in PubChem Tree

+ PFAS and Fluorinated Compounds in PubChem ? » 21,410,924
» OECD PFAS definiton ? » 6,540,217
Organofiuorine compounds 2 » 20,417,012
Other diverse fluorinated compounds 72 125,621

PFAS breakdowns by chemistry ? 7,497,118

»
»
» PFAS and fluorinated compound collections 2 » 1,789,296
»
» Regulatory PFAS collections ? 26,943

Navigating over 6 million PFAS! A walk through the PFAS tree
with Emma Schymanski - YouTube




WPG6 Risk Assessment

Objective: To characterise and quantify impacts of PM substances on
human health and the environment

in vivo
Forward
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WP7 Technical Solutions

Objective: to demonstrate how and if legacy and prioritized PM substance
pollution can be remediated

» Developing passive sampler for PFAS and PMT/vPvM monitoring

* Pilot scale testing of water treatment solutions to PFAS and PMT substances
* Coupling AC with regenerative ion-exchange and electrochemical degradation

* Pilot scale testing of sludge treatment for PFAS and PMT substances
e using hydrothermal carbonization (HTC)



WP8 Dissemination and
Communication

Objective: to spread and embed ZeroPM'’s results with our
stakeholders

ZeroPM

1,251 followers

2he @

How to remove #PFAS with Sustainable Technical Solutions - The ZeroPM test site
in Rastatt

ZerOPM

Lukas Lesmeister from the the German Water Center TZW: DVGW-
Technologiezentrum Wasser takes you on a tour of the Rauental

waterworks Stadtwerke Rastatt GmbH, which has a pilot plant to remove PFAS
from the heavily contaminated Rastatt region. One key approach being developed

ZerOPM - H2020 is a hybrid approach to combine granular active carbon #GAC and a regenerative
@ZeroPM-H2020 - 577 subscribers - 89 videos ion-exchange resin to remove both the hydrophobic and hydrophilic PFAS from
The official channel of the H2020 research project ZeroPM: Zero Pollution of Persistent, M.. > water. Key to making this approach sustainable is that this is being de"'eioped to

extend the life of the granular activated carbon and to recycle the ion-exchange
resin, so that as little sorption material is needed as possible.

zeropm.eu

ﬁ_\ Subscribed
https://Inkd.in/d5TQ3Kxx
Home Videos Playlists (O

How to remove PFAS with Sustainable Technical Solutions -
Popular  Oldest femeenansmsait © | The ZeroPM test site in Rastatt

—_— T CpeS Tav ST A
4 ZerOP youtube.com

LEARM FhoM EXPERTS D) AUTHORITES. ABOUT

ZerOPM

ZeroPM pieces £21

Overlapping Definitions @@ patricia Klatt and 4 others 1 repost

How to remove PFAS with of a Wide PFAS Universe »

‘a® e a__ Pe-

The ZeroPM Test Site in Rastatt

X

il 16:58

|
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Thank you for attending
and look out for our next
webinar, film, event or
opportunity to participate

.
DVGW

TZW OPM

Technologiezentrum
Wasser




PFAS occurrence and
monitoring — Insights from
the NORMAN network

lan J Allan
Emma R Knight
Bert van Bavel

OPM

=



This presentation

* Introduction to the NORMAN network
* Organisation
* Activities (JPAS)
« Databasing

* PFAS sampling and passive sampling in water
* Introduction to passive sampling
+ Passive samplers tested/developed in ZeroPM

OPM
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OPM

NORMAN network rw
WELCOME TO THE NORMAN NETWORK | NORMAN (norman-network.net) v
» Started as a EU 6th FP project and became a self-sustaining network of reference and
research laboratories and related organisations involved in ermerging contaminant

(bio)monitoring in 2009

» The network has grown over the years to include many stakeholders dealing with emerging
substances
* National authorities
» Reference laboratories
» Research centres and academia
* Industrial stakeholders

* Objectives of NORMAN:

» Exchange of information and data collection on emerging environmental substances;
 Validation/harmonisation of common measurement methods and monitoring tools

» Maintenance/development of knowledge of emerging pollutants by stimulating coordinated, interdisciplinary
projects on problem-oriented research and knowledge transfer

. , , , Joint Programme of Activities
NORMAN driving force: Valeria Dulio and Jaroslav Slobodnik



NORMAN working groups

WE1 WiE2 WGE3 WEe

Feinitisition ol &mening substesces Eliaid ps drid Bioois rhins i wated guslity EMfaitdinactsd aalysis fos bataidoos Wi st Micen Acslo particul g
mmumnilnring uitksmnin Eanifition enulnminme

Creps-Working Group Activity Mon-target Scraening (NTH)

Mor-1zeges scrocaing echnigoss for environmema! menkonng

Past output of the cross-working group
activity on passive sampling

* JPAs
Workshop/discussions

Position papers

research cooperation e.g. with ILS ...

Inter-laboratory mass spectrometry dataset based on passive sampling of drinking
water for non-target analysis | Scientific Data (nature.com)

Position paper on passive sampling technigues for the monitoring of contaminants

in the aquatic environment — Achievements to date and perspectives -

ScienceDirect

Mobile dynamic passive sampling of trace organic compounds: Evaluation of

WEE WEE WET WGE

Waeer rewte and policy suppor indoor environmanis and smbiced alr Comsaminznes of emerging cancern i sol Marine envimnmeont
e (B | ] i HEml I

sampler performance in the Danube River - ScienceDirect

Towards the review of the European Union Water Framework Directive:
Recommendations for more efficient assessment and management of chemical
contamination in European surface water resources - ScienceDirect
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Databases in NORMAN

Chemical occurrence data

SEARCH All Databases SARS-CoV-2 in sewage
Q 3 &

Searching for individual substance or group(s) of substances in all databases A database with the latest information on SARS-

CoV-2 in sewage across Europe and

Note: Click on a link below to go to ap individual database home page
g 3 pag internationally; including a common protocal for

—->PFOS in surface water (River

Wate r) Stnorw [ 200 w | niries

i
I Substance Concentration Uit EcnaystemMatriy Sompling Site!Stntion

Sampling
Date Loty

Over 50 000-entries-for:2010- <

E_Il ||

~

Amerged list of NORMAN substances; Central
Database to access various lists of substances for

2024 E=E EEE [ |

suspect screening and prioritisation 153 mITaTY F‘pl:}%n;lum:laur:uﬂurit acid Suiface waler - Rives Portde la D219 au Verk
i 1 weatar
31 3437710 Pedfivorooctanesuboric acid <= Lo0 Surface vasar - River Port de la 0315 a0 Wert
: PHOS) wates
+— Suspect List Exchange .
v I 8 d (5] 3837741 Pesfluvomoclanc=ulioric acid = Lol Surface water - Hives Paore de la D219 au Vert
Central Database to access various lists of e e
substances for suspect screening and prioritisation &l W mlza_mnmnﬁuﬁurm ack < LoGl Swfma;l:»a watar - River Paore da la D215 au Vart
50 watar
L] FEILB03 Peruorosclanesulonic acid < Lol Suiface vwaker - Hiver Ford i la D218 .80 Verl
{PFOS) waler
i 3937534 Perllvomoctanesulionic acid = LoQ Sorface wator - River Port des ln D219 au Vert
P Digital Sample Freezing 1 {PFOS) water
N ‘ [} 29277 Parfuaronctanssutineic, arcid = Lo Surfaca water - R Paore da S-Fazial
Platform i s
A database of mass chromatograms obtained by & FEE Perlluorosctanssufionic acid G5 gt Surtace water - River Fare de St-Faziol
LE-HR-MS for retrospective screening of (Pras) bt
. 2] 3475049 Pefluomoctane=ufionc acid 11 pgt Suface waler - River Port de SH-Faziol
environmental samples PFOS) St
(5] A0 Perflmranctanssufinme acid nEd gl Surtana watar - River Pors da St-Fazinl
{FFOS) weaker
SU bs{a nce FaCESheetS o = A1 Perfluoraoctanesulnnic acid 15 gl Surfara watar - River Boré da Sk-Fazinl
A summary information on individual substances ) o]
& IHN A2 Perfluorooctanssutonic ack 052 i Surtsca water - River Pare de S-Faziol
from all NORMAN Database System modules [FFOS) e yidti 3
ak 3929500 Perlluoiouclanessulionic scid = Lod Sculbce waker - Rives Purd e s D144 & Meiping.
(FFGS5) weales
[ 3473911 Perllimmanclanesulnmic acid = LoQ Surfara vaster - River Porg de la 844 3 Marping
{FFOS) wabar

20830 Frarce
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20101102 France
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2100820 France

HIETHT France

PSR el Franca

AOIN1R2  Franca

201213 Franca

Z010TEG30  France
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NORMAN network: PFAS work

OPM

Date Activity Type v

2009 3rd Interlaboratory study on perfluorinated compounds in water, fish and sludge ILS
Organised by: NORMAN and QUASIMEME (IVM-VU University, Amsterdam)

2020 Proficiency test 5/20 - TW S3 - TW S4 — PFC in drinking water ILS
Organised by: IWW and AQS Baden-Wiirttemberg, Germany

2021 PFAS Analytical Exchange International
Organised by: Environment Agency (UK) in collaboration with Aarhus University (DK), Finnish Environment Institute excha nge
SYKE (FI), IWW Water Centre (DE), Norwegian Environment Agency (NO), Orebro University (SE), University of the
Basque Country (ES), VITO NV (BE), Wageningen Food Safety Research (NL)

2022 PFAS suspect HRMS lists and lists of PFAS-containing products Survey/
Organised as a part of the NORMAN JPA 2022 by QAEHS — the Queensland Alliance for Environmental Health Science, international
The University of Queensland, Australia; IRSA-CNR - Water Research Institute of the National Research Council of Italy exchan ge
and University of Amsterdam, The Netherland

2022 Proficiency Test 2/22 - TW S7 — Trifluoroacetic acid in drinking water ILS
Organised by: AQS Baden-Wiirttemberg at Institute for Sanitary Engineering, Water Quality and Solid Waste
Management, University of Stuttgart, Bandtdle 2, 70569 Stuttgart-Biisnau, Germany

2022 PFAS analytical exchange - TOP Assay Method Comparison Exchange
Organised by: Environment Agency (UK) In collaboration with
University of the Basque Country, Vito NV, Fraunhofer IME, Orebro University, Wageningen University & Research, Luled
University of Technology, German Federal Environment Agency, The French National Centre for Scientific Research

2022 Proficiency Test PT 7/22 TW S4 — PFAS according to EU drinking water directive ILS

Organised by: AQS Baden-Wiirttemberg at Institute for Sanitary Engineering, Water Quality and Solid Waste
Management, University of Stuttgart, Bandtdle 2, 70569 Stuttgart-Biisnau, Germany and IWW Water Center, Moritzstr.
26, 45476 Miilheim an der Ruhr, Germany

[ Y



ILS on target and non-target PFAS analysis of passive ?PM
sampling and water extracts (2023-2025) :
v

Better understand the performance, reproducibility, and robustness of PS and NTS
OBJECTIVE methods for PFASs, for the advancement of these tools in compliance and risk assessment
frameworks.

» Deploy one type of passive samplers at one site in Australia
QAEHS to extract and homogenise samplers.
» QAEHS to send extracts to participants

Analysis for target and/or NTA — Deadline 30 January 2024

JPA 2023

OVERVIEW Phase 1

* Deploy different samplers at a site/s in EU
JPA 2024 . pgrticipants to receive samplers they will extract, plus
homogenised extracts

Phase2 . Analysis for target and/or NTA - to begin Early 2024

Number of participating labs: 29 institutions, 16 different countries!

@i THE UNIVERSITY | Dr Sara Gorji, QAEHS, Australia s.ghorbanigorji@ug.edu.au
\"ae%) OF QUEENSLAND | CREATE CHANGE

Dr Sarit Kaserzon, QAEHS, Australia k.sarit@ug.edu.au




ILS on target and non-target PFAS analysis of passive

sampling and water extracts (2023-2025)

OPM

One passive sampling configuration for target and suspect/non-target screening. The aims are to v

examine the following:

(i) Type of PFAS that can be monitored using passive sampling devices and SPE

(ii) Comparativeness of analytical methods (i.e., chromatography-mass spectrometry methods)

(iii)Effectiveness of extended suspect screening workflows for the detection of PFAS in PS extracts
and comparativeness of the processing methods using a set list of target and spiked PFAS as
well as expanded NTA reporting from each participating laboratory.

Passive samplers

Grab samsles

Extract passive
samplers and
homogenize samples

SPE and homogenise
samples.

Distribute samples to participants

e | 1 % MPT Surface water extract

e | 1 x SPE Surface water extract

1 x MPT Blank
1 % SPE Blank
1 x Reference standard mix

Micro-porous
polyethylene tube

(MPT) sampler ‘

@

\

| THE UNIVERSITY
@ OF QUEENSLAND CREATE CHANGE

Dr Sara Gorji, QAEHS, Australia s.ghorbanigorji@ug.edu.au
Dr Sarit Kaserzon, QAEHS, Australia k.sarit@ug.edu.au
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Passive sampling

« Passive sampling rﬁéf éyf-‘es a concentration of contaminant

boundary
Cddsgslhwddhoddbbile in watgker ! Membrane
: : l Sorbent
Based on diffusive processes ! L T
+ In/ex situ meastiféements of trace contaminants:

Dissolved/labile in water, in selplimemt/soil pore waters
|
That are bicaccessible i
Integrative monitoring aver periods #f days to months

Improved limits of detections and simplified matrix
composition




Passive sampling operation

Sampler
selection

Calculation of

concentration, C,

Modelling...

Sampler
deployment

SPMD Sampling and GC Analysis
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Mass accumuled, N

ZerOPM

Principle of accumulation into passive samplers

Contaminant accumulation in time

N =R, C,t

t=00, N

equil -

pwW =W

t=0, N =0

Time

v

1st order kinetics

N = Neguir(1 — exp(_ket))




Example of passive sampling for PFAS

Randselva deployments — upstream and downstream former
industrial site (paper producing factory)

Q -
SAOBBLCHE: P %@gct'% .
PO Xposures for 0 mg m|x of OASIS WAX & HLB : -
Exposure P ” A 1 P A PFOS  PFOSA  etFOSAA 82 FTS 10:2 FTS
p ala ML ng/L ng/L
Site 1 Mean X 0. : ; ; 001  0.001 0.001
(%RPD, i 5 l 9 " é 68
Site 2 Mea n1 n d U St Ugj S(! tg 0.002 0.002 0002 0002 0006 0005 0001 0001 0001 0.001 -
(%RPD) f o 0 s 20" 51 & o=
Site 3 Mean 0.007 0. 036 0.045 0.029 0.007 0.002 0.029 0014 0004 0019 0003 0.002
(%RPD) 8 27 27 38 47 164 47 35 50 84 126 77
DGT exposures for 21 days: No detections
PFPA PFHxA PFHpA PFOA PFNA PFDA PFUNDA PFHxS PFHpS PFOS brPFOS  PFOSA FOSAA meFOSAA etFOSAA 6:2FTS  8:2FTS 10:2 FTS
90 ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L
%{ Site 1 43 %) 22 2.2 22 22 17 0.4 0.7 0.4 0.4 0.4 TG 11 1.1 11 14 T
i Site 2 4.3 2.2 2.2 2.2 2.2 2.2 157 04 0.7 04 0.4 0.4 T ikt 151 5T 21 | 10
. Site 3 4.3 2.2 2.2 2.2 22 22 117 0.4 0.7 04 0.4 0.4 i 164 nlcif il il il | Al
& g
\o



Viul/Randselva PFAS contamination Yy

Groundwater concentrations measured with DGT

Exposure 2 PFPA PFH A PFHpA PFOA PFNA PFDA PFUnDA PFHxS PFH p5 PFOS brPFOS | PFOSA FOSAA meFOSAA stFOSAA 6:2FTS | B:2FTS 10:2 FTS
Code ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ngfL ng/L nzfL ng/L ng/L ng/L
GWB 14 33 30 114 125 3z 14 15 T2 13 86 231 106 20 419 a03 04 30 14
GWB 13 a1 75 239 114 E1-1 419 0.6 15 a7 18 b 0.7 0.4 04 1.7 12 37 04
GWB 12 14 20 97 148 11 16 0.6 13 0.7 23 31 0.4 0.4 0.4 1.2 0.4 5.1 0.4
GWB 11 18 21 64 158 38 6.6 0.6 15 23 120 ! 14 0.6 0.4 1.7 0.4 17 0.4
GWEB 10 12 87 306 5349 91 0.7 0.6 10 11 37 149 1.0 0.8 04 10 04 4.4 27
GWB & 14 0.7 o7 o0z 0.7 0.7 0.6 01 02 01 01 0.1 0.4 04 0.4 04 04 0.4
GWB 2 18 a8 151 150 13 13 0.6 05 0.2 4.5 6.6 0.1 0.4 0.4 0.4 10 5.1 0.4

When data were below LOQ, LOQs are given in grey

Table 4. Ezstimated PFAS emizsions to the river two river stretches

Estimated PFAS emissions between the

8 Flux/emission to the river (mg d*)*

three sampling sites in Randselva

e TPFAS PFOS PFOA
% Between sites 1 and 2 39-219 13-68
. @ Between sites 2 and 3 1618 (700-3500) 212 (57-483) 476 (185-925)

*Based on the longest passive sampler exposure (exposure 2). The “mean” value for F between Sites 2 and 2 is given
% .,h based on R; for POCIS-Nylon of 1.5, 1.2 and 1.9 Ld** for Sites 1, 2 and 3, respectively. The range in brackets is based on R

values of 1 and 5 Ld . Detziled data are given in Appendix 2.



PS for PFAS and other PM substances

G-TIP :*""7 }i‘
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POCIS MPT @7 i DGT

Sorbent sandwiched Sorbent enclosed Hydrogel/PES Sampling cell with small
between two in microporous PE membrane & sorbent opening for sampling
membranes (~ 40 cm?2) tube (15 cm?) gel layer (3.14 cm?) (~ 3 cm?)

Hale et al. (2021). Using passive samplers to track per and polyfluoroalkyl substances (PFAS) emissions from the paper industry: laboratory
calibration and field verification. Fronti