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Introduction
to the

... a group of thousands
of man-made chemicals

... extremely persistent,
bio accumulative and
toxic

... used in a wide range of
industrial applications and

A ARCADIS

... measured in
human blood

Dramatically
Increasing regulatory
concern worldwide

... many are not detected
by commercial analytical

‘“forever chemicals” %

commercial and consumer @ methods

products

o ... do not biodegrade = Potential threat to
_‘\",\ and are highly mobile in [_Ir:;| drinking water sources
groundwater systems 0



News of today

Vet @D

Een op de zes drink lyses in Visand: idoet niet aan de strengste PFAS-normen.

tty dmaqos

10p de 6 Vlaamse drinkwaterstalen voldoet niet aan strengste
PFAS-aanbevelingen

In 1op de 6 drinkwaterstalen in Vlaanderen zit te veel PFAS volgens de strengste
aanbevelingen. Dat schrijft de krant De Tijd op basis van het rapport van de Vlaamse
Milieumaatschappij (VMM) over de drinkwaterkwaliteit in Vlaanderen in 2022. In de regio's
Halle, Leuven, Oost-Limburg en grote delen van Oost-Vlaanderen zijn de PFAS-
concentraties te hoog.

o

A ARCADIS

https://www.vrt.be/vrtnws/nl/2024/04/17/pfas-vlaamse-
drinkwaterstalen/#:~:text=Uit%20de%20metingen%20van%20
VMM, te%20hoge%20PFAS%2Dconcentraties%20aangetroffe
n.



£ ARCADIS
PFAS — Poly and perfluoroalkyl substances

PFOS

: : PerFluoro Octane Sulfonic acid
= Perfluoroalkyl sulfonic acids (PFSAS),

e.g. PFOS
PFOA:

PerFluoro Octane Acid

= Perfluorocarboxylic acids (PFCAS),

e.g. PFOA Butane C4  PFBA

Pentane C5 PFPeA

Fe F 0 Hexane C6 PFHxA
= Replacement products [ ¢~ N @ Heptane  C7  PFHpA
e.g. GenX INGFOXTFON Octane C8  PFOA

Nonane C9 PFNA
Decane C10 PFDA
Undecane C11 PFUNA
Dodecane C12 PFDoA

Precursors




£ ARCADIS
Long versus Short

PFDoOA PFDoS
; ) Long
Short

Butane
Pentane

Hexane

4

5

6

Heptane 7
8

9

Octane
PFHpS PFHXxS Nonane
Decane 10
Undecane 11
PFCAs PFSAs Dodecane 12



A ARCADIS

A little bit more complicated...

ANNEX XV RESTRICTION REPORT - Per- and polyfluoroalkyl substances (PFASs)

-~ perflucroalkyl carboxylic acids (PFCAs). C_F_  -COOH

A

| perfluoroalkane sulfonic acids (PFSAs). C,F_, -SO.H

|— perfluoroalkyl phosphonic acids (PFPAs). C F, -PO.H,
pr—ms, | perfluoroalieyl phosphinic acids (PFPIAs), (C F,, J(C F, -POH
perfluoroalkyl acids (PFAAs; -
—Jincluding perfi y per 'y acids (PFECAs), e.g. C,F, C,F,(/CF,COOH
acids, PFEAAs)
l— perfluoroalkylether sulfonic acids (PFESAs),c.g. C F CCF CF S0 H
t— perfluoroalkyl dicarboxylic acids (PRIRCAS), HOOC 0 _FDO0H

l— perflucroalkane disulfonic acids (PFdiSAs) HO 5.C F,

“— perfluoroalkane sulfinic acids (PFSIAs). C F 50 H

ELT

— polyfluoroalkyl carboxylic acids (PFCAs or PolyFCAs) ¢ <L, -CO0H, n
— polyflusroalkylether carboxylic acids (PFECAs), e g CF C F 000 FOF COOH
‘— polyflusroalkylether sulfanic acids (PFESAs), e O F, OCF CF 50 H
= nit fluoratelomer alcohols, © F_ CH O
— perflucroalkanoyl fluorides (PACFs), ¢ F | C0¢
PRASs  — | perflucroalkyl iodides (PFAls), € F,, .| _-—
|— perflucroalkane sulfonyl fluerides (PASFs), C F,  SO.F —_—
|— perfluoroalkylether non-polymers, e.g. C,F_CC.F, OCF, OCF -CHLOH, CAS Now 317817 24-6
— perfluoroalkylether side-chain fluorinated polymers
t— perfluoroalkenes {C"F", n3z) —_—
(— semifluorinated alkanes (SFAs),C F . C H_

| hydrofluorocarbons (HFCs.e g O F, o€ M ). hydrofluoroethers (HFEs.eg C F,  OC M, ).
hydrofluoreolefins (HFOs, e.g.C F,, -CH=CH,) that have a perfluoroalkyl chain

— perfluaroalkyl fe.q € F . CIOIC F ) and semi-Auorinated ketones (e C F _ CIOHC H

\_ perfluaroalkyl alcohals (€, f

e r,rrs;__z -0H, CAS No 2378-0241

— fluoropolymers (FPs)
| perfluaropalyethers (PFPES), €_F, ki -CH,O

|— side-chain flusrnated aromaties’ ™" eg C T aiomatic sings

— perfluoroalkanes [CI,‘F!,“2 ]

l— perfluoroalkyl-tert-amines (C_F 1 ™

l— perfluoroalkylethers (o C F N —

“— others”™""

Nomenclature including acranyms partially covered by Buck et al. (2om)

Comman nomenclature including acronyms oxists

cating that

Polvmeric PFASs

1 Is a synthesis pathway, instead of examples

e
nit fluorotelomer-based substances, C F_ CH F side-chain fluorinated polymers
PACF-based substances,C [ 00 & i
ba
n2 d CaFnnCH.CH R non-polymers
PASF-based substances CHFW.S()!—H R = NH, NHCH,CH OH, e1c
S~
—_—
perflusroalkene derivatives, &
{CF ) CF)LE=CICE JOC K, 50 Na), CAS No, 70829 877
-

polytetraflucroecthylene (PTFE)
palyvinylidene fluaride (PVDF)
fluarinated ethylene propylene (FEP)
perfluorealkexyl palymer (PFA)

Other FPs

https://echa.europa.eu/registry-of-restriction-intentions/-/dislist/details/0b0236e18663449b



What is the fuss all about?

ANNEX XV RESTRICTION REPORT - Per- and polyfluoroalkyl substances (PFASs)

Properties

Very high
persistence

Long-range
transport
potential

Mobility

Accumulation in
plants

Bioaccumulation
potential

Ecotoxicity

Endocrine
activity

Effects on
human health

Concerns related to combinations of properties

High potential for ubiquitous, increasing and irreversible
exposures of the environment and humans;

Difficulty to decontaminate intake water for drinking water
production, low effectiveness of end-of-pipe RMMs and
difficulty to treat contaminated sites;

High potential for human exposure via food and drinking
water;

Potential for intergenerational effects and delay of effects;

Potential for causing serious effects although those would
not be observed in standard tests;

Estimation of future exposure levels and safe
concentration limits is highly uncertain;

Global warming potential.

https://echa.europa.eu/registry-of-restriction-intentions/-/dislist/details/0b0236e18663449b

ﬂ PFOS
PFOA

A ARCADIS

Long Chain Human
Bioaccumulation Half Life:

PFHXS 8.5 years
PFOS 4.2 years
PFOA 3.8 years




Tolerable daily intake

TDI (ng/kg bw/day)
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Animal studies

|

Epidemiological studies

JANUARY 30, 2019

Scientists just cut the tolerable intake of PFAS by 99,9%

https://chemsec.org/scientists-just-cut-the-tolerable-intake-of-pfas-by-999/

A ARCADIS

Source TDI PFOS (ng/kg bw/day TDI PFOA (ng/kg bw/day)
EFSA, 2008 150 1500

EPA, 2009 80 190

Denmark, 2015 30 100

EPA, 2016 (RfD) 20 20

RIVM, 2016 12.5

Australia, 2017 20 160

EFSA, 2018 1.9 0.9

EFSA, 2020 0.63 sum of 4 PFAS




Beyond the planetary boundary

With Drinking Water Health Advisory levels down to 4 pg/l (USEPA), or even 4.4 ng/l (based on EFSA) it is no wonder that
persistent contaminants can be found nearly everywhere above these values

It is, therefore, concluded that the global spread of
these four PFAAs in the atmosphere has led to the
planetary boundary for chemical pollution

being exceeded.

Outside the Safe Operating Space of a New Planetary Boundary for (PFAS).
lan T. Cousins et al. ES&T 2022

Unlike climate change, where there are emerging
systems for both adaptation and mitigation, as
things presently stand there is no escaping the
toxic chemical avalanche. Even strong
anti-pollution laws in individual countries do not
help much, because the contamination is global
and is flowing around Earth in wind, water, food,
consumer goods, wildlife and even people.

Climate change is our second-largest environmental problem —
we need to get serious about the largest
Professor Raivi Nadu, 2022




Fate and transport




A ARCADIS

Aerobic Precursor Biotransformation to persistent PFAAS

BIOSOLIDS
LAND APPLICATION

LANDFILL

FIRE TRAINING FACILITIES:
FIRE STATIONS,
REFINERIES; DEFENCE SITES;
LARGE RAIL YARDS;
COMMERCIAL AND
PRIVATE AIRPORTS

MANUFACTURERS OF
DERIVATIVE PRODUCTS:
CARPETS: CLOTHING: ETC

.  f THOUSANDS OF
%\ . POLYFLUORINATED PRECURSORS*

PFAS do not biodegrade —i.e. mineralize,
they biotransform and many parent or intermediate
compounds are not detected by conventional

analytical methods
A DROP IN THE OCEAN...

25 COMMON PERFLUORINATED

COMPOUNDS THAT CAN BE DETECTED

AND ARE BEING REGULATED



Analytical strategy

Three steps:
- Extractable organic fluorine
*  PFAS that can be extracted and thus released

«  Polymers like PTFE will not be analysed, possible
contaminants in PTFE will be extracted

* PFAS-target analysis — up to 42 individual PFAS

« Large difference between EOF and Target:

¥

+ TOP-oxidation - PFAS precursors?

© Arcadis 2024

otal

uoride



A ARCADIS

%0 1
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PFAS fate and
transport PFCA

d PFS o
SR RS | 1 I
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* Long plumes due to mobility and

300 e
low target values
250 A
*  PFSAs adsorb stronger
than PFCAs 200
] . 150 -
* Longer chain adsorb stronger
than shorter chain 100 -
- Soil: longer chains 4

* Groundwater: shorter chains
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A ARCADIS

Conceptual Site Model - AFFF

—)

Grundwasserstromung

o

Precursor
c2?

C5 c3?

-1 ° =" Anionische PFAA-

Endprodukte

LI II o |<|_n



£ ARCADIS
CSM air deposition

Emission of PFAS i'_'.'_-_t?
— =>
C/\B o= Yy (;f:j 5 0 — 5 0

5 i o N N

Air deposition Factory UegEQa ble
O 0 garden
A O Surface water
l Runoff

l ————— _ . . h Infiltration Uptake 1 l
"""" Infiltration to

groundwater
Drainage



A ARCADIS
CSM sea spray

Wet Dry
deposition deposition
Transport A s’*:, (SSA)
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A ARCADIS

What do you think is the level of sum
PFAS in your blood? (roughly)

1. 3.5ng/l

2. 89 ngll

3. 960 ng/l

4. 19,800 NQ/l  trm




- Soll
- Blood

ARCADIS




A ARCADIS

Background concentrations soil PFOS en PFOA (in NL en BE)
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Figuur 4.1 Ligging meetlocaties en indicatie van de som-PFOS concentratie

(toplaag). Concentraties in ug/kg droge stof.

Figuur 4.2 Ligging meetlocaties en indicatie van de som-PFOA concentratie
(toplaag). Concentraties in ug/kg droge stof. De cirkel met straal van 50km is

getrokken om de productielocatie in Dordrecht.
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Netherlands (P95)
PFOS 1.4 pg/kg
PFOA 1.9 ug/kg

Flanders (P90)
PFOS 1.4 ug/kg
PFOA 1.0 pg/kg

RIVM, 2020
OVAM, 2024



Why a difference between the
Netherlands and Flanders, we do
speak the same language?!

© Arcadis 2024



A ARCADIS

Impact Atmospheric deposition PFOA emission Dordrecht (top soil)
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A ARCADIS
Atmospheric deposition of PFOA

Contours air emission PFOA in blood
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© Arcadis 2024



A ARCADIS
Levels in blood of residents within 3 km of 3M site in Antwerp July 2021

Provincie Antwerpen, Vito, 2021

© Arcadis 2024



A few more production
sites in Europe

© Arcadis 2024
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A ARCADIS
PFAS in blood serum, many studies

PFAS concentrations (ug/L) in cord plasma of newborns in Flanders and in serum of adolescents in the ir Mnster ngFml™" Halle ngFmL" 16 2
- PFOA PFNA
Substance  Population Period n LOQ %above Geometric 1982 | W 80 g 14l —_E;
LoQ mean 1983 | I 240 =12 ® 34
~ £
PFOS Newborns 2008—2009 220 03 100 2.64 1984 | 1190 £ 10 2
PFOS Newborns 2013-2014 269 02 996 112 1985 I —— 1 210 B . g,
PFOS Adolescents aged 14-15 20102011 199 03 100 5.83 1980 I 39.3 £ 8.0
PFOS Adults aged 20-40 20082009 200 03 100 12.54 1987 I 149 £ 6 <
1988 I (259 | .S a4 ® 1 |
PFOS Adults aged 50-65 2014 205 02 100 753 1989 I | 425 g é Z q
PFBS Newborns 2013-2014 269 02 0 <10Q 1930 . 325 | § 7 g | ﬁ ﬁ 1 n $ g ]
1991 | | 336 | 0 - 8o AL . o I
PFBS Adults aged 50-65 2014 205 02 29 <10Q 199 1233 £ 84 2 2 B 8 § 8 &8 § 8 2 8 8 8 8 8 8
1993 1293 ‘
PFHxS Newborns 2013-2014 269 02 840 034 1004 § = B =
PFHXS  Adults aged 50-65 2014 20502 995 157 1995 — 2 E— ¢ g  fa -
PFOA Newborns 20082009 220 03 100 1.51 e ——— |24'1 N 2w s -23'3 E) 2
_ ) 3 - —= 80
PFOA Newborns 20132014 269 0.2 100 119 137 — ] 33— 15 g © g
I 1 I . 8 =
PFOA Adolescents aged 14-15 20102011 199 03 100 2.55 1998 12t u ‘ig a § 60
I 1 £
PFOA Adults aged 20-40 20082009 200 03 100 323 1909 I — 281 14 €4 , £
[ S S— X A
PFOA Adults aged 50-65 2014 205 02 100 2.82 2000 A — ) 20 S 17 3 £ | g 40
PFNA Newborns 2013-2014 269 01 896 0.20 2001 N 215 . 250 £, » s
PENA Adults aged 50-65 2014 205 01 100 0.86 2002 | 15,1 . 235 g # ﬁH g 2
- - - 2003 I 140 201 5 q # ﬁ ] #ﬁ‘ 1
P25/P75: 25th and 75th percentile; PA0: 90th percentile; 95%C: 95% confidence interval. 2004 I 234 05 =gy : ; . 0 i b sl
2005 . 045 I 0 § 8 § 8 B B 3 R B $ 2 & ¢ 8 B 2 82 B
2006 I I 191 I 67
H 2007 I 155 T 42
Flanders, Belgium (VITO 2020) 2005 — - S 725 E— 10
2000 I o7 .09 .
0w & & ® Mmoo 2 & & & 1o Germany (Gockener et al. 2020)
% %

PFOS precursor PFSA PFCA precursor PFCA
A PFAS level in blood of 15.000- Germany (Yeung et al. 2016)
20.000 ng/l is not uncommon,

For “common” PFAS,
levels are declining



- Water
- Vegetables



A ARCADIS

PFAS (sum) in Phreatic groundwater in the Netherlands
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Phreatic groundwater:
~ 30 ng/l

Middle deep young
groundwater: ~ 6 ng/l

Middle deep old
groundwater: 0-1 ng/I



PFAS (EFSA 4) in the
main rivers of the

Netherlands, source
for drinking water.....

« Concentrations above 4,4
ng/l enter NL

« Concentrations seem to
increase further in NL

« Sources: WWTP, Paper
industry, landfills,

Sources:
-Vewin / RIWA-Rijn
- Expertisecentrum PFAS
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A ARCADIS

Sum 4 PFAS in rain (wet deposition)

=== === == ={ Danish drinking water guideline

1000.00

(-7 Bu) Sydd + wns



A ARCADIS
Concentrations in vegetables around Chemours

Legenda A ARCADIS Berkenwoude / - Gemiddelde PFAS concentraties in de gewassen per cluster
Stippellijnen (globale ligging*) Z Bergambathy/” * 300
. Binnen deze lijn advies: wissel eten van groenten en ork a/d Ussel WS . M. ¥ GenX (gem) FFOA [gem)
% . fruituit de tuin af met de winkel, buiten deze lijn geen ! 4 Am c E?ﬂﬂ » FFOS (gem) u FFOS (gem)
Binnen deze lijn wordt eten ult eigen moestuin o . 600 FrHPS (gem) = PPHS (gem)
S avgamn.biwlnm;:nmnrMQn # FPBuS (gem) # FFTeDA (gem)
= Voor inmigatie ‘ o 500 % FFDoDA (gem) ® PFTIDA (gem)
Moestuincomplexen BdeLek oo B~ 7 N 1 & # FFUNDA (gem) PFDA (gem)
@  Onderzochte moestuincomplexen®® > A L = 400 u PENA (gem) = FFHpA (gam]
. ’ =
Clusters met advies Nieuw Lekkerland F** N Y B * FFHA (gem) ® FFPA (gem)
) Geen beperkingen ' e ﬁ
Wissel eten van groenten en fruit uit de tuin af met de 2af y E
O winkel A‘ 200
@MImmwmnmmmmwnumdo 100
winkel en gebrulk slootwater met mate voor irmgatie —
- Eten uit eigen moestuin afgeraden, geen siootwater 2 o _ —
i 2 2 v
‘Dowmnmmvm.t:umm' Hasde grenzen kunnen op L .3 REF H A BS E P o F © G
basis van het ond K Mot ' 0 2 3 4 o9 & 7 a 9

“menmanm&srsmwoodeum

Chemours
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A ARCADIS

Contribution of food and water to Total Weekly Intake in the NL

&0

50

40

30

PFAS exposure
(ng/ka body weight per week)

1

Mean Median (P50) High (P95)

Food and drinking water
from groundwater

Mean Median (P50) High (P95)

Food and drinking water
from surface water

Figure 3 Mean, median (P50) and high (P95) lower bound (LB; blue bars) and
upper bound (UB; red bars) long-term exposure to PFAS, expressed as PEQ,
through food and two drinking water types for the Dutch consumer aged 1-79
years and compared with the TWI (red line; 4.4 ng/kg body weight) @

The total weekly intake of PFAS through food
and water in the NL is 1-3 (mean — P95) times

above the EFSA TWI

Contribution of drinking water is 6%-27%
dependent upon source and scenario.

Rest 11%

Vegetables
5%

Fish and fish

Meat and products 30%

Food and meat products
drinking
water from
groundwater Dairy 17%
% Drinks (excl.
Drinkin gwat dri |-< ng

water) 23%

Rest

Fish and fish
products
Food and 4%

drinking
water from
surface water

LB scenario



PFAS in eggs
Don’t eat the eggs, hobby chicken keepers

TITTTT

People living near the Chemours factory in Dordrecht and who keep chickens as a hobby
are being warned not to eat their eggs because they contain high concentrations of PFAS, a
complex group of chemicals linked to cancer and other health issues.

A ppen achis

Hobbykip-ei kan te veel pfas
bevatten: ‘Wissel af met
supermarkt-ei’

Mensen die ervoor Kiezen om eieren van eigen kippen te eten, krijgen het
advies deze af te wisselen met eieren uit de supermarkt. Nederlandse
hobbykipeieren kunnen namelijk hoge concentraties van het schadelijke
pfas bevatten. Dat blijkt uit een risicobeoordeling door de Nederlandse
Voedsel- en Warenautoriteit (NVWA).

=dwin van der Az 12.0 1 4 S A 1 anteta 11ndata-
cawin van der Aa 15 24 4 Laalste update:

A ARCADIS



ARCADIS

J

Environmental data

- Dust
- Consumer goods.



Short chain precursors

Perfluoroethers
M Long chain PFSA

Others
m Long chain precursors
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DARK MATTER!

A huge amount of
unidentifyable
PFAS Iin consumer
goods

Textile, carpet and leather

products
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Concluding



Prevention and
restriction iIs
key, but:
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Fluoropolymer production sites
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Recap

«  Soil background NL/BE

*  Ground water Phreatic

«  Surface water Rhine/Meuse
* Rain

*  Vegetables

+  Dust households and offices
* Bloodserum EU

+  Consumergoods

Target levels:

«  Drinking water (EU)

«  Drinking water (NL)

+  Surface water AA-EQS (EU)
«  Surface water (NL)

+  Soil vegetable garden (NL)

* Intervention level soil (NL)

PFOS/PFOA
sum PFAS
EFSA4
EFSA4

sum PFAS
sum PFAS
sum PFAS
sum PFAS

sum PFAS

sum PFAS (PEQ)
sum PFAS (PEQ)
PFOS
PFOS/PFOA
PFOS/PFOA

~ 1 500 ng/kg

~ 30 ng/l

~ 10 ngl/l

~1-2 ng/l

~ 10 ng/kg

~ 1 000 000 ng/kg
~ 20 000 ng/l

~ 100 000 ng/l

100 ng/l / 500 ng/l
4.4 ngll

4.4 ngl/l

0.007 ng/l

2 400 ng/kg / 2300 ng/kg

60 000 ng/kg

A ARCADIS

Practically all these
concentrations exceed the latest
advisory levels for drinking water
in Denmark, the Netherlands and
US-EPA, and most probably EU
to follow



A ARCADIS
Reflection

« Obvious, any level of PFAS has risk
* Prevention, restriction, and only dilution can mitigate our diffuse issues

* Monitoring of (background) levels becomes more important than improving
target levels

« Advisory levels are not remediation levels; think about sustainability of
remediation

* Relative toxicity and dark matter
« Awareness and responsibility
« Tackle sources! Improve technologies

Above all we need to raise the awareness of citizens and
consumers worldwide so that they begin to demand
products that are not toxic and do not leave poisonous
pollution behind them.

Raivi Nadu, 2022



Additional PFAS information
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A ARCADIS
PFAS - contacts

Wim Plaisier Tessa Pancras

PFAS Europe — European PFAS calls Arcadis Nederland

wim.plaisier@arcadis.com tessa.pancras@arcadis.com

Johnsie Lang

PFAS USA — Global PFAS calls

johnsie.lang@arcadis.com

Arcadis. Improving quality of life.
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Arcadis. Improving quality of life.
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