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Differences and
similarities in PFAS risk N N < Y
in Europe and Quebec \ i 2 -
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The PFAS Case-studies
Issue from France & Quebec
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Per- and polyfluoroalkyl substances

= Complex family with more than 6000 compounds

= Properties imparted by the C-F bond
= long half lives

= PFCAS/PFSAs virtually non biodegradable (ECHA)
= Very bioaccumulative (long-chain PFAS)

= PFAS ubiquitous in the environment

PFOA
@0 G0 66 ¥

OH

G0 06 606 060

PFHxS
@0 00 G0 B

96 00 00 B

Sub-classes of PFAS

PFCAso

(C.F, . —COOH)

I’IFZTH-'I

PFSAs©

(CoFanir=SO5H)

n 2n+1

perfluoroalkyl acids o
(PFAAS) PFPAS

(CnF2n+1_PO3H2)
PFPiAso
—PO,H-CF )

m'2m+1

(Cn F2n+1
PFECAs & PFESAS-

(CnF2n+1_O_CmF2m+1_R)

PFAS - PASF-based
substanceso
S (CoFyps=50,~R)

n an+1

PFAA©
precursors

fluorotelomer-based
substanceso

(CoFan=CH,~R)

2n+1

fluoropolymers o
otherso

operfluoropolyethers (PFPEs)

Wang et al. ES&T 2017

Examples of
Individual compounds*

O PFBA (n=4)
© PFPeA (n=5)
O PFHXA (n=6)
O PFHpA (n=7)
0 PFOA (n=8)
0 PFNA (n=9)
0 PFDA (n=10)
0 PFUNA (n=n)
0 PFDOA (n=12)
0 PFTrA (n=13)
0 PFTeA (n=14)

O PFBS (n=4)
0 PFHXS (n=6)
0 PFOS (n=8)
0 PFDS (n=10)

O PFBPA (n=4)

O PFHxPA (n=6)

o PFOPA (n=8)

© PFDPA (n=10)

0 C4/C4 PFPIA (n,m=4)
0 C6/C6 PFPIA (n,m=6)

0 C8/C8 PFPIA (n,m=8)

o C6/C8 PFPiA (n=6,m=8)

© ADONA (CF,~0=C,fg—0~CHFCF,~COOH)
© GenX (C,~CF(CF.}~COOH)

O EEA (CZFJS-O-CZFI‘-O-CFI-COOH)

O F-538 (CI=Cef,,~0~C,F,~SO,H)

O MeFBSA (n=4,R=N(CH,)H)

0 MeFOSA (n=8 R=N(CH,)H)

0 EtFBSA (n=4,R=N(C2H§iH)

0 EtFOSA (n=8 R=N(C,H,H)

O MeFBSE (n=4,R=N(CH,)C,H,0H)

0 MeFOSE (n=8,R=N(CH,)C,H,0H)

0 EtFBSE (n=4,R=N(C2HJCzH4OH)

0 EtFOSE (n=8,R=N(C,H,)C;H,OH)

0 SAMPAP {[CgF,SO,N(C;HJ)C,H,0],~PO,H}
0 100s of others

0 4:2 FTOH (n=4,R=0H)

0 6:2FTOH (n=6,R=0H)

0 8:2 FTOH (n=8,R=0H)

0 10:2 FTOH (n=10,R=0H)

0 12:2 FTOH (n=12,R=0H)

0 6:2diPAP [(C4F ,C,H,0),~PO,H]

© 8:2 diPAP [(CyF, C,H,0),~PO,H]

1005 of others

o polytetrafluoroethylene (PTFE)

o polyvinylidene fluoride (PVDF)

o fluorinated ethylene propylene (FEP)
o perfluoroalkoxyl polymer (PFA)
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Major applications

Massively used in consumer goods, specialty formulations, and certain industrial processes

@ & i3 £

Electronics AFFFs Cosmetics Ink Textiles Motor oils Food packaging
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Regulatory development

Guidelines for water

EU (2022-2027) All waters

GERMANY 2006

US EPA 2016

THE NETHERLANDS
2011 Tap Water

ATSDR 2018

THE NETHERLANDS
2011

Health Canada
2018

Groundwater

Tap water

Tap water +
Groundwater

Y 20 PFAS = 100 and Y PFAS = 500
Y PFOS + PFOA = 300

1000 300
70 70
530 -
90 920
11 7
23 -
200 600
35 15

ANSES 2018, ITRC 2019

m Mainly indicative values, some regulatory limits (USA,
Denmark, Australia, New Zealand, ...)

B European Union:
= REACH (PFOS, PFOA, PFHxS), More use restrictions
to come (All PFAAs from C3 to C14)
= Stockholm Convention (PFOS and PFOA),
registration submission of 2000 compounds in the
“ban list” to come
= Water Framework Directive (WFD) 2022-2027

B USA and Canada:

= |ndustrial phase-out of PFOS by 3M (2000-2002),
use of PFOA replacements (ADONA, GenX)

= PFOS phased out of commerce in Canada and
the USA in 2002

= Environmental Performance Agreement (2009-
2015, Canada) to ban PFOA and PFCAS

= Ban of PFOS-based AFFFs in Canada as of May
2013

O
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Toxicity

B Multiple pathways of exposure
B Multiple toxicity

= Moderate hepatic toxicity

= Immunological toxicity

= Metabolic toxicity

= Pre and postnatal development disorders
= Endocrine disrupting effects

= Carcinogenicity

ool Mdelll 3] [t 2390N HUMAN HEALTH

ING/L

PFAS are reducing the mean
concentration of vaccine antibody
in children from 1ng/L

@

*Nanogram/liter

Increase of of the plasmatic concentration of PFAS
is leading to a decrease of 49% of the plasmatic
concentration of post vaccinal antibodies

(Grandjean 2012) (Grandjean 2013)

O
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65+ anionic PFAS and =
10+ zwitterionic PFAS
with authentic
standards

Surrogate parameters =
for total PFAS: TOP
assay and TF-CIC

Nontarget analysis: =
HRMS data filtering
using Kendrick mass
defects

PFAS analytical methods

Total extractable
-organofluorine content
(TOF)

Perfluoroalkyl acids
equivalents (post-TOP)

Perfluoroalkyl
sulfonamides

S Unknowns &
unextractables

Fluorotelomer —
Acids

Perfluoroethyl ——

cyclohexanesulfonates

. Other newly
identified PFAS

Dionex UHPLC
Thermo Q-Exactive Orbitrap MS
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Example PFAS-funded research - Prof. Sauvé’s lab (UdeM)

m 2019-Present. Expanded analytical methods for zwitterionic, cationic and anionic PFAS (funded by SERDP).

m 2018-Present. Bioaccumulation and biomagnification of PFAS in a St. Lawrence River food web (CMP funding to
Environment Climate Change Canada).

m 2018-2020. Nontarget screening of PFAS in biosolids for land application (with funding from French INRAE).
m 2017. PFAS in textiles (funded by the North American Commission for Environmental Cooperation, NAFTA/ALENA).

B 2014-Present. Environmental assessment of PFAS at AFFF-impacted sites, including the Lac-Mégantic (QC) accident
site and federal contaminated sites (funded by NSERC).

T e st

- . . 1
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Collection of >100 AFFFs obtained to
support analytical method development
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Ultrasensitive method for PFAS

analysis in tap water
oo

m Automated pre-concentration (Autotrace 280) using
weak-anion exchange SPE

m Sftreamlines lab work

B Good recovery of zwitterionic & anionic PFAS

1000X pre-concentration
factor achieved with

LOD ESI(-) PFAS 0.001-0.08 ng/L :

LOD ESI(+) PFAS 0.003-0.05 ng/L automated off-line SPE

(Dionex Autotrace 280)

m Excellent limits of detection

m Applied for target & nontarget screening

VALGO © 2022 - Tous droits réservés
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Example classes of target / suspect PFAS amenable to LC-HRMS
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Nontarget screening workflow (Q-Exactive Orbitrap)

Data acquisition
LC-HRMS (Full Scan)

Level 2: Probable structure
a) by library spectrum match

b) by diagnostic evidence

Level 5: Exact mass of interest

Confidence levels
assigned per
Schymanski's scale

W

Blank subtraction (pairwise)
Elimination of peaks <104

MS/MS

Confirmation with reference
chemicals, when available

Q@

Annotation of HR-MS/MS spectra

Kendrick mass defect filtering
(Python script)

V

|dentification of candidates
Automated library search (script)
Patent examination
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Context : Lubrizol/Normandie Logistique Fire

Seveso 2 site
(High Risk)

Combustion of
more than 9000t
of various
products

@ Intfensive use of
AFFF Foams

(40 000 m3, water

diluted)
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Samples:

=» Groundwater

» Treated Groundwater
=» Network Water

= Tap water

=» Wastewater

Bonsecours

Analysis:

=» Mass spectrometry 60 compounds
= Mass spectrometry 200 compounds
= Non targeted mass spectrometry
= CIC = Total Organic Fluorine
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Results
Groundwater

High contamination of
groundwater (compared to spring
water), locally higher than the
regulatory values

Indicative WFD limits:
- 20 PFAS list : 100 ng/L
- All PFAS: 500 ng/L

High-resolution mass
spectrometry fingerprinting:
The main contaminants in most
samples are novel anionic or
zwitterionic precursors

! Notre-Dame-
u Vaup ||é \:'do-aondcvll

raervllle
sur Selne \

1
> Annevllle

} 0 S'-Ma In
de-aoschervll !
BaMouvllle

A

Hongue are
~Guenouvilie 838 l/:

Site GW 4 (St Efienne du Rouvray)

20 PFAS List : Up to 238 ng/L
All PFAS: Up to 2500 ng/L

(o]

/
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- y - LesAu!hn&x ”»
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¥ AAC La chapelle Cm(PFAS): 181ng/L |~/ I \\v

avleuvile-
Celluwlle R\ Chant-d'Oisel

l GOUV to
Ymaré Jia-Poteri

& ¢
= Igo.ville_.AlIZéy‘

- qeh“é'bf“" E:Pont-de-“/ %

Unknown precursors &
o C15H2103N2F9
o C9H130O2N27

surSeme . SVl An:he =

Other precursors
o 6:2 FTAB
o 6:2 FTSAS
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Results
Treated
Groundwater s 181,245
180,000
= 160,000
Usual treatments are not effective (39-50%) £ ixiose
sometime have an opposite effect (change =
. = 120,000 109,813
and regeneration of consumables) e
g 100,000
Q
S 80,000
Q
(</() 60,000
Treatments: —
= TW1 : Ultrafiltration ' 21,972
= TW2 : GAC + GAC i 0,394 1,053 1,055 0,546 7'6-12
= TW3: GAC + Ultrafiltration Q000 —mm——soron———wm. e

Mean GWI  TW1 Mean GW2 TW2 Mean GW3 TW3 Mean GW4 TwW4

O

= TW4: GAC
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Results | - . =

-
=

Tap water

®m | ower concentration to the North due 1o
dilution effect of other water sources

1E-6
1,20870%

95,00000%
1.5134E-6

Slobal

13
ERI (scale factor = 1E-7)

m Low concentration in hospitals (Post
Treatment) | e RS

m Main analytes: New precursors (e.g., the
zwitterion 6:2 FTAB), PFCAs and short-chain
PFAS (low treatment efficiency)

Risk Study:

= Carcinogenic risk not negligible LU Ly
= Higher risk on the south side \ P
= Higher concentrations in St. Etienne du £
B340 Al 1\'_’,’:,_,1 / 0,005 -
Rouvray e &P
XV X o o 0 A

= Only for PFOS and PFOA (2 available
Cancer slope factor)

I 0030
Al

5,00000%
2,4594E-6

i U
2 24

St Efienne du Rouvray

95,20480%
34931E-6

uth side@z, 5

' ' ' ' ' '
2 2 k)] 2 k11 k3
ERI (scale factor = 1E-7)

nsecours,,
B s
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Resulis

Wastewater

m PFAS from urban wastewater but also
from industrial activity s Mainly
precursors (e.g., zwitterion: 6:2 FTAB)

m Lowremovalrate 7%

m High environmental contamination :
194 ng/L

What about the
sludgee

= [ncineration

»>1] 5 kg PFAS/dCIy = Land Application

= 80 000 000 L/day



https://www.google.com/url?sa=i&url=https://www.alh-architecte.com/fr/architecture-de-l-environnement/station-d-epuration-de-triel-sur-seine&psig=AOvVaw2XKz4xg5EwNvTmM80bKCVT&ust=1629889879238000&source=images&cd=vfe&ved=0CAoQjRxqFwoTCMDS0IzDyfICFQAAAAAdAAAAABAD




Université l'"’\

de Montréal
Quebec case study 1 - Surface waters (UdeM)

m 400+ surface water samples collected in Quebec province, including the St.
Lawrence (1000-km gradient), major fributaries, and smaller rivers.

B Samples evaluated for 40+ target PFAS, including novel zwitterions.

®m Select samples were also evaluated using nontarget screening.

St. Lawrence River  Estuary/Gulf

Background sites

2018-2021 (n ~ 200) 2020-2021 (n ~ 80) 2018-2021 (n ~ 150)




* Not
Université l'”'l ’rﬁii'r',ﬂi'éd
de Montreal in Quebec

Quebec case study 1 - Surface waters (UdeM) arinistime
m 25+ classes of PFAS detected in Quebec river waters.
m Specific AFFF precursors prevalent in small-scale impacted rivers and creeks.
m Specific ECF PFAS characteristic of the St. Lawrence River.
St. Lawrence River AFFF-impacted rivers Background sites
%%Z —c EFosl& i (|)|/'|‘\/\/'f - i
omologs S ° FTeT 57— °
"0 * F{‘T J 6:2 FTAB L prose
Fn homologs
PFOA & o | | E1 o
TS x [ Jils
10 Lo T-AMPr-FHXSA L, % PFOAQ |
* F‘F;%L!_,;H Short-chain ) Eg(ranr(t)—lc;r;agn
l ll, sulfonamides "F1 o
! Y F——(|: L!—ﬁu Short-chain
l I sulfonamides

||= F R F . i no
Y Jﬁ . PFECHS
E . Vi
F F o//\
Munoz et al. In prep.
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6:2 FTAB and other betaines also reported in southern Ontario
(A study by D'Agostino & Mabury — U of Toronto)

100

o 1:2FTB

-

s Ty

i&): o

N\,
&
o8

*" "Hamilton Airport i

o FTB
B 712FTB
B 7:3 FTB
Bl 12FTB
53 FTB

I 2 FTAB

I 42 FTAB

80 +

60 -

40 Blc2FTsA

I 62 FTSA
[_]42FTSA

% of measured fluorotelomers

20 4

D'Agostino & Mabury ES&T 2017

0

sediment water

ESI+ fluorotelomer betaines
>95% of total measured fluorotelomers

Welland River watershed
WR1 —imm. downstream Hamilton Airport

[]6:2 FTSAm

=

- ESIT

}ESI-

O
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Quebec case
study 2 - Tap
water (UdeM)

>od

+ 460

tap water samples collected
in QC over 3 years (2018-2020)
for PFAS analysis.

376

distinct municipalities, most

corresponding to public

39 20, lap water source

3% _/

= GW

= GW considered SW

= SW

= Mixed GW/SW sources

= N/A - Assumed private wells
= N/A

distribution water.

O

Munoz et al. In prep.
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Quebec case study 2 - Tap water (UdeM)

DETECTION FREQUENCY (%)

100

% Z-PFAS

29,4
a0 85,7

81,6581,4

80 % ; = = e

756783735
70 |E E E E
58,0551

51,6514
49,7454

30 |E E E E = = = E E 55
22,5
20 |B BE B E

Detection frequency (%)

Note: FTBs not included in this graph.

= PFOS/PFOA detected in more than 80% of >400 tap samples.

= No sample surpassed Health Canada guidelines for PFOS/PFOA.
= /witterionic PFAS can persist through drinking water treatment trains.

Munoz et al. In prep.

O
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PFOS In tap water

(ng/L, average per
sampling site)

>od

MAX =13 ng/L
DW adyvisory levels
Health Canada

600 ng/L

USEPA 70 ng/L

s

S

Low levels
East of this line @
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Canadian case study - Groundwater at AFFF sites (UdeM/McGill)

ng/L

6000

5000 )
4000 2
3000 -
2000 i
1000 )

0

PFAS concentrations in groundwater (ug/L)

1970

Site#1 7 (e)
H
:
kg
- M
v :
.
H
[ ] _— _—
T = T T &
o %) S S <<
[T w w w w
o o S 5 o
(5] (5] —
o o o
o [=% =
o =] o
(o] (o]
[72] w
© ©
A3 2
[ 15
e S
w

Site # 1 (closed FTA, 1963 — 1990)

500 -
] Site #2 ®
400 - o
300 -
200 H
100 -
0 o o _: -
Tz : & o
- 8 8 =&
o o &
= B B
& a3
s 8
- L
b (&}
w

1980

Min Liu et al. ES&T 2022

Site # 4 (mid 1980s — 2005)

1990

25%~75%

7 Range within 1.5I1QR
— Median Line
o Qutliers

300 _ 160 .
| Site #3 Q) 1 Site #4 (h)
250 e = 1304
: - 120 -
200 i e 100
150 : 80 -
1004 = i o .
1 : © 40 - o
50 5 1
20 = .
g J B I} '
— :! Sh—— G S
T z I & & "2 =T % ® &
® 8 5 8 8 F
o o 2O 52 =» O
2 2 2 2
s f 8 s
E 5 E 5
w w

2000

Field sampling time

2010

—_—

Site # 1 (FTA, 1990 — current)

2020
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Differences and similarities

Quebec

Main sources:

= 1/ Airports, military bases
2/ Petrochemical & mining industries
3/ Wastewater tfreatment plants, landfills

Main sources:
= 1/ Former or current industrial areas
(chemical, paper, electronics, and Seveso
sites)
2/ Airports
3/ Wastewater treatment plants

= Drinking water of main cities produced
mostly from large rivers, reducing

= |ndustries located around majors cities contamination (dilution effects)

= Potential threat to drinking water

Aeiplies ety Clelinenieiien e seliee) = Exposure also linked to diet (fish, marine

: : mammals...), for instance in Northern
= Exposure linked to the consumption of :
: populations
contaminated water
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Differences and similarities

Quebec

Fire training area sites may be viewed as a priority due to high (though localized) contamination
®» Soil contamination near the FTA source zone - remediation needed
®» Extremely high concentrations in groundwater (mg/L levels)

Some fluorotelomer precursors have emerged in recent years, both in France and in Canada
An example is the zwitterion 6:2 FTAB (a betaine-based PFAS) — found in France,!? Quebec,34 and Ontario®

= Found in wastewater, biosolids for land application, groundwater, surface water, and treated tap water
= Rarely (or never) analyzed by commercial and/or research laboratories

Phased approach to regulate historic and new PFAS (new restrictions/guidelines being developed)

' Boiteux et al. Stoten 2017. 2 Munoz et al. Talanta 2016.
3 Liu et al. ES&T 2022. 4 Mejia-Avendafio et al. ES&T 2017.
> D'Agostino & Mabury ES&T 2017.

O
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Canada Inc. de Montréal

Thank you
for your attention




