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R HZFIESR 4@(PFAS)

» Perfluoroalkyl substances(£%&)
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PFASEYEZEHE

A Fluorosurfactant - water/oil/stain repellent

Q Head
- hydrophilic

Q Tall
- hydrophobic
- lipophobic
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Agueous Film Outdoor Stain Fast Food
Forming Foam Textile Repellents  Packaging
https://unioue.en.made-in-china.com/product/EstnydgxCUcF/China-Water-Stain-Repellent-Spray-Water-Proof-Spray.html https://absorbenviro.com.au/too-much-froth-bubble/

https://www.thriftyfun.com/tf/Cleaning/Carpet/Removing-Dog-Urine-Stains-from-Carpet.html https://www.pinterest.com/pin/315533517618217497/



PFASEYEZEHE

A C-F bond is a very strong chemical bond

- few degradation processes: too much energy required to

break bonds FF
S | ¢-¢
- stable In acids, bases, oxidants, heat F Fl, Teflon

PFASs (PFOS) occurred in Polar PFASs in 98% of
Manhattan Project bears and seals the serum samples

(Antonia M. Calafat et al., 2006)

https://www.nipasheonline.com/fahamu-zaidi-kuhusu-mabomu-2-ya-nyuklia-yaliyoangushwa-japan-1945/ https://www.discoverak.com/kaktovik-polar-bear-tour/
https://wacowla.com/blog/2012/09/19/arm-strong-mission/ http://marinebio.org/species.asp?id=300
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History - Evolution of PFAS

1950s 1960s 1970s 2000s

ns.orghSresan

PFOS produced Aqueous Film Use of PFASs Global distribution

by 3M in 1952 Forming expand in of certain PFASSs in
Foam (AFFF) consumer and biota and
developed industrial products environment

http://iwww.wikiwand.com/zh-hk/%E4%B8%89%E5%BC%95%E6%93%8E%E5%99%B4%E5%B0%84%E6%A9%9F
https://www.flickr.com/photos/54027476 @N07/4999944659  https:/iwww.sick.com/us/en/industries/semiconductor/c/g291166  https://sites.google.com/a/pleasantonusd.net/order-cetacae/home/bottlenose-dolphin
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History - Evolution of PFAS

2009 2016 2019

Stockholm

Stockholm :
Convention

Convention

3M ceased PFOS listed in  US EPA Drinking PFOA listed in

production of Stockholm water Health Stockholm

PFOS Convention Advisory PFOA,  Convention
Voluntary phase PFOS or PFOA +

out of C8 PFASs PFOS <70 ng/L

https://www.theguardian.com/australia-news/2017/aug/03/us-warned-australia-over-toxic-firefighting-chemical-17-years-ago

https://www:.flickr.com/photos/54027476 @N07/4999944659 https:/imww.sick.com/us/en/industries/semiconductor/c/g291166 https://sites.google.com/a/pleasantonusd.net/order-cetacae/home/bottlenose-dolphin
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History - Evolution of PFAS

2022 2022 Current

H N
5

Stockholm
Convention

PFHXS listed US EPA Drinking Development and
in Stockholm water Health use of new PFAS
Convention Advisory

PFOA 0.004 ng/L
PFOS 0.02 ng/L
Gen-X 10 ng/L
PFBS 2000 ng/L
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Novel PFAS Used In Industries

« Short-chain perfluoroalkyl
substances (C4, C6,...)

 Fluorotelomer

(polyfluoroalkyl substances)

 Ether

 Cl was substituted for F

FF O

F
7O o

F FF F
Perfluorobutanoic acid
(PFBA) (C4)

R FR FR F H H

F 1 //O

2°S
/\
F FF FF FHHO/ OH

6:2 Fluorotelomer Sulfonate
(6:2 FTSA)
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Use of Novel PFAS In Metal Plating

* PFAS were used as mist suppression in the process

R F FEF FEF FE g F F F g
YRRV o ¥ M MM
F-'"" F F \ A F

/ /N A F F F F F

F FFFFFF

Potassium perfluorooctane F-53B (C4CIF,;0,SK)
sulfonate (CgF,;,05;SK) - mean biological half-live
Half life ~ 4.8 yr @ in humans ~18.5 yr °

a - Olsen et al 2007
b -Y. Shi et al. 2016. HumanExposure and Elimination Kinetics of Chlorinated Polyfluoroalkyl Ether
SulfonicAcids (CI-PFESAS). Env. Sci. Technol., 50, 2016, 2396-2404.



Processing Aid for Making Fluoropolymer Resins

* DuPont GenX- processing Aid for setting a new industry
standard for sustainable replacement technology (from
DuPont 2010)

» Similar persistence, more mobile, less accumulative in

humans (cf. longer PFAS)?!
R FR FFR F Q

WOH o
» FFF FF7¢F

FFF FF FF F

F F
Perfluorooctanoic acid Perfluoro-2-propoxypropanoic acid
(PFOA, C8) (PFPrOPrA, also named GenX)

Half life ~ 3.5 yr 2

1- USEPA, Fact Sheet: Human Health Toxicity Assessment for GenX Chemicals, 2021

2 - Olsen et al 2007; 17 .
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Scenceglectnology | £ TTERS pubs acs rgrjoumalesic

Legacy and Emerging Perfluoroalkyl Substances Are Important
Drinking Water Contaminants in the Cape Fear River Watershed of

North Carolina

Mei Sun,*'-}':‘t Elisa Arevalu, Mark Str}mar, Andrew Llndstmm, Michael Rlchardwn," Ben Kearna,
Adam Pickett,” Chris Smith,” and Detlef R. U. Knappe®

Environ. Sci. Technol. Lett. 2016, 3, 415-419

Point & A | I L
gacy PFAS
non-point P A s i
sources = : PFPrOPrA ("GenX")
C | I

0 200 400 B00 EB0O
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Extremely High Levels of Suspect Target

=

(@) Raw water
Pre-ozone effluent
Settled water |
Settled-ozone effluent l‘
BAC effluent
Fimished water

0

W PFPrOPrA FFBA
u PFNA u FFDA

100 200 300 400 00 G0 F00 800

Concentration of traditional PFASs
at a WTP in Commumnity C (ng/T)

W PFlPeA B PFHxA B PFHpA B FFOA
m PFBS m FFHS u PFOs

(b} Raw water |
|
Pre-ozone effluent |
Settled water : [ ]
Settled-ozone effluent : | |
I
BAC effluent |I | |
Finished water | m
0 50,000 100000 150,000 200,000 250,000 300,000
Peak area counts of emerging PFASs
aba WTF in Community C
B FFPrOTPrA u PFMOAA B PFMOPrA u PFFMOBA
FFO2ZHxA B PFO30A B PRO4DA
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Target and Non-target Analysis

* Began work on a more “universal” method that would include
both legacy PFAS and these emerging contaminants

Y

Target analysis

Non-target /

analysis

Compounds
regulated by
law

/ Compounds rllon-regulated by \

\\ aw /
/ Unknown compounds \ )

\_ —

Rogowska J, Cieszynska-Semenowicz M, Ratajczyk W, Wolska L. Micropollutants in treated wastewater. Ambio.
2020 Feb;49(2):487-503.
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Target Analysis

€ LC/MS/MS
& target low ppt levels

* Can volumes be increased?
* To what extent will background PFAS interfere?

— Offline/Online SPE LC/MS/MS
— Direct Injection LC/MS/MS

Q1 Q2 Q3
( ] | ] | J
v ¢ |
ool e | _ - .
o e V"’V\_’ o ” € 5 - High sensitivity but low resolution (0.6 da)
e o —ahn

TTTTTTT
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Non-Targeted Analysis
€ High Resolution Mass Spectrometry (HRMS)

Quadrupole C-Trap HCD
colllsuon cell

/ ﬁE=HH‘= \=ﬂ=ﬂ‘

( Orbitrap)

NanoSpray
source

X

Orbitrap mass analyzer

- — =3_l
=H %‘\
\u/ BRATR G 2 EE T I s
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Suspect and non-target screening workflow of PFAS

PFAS screening

Suspect screening

Homologue-based non-target

Fragment-based non-target

* In-house Database (45)
= AB SCIEX Database (95)

+« US EPA CompTox Chemistry
Dashboard (594)

=« Norman Suspect List Exchange
(1,030)

= OECD PFAS List (3,706)

screening screening
« SIN=5
*  Intensity >1,000,000 Peak picking with MS/MS spectra

CF2 normalized mass

(238,757)

defect > 0.85 or < 0.15

Peak picking (127,972)

CF2; C2F4; CF20; CF2CH2
Mass error < 5 ppm

o

FAS homologue analysis (16,632) 5
* Consistent elution order filter .
* isotopic pattern filter .
*« Remove duplicate substances .

Potential PFAS homologue list (98)

Fragment ion :

CF3-; SO2F- ; CF30-; SO3F-,
C2F5-; C3F5-; C2F50-;

C3F50-; CIF502-; C3F7-; C4FT7-;
C4F90-; C5F12N-;

MNeutral loss :

HF; CF2; C2F4;

Fragment mass error < 5§ mDa
Fragment Abundance > 10%
Remove duplicated substances

Potential PFAS list (400)

» Background subtraction

+  Adduct filter

* |In-source fragmentation filter
* Co-elution filter

+ SIN=5

« Mass error < 5 ppm

+ |sotopic fit threshold > 80%

*+  MS/MS spectra Interpretation

Identified PFASs (89)

X. Wang et al. / Water Research 183 (2020) 115989

MV 41397337
File: 197_MS2 raw (F1) FTMS () MS1

35625

Intensity [counts] (10%6)
CamweE OO N®

[ 197_MS2 (F1) #1662, RT=35 625 min, MS1, FTMS ()

CBHF1502 as M-H-1
9

41296609
M-H-1

CgHF 150,

Intensity [counts] {1 046)
R A - I )

T T T T T
412 413 414 415 416 417
miz

RAWFILE(top): 197_MS2 (F1) #11688, RT=35.713 min, MS2, FTMS (-), (HCD, DDA, 412.9664@(15;60).
REFERENCE(bottom): mzCloud library, Perflucrooctancic acid (PFOA), C8 H F15 02, MS2, FTMS, (HC

200 368 97675

100 - 168.98624

I 218.98499
e T

)
218.98618
168.98925

Intensity [counts] (103}
o
hd

-100 -

-200 366.97660

T T T T
100 200 300 400
miz

R FRFR F O

F
OH

FFFFF FF F
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