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[
Perfluoroalkylated Substances (PFAS) chrer SB

= PFAS = PFC = AFFF
= First created in the 1930s
= Widespread applications

— Non stick coatings, surfactants, food packaging, firefighting
foams

— Polymerization aid for polytetrafluoroethylene (PTFE) and
other fluoropolymers — how PFOS and PFOA became
famous

= Stable and persistent in the environment (POP)
— Bio-accumulative

= |dentified in environmental samples worldwide
— Found in arctic polar bears
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NHANES Studies on PFAS in Human Serum Wc'fe" S

= 1999-2016
= Age, gender, and race

= 12 PFAS detected in human serum:

https://www.cdc.gov/exposurereport/pdf/FourthReport Upda

PFBS

PFDA

PFDoDA

PFHpA

PFHxS

PFNA

PFUNDA

PFOA (branched and linear)
PFOS (branched and linear)
PFOSA (aka FOSA)
NEtFOSAA

NMeFOSAA

Fourth National Report on Human Exposure to Environmental Chemicals
Updated Tables, January 2019, Volume One

. '
= - g A -~ i‘
U.S. Department of
; _(é CDC Health and Human Services
Centers for Disease
\“t Control and Prevention

Finding a measurable amount of PFCs in serum does not imply that the levels of PFCs cause an
adverse health effect. Biomonitoring studies of serum PFCs can provide physicians and public health
officials with reference values so that they can determine whether or not people have been exposed
to higher levels of PFCs than are found in the general population. Biomonitoring data can also help

scientists plan and conduct research on exposure and health effects.

tedTables Volumel Jan2019-508.pdf
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Transitioning from Water to Serum
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Solid Phase Extraction Set Up - Cartridge Waters N

THE SCIENCE OF WHAT'S POSSIBLE.™

60 mL Sample _|
- Reservoir

Sample Reservoir
Adaptor

SPE Cartridge
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Solid Phase Extraction Set Up — 96 well plate Waters N

THE SCIENCE OF WHAT'S POSSIBLE.™

SPE 96 well
plate

Manifold
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Wide variety of chemical properties W"Jer S
R FR FR FR F R FR FR FR F Fq\/NO\H
HRHHT SESL SRR
e FF o Sl E R FOp
Perfluoro Carboxylic Acid Perfluoro Sulfonic Acid
(PFOA) (PFOS) EF Sulfonamidoacetic
acid
=S e FW o (N-EFOSAA
FW ¢
pid e W F FF.EF F o
Perfluoro Telomer Acid Perfluoro Telomer Sulfonate
(FHEA or 6:2 FTA) (6:2 FTS)
e % Cyclic
T PFectis
EEr ikl o Emerging PFAS TS "
F F (GenX)
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m
30 PFAS targeted in method Wowfer S
Carboxylates Sulfonates
R FR FR FR F F FR FR FR F
POO. 0.0 SO,
\FFFFFFFFJQ FFF¥rFrEF Ed OH
| J
C4 — C14 C4 — C10
Emerging Precursors
GenX ADONA 4:2/6:2/8:2 FTS
11CI-PF30UdS 9CI-PF30NS FOSA
FBSA FHXSA NMeFOSAA/NEtFOSAA
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Instrument Methods

Source Parameters
= |nstrument: Xevo TQ-S micro
= |on Mode: ESI-
= Capillary Voltage: 0.5 kV
= Desolvation Temperature: 300° C
= Desolvation Flow: 900 L/hr
= Cone Flow: 100 L/hr

MS Method
* Developed using QuanOptimize
* MRMs, CV, CE
* Divert flow to waste from 0 — 3 and 16 — 22 mins

©2020 Waters Corporation ~ COMPANY CONFIDENTIAL
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LC Method

Instrument: Acquity | Class PLUS modified with
PFAS Kit

Column: HSS T3 2.1mm x 100 mm, 1.8 um

Mobile Phase A: 95:5 H20:MeOH + 2 mM
ammonium acetate

Mobile Phase B: MeOH + 2 mM ammonium
acetate

Injection Volume: 5 uL

Gradient: Time Flow
(min) (mL/min)
0 0.3 100 0
1 0.3 80 20
6 0.3 55 45
13 0.3 20 80
14 0.4 5 95
17 0.4 5 95
18 0.3 100 0
22 0.3 100 0
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Introduction to Weak Anion eXchange (WAX) e SCIE\,Q{E':[S! P‘c;'ssm:-

coo”

Polar
Retention

Oasis® WAX

PFOA

PFOS
lon

Exchange
Retention

| N
Z .*{fl/ FOSA
y : ‘H
+
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SPE Sample Preparation Waters

THE SCIENCE OF WHAT'S PI

Pretreat Samples (50 plL)

pH adjust to < 3 — activates ion exchange
sites in WAX sorbent when loaded

Condition Plate

' ﬁ(}lﬁb"

L

T
LT

Load Sample

Wash Plate v Oasis WAX 96 well

Elute V A uElution plate

Eluent with pH > 8 — “turns off” ion 5 I
exchange sites in WAX sorbent to release mg per we

PFAS
\,
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SPE Sample Preparation Waters

THE SCIENCE OF WHAT'S PI

Pretreat Samples (50 uL)ﬁ//?

pH adjust to < 3 — activates ion exchange
sites in WAX sorbent when loaded

Condition Plate

' ﬁ(}lﬁb"

L

T
LT

Load Sample
Wash Plat

o i\( v . Oasis WAX 96 well
Elute V A uElution plate

Eluent with pH > 8 — “turns off” ion 5 I
exchange sites in WAX sorbent to release mg per we

PFAS
\,
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SPE Sample Preparation Waters .

THE SCIENCE OF WHAT'S P(

Pretreat Samples (50 uL)‘,//?

pH adjust to < 3 — activates ion exchange
sites in WAX sorbent when loaded

Oasis WAX 96 well
MElution plate

2 mg per well
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SPE Sample Preparation Waters .

THE SCIENCE OF WHAT'S P(

Pretreat Samples (50 uL)‘,//?

pH adjust to < 3 — activates ion exchange
sites in WAX sorbent when loaded

= 1:3 serum:50% Formic
Acid

-

= 1:1 serum:ACN

= 1:3 serum:ACN

= 1:1 serum:MeOH

4

¥

Dilute sample 5x in
1% Aqueous Formic
Acid
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Injections of Plate Load “Waste”

F F o
F FF FO O
R FR FR FR F FFFFFFFFF FXS(O OH Y
FF F FF F
AN AT AT AN F FF FF FF FO
13 tH
Carboxylates Sulfonates Others
PFBA PFOA PFTreDA / PFOS PFDS\ / GenX FBSA \
: : 20306.47 4313.06 4560057 965.76 3671.12 628.08 25541.66
50% Formic Acid 9.51 o
N
e A i -‘-|""""|"'-- T
1:1 ACN PFTreDA PFDS FBSA
11341.92 63377 942 g6 1633.92
T T T%T T = P e ———
1:3 ACN 959 FBSA
950 92V 94 305867
ARLARARE RRALEEARAE RARE RALRS T T T A URERRRE T T T [ man s s e O N A e
PFOA
PFOS PFDS
) 2077.91 PFTreDA
1:1 MeOH 527243 372.15 903.12 951 |
""'T"""'T"""'T"""’T' ™ T T
420 430 4. 1180 1200 15.0 1280 430 14100 14.2y 960 980 | 980 /
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SPE Sample Preparation Waters .

THE SCIENCE OF WHAT'S POSSIBLE.™

2% Formic Acid
+
100% ACN
1:1 ACN:H20
1:3 ACN:H20
= No 2" Wash

Wash Plate ik
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i
F FF FF FF F
2nd Wash — Neutral Compounds F S,,O cher SB
V7ula
FFFFFFF FO N
FOSA Solvent Standards FOSA
X
x x 1:3 ACN:H20 wash No 2nd wash
8000 X . X
7000 o
6000 ° ¢
3 5000
§ 4000
x
3000
2000 100% ACN wash 1:1 ACN:H20 wash
1000
-0 T T T T T T T T T T T T T T .Point
-0 1 2 3 4 5 6 7 8 9 10 1 12 13 14
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SPE Sample Preparation — Final Method Waters .

THE SCIENCE OF WHAT'S P(
Pretreat Samples (50 pL) — spike isotope

dilution standards, PPT with 3x ACN, dilute
with 5x 1% Formic Acid

— -

‘Condition Plate v A
200 pL 2% ammonia/methanol o
200 pL methanol ", %l?mb’b
| 200 pL 1% Formic Acid J_L ) |
V
Load Sample

Wash Plate Oasis WAX 96 well

200 pL 1% Formic Acid MElution plate

200 pL 1:3 ACN:Water

2 mg per well
Elute N 9P

50 pyL methanol
50 uL 2% (v/v) ammonia/methanol - 2x
Dilute with 50 uL 2% ammonium acetate containing Injection Standards
©2020 Waters Corporation ~ COMPANY CONFIDENTIAL 19




FBS Curves
R2 for PFAS using FBS extracted curves

.

Cal points of 0.05-20 ng/L \A/gters

THE SCIENCE OF WHAT'S POSSIBLE.™
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Recovery in Fetal Bovine Serum m
Pre and Post Spike area over calibration range: Waters )
0.05,0.1,0.5,1.0, 2.5, 5, 10 and 20 ng/L THE SCIENCE OF WHAT'S POSSIBLE.

Average Recovery in FBS
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Recovery in Human Serum

Pre and Post Spike area at 0.1, 1.0, and 10 ng/L

Average Recovery
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Recovery in Human Serum Wi “
6 Lots of Pooled Human Serum OTerS i
Pre and Post Spike area at 0.1, 1.0, and 10 ng/L THE SCIENCE OF WHAT'S POSSIBLE
Average Recovery - 6 Lots Human Serum
120.0
100.0 I 100%
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o
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70%

Percent Recovery
(e}
o
o

IN
o
o

20.0

0.0

PFBA
PFPeA
PFHXA
PFHpA
PFOA
PFNA
PFDA
PFBS
PFPeS
PFHxS
PFHpS
PFOS
PFNS
PFDS
FOSA

PFTriDA I

PFTreDA I

PFUNDA
PFDoDA
GenX
ADONA
FHxSA
9CIPF30NS
11CIPF30UdS
4 2FTS

6 2FTS

8 2FTS
EtFOSAA
NMeFOSAA
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Internal Standards
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THE SCIENCE OF WHAT'S POSSIBLE.

Recoveries Corrected with Internal Standards

Adjusted Recovery
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. 0.7% "
ANational Jnstitute of Standards & Technology
(ertificate of Analysis 5
Standard Reference Material® 1957 N
Organic Contaminants in Non-Fortified Human Serum 02%
(Freeze-Dried) 5
0.5%
4
“Extra” Compounds Detected
¥ 3
»
Compound ng/ml - :
NMeFOSAA 1.01
)
NEtFOSAA 0.19 . 2.5%
PFHpS 0.30 2.2% II " 3.0%
0 T i - .
PFBA < MQL
PFHpA PFOA PFNA PFDA PFUNA PFHXS PFOS
PFPeA < MQL

m NIST Certified Values  m Exp Values
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Human Pooled Samples

Lot 1

PFPeA

PFNA

PFHxS

Total PFAS = 18.96 ng/L

©2020 Waters Corporation ~ COMPANY CONFIDENTIAL
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Lot 2

PFPeA

PFOA
PFNA

PFHxS

Total PFAS = 14.44 ng/L

Waters

THE SCIENCE OF WHAT'S POSSIBLE.™

Lot 3

PFHxS

PFNA

PFPeA

Total PFAS = 8.86 ng/L

27
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Linear and Branched Isomers

PFOS isomers in Standard

PFOS isomers in Human Serum

F29:MRM of 2 channels,ES- - o F29:MRM of 2 channels,ES-
498.9 > 80.2 498.9 > 80.2
2.961e+003 6.922e+003

100 PFOS 100 PFOS

1 12 41
" 1251 %
E 1242 12.93
0 II|Ilmin 0.,..{\./,\‘.‘..l—h—...,....,....,..min
F29:MRM of 2 channels ,ES- F29:MRM of 2 channels ,ES-
498.9 > 99.1 498.9 > 99.1
2.171e+003
100 12.76 100 PFOS 5.240e+003
% %
12. 51 12.51
T min 0 T Min
1225 1250 1275 1300 1325 13.50 1225 1250 1275 13.00 1325 13.50
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Sometimes SPE can’t remove it all... Waters

THE SCIENCE OF WHAT'S POSSIBLE.™

Anal Bioanal Chem (2013) 407:3751-3761 RAPID COMMUNICATIONS IN MASS SPECTROMETRY R M
DOT 10, 1007/s002 1 6-015-860 | -x Rapid Conmirr, Mass Spectronr, 2009; 23: 1405-1410

Published online in Wiley InterScience (www.interscience.wiley.com) DOE: 11002/ rem 4012
RESEARCITPAPER Endogenous high-performance liquid chromatography/
tandem mass spectrometry interferences and the case
An automated high-throughput SPE micro-elution method of perfluorohexane sulfonate (PFHxS) in human serum;
for perfluoroalkyl substances in human serum are we overestimating exposure?
Sandra Huber - Jan Brox Emily Chan', Mandeep Sandhu? Jonathan P. Benskin? Milan Ralitsch® Nicole Thibault’,

Detlef Birkholz® and Jonathan W. Martin?*

MS). 10111327 The challenges of PFA analytical methods have
been reviewed,?® but, for PFOS in particular, the very first
report of it in human serum'' noted the presence of a co-

Three MRM transitions were implemented for PFHxS and
PFOS in order to monitor separation of the potentially inter-

fering endogenous steroid sulphates [34, 39] and bile acids eluting MS/MS interference in the most sensitive MS/MS
[39]. In addition, a chromatographic separation of the PFAS transition (i.e. m/z 499/80) — later identified as taurodeoxy-

. . . . . cholate isomers™ — which could cause significant over-
compounds and the mentioned interferences of 0.3 min at least reporting of concentrations. For PFHXS (CgF1505; 1m1/z 399),
were set as criteria (Figs. 1, 2 and Electronic Supplementary almost all existing data has been generated using its most

sensitive MS/MS transitions: m/z 399 /80 ([SOs] ™) or m/z 399/
99 ([SO3F]_).11’19_21’2‘3_25'27’3” However, it is now unclear
whether the existing PFHxS data may be systematically
biased as a result of co-eluting endogenous interferences in
pooled maternal serum which share both these MS/MS
transitions: > the major source being 5-pregnane-3,20-diol-2-
sulfate, commonly known as pregnandiol sulfate, and the
minor source being *S-3-hydroxy-5pregnan-20-one sulfate,

©2020 Waters Corporation  COMPANY CONFIDENTIAL commonly known as isopregnanalone sulfate. 29
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Matrix Interference

Pregnane-3,20-diol 3-sulfate 3alpha-Hydroxy-5alpha-pregnan-20-one

sulfate
Molecular Weight: 400.6 g/mol Molecular Weight: 398.6 g/mol
& O . O\ .0 O
7 e ~

..O. '

Perfluorohexanesulfonic acnd

Molecular Weight: 400.12 g/mol

R F R C{\//O “

~N

FF FFFF
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PFHxS Matrix Interference — BEH C18 Weatera “

A t BEH C1 8 100, 3691 3088 401.8 3.34e
376.9
10.96
PFHxS
Interferent
a2
1081
- 398.9 > 99.1
u 11069 36‘7'1 s |
1025 1050 1075 1100 1125 1150 1175 1200 1225 o Siig me arto| P04 seassmezaear | |

100+ 10.57 \
N

369.1
>
10.610,68 3989 801 1 403.8
a1 K SN Ty 1802 1768 2508 4533 614.5641.9
10-23 10.50 10.75 11.00 11.25 11.50 11745 12.00 12.25 56"“‘H’]‘(‘)‘OH"‘H»]‘é‘o”‘“‘566“““2‘%6““‘506” —— ALy ‘H‘““4‘\‘%6”‘”566”‘”5%6”“‘66‘0“““650 ;
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PFHxS Matrix Interference — HSS T3

100

398.9 > 99.1

10,71

PFHxS

Waters

THE SCIENCE OF WHAT'S POSSIBLE.™

Acquity HSS T3

Interferent
11.21
10.46
397.2 ol el e 293.1 1.95e6
1007 1000 1025 fis0 1075 1100 11.25
;
100- 10.71
1072
398.9 > 80.1 3971
10.45
= D'|""|"J'/d:\x|""|""|""|""
1000 1035 1050 1078 11400 1125 1 214.9
351.2
3291
448.4
212.0
2150 3332 448.4 140.8
1 216.8 449.3
58.9 212.0 495.1 108.81 -9 580.9612.3
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| == Complete PFAS Solutions Waters

THE SCIENCE OF WHAT'S POSSIBLE.™
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