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Perfluoroalkylated Substances (PFAS)
 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 

 Identified in environmental samples worldwide
– Found in arctic polar bears 
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 1999-2016
 Age, gender, and race
 12 PFAS detected in human serum:

– PFBS
– PFDA
– PFDoDA
– PFHpA
– PFHxS
– PFNA
– PFUnDA
– PFOA (branched and linear)
– PFOS (branched and linear)
– PFOSA (aka FOSA)
– NEtFOSAA
– NMeFOSAA

NHANES Studies on PFAS in Human Serum

https://www.cdc.gov/biomonitoring/PFAS_Bio
monitoringSummary.html

https://www.cdc.gov/exposurereport/pdf/FourthReport_Upda
tedTables_Volume1_Jan2019-508.pdf
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Transitioning from Water to Serum
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Solid Phase Extraction Set Up - Cartridge
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Solid Phase Extraction Set Up – 96 well plate

Vacuum Pump

Manifold

SPE 96 well 
plate

Waste
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Wide variety of chemical properties

Perfluoro Carboxylic Acid
(PFOA)

Perfluoro Sulfonic Acid
(PFOS)

Perfluoro Telomer Acid
(FHEA or 6:2 FTA)

Perfluoro Telomer Sulfonate
(6:2 FTS)

Sulfonamidoacetic
acid

(N-EtFOSAA)

Emerging PFAS
(GenX)

Cyclic
(PFecHS)
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30 PFAS targeted in method
Carboxylates

C4 – C14

Sulfonates

C4 – C10

Precursors

4:2/6:2/8:2 FTS

Emerging

GenX ADONA

11Cl-PF3OUdS 9Cl-PF3ONS

FBSA FHxSA

FOSA

NMeFOSAA/NEtFOSAA



©2020 Waters Corporation 10COMPANY CONFIDENTIAL

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

LC Method
 Instrument: Acquity I Class PLUS modified with 

PFAS Kit
 Column: HSS T3 2.1mm x 100 mm, 1.8 µm
 Mobile Phase A: 95:5 H2O:MeOH + 2 mM

ammonium acetate
 Mobile Phase B: MeOH + 2 mM ammonium 

acetate
 Injection Volume: 5 uL
 Gradient:

Instrument Methods

Time 
(min)

Flow 
(mL/min)

%A %B

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

MS Method
• Developed using QuanOptimize

• MRMs, CV, CE
• Divert flow to waste from 0 – 3 and 16 – 22 mins
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Introduction to Weak Anion eXchange (WAX)

Reverse 
Phase 

Retention

Ion 
Exchange 
Retention

Polar 
Retention

FOSA
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Pretreat Samples (50 µL)
pH adjust to < 3 – activates ion exchange 
sites in WAX sorbent when loaded

Condition Plate

Load Sample

Elute
Eluent with pH > 8 – “turns off” ion 
exchange sites in WAX sorbent to release 
PFAS

Wash Plate

SPE Sample Preparation

Oasis WAX 96 well 
µElution plate

2 mg per well
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Pretreat Samples (50 µL)
pH adjust to < 3 – activates ion exchange 
sites in WAX sorbent when loaded

Condition Plate

Load Sample

Elute
Eluent with pH > 8 – “turns off” ion 
exchange sites in WAX sorbent to release 
PFAS

Wash Plate

SPE Sample Preparation

 1:3 serum:50% Formic 
Acid

 1:1 serum:ACN
 1:3 serum:ACN
 1:1 serum:MeOH

Dilute sample 5x in 
1% Aqueous Formic 

Acid
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Injections of Plate Load “Waste”

0 15.000

PFTreDA
8272.43

PFTreDA
11341.92

PFTreDA
45600.57

50% Formic Acid

1:1 ACN

1:3 ACN

1:1 MeOH
4.20 4.30 4.4

PFBA
20306.47

11.80 12.00

PFOA
2077.91

PFOA
4313.06

14.100 14.200

PFDS
903.12

PFDS
633.77

PFDS
3671.12

12.80 13.0

PFOS
372.15

PFOS
965.76

40 9.60 9.8

9.51

9.50 9.89.59

9.629.42

GenX
628.08

9.51 9

0 9.80

FBSA
3058.67

FBSA
1633.92

FBSA
25541.66

Carboxylates Sulfonates “Others”
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Pretreat Samples (50 µL)
pH adjust to < 3 – activates ion exchange 
sites in WAX sorbent when loaded

Condition Plate

Load Sample

Elute
Eluent with pH > 8 – “turns off” ion 
exchange sites in WAX sorbent to release 
PFAS

Wash Plate

SPE Sample Preparation

2% Formic Acid
+

 100% ACN
 1:1 ACN:H2O
 1:3 ACN:H2O
 No 2nd Wash
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2nd Wash – Neutral Compounds

Point
-0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

R
es

po
ns

e

-0

1000

2000

3000

4000

5000

6000

7000

8000

FOSA Solvent Standards

100% ACN wash 1:1 ACN:H2O wash

1:3 ACN:H2O wash No 2nd wash

FOSA



©2020 Waters Corporation 19COMPANY CONFIDENTIAL

Wash Plate
200 µL 1% Formic Acid
200 µL 1:3 ACN:Water

Pretreat Samples (50 µL) – spike isotope 
dilution standards, PPT with 3x ACN, dilute 
with 5x 1% Formic Acid

Condition Plate
200 µL 2% ammonia/methanol
200 µL methanol
200 µL 1% Formic Acid

Load Sample

SPE Sample Preparation – Final Method

Oasis WAX 96 well 
µElution plate

2 mg per well
Elute
50 µL methanol
50 µL 2% (v/v) ammonia/methanol  2x
Dilute with 50 µL 2% ammonium acetate containing Injection Standards 
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FBS Curves
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Recovery in Fetal Bovine Serum
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Recovery in Human Serum
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Internal Standards
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Recoveries Corrected with Internal Standards
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2.2%

0.2%

2.5%
3.6%

3.0%

0.5%

0.7%

Compound ng/ml
NMeFOSAA 1.01

NEtFOSAA 0.19

PFHpS 0.30

PFBA < MQL

PFPeA < MQL

“Extra” Compounds Detected
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Human Pooled Samples

PFOS

PFBA
PFPeA

PFOA

PFHxS

PFNA

PFOS PFBA

PFPeA

PFOA

PFHxS
PFNA

PFOS

PFBA
PFHxS

PFNA

PFOA
PFPeA

Total PFAS = 18.96 ng/L Total PFAS = 14.44 ng/L Total PFAS = 8.86 ng/L

Lot 1 Lot 2 Lot 3
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PFOS isomers in StandardPFOS isomers in Human Serum

min
12.25 12.50 12.75 13.00 13.25 13.50

%

0

100

F29:MRM of 2 channels,ES-
498.9 > 99.1

Human blank 

2.171e+00312.76

12.69
12.51

min

%

0

100

F29:MRM of 2 channels,ES-
498.9 > 80.2

Human blank 

2.961e+003PFOS
12.41

12.51

Linear and Branched Isomers

min
12.25 12.50 12.75 13.00 13.25 13.50

%
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100

F29:MRM of 2 channels,ES-
498.9 > 99.1

FBS curve 0.83 ppb 
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F29:MRM of 2 channels,ES-
498.9 > 80.2

FBS curve 0.83 ppb 

6.922e+003PFOS

12.42 12.93
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Sometimes SPE can’t remove it all…
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Matrix Interference
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Acquity BEH C18

PFHxS Matrix Interference – BEH C18

398.9 > 99.1

398.9 > 80.1

PFHxS
Interferent

Human post 5.0 ppb

m/z
50 100 150 200 250 300 350 400 450 500 550 600 650

%

0

100

PFASBioC18_25June2020_063 4095 (10.954) Cm (4088:4111-4129:4152) 51: MS2 ES-
3.34e7401.8

369.1

367.1250.8176.860.2
403.8

453.3 641.9614.5

Human post 5.0 ppb

365 370 375 380 385 390 395 40

%

0

100

PFASBioC18_25June2020_063 4095 (10.954) Cm (4088:4111-4129:4152) 51: MS
369.1

367.1

362.9

398.8

376.9

370.5
371.9

397.2

378.4 384.9 392.7386.2
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PFHxS Matrix Interference – HSS T3

m/z
50 100 150 200 250 300 350 400 450 500 550 600 650

%

0

100
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212.0
140.8
108.8

216.8

397.1

329.1

448.4

449.3 612.3580.9

m/z
50 100 150 200 250 300 350 400 450 500 550 600 650

%

0

100
9.43e6397.2

351.2

333.2215.0
212.058.9

448.4

495.1 608.6514.9

398.9 > 99.1

398.9 > 80.1

PFHxS

Interferent
Acquity HSS T3
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Complete PFAS Solutions


