L e

e o e atancedmalerialstechnoogy

Current LC/MS Approaches for PFAS -
Analysis with Short and Long Chain Mixtures
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The PFAS Family e
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Panieri E, Baralic K, Djukic-Cosic D, Buha Djordjevic A, Saso L. PFAS Molecules: A Majo@o.ndgn fogthe, H‘rﬁa‘l HMynq tﬁ*
Environment. Toxics. 2022; 10(2):44. https://doi.org/10.3390/toxics10020044 .o ’
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EPA PFAS Drinking Water .

Laboratory Methods s 3 S8 S8 =

HALO:

ENVIRONMENTAL

PFAS Analysis According to EPA 8327

Calibration
Type

Matrix

Method -

Drinking
Water

Non-
Potable Solid External
Water
EPA 533 [ ) [ ) 25
EPA 537.1 ° () 18
EPA 537.1 (modified) [ )
EPA 1633 o () () 40

EPA 8327 (] @ 24

Isotope
Dilution

HALO:

ENVIRONMENTAL

Various

PFAS Analysis According to EPA 537.1

229.0000>85.0000

263.0000219.0000 3219

299.0000>80.0000 3810

279.0000>85.0000 3967

315.0000>135.0000 4791

313.0000>269.0000 5.684

40000 ‘ g 363.0000>319.0000 7763

399.0000>80.0000 7.985

427.0000>407.0000 9.304

20000 413.0000>369.0000 9.398

295.0000>201.0000 9.695

Jl INNOVATION
B PERFORMANCE

PFES | 299.0000-80.0000 | 3789 10 9CILPF3ONS | 530.9000>351.0000 | 11.439

PFHA | 313.0000-269.0000 |  5.639 1 PFDA 513.0000>469.0000 |  11.857

HFPO-DA | 285.0000>169.0000 [  6.307 12 N-MeFOSAA | 570.0000>419.0000 | 12.336

PFHpA | 363.0000-319.0000 | 7723 13 PFURA 563.0000>519.0000 | 12.822

PR | 399.0000>80.0000 7936 14 N-EFOSAA | 584.0000>419.0000 |  12.827

ADONA | 377.0000-2509000  7.978 15 11C1PF30UGS | 630.7000>451.0000 [ 13311

PFOA | 413.0000-369.0000 |  9.368 16 PFDoA £13.0000>569.0000 | 13.690

PFNA | 463.0000-419.0000 10715 17 PFTDA | 663.0000>619.0000 | 14435

PFOs | 499.0000-80.0000 | 10762 18 PFTeDA | 713.00002669.0000 [ 15.083
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TEST CONDITIONS:

Analytical Column: HALO 90 A PFAS 2.7pm, 2.1 x 100 mm
Part Number: 92812613

Delay Column: HALO® PFAS Delay, 2.7um, 3.0 x 50 mm
Part Number: 92113-415

Mobile Phase A: 20 mM Ammonium Acetate

Mobile Phase B: MeOH

MS Conditions:

Gas Temp: 130 °C
Nebulizer: 25 psi

Gas Flow: 11 L/min

Sheath Gas Heater: 250 °C
Capillary: 3500V

Gradient: Time % B
0.0 20
12.0 90
15.0 90
15.1 20
18.0 END

Flow Rate: 0.4 mL/min

Pressure: 505 bar

Temperature: 44 °C

Injection Volume: 2.0 L

Sample: Field Soil Sample

Sample Solvent: 9:4 Methanol/Water

MS System: Agilent 4400 series

LC System: Agilent 1200 series

Data Courtesy of: Center for PFAS Sclutions
(New Castle, DE)

PFAS
Solutions

PFOA

PFTA

( ) advancedmarerialstechnology

Analyte

Perfluorobutanoic acid
Perfluoro-3-methoxypropanoic acid
3-perfluoropropyl propanoic acid
Perfluoropentanoic acid
Perfluorobutanesulfonic acid
Perfluoro-4-methoxybutanoic acid
Perfluoro(2-ethoxyethane)sulfonic acid
Nonafluoro-3,6-dioxaheptanoic acid

1H, 1H, 2H, 2H-Perfluorohexane sulfonic acid
Perfluorohexanoic acid
Perfluoropentanesulfonic acid
Hexafluoropropylene oxide dimer acid
Perfluoroheptanoic acid
Perfluorohexanesulfonic acid
2H,2H,3H,3H-Perfluorooctanoic acid
4,8-dioxa-3H-perfluorononanoic acid

1H, 1H, 2H, 2H-Perfluoroctane sulfonic acid
Perfluorooctanoic acid
Perfluoroheptanesulfonic acid
Perfluorononanoic acid
Perfluorooctanesulfonic acid
3-perfluoroheptyl propanoic acid
9-Chlorohexadecafluoro-3-oxanonane-1-sulfonic acid
1H, 1H, 2H, 2H-Perfluorodecane sulfonic acid
Perfluorononanesulfonic acid
Perfluorodecanoic acid

N-methyl perfluorooctanesulfonamidoacetic acid
Perfluorooctanesulfonamide
Perfluorodecanesulfonic acid
Perfluoroundecanoic acid

N-ethyl perfluorooctanesulfonamidoacetic acid
11-Chloroeicosafluoro-3-oxaundecane-1-sulfonic acid
Perfluorododecanoic acid

N-Methyl Perfluorooctanesulfonamide
N-Methyl Perfluorooctanesulfonamidoethanol
Perfluorododecanesulfonic acid
Perfluorotridecanoic acid

N-Ethyl Perfluorooctanesulfonamidoethanol
N-Ethyl Perfluorooctanesulfonamide
Perfluorotetradecanoic acid

Abbreviation
PFBA
PFMPA
3:3FTCA
PFPeA
PFBS
PFMBA
PFEESA
NFDHA
4:2FTS
PFHXA
PFPeS
HFPO-DA
PFHpA
PFHxS

5:3 FTCA
ADONA
6:2FTS
PFOA
PFHpS
PENA
PFOS

7:3 FTCA
9CI-PF30NS
8:2FTS
PENS
PFDA
NMeFOSAA
PFOSA
PFDS
PFURA
NEtFOSAA
11CI-PF30UdS
PFDoA
NMeFOSA
NMeFOSE
PFDoS
PFTrDA
NEtFOSE
NEtFOSA
PFTA

Retention Time (min)
1.79
2.51
3.57
3.70
4.12
4.21
4.68
4.94
5.03
5.14
5.33
5.45
6.10
6.18
6.18
6.21
6.89
6.93
6.99
7.79
7.81
8.00
8.28
8.59
8.61
8.61
8.98
9.04
9.35
9.37
9.37
9.74
10.05
10.51
10.54
10.62
10.66
11.00
11.00
11.19
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415

1200
Data Courtesy of: Center for PFAS Solutions

(New Castle, Df

p PFAS
v Solutions

lumn: HALO 90 A PFAS 2.7pm, 2.1 x 100 mm

2 92812-61.
n: HALO® PFAS Delay, 2.7um, 3.0 x 50 mm

E)

MS Conditions:
Gas Temp: 130 °C

PFDoA
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55 6 65 7
Counts vs. Acquisition Time (min

85 9

95

Analyte

Perfluorobutanoic acid
Perfluoropentanoic acid
Perfluorobutanesulfonic acid
Nonafluoro-3,6-dioxaheptanoic acid
Perfluorohexanoic acid
Perfluoroheptanoic acid
Perfluorohexanesulfonic acid
2H,2H,3H,3H-Perfluorooctanoic acid
1H, 1H, 2H, 2H-Perfluoroctane sulfonic acid
Perfluorononanoic acid
Perfluorooctanesulfonic acid
Perfluorodecanoic acid

N-methyl perfluorooctanesulfonamidoacetic acid

Perfluorooctanesulfonamide
Perfluoroundecanoic acid

N-ethyl perfluorooctanesulfonamidoacetic acid
Perfluorododecanoic acid

Abbreviation
PFBA
PFPeA
PFBS
NFDHA
PFHxA
PFHpA
PFHxS

5:3 FTCA
6:2FTS
PFNA

PFOS

PFDA
NMeFOSAA
PFOSA
PFUNA
NEtFOSAA
PFDoA

Retention Time (min)

1.79
3.70
4.12
4.94
5.14
6.10
6.18
6.18
6.89
7.79
7.81
8.61
8.98
9.04
9.37
9.37
10.05
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Challenges:

* Retention

* Sensitivity
* Peak Shape

TFA

114.02 MW

PFPrA

164.03 MW

PFBA

214.04 MW F F

/{" C3

Cl

on | C2

OH C4

\
OH F
F F
0
F //
S
F /) >0
F 0

PFMtS

150.08 MW

PFEtS

200.08 MW

PFPrS

250.09 MW

PFBS

300.10 MW

e advancedmateiastechnoogy

Ultrashort-chain-PFAS (C1-C4)
DRE-A30000064MW

Fluorine inductive effect
causes low pKa’s for
compounds with an
adjacent R-OH, R-COOH or
R-SO;H.

Many compounds of
interest are fully ionized
under typical LC separation
and ESI conditions.

halocolumns.com | confidential | HALO® and Fused Core® are registered trademarks of Advanced Materials Technology. Made in the USA.




- e
.

HILIC vs. Reverse Phase: Charged Surface I\;Iat'e

EXAMPLE

50000 -
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o
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30000

25000

HILIC: Charged Surface

SEPARATION OF PFAS on HALO® HILIC-Plus Prototype Column

Conditions: 2.1 10 x 100 mm HALD HILIC-Plus Prototype, 0.5 mL/rmin; 35°C
85-65% B in 5 minutes, hold for 1 min., return to B5%;
B- 80% AcMN/20%IPAS0.1% FA, A —0.1% FA/10 miM AF in water

221

-
bt
-

: . PFPA
| o
H
| |
' | TFA

PFBA |

k ﬂi J\ JLEU —

5.0

Rt and Compounds:

1.40 - 11-Chloroeicosafluoro-3-oxanonane-1-sulfonate 2.52 - Perfluorchexanoic acid
1.51 - 9-Chlorohexadecafluoro-3-oxanonane-1-sulfonate 2.76 - Perfluoropentanoic acid
1.56 - Perfluorooctanesulfonic acid 3.13 — Perfluorobutanoic acid
1.70 - Perfluorohexanesulfonic acid 3.76 — Perflucropropionic acid
1.91 - Perfluorobutanesulfonic acid 5.38 — Trifluoroacetic acid
2.21 - Perflucrooctanoic acid

e advancedmateiastechnoogy
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Reverse Phase: Charged Surface

EXAMPLE SEPARATION OF PFAS on HALO® PCS-Phenyl-Hexyl
Conditions: 2.1 ID x 100 HALO PCS Phenyl Hexyl, 0.4 mL/min; 40°C
2-95% B in 7 minutes, hold for 1 min., return to 2%;

B- MeOH, A-5mM Amm. Formate, 0.05% FA in water
Thermo QE-HF in PRM mode

RT :0.00-8.70 m/z= 79.9565-79.9573 MS F: FTMS - p ESI Full ms2 299.0000@hcd48.00 [50.0000-325.0000] PFAS_PCS_phen_hex

1.21 2.35 3.08 4.27 4.63 5.27 5.82

2.6E7 :

paer ] 1 2 3 4|5 6" 7
2.2E7 :
2.0E7 :
1.8E7 :

1.6E7 —

1.4E7 —

Intensity

1.2E7 o

1.0E7 o

8.0E6 —

6.0E6 -

4.0E6 —

2.0E6 —

J |

e e A e R aa i ny e M
0.0 0.5 1.0 15 20 25 3.0 3.5 4.0 45 5.0 5.5 6.0

Time (min)

Trifluoroacetic acid
Perfluromethanesulfonic acid
Perfluropropionic acid
Perfluoroethanesulfonic acid

5. Perfluorobutanoic acid
6. Perfluoropropanesulfonic acid
7. Perfluorobutanesulfonic acid

PwnNPE
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Method Development., USC to
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LC 0 b ¢ G.P:'_o,‘,"\..’

N - g

Column Selection
* Reverse Phase vs. HILIC?
Stationary Phase — Mixed

Cqu"mn Dimension (EIJS©> < /j

SPP vs. FPP

Mobile Phase Optimization = ‘ \
e Acidic Modifier/ Concentration i //

e Buffer Modifier/ Concentration
* pH, Temperature

1] 1] 1 |
Dry Lab Optimization
= L
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CHs

CHs
CH,

CH,

R

HALO® PCS c18 R

[O- Si - (CH,)y, - CH,].

\[O- Si- PCS Ligand(+)],

HALO® C18

R
HALO® PCS Phenyl Hexyl

[O-Si-PCS Ligand(+)],

Retention Time (C1-C4)

6.50
6.00
5.50
5.00
4.50

Retention Time

0.00
PFMtS PFPrA PFEtS

4.00
3.50
3.00
2.50
2.00
1.50
1.00
i wll ull B

PFBS

mHALOPFASC18 wmHALOPCSC18 m HALOPCSPhenylHexyl

Run: 26 15 [min]

( ) advancedmarerialstechnology

Aqueous Additive Concentration Temperature e s
Formic Acid 0.01-0.1% 30°C _l w W 1 W
Acetic Acid 0.01-0.1% 40°C - i e :
Ammonium Formate 5mM Organic Modifier R
Ammonium Acetate 5mM Acetonitrile _h W _E] I Tj Dry Lab®
Ammonium Formate/ Formic Acid 5mM, 0.05% Methanol 1 . .
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Scouting Conditions.+

.-’. " . ’, e .
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Gradient Conditions: 2-95% B in 7min, 2 min. hold, Flow Rate 0.4 mL/min

%B

100

80

60

40

Long Chain PFAS (2C7)

/

RFRFRFRFRFRFRF O
F

95%B

OH
FFFFFFFFFFFFF FFF

F FF FF F F F
EF oo

OH
F F FF FF FF FF F

FFREFRF O
F

Aqueous Component Comparisons

PFAS Retention Time Shift in Formic Acid
12

10

)]

OH § | N N S N §
S S S O O O S
FFFFFFFF < RS R A S AN S A S Y
N N N o o N o & o
R O - N SN
20 & & 8 o 2 > &
e & © N & & S g R
& N o o & N O &
S S RN AR & O
E A N R SRS
<& Q R 2 < N g Q N
o) QO NN () @) Q () NS
ok ‘\\\) Q K\Q s\\o QQ,
N <2 S &
0 T T T T T T T T , & o Q Q
0.0 1.0 20 3.0 4.0 5.0 6.0 7.0 8.0 9.0 Q

Time, min.

W Formic acid/Ammonium Formate B Formic Acid Only

* Increase USC retention with good speak shape including elution of LC PFAS
* Minimize interference with MS signal

 Common reagents in use or similar to previous methods

* Maintain full system pressure below 500 bar
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Testing Conditions:

Mobile Phase: A: 5mM Ammonium Formate, 0.05% FA

B: Methanol
Gradient: 2-95%B in 7min, 3 min hold
Instrument: Thermo QE-HF

Injection: 2 ul
Temperature: 40 °C
Flow Rate: 0.4 mL/min.

Column: HALO 90A PCS Phenyl Hexyl, 2.7um, 2.1 x 100mm

05 1.0 1.5

317
225
212 /\_ 247 266 3.00 336 3.58
25 3.0 35

4.0

5 5.94
6
5.40 549
11 1415
10 | 12 17
646 |6.73
7 I 4 i 16/
4 4 566 B 7.08 18
716 |4
19
7.33
613 || T4
| ‘ | .96 7?52 021
u -_
‘ ‘ IIII 7.97 22
| 1 o816
227 \ 454 476\2%2 500 5y 5/s8 se1 5951617 pdg/opsless pob 719 FUe) 144 783 8 A 833 85
45 5.0 55 6.0 6.5 7.0 75 8.0 85
Time (min)

1. Trifluoro acetic acid
2. Trifluoromethane sulfonic acid
3. pentafluoropropionic acid

4. pentafluoroethanesulfonic acid
5. heptafluorobutyric acid

6. perfluoropropanesulfonic acid

e advancedmateiastechnoogy

7. perfluoropentanoic acid

8. perfluorobutanesulfonic acid
9. perfluorohexanoic acid

10. perfluoroheptanoic acid

11. perfluorohexanesulfonic acid
12. perfluorooctanoic acid

13. perfluorononanoic acid
14. perfluorooctanesulfonic acid
15. perfluorodecanoic acid

16. perfluoroundecanoic acid
17. perfluorodecanesulfonic acid
18. perfluorododecanoic acid

19. perfluorotridecanoic acid

20. perfluorotetradecanoic acid
21. perfluorohexadecanoic acid
22. perfluorooctadecanoic acid
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Direct Sample AnaIysi.,s',:.;S.(':;.-‘nQ’g;U,S;C.pé

“e\N - 2  Method Summary

- A 3—6 mL drinking water sample is collected in a tared polypropylene tube. I1sotopically substituted
‘v‘ analogues are added as internal standards. The sample is dechlorinated in the laboratory by the addition
\ ’ 10 pg ascorbic acid. The sample is diluted with methanol to a final concentration of 50% methanol/50%
United States aqueous, then 10 plL acetic acid is added. The sample is mixed, and an aliquet is transferred to an
Environmental Protection
Agency autosampler vial. The diluted sample is analyzed by liquid chromatography tandem mass spectrometry

[LC-MS/MS) using a mixed-mode column with high retentivity for anions. Analytes and their internal
standards are detected in the MRM mode. The concentration of each analyte is calculated using internal
standard calibration.

METHOD 534: DETERMINATION OF SELECTED PER- AND
POLYFLUOROALKYL SUBSTANCES IN DRINKING WATER BY
SOLVENT DILUTION AND LIQUID

17 Tables, Figures and Method Performance Data

Table 1. HPLC Method Conditions®

Time (min) | % 2 mM aqg. A ium acetate | % 2 mM ium acetate in methanol
CHROMATOGRAPHY/TANDEM MASS SPECTROMETRY Initial 100 0
2.0 100 0
3.0 50 50
15.0 5 g5
11 Analyte Li o > =
4 1. nalyte List
vt 18 100 0
| Analyte* Abbreviation CASRN 20 100 0
- - b ~ S a.ch
Hexafluoropropylens -:.‘ixlde-dlmer 'E"E'Lg"' HFPO-DA 13252-136 = Atlantis Premier BEH C18 AX VanGuard FIT Column, 2.5 pm, 2.1 x 50 mm, column temperature 50
Perfluorobutanesulfonic acid RFES 375735 °C. Flow rate of 0.4 mL/min; 200 pL injection into a 250 pL loop (while the loop was set to inject 200
Perfluorodecanoic acid PFDA 335-76-2 ul, due to specific characteristics of the instrument sample loop the actual injected volume was 1599
Perfluorcheptanoic acid PFHpA 375-85-5 uL). The chromatogram in Figure 1 was obtained under these conditions.
Perfluorchexanesulfonic acid PFHxS 355-45-4
Perfluorohexancic acid PFHxA 307-24-4 Table 2. ESI-MS Method Conditions
Perfluorononancic acid PFMNA 375-95-1 ESI Conditions for Waters Absolute
Perfluoroectanesulfonic acid PFOS 1763-253-1 Polarity Negative ion
Perfluorcoctancic acid PFOA 335-67-1
Capillary needle voltage 0.90 kv
Cone gas flow 150 L/hour
Nitrogen desolvation gas 1000 L/hour
Desolvation gas temperature | 400 °C
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USC PFAS in Well Water >10;100:8/4% 4k

=102
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002

TFA: -ESI MRM Frag=166.0V CID&7.0(113.0->630) XRD-12 4

|

|

PFPrA

{
A .-j‘ A \ ..
WAY WAL Y~

B

PFEtS
PFPIS

Testing Conditions:

Mobile Phase: A: 5 mM AF, 0.05% FA

B: MeOH
Gradient: 2-95%B in 7 min, 2 min hold
Injection: 20 pL, 0.05% HOAc
Temperature: 40°C
Flow Rate: 0.5 mL/min
Column: HALO 90A PCS Phenyl Hexyl, 2.7 um, 2.1 x 100 mm
Instrument: Agilent 1290 UPLC, 6495C QQQ

0.2 [ os o8 | 1.2 1a 16 18

2

22 22

Counts (22 va_ Acauisition Tirme (man)

22 36 38 < <2 L2 46 <32
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Short and Long PFAS in Soil',.Ex:cra'jc:f‘f?’Q,-]yl-;ng/,g. -

"Q:é{!--,

PFDA

Testing Conditions:

Mobile Phase: A: 5 mM AF, 0.05% FA
B: MeOH
Gradient: 2-95%B in 7 min, 2 min hold
Injection: 20 pL, 1:1 MeOH:0.05% HOAc
Temperature: 40°C
Flow Rate: 0.5 mL/min
Column: HALO 90A PCS Phenyl Hexyl, 2.7 um, 2.1 x 100 mm PFUNA
Instrument: Agilent 1290 UPLC, 6495C QQQ PFDoOA
|
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Multicolumn/Multimode Appreaﬁh-fqr QSC.I.Q,LC

“All-in-One” LC-MS system
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Beneficial application for many USC through PFTeDA with reasonable throughput using larger sample (900 pL)
More complex hardware scenario with multiple mobile phases and columns

Reference: Zou, J., Zhao, M., Chan, S., Song, Y., Yan, S., and Song, W. J. Chromatogr. A, 1734 (2024) 465324,
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* Capillary work/ Sensitivity Gains
e Scale internal diameter (1.5, 1.0 mm, etc.)
* Responding to an emerging Public Health/Regulatory need
* Increased analysis demand will favor decreasing analysis time, solvent
use, waste generation and overall cost

* Sample Prep
* |sotopic Standards are great, but a real need is automating or eliminating
sample preparation and quantification
* Either large samples, or effective concentration, but Simpler and Cheaper

Geomean y PFAS

(ngww.w,)/- T

* Materials Development to enable higher sample throughput via mixed mode
and multimodal Workflows:

Staci L. Capozzi, Chunjie Xia, Matthew Shuwal, Gillian Zaharias Miller, Jeff Gearhart, Erica Bloom, Lennart Gehrenkemper,

* One size fits all is appealing, but potentially not realistic. HILIC/AEX and
HILIC/AEX with 2D approaches may offer the highest sensitivity, but a T
more complex workflow ') o)
i H Il
* More Analytes, More Matrices: The more we look, the more we find! CF3—ﬁ—N—ISI—CF3
ex. Bis(trifluoromethanesulfonyl)imide: used as an electrolyte in lithium-ion batteries and is showing up especially in landfill leachate O O
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Image credit: NIEHS.
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Questions?

Sales, Technical and Marketing Materials:
 www.halocolumns.com

Shop ™ Cart @ My Account L. (302) 992-8060

TeChﬂlcal Support: Part Number Search: Part Number Search
* support@advanced-materials-tech.com Global Site Search:  Search.. @

Sales Questions/Sales Orders:
e sales@advanced-materials-tech.com

Conner McHale
Technical Support Specialist
Advanced Materials Technology

cmchale@advanced-materials-tech.com
Phone: 1-302-992-8060 *1124
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