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PFAS Introduction

Per- and polyfluoroalkyl substances (PFAS) are a family of
human-made chemicals that are found in a wide range of
products used by consumers and industry.

— https://www.fda.gov/food/chemicals/and-polyfluoroalkyl-substances-pfas

Per- and polyfluoroalkyl substances (PFAS) are a group of man-
made chemicals that includes PFOA, PFOS, GenX, and many
other chemicals. PFAS have been manufactured and used in a
variety of industries around the globe, including in the United
States since the 1940s. PFOA and PFOS have been the most
extensively produced and studied of these chemicals.

— https://www.epa.qov/pfas/basic-information-pfas




US Regulations for PFAS

 EPA

« DOD

« CERCLA
 Individual States
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Common PFAS Structures

o More PFAS
wEPA Common PFAS Structures
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Perfluoroalkyl Sulfonates Fluorotelomer Sulfonamide Amines
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Common PFAS Structures
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More PFAS

Fluorotelomer Sulfonamide Amines
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Master List of PFAS Substance

2 ) United States )
\-’ Environmental Protection Home Advanced Search Batch Search Llists ¥  Predictions Downloads

Agency

PFAS Master List of PFAS Substances

[ identifier substring search

List Details hd

Description: Per- and polyfluarinated alkyl substances (PFAS) represent a growing, increasingly diverse inventory of chemicals of interest to the general public, scientific researchers, and regulatory
agencies world-wide. Accompanying data-gathering, testing, and environmental monitoring exercises, in turn, have led to the publication and sharing of various lists of PFAS chemicals, some exceeding
several thousand substances. A major effort was undertaken by EPA researchers within the National Center for Computational Toxicology to curate and structure-annotate several public lists in DSSTox.
The below list of registered PFAS lists, from within and outside EPA, encompass PFAS of potential interest based on environmental occurrence (through literature reports and analytical detection) and
manufacturing process data, as well as lists of PFAS chemicals procured for testing within EPA research programs. The consolidated list contains 6330 PFAS CAS-name substances, with 5264 represented
with a defined chemical structure. There is no precisely clear definition of what constitutes a PFAS substance given the inclusion of partially fluorinated substances, polymers, and ill-defined reaction
products on these various lists. Hence, PFASMASTER serves as a consolidated list of substances spanning and bounded by the below lists, defining a practical boundary of PFAS chemical space (within
DSSTox) of current interest to researchers and regulators worldwide. This PFAS Master List will continue to expand as component lists grow.

https://comptox.epa.gov/dashboard/chemical lists/EPAPFASRL is an EPA research list of PFAS compiled from various internal, literature and public sources.

https://comptox.epa.gov/dashboard/chemical lists/EPAPFASINY is a complete list of DMSO-solubilized PFAS in EPA’s ToxCast inventory.

https://comptox.epa.gov/dashboard/chemical lists/EPAPFAST5S1 list is a prioritized subset of this larger chemical inventory.

https://comptox.epa.gov/dashboard/chemical lists/EPAPFASINSOL is a list of chemicals procured, but found to be insoluble in DMSO above SmM.

https://comptox.epa.gov/dashboard/chemical lists/PFASOECD is a list of PFAS chemicals in the OECD New Comprehensive Global Database.

https://comptox.epa.gov/dashboard/chemical lists/PFASKEMI is a list of PFAS chemicals from a KEMI Swedish Chemicals Agency Report (provided by Stellan Fischer).

https://comptox.epa.gov/dashboard/chemical lists/PFASTRIER is a list of PFAS compiled by a community effort in 2015.

https://comptox.epa.gov/dashboard/chemical lists/EPAPFASCAT is a list of structure-based Markush PFAS categories (capabilities under development).

https://comptox.epa.gov/dashboard/chemical lists/PFASSTRUCT is a list of all PFAS structures containing a defined substructure of RCF2CFR'R' (R cannot be H)..

Number of Chemicals: 5070

5070 chemicals




Master List of PFAS Substance
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Description: Per- and polyfluorinated alkyl substances (PFAS) represent a growin
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Number of Chemicals: 5070
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https://comptox.epa.gov/dashboard/chemi CAT is a list of structure-based Markush PFAS categories (capabilities under development).
https://comptox.epa.gov/dashboard/ch s/PFASSTRUCT is a list of all PFAS structures containing a defined substructure of RCF2CFR'R' (R cannot be H)..

Number of Chemicals: 5070
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Published Sample Matrices for PFAS Analysis

* Drinking water
 Wastewater
« Groundwater
« Surface water
« Soll

« Sediment

« Earthworm

* Spinach
 Tomato

« Corn

« Cereal

Root vegetable
Melon

Fish tissue
Egg

Milk

Yogurt

Cottage cheese
Sour cream
Butter

Meat

Peppers

« Cabbage
« Cucumber
« Lettuce
 Beans

« Carrot

* Fruits

* Breast milk
« Baby food
« Shellfish
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Some Publish Sample Matrices for PFAS Analysis

* Drinking water
 Wastewater

« Groundwater
« Surface water
« Soll

« Sediment

« Earthworm

* Spinach

. Tomato \S‘\@\
« Corn

« Cereal

60((\

* Root vegetable
 Melon

S
« Fish tissue GQQP o
\

+ Egg @

o M 608%(\
((\d\(ﬁjqrt

Q\e Cottage cheese

e Sour cream

« Butter

* Meat

* Peppers

Cabbage
Zucumber
Lettuce
Beans
Carrot
Fruits
Breast milk
Baby food
Shellfish



Most Common Matrix

Drinking Water
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Sample Preparation Techniques / Products
Filtration
Protein
Precipitation
Ehosphc;lilpid

Protein Precipitation

QuEChERS

Simplified Liquid
Extraction @

Solid Phase ’
Extraction S
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Sample Preparation Techniques / Products

Protein S s

Precipitation it i ¥ & & S S Recommendation
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Protein Precipitation
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Solid Phase
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PFAS Analysis
from Water, Sample Prep/SPE

250 mL water sample,
polyethylene bottle

4

Extraction with weak
anion-exchange SPE
column

Wellington Laboratories

l Rinse bottle with 10 mL of methanol
with 0.3% NH,OH

Elute PFAS with bottle rinsate,
evaporate to near dryness

!

Reconstitute with 500 pL of 80:20
Methanol:Water, transfer to
polypropylene vials

Spike with surrogate standards (25 ng),

ephengmeqe_:;

Strata-XL-AW 100 pm ,,
500 mg / 6 mL

Condition: 4 mL of 0.1% ammonia/methanol
4 mL of methanol,
4 mL of water

Load: Sample Water
Wash: 4 mL of acetate buffer (pH 4)
Elution: 4 mL of Methanol
4 mL of 0.1% ammonia/methanol fraction.
Rinse: Rinse Sample bottles with methanol and use

for the elution of SPE cartridge.
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PFAS Analysis
from Water, On-line SPE

Sample Preparation Procedure On-line SPE Program
1. Samples are collected in polygropylene bottles and e e e T e

preserved with 0.5 g/L Trizma®. 0 100 0 0 25 Sample Loading
2. A 10mL aliquot is spiked with surrogates at a ‘ 100 0 ! 25 Samgle Loading

concentration of 50ng/L. 2 100 0 0 25 SPE Wash

4 100 0 0 25 SPE Wash

3. If necessary, filter using a 10mL syringe fitted to a o

1.2pum glass fiber syringe filter. 411 £l 70 0 0 Ide (Elutian into L C)

. . o ] 0 70 0 0 Idle (Elution into LC)
4. ;It’ig {;i:;cgfrid sample is spiked with internal standard o0 0 0 B AT Wash
0.40 0 0 100 |20 ACH Wash

5. The filtered sample is loaded and analyzed using a s 20 08 0 10 Me0H Wash

5.0mL injection volume. s 20 0 ; w0 .
6. The on-line SPE is completely automated; it includes ' ' _

a sample wash step (2.1 to 4.1min) to wash Trizma 13 R 0 30 Cond: Water

preservative from the media. 14 100 0 0 20 Cond: Water
On-line SPE On-line SPE is available in

On-line SPE: Sirata AW 33,m Polymerc Weak Aon Exchange Chemical Abbreviations:  Methancl (MeOH); Acetonitrile (ACN) I_ : g::::iiigsmw A YA
Dimensions: 20 x 2.0mm
Part No.: 00M-5038-B0-C8

On-line SPE Cartridge Holder: 20mm Cartridge Holder
Part No.: CHO-5845
Sample Filters: Phenex™ Glass Fber 1.2pm 28mm



Solid Phase Extraction

EPA method 537

Reversed phase retention (Strata®-X)

Mixed Mode Anion-Exchange

Anion-Exchange + Strata-X

Strata-X-A Strong Anion-Exchange

Strata-X-AW Weak Anion-Exchange
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PFAS Analysis
from Sediment using QUEChERS and LC-MS/MS

Modified roQ™ QuUEChERS Protocol

1. Weigh 2g of dry sedment into
a 50mL centrifuge tube

2. Spike sample with intemal standards
3. Add 10mL of reagent water and mix
4. Add 10mL of acidified Acetonitrile
(0.1 % Acetic acid) and shake for 10
seconds
5. Add Sodium acetate (1.5 g) and
MgSO, (2.0 g), or weigh out (~) 3.5g of
AOAC 2007.01 roQ extraction packet
(AHO-9043)

6. Shake for 10 seconds and vortex for 1
minute

7. Centrifuge at 4000 rpm for 5 minutes

8. Cool sample at — 20 °C for 1.5 hours or
until frozen

1. Transfer 8-9mL of the supernatant from
the previous step to a 15mL PSA/C18
roQ dSPE tube (KSO-8926)

2. Shake for 10 seconds and vortex for 1

minute

3. Centrifuge for 10 minutes at 3000 rpm

4, Aspirate 5mlL of supematant and fiter

using a Phenex™ 0.2 um PTFE filter
(AF0-2202-12) into a test tube suitable
for a dry-down station

5. Evaporate sample using a dry-down

station at <35 “C to near dryness

6. Reconstitute by first adding S0pL of

Acetone, vortexing, and then adding
950pL of Methanol/Water (1:1)

7. Transfer the reconstituted sample to an

autosampler vial for analysis

Special thanks Syljohn Estil and to the Sanitation Districts of Los
Angeles County - San Jose Creek Water Quality Laboratory for
contributing this method,

SANTTATION DISTRICTS OF LOS ANGELES COUNTY

Converting Waste Info Resources
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Basic HPLC System

Mixer for
gradient system |
High Injection I =y
pressure valve | Computer

pump L [ G ;
¥ . [
| Column '
Solvent —— :
reservoir [ I

Second pump and
solvent reservoir for
gradient
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Mass Spectrometer Parameters: compound Specific

PFCAs PFSAs
PFBA 212.9 169  -25 -12 PFBS 2989 80 -55 -58
PFPeA 262.9 219 -20 -12 PFHxS 399 80 -60 -74
PFHxA 313 269 -25 12 PFHpS 449 80 -65 -88
PFHpA 363 319 25 12 PFOS 499 80 -65 -108
PFOA 413 369 -25 -14 PFDS 599 80 -85 -118
PFNA 463 419 25 -14 Other
PFASs

PFDA 513 469  -25 -16
6:2 FTS 427 407  -50 -32

PFUdA 563 519  -25 -18
8:2 FTS 527 507 -50 -40

PFDoA 613 569  -25 -18
PFOSA 498 78 -60 -85

PFTrDA 663 619  -25 -20
MeFOSA 512 169  -75 -37

PFTeDA 713 669  -25 -22
EtFOSA 526 169  -75 -37

PFHxDA 813 769 -25 -24
PFODA 913 869 -25 -26

N-MeFOSAA 570 419  -40 -36
N-EtFOSSA 584 419  -50 -36



Outline

* PFAS - Brief Introduction

Samples

Sample Prep - SPE
HPLC Instrumentation
_CMS Detectors
HPLC Columns
Summary

(Dphenomenex

S



(Dphenomenex

HPLC Column Outline

* Why do we need chromatography
 How does chromatography work
 PFAS examples

Available column chemistries

Methodology \
PFAS column screening

— Sample
— EPA 533-Similar
— Epa 533 Acetonitrile Altered
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Why Do We Need Chromatography

PFAS Specific Challenges

?YSf?mr Trace Quantities Wide Hydrophobic Isobaric
Contamination Range
FFFR FF FF F
F s0;
RF O 3
F FF FF FF F
F3c>§¢kOH PFOS linear isomer
F
Ful F
F FFF_F
F FF FF FF FE F F 50
F COOH F FF FF FF F

F FFFFF FF FFF PFOS branched isomer
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How Does Chromatography Work

% %8 Mobile Phase

° io oo 0% Stationary Phase

Mobile Phase °, Te e R

Stationary Phase % e 2%
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Interactions of the Analytes with the Stationary Phase

Hydrophobic Polar lonic
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Specific PFAS Example 1
PFAS Analysis from Water, LC-MS/MS

100
a5 LC-MS/MS Conditions
90 Column: Kinetex 5 pm EVO C18 1004 ‘ MS Source Parameters:
Dimensions: 100 x 2.1 mm \ - -
a5 Part No.: 00D-4633-AN CaplllaryTemp 150°C
Mobile Phase: ga" m’:’ﬂmmﬂmum Hydroxide in Water “ Vaporizer Temp 250°C
80 0
Gradient: Time (min) %B ‘ ' ‘ i:ea[;h Gas ig az
75 0 90 X Gas a
® 70 31 20 H ESI Voltage -3.0kV
9 i a 01 FWHM 07Da
T 65 11 90 ‘ I | CID Pressure 1.0mTorr Argon
5 o 14 20 ("l
o Flow Rate: 0.30 mL/min ‘ || ‘
i 55 Temperature: Ambient _ | ‘ ‘ ’
> -
T &n - - h “ "
© i
C 45 |‘ | ‘ ‘ ‘ |
40 ||I\ I‘Il | ‘ ‘ | ” =
- Bl || 7
35 | Il‘ ‘I | ‘ | |‘| ‘
| ‘ [
* i Jﬁ'l l | |\ | | ‘| |‘ f
. O T
2 I LT
||| i I\ e
15 I | ‘ " | (] f i | g
|||ﬂ| | UL |\|| ||| | 3
\ | . | CORL ] | &
10 | | \ \. ‘ | I i {1 | ‘ | | o
| | i IR I \ a
5 | \ il L\,| | ‘ <
" J\ A >Lk WY\ _
= B - ————
0 T LI T T T T LI T LI LI T | LI T | | T LI T LI | T \

4.0 45 50 55 6.0 6.5 7.0 ?.5 8.0 8.5 9.0 9.5 10.0 min
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Specific PFAS Example 2
PFAS Analysis from Sediment using QUEChERS and LC-MS/MS

Sediment Spiked with 1ng/g

LC-MS/MS Conditions

12 Column:  Gemini® 3 pm C18
Dimensions: 100 x 3.0mm
1.20e6 4 PartNo.:  00D-4439-Y0
E 3 Inline Filter:  Phenomenex KrudKatcher™ Ultra (AF0-8407)
1.10e6 4 Delay Column:  Luna®5 pm C18(2) 30 x 2.0 mm
E PartNo..  (00A-4252-B0
1.00e6 3 5 Mobile Phase:  A:20 mM Ammonium acetate in Water
E B: Methanol
_— . S
0.00e5 ] Gradient: UTlme (min) 1{;. B
E 15 65
8.00e5 ] 15 8 g5
E 8 8.1 99
12 99
§‘ 7.00e5 ] 13 125 10
= Flow Rate:  0.6mL/min
g 6.00e5 1 7 Injection: 90 yL
E 10,11 Temperature:  40°C
£ 5.00e5 1 17 18 Detector:  SCIEX 5500 QTRAP®
E Detection:  MS/MS ESI Negative (sMRM)
4.00e5 1 16 19 Analytes: 1, prBA 11. PFNA
3 4 14 2.PFPeA  12.PFOSA
3.00e5 § | 3. PFBS 13. PFNS
E 2 | 9 ~ 4.PFHXA 14 PFDA
2 005 4 \‘ 2 5.PFPS  15.PFDS
3 1 [a] 6. PFHxS 16. PFUdA
1.00e5 1 1 | 2 7.PFHpA  17.PFDoA
] J\ I ) fl\ u L < 8.PFHPS  18.PFTDA
AN . 9. PFOA 19. PFTeDA

0'005.0 55 60 65 70 75 80 85 90 95 10.0 105 11.0 11.5 120 125 13.0 13.5 14.0 min 10. PFOS
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Some Available Column Chemistries

Kinetex® Core-Shell 1.3, 1.7, 2.6, 5 ym Luna® Omega Fully Porous 1.6, 3, 5 ym

Kinetex EVO C18 Kinetex XB-C18 Kinetex C18 Kinetex C8 Kinetex Polar C18 LUNA® OMEGA C18

|

™E YNEY s

@

e
Kinetex Biphenyl Kinetex Phenyl-Hexyl

LUNA OMEGA Polar C18 | yNA OMEGA PS C18
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METHOD 533: DETERMINATION OF PER- AND
POLYFLUOROALKYL SUBSTANCES IN DRINKING WATER BY
ISOTOPE DILUTION ANION EXCHANGE SOLID PHASE
EXTRACTION AND LIQUID CHROMATOGRAPHY/TANDEM
MASS SPECTROMETRY
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Chromatographic Method Conditions

EPA 533
« HPLC Method Conditions
% 20 mM
Time (min) | Ammonium | % Methanol
Acetate
Initial 95 5
0.5 95 5
3 60 40
16 20 80
18 20 80
20 5 95
22 5 95
25 95 5
35 95 5




Chromatographic Method Conditions

Ophengmqu;;

533 Similar
« HPLC Method Conditions
% 20 mM
Time (min) | Ammonium | % Methanol
Acetate
Initial 55 45
15 10 90
21 10 90
21.5 55 45

EPA 533
« HPLC Method Conditions
% 20 mM
Time (min) | Ammonium | % Methanol
Acetate
Initial 95 5
0.5 95 5
3 60 40
16 20 80
18 20 80
20 5 95
22 5 95
25 95 5
35 95 5




Chromatographic Method Conditions

EPA 533
« HPLC Method Conditions
% 20 mM
Time (min) | Ammonium | % Methanol
Acetate
Initial 95 5
0.5 95 5
3 60 40 40 — 80
16 20 80 in 13 min
18 20 80 3.08% per min
20 5 95
22 5 95
25 95 5
35 95 5

Ophengmeqt_;;'

45 — 90
in 15 min
3.0% per min

533 Similar
« HPLC Method Conditions
% 20 mM
Time (min) | Ammonium | % Methanol
Acetate
Initial 55 45
15 10 90
21 10 90
21.5 55 45




(D phenomenex

Column Screening: Sample
Wellington Laboratories: EPA-537PDSL-R1

Contains all of the linear isomers of native PFAS analytes required by Method 537

PFHXA HFPO-DA
PFHpA N-MeFOSAA
PFOA N-EtFOSAA
PFNA L-PFBS
PFDA L-PFHXS
PFUdA L-PFOS
PFDoA NaDONA
PFTrDA 9CI-PF30ONS

PFTeDA 11CI-PF30UdS



EPA 537 vs EPA 533

EPA 537
« HPLC Method Conditions
% 20 mM
Time (min) | Ammonium | % Methanol
Acetate
Initial 60 40
1 60 40 40 — 90
25 10 90 in 24 min
32 10 90 2.08% per min
321 60 40
37 60 40

(Dphenomenex

EPA 533
« HPLC Method Conditions
% 20 mM
Time (min) | Ammonium | % Methanol
Acetate
Initial 95 5
0.5 95 5
3 60 40 40 — 80
16 20 80 in13 min
18 20 80 3.08% per min
20 5 95
22 5 95
25 95 5
35 95 5




EPA 537 vs EPA 533

EPA 537
« HPLC Method Conditions
% 20 mM
Time (min) | Ammonium | % Methanol
Acetate
Initial 60 40
1 60 40 40 — 90
25 10 90 in 24 min
32 10 90 2.08% per min
321 60 40
37 60 40

(Dphenomenex

45 — 90
in 15 min
3.0% per min

533 Similar
« HPLC Method Conditions
% 20 mM
Time (min) | Ammonium | % Methanol
Acetate
Initial 55 45
15 10 90
21 10 90
21.5 55 45
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Column Screening: Sample
Wellington Laboratories: EPA-537PDSL-R1

Contains all of the linear isomers of native PFAS analytes required by Method 537

Abbreviations PPHXA HFPO-DA
PFHpA N-MeFOSAA

for Experts PFOA N-EtFOSAA
PFNA L-PFBS
PFDA L-PFHxS
PFUJA L-PFOS
PFDOA NaDONA
PFTDA 9CI-PF3ONS

PFTeDA 11CI-PF30UdS



Column Screening: Sample
Wellington Laboratories: EPA-537PDSL-R1

Contains all of the linear isomers of native PFAS analytes required by Method 537

Chemical
Names for
Chemists

Perfluorobutanesulfonic acid
Perfluorohexanoic acid
hexafluoropropylene oxide-dimer acid
Perfluoroheptanoic acid
dodecafluoro-3H-4,8-diosanonanoate
perfluoro-1-hexanesulfonate
perfluoro-n-octanoic acid
perfluoro-n-nonanoic acid
perfluoro-1-octanesulfonate

9-chlorohexadecafluoro-3-oxanonane-1-
sulfonate

(D phenomenex

perfluoro-n-decanoic acid

N-methylperfluoro-1-
octanesulfonamidoacetic acid
N-ethylperfluoro-1-octanesulfonamidoacetic
acid

perfluoro-n-undecanoic acid

11-chloroeicosalfluoro-3-oxaundecane-1-
sulfonate

perfluoro-n-deodecanoic acid
perfluoro-n-tridecanoic acid
perfluoro-n-tetradecanoic acid



(D phenomenex

Column Screening: Sample
Wellington Laboratories: EPA-537PDSL-R1

Contains all of the linear isomers of native PFAS analytes required by Method 537

Ch . | Perfluorobutanesulfonic acid hexafluoropropylene oxide-dimer acid
emica perfluoro-1-hexanesulfonic acid
Names perfluoro-1-octanesulfonic acid dodecafluoro-3H-4,8-dioxanonanoate

Sorted by

Perfluorohexanoic acid

Functional Perfluoroheptanoic acid 9-chlorohexadecafluoro-3-oxanonane-1-sulfonate
G rou p S perfluoro-n-octanoic acid 11-chloroeicosafluoro-3-oxaundecane-1-sulfonate
perfluoro-n-nonanoic acid
perfluoro-n-decanoic acid N-methylperfluoro-1-octanesulfonamidoacetic acid
perfluoro-n-undecanoic acid N-ethylperfluoro-1-octanesulfonamidoacetic acid

perfluoro-n-deodecanoic acid
perfluoro-n-tridecanoic acid
perfluoro-n-tetradecanoic acid
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Wellington Laboratories: EPA-537PDSL-R1

Contains all of the linear isomers for native PFAS analytes required by Method 537

Perfluoro alkyl carboxylic acids

Functional

Groups in Perfluoro alkyl sulfonic acids

This Set of Perfluoro octane sulfon amido acetic acid
Compounds Perfluoro oxide-dimer acid

Polyfluoro dioxa nonanoate
Chloro Perfluoro oxa sulfonate
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Functional Groups Applied to Chromatograﬁhy

F « Perfluoro-n-octanoic acid

F F F OH
Perfluorobutanesulfonic acid mp W%

F F F H o) o
F;}\ ] ] € Codecafluoro-3H-4,8-dioxanonanoate
! (@] | | (@] | O Na*
F F Hexafluoropropylene oxide-dimer acid »
o 4m 9-chlorohexadecafluoro-3-oxanonane-1-sulfonate
S—O Na*
N-ethylperfluoro-1-octanesulfonamidoacetic acid

F F F F
’ F F F F

O:w:o

~C¢
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Screening Data: TIC Chromatogram

— 16;06

45E9 |

] 10:02 13;1¢

ssEe— Gemini C18
e 3um 3x100mm

N | 14 Peaks

e - ot 18 Compounds
1059§ J 11:41 l *7‘8?2

= .‘ | ~ ‘

S | J,___Tl"._J LfL._J .I,Ji L\LJJ 'J\L[UJU.\MMM

h = Time(min:isec)
0:00 8:20 16:40 25:00
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Screening Data: Extracted lon Chromatograms

Overlayed

1.8E

1.6E

14E

1.2E

1E

800E6

600E6

400E6

200E6

|

OEC—

0:00

16:40

Gemini C18
3um 3x100mm

18 Peaks
18 Compounds
Difficult to visualize

h*m-‘ Time(min:sec)
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creening Data: Extracted lon Chromatograms

Stacked

5.4 3L 10,08

o o m o CF T

0E0—+~

Gemini C18

ey TiMe(min:sec)

200E6
' 4 3um 3x100mm
0E0 T = £
290 640 1000 lvl« L0823 1234 gz (I 123008y, Time(min:sec)
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h-nn 1320
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oA B tI | / I S >
1 55 1 P
0E0—+ PEPRPI...- ~ N —— " o — — FESTSE. | - | JSSSL . - Time(min:sec)
Ann 290 a.an 1nan 1290 1240 0:00 3:20 6:40 10:00 13:20 !64‘3‘
Y 13,11 oA 2
100E6——] 50086
= s 1 @ | 2 151 i, &
= ; s S 1241)\ RUSL AL ey Time(min:sec) e e e e e e e IS .WN‘A.,M) Time(min:sec)
0:00 320 6:40 10:00 1320 16:40 020 0 549 1500, 1320 1640
EY N 1312 SDDEG”
B0ty mre ey AR @BV PERMNAINO | GSOT2T o Time(minsec) ik e : ity D, Tene(minsec)

0:00 3:20 8:40 10:00 13:20 16:40

0:00 320 6:40 10:00 13:20 16:40
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Tabulate Compounds and C18 Retent

EPA 533-similar: Ammonium Acetate / Methanol

Screening Data

p1oy 211Axoque) vasLdd
p1oy 21lAxoq.e) va4ldd
p1oY d1jAxoqJe) voQ4d

p1dYy J1uojns + Jayld

SPNOE4d-IDTT

—

—

o

—

on

N

~

—

N

o™

o

i

(o]

o

oS

—

(o]

ploy opiwy uoyns | yvSO#3I-N | 3
—

[Tp]

pIoy dljAxoque) vPN4d o
—

o

PV OpIWY UoHNS | YYSORN-N | 3
—

(o]

p1dY dl|Axoque) vadd g
—

o0

PIOY J1UOYINS + 43413 | SNOEAd-1D6 |
i

(@]

pIoY dluoyns S04d-1 i
—

—

p1ay d1jAxoque) VN4d B
—

N

p1ov 21jAxoque) VO4d =
-

o

Py dllAxoqJe) +43y13|  YNOQeN 2
—

o™

pIOY dluoy|ns SXH4d-1 3
—

(9]

pIdY d1uoy|ng Sg4d-1 .
—

pIay d1jAxoque) vdH4d )
(@)]

PPV JljAXoque) +13ud|  Va-Od4H w
N

p1dY dljAxoque) VXH4d ™
N

Gemini C18

3um 3x100mm

f

Retention Time
(min.sec)

Overlapping
Peaks
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tex C18

C18 + Kine

Ammonium Acetate / Methanol

ini

Compare Gem

EPA 533-similar

vasl4d

vaJl4d

vod4dd

SPNOE4d-DTT

VVSO413-N

vPN4d

VVSO42N-N

vaid

SNO€4d-1D-6

SO4d-1

VN4d

vO4d

VNOdEN

SXH4d-1

S94d-1

vdH4d

va-Od4H

VXH4d

7.37 | 8.24 | 9.51 | 9.52 | 10.03|10.90|11.42|13.11 [13.12 | 13.58 | 14.28 | 15.02 | 15.35|15.36 | 16.06 | 16.32|17.23 | 18.11

| Gemini| C18

vasl4d

vaJl4d

vod4dd

SPNOE4d-IDTT

VVSO413-N

vPN4d

VVSO42N-N

vaid

SNO€4d-1D-6

SO4d-1

VN4d

vO4d

VNOdEN

SXH4d-1

S94d-1

vdH4d

va-Od4H

VXH4d

|Kinetex]| €18 [ 6.41 ] 7.38 [ 9.39 | 9.40 | 9.59 |10.02|11.57[13.40]13.44]14.33[15.03 ] 15.36 | 16.11 | 16.13 | 16.47 | 17.11[18.02 ] 18.48|
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Compare Kinetex XB-C18 + Gemini C18 + Kinetex C18

EPA 533-similar: Ammonium Acetate / Methanol

PFHXA
HFPO-DA
PFHpA
L-PFBS
L-PFHXS
NaDONA
PFOA
PENA
L-PFOS
9-CI-PF30ONS
PFDA
N-MeFOSAA
PFUdA
N-EtFOSAA
11CI-PF30UdS
PFDOA
PFTrDA
PFTeDA

Gemini| C18 7.37 | 8.24 | 9.51 | 9.52 |10.03|10.90|11.42|13.11|13.12 | 13.58 | 14.28 | 15.02 | 15.35 | 15.36 | 16.06 | 16.32 | 17.23 | 18.11
Kinetex| C18 6.41 | 738 | 9.39 | 940 | 9.59 |10.02 |11.57 |13.40 | 13.44 | 14.33 | 15.03 | 15.36 | 16.11 | 16.13 | 16.47 | 17.11 | 18.02 | 18.48

PFHxA
HFPO-DA
PFHpPA
L-PFBS
L-PFHxS
NaDONA
PFOA
PFNA
L-PFOS
9-CI-PF30NS
PFDA
N-MeFOSAA
PFUdA
N-EtFOSAA
11CI-PF30UdS
PFDoA
PFTrDA
PFTeDA

| Kinetex | XB-c18 | 5.31 | 6.18 | 7.55 | 7.56 | 8.10 | 8.14 | 9.54 |11.31]11.34| 12.24] 12.51 | 13.28] 13.58 | 14.03 | 14.31 | 14.55 | 15.47 | 16.30 |




Compare Kinetex Polar C18 + Other C18 Columns

EPA 533-similar: Ammonium Acetate / Methanol

PFHxA
HFPO-DA
PFHpA
L-PFBS
L-PFHxS
NaDONA
PFOA
PENA
L-PFOS
9-CI-PF30ONS
PFDA
N-MeFOSAA
PFUdA
N-EtFOSAA
PFDoA
PFTrDA
PFTeDA

[EnY
2111¢1-PF30UdS
(0))]

Gemini C18 7.37| 8.24 | 9.51 | 9.52 | 10.03|10.90|11.42|13.11 | 13.12 | 13.58 | 14.28 | 15.02 | 15.35 | 15.36 16.32|17.23 | 18.11
Kinetex C18 6.41| 7.38 | 9.39 | 9.40 | 9.59 | 10.02|11.57 [13.40|13.44 | 14.33 | 15.03 |15.36 | 16.11 | 16.13 | 16.47|17.11 | 18.02 | 18.48
Kinetex | XB-C18 |5.31| 6.18 | 7.55 | 7.56 | 8.10 | 8.14 | 9.54 |11.31|11.34|12.24|12.51|13.28|13.58|14.03 | 14.31 | 14.55 | 15.47 | 16.30

PFHxA
HFPO-DA
PFHpA
L-PFBS
L-PFHxS
NaDONA
PFOA
PENA
L-PFOS
9-CI-PF30ONS
PFDA
N-MeFOSAA
PFUdA
N-EtFOSAA
11CI-PF30UdS
PFDoA
PFTrDA
PFTeDA

Kinetex | Polar C184.58| 5.48 | 719 | 7.19 | 7.33 | 7.37 | 9.17 |10.54]10.57 | 11.5312.1712.51[13.26 13.27 | 14.03 [ 14.25] 15.19] 16.05 |




Compare Luna Omega Polar C18 + Other C1

EPA 533-similar: Ammonium Acetate / Methanol

J8"Columns

< < 2 3 g §
(%) <<
2|28 2|2 |s|s/8|8|s|8|=|38|3|s|8|38
T (@) T (T o (@] = L L [a) (s ) i e a |: [}
o L a — Y 2 4 [®) 2. a w = o o a
fe)) 2 = ::
Gemini C18 7.37| 8.24 | 9.51 | 9.52 | 10.03|10.90|11.42|13.11|13.12 | 13.58 | 14.28 | 15.02 | 15.35 | 15.36 | 16.06 | 16.32 | 17.23 | 18.11
Kinetex C18 6.41| 7.38 | 9.39 | 9.40 | 9.59 |10.02|11.57|13.40(13.44|14.33|15.03|15.36|16.11 |16.13|16.47|17.11|18.02|18.48
Kinetex| XB-C18 |5.31| 6.18 | 7.55 | 7.56 | 8.10 | 8.14 | 9.54 |11.31(11.34|12.24|12.51|13.28|13.58|14.03 |14.31|14.55|15.47 |16.30
Kinetex | Polar C18 {4.58| 5.48 | 7.19 | 7.19 | 7.33 | 7.37 | 9.17 |10.54 | 10.57 | 11.53 | 12.17 | 12.51|13.26 | 13.27 | 14.03 | 14.25 | 15.19 | 16.05
(%)
< % < =z < = -
£ 2 3 8 %2 2z < s 8 8 <« 83 % % 5 g & 8
T (@) T [T e (@) pzd L [y o g S 5 i a = [}
a lil:- o 4 N 3 - @) E. a LUl o o a a
o)) =2 = :
Luna
Omega | Polar C18(6.19| 7.11 | 8.29 | 8.31 | 8.39 | 8.47 |10.16|11.43|11.43|12.34|12.58|13.30|14.03 | 14.05 | 14.38 | 14.59 | 15.47 | 16.29




Compare Luna Omega PS C18 + Other C18 Columns

EPA 533-similar: Ammonium Acetate / Methanol

< < 2 < g §
|2 |3| 8% |2 |s|s|8|8 | =|8|3/3|3|%8|38|3
T o T o - ®) @) = e w a hr 3 o R a p [}
a & a 5 a- = a a - < o v s = o o i =
(o)) =2 —
—
Gemini C18 737 | 824 |9.51| 9.52 | 10.03 | 10.90 | 11.42 | 13.11 | 13.12 | 13.58 | 14.28 {15.02| 15.35 | 15.36| 16.06 | 16.32 | 17.23|18.11

Kinetex C18 6.41 | 7.38 |9.39| 9.40 | 9.59 | 10.02 | 11.57 | 13.40 | 13.44 | 14.33 | 15.03 |15.36|16.11 |16.13 | 16.47 | 17.11 | 18.02|18.48
Kinetex XB-C18 | 5.31 | 6.18 | 755| 7.56 | 810 | 8.14 | 9.54 | 11.31 | 11.34 | 12.24 | 12.51 |13.28|13.58 | 14.03 | 14.31 | 14.55 | 15.47|16.30
Kinetex |Polar C18| 4.58 | 548 | 7.19| 7.19 | 733 | 7.37 | 9.17 | 10.54 | 10.57 | 11.53 | 12.17 |12.51|13.26 | 13.27 | 14.03 | 14.25 | 15.19|16.05
Luna Omega|Polar C18| 6.19 | 7.11 | 8.29 | 831 | 8.39 | 8.47 | 10.16 | 11.43 | 11.43 | 12.34 | 12.58 |13.30| 14.03 | 14.05 | 14.38 | 14.59 | 15.47|16.29

PFHXA
HFPO-DA
PFHpA
L-PFBS
L-PFHXS
NaDONA
PFOA
PENA
L-PFOS
9-CI-PF30NS
PFDA
N-MeFOSAA
PFUdA
N-EtFOSAA
11CI-PF30UdS
PFDOA
PFTrDA
PFTeDA

Luna Omega| PSC18 | 6.34 | 7.21 | 8.46| 8.46 | 8.55 | 9.05 | 10.35 | 12.03 | 12.06 | 12.53 | 13.24 [14.01]14.31|14.35| 14.58 | 15.23 | 16.08|16.45|




Compare Kinetex PAH + Other C18 Colum

EPA 533-similar: Ammonium Acetate / Methanol

ns

< < 2 < < §
) <
s/ 5 |s|8|2 2|s|s|8|8|=<|3|s|8|23|c|8]5%
T (@] T [ o (@) = L L (&) [l - T LL () |: (]
Sl s || 5| | S |a|a |y |||z |5 ||| E|L
a E a — N 2 4 @] 2. o L o o o o
o =z =z :
Gemini Ci8 |7.37| 8.24 | 9.51 | 9.52 |10.03|10.90|11.42|13.11 (13.12 | 13.58|14.28 |15.02 | 15.35|15.36 | 16.06 | 16.32|17.23 | 18.11
Kinetex C18 6.41| 7.38 | 9.39 | 9.40 | 9.59 |10.02|11.57(13.40|13.44|14.33|15.03|15.36|16.11 |16.13|16.47|17.11|18.02 |18.48
Kinetex XB-C18 |5.31| 6.18 | 7.55 | 7.56 | 8.10 | 8.14 | 9.54 |11.31|11.34|12.24|12.51|13.28|13.58|14.03 |14.31|14.55|15.47|16.30
Kinetex |Polar C18|4.58| 5.48 | 7.19 | 7.19 | 7.33 | 7.37 | 9.17 |10.54 |10.57 | 11.53 | 12.17|12.51|13.26 | 13.27 | 14.03 | 14.25 | 15.19 | 16.05
Luna Omega|Polar C18/6.19| 7.11 | 8.29 | 8.31 | 8.39 | 8.47 |10.16|11.43/11.43|12.34|12.58|13.30|14.03 | 14.05 | 14.38 |14.59|15.47 | 16.29
Luna Omega| PsC18 |6.34| 7.21 | 8.46 | 8.46 | 8.55 | 9.05 |10.35|12.03|12.06 | 12.53|13.24|14.01|14.31 | 14.35|14.58 | 15.23 | 16.08 | 16.45
(%)
(%) < o)
< < = < p:! )
£/ 3|28 |3 |5 |8 |s|8|8|5|8|8|s35|8|38|8)]3
T g || 3| | S| E ||| |8 || 8|2 |8 |&|E&|¢L
i - I e T B - - | 9 =l 2| || %~ ]|®=
o =z z :
Kinetex PAH 2.04| 236 | 3.57 | 359 | 417 | 4.18 | 549 | 7.37 | 7.46 | 837 | 9.10 | 9.44 |10.19|10.30|11.09 11.42|12.45|13.43

Elution Order
Changed
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C18 Summary

EPA 533-similar: Ammonium Acetate / Methanol
The elution order was consistent for most of the C18 columns
The Kinetex PAH column had 2 compounds reverse elution order
There were slight differences in overlapping peaks

5 §0 < %) b < %
< () < (%] < = < < 72 . 2 < < 2.3 < < <
Zlo | Z|E|E| 8|28 |E |2 |35 8|28 3|285g(a¢|¢
ol I 20 N T Tl -1l O - R
Gemini Ci8 |7.37] 8.24 | 9.51 | 9.52 |10.03|10.90|11.4213.11|13.12|13.58|14.28|15.02 |15.35|15.36|16.06 |16.32|17.23|18.11

Kinetex C18 |6.41| 7.38 | 9.39 | 9.40 | 9.59 |10.02 |11.57|13.40|13.44|14.33|15.03|15.36|16.11|16.13 |16.47|17.11|18.02 | 18.48

Kinetex XB-C18 |5.31| 6.18 | 7.55 | 7.56 | 8.10 | 8.14 | 9.54 |11.31|11.34|12.24|12.51|13.28|13.58|14.03 |14.31|14.55|15.47 |16.30

Kinetex |Polar C18/4.58| 548 | 7.19 | 7.19 | 7.33 | 7.37 | 9.17 |10.54 | 10.57 | 11.53|12.17|12.51 {13.26 | 13.27 | 14.03 | 14.25 | 15.19 | 16.05

Luna Omega|Polar C18/6.19| 7.11 | 8.29 | 8.31 | 8.39 | 847 |10.16[11.43|11.43|12.34|12.58|13.30|14.03 | 14.05 | 14.38 | 14.59 | 15.47 | 16.29

Luna Omega| PSC18 |6.34| 7.21 | 846 | 846 | 8.55 | 9.05 | 10.35|12.03|12.06 | 12.53|13.24|14.01 | 14.31 | 14.35 | 14.58 | 15.23 | 16.08 | 16.45

< S < ) L = A 2 3 % < . B < < <

|l 6| 2| 28| £| 8| 3| 2|2 |8 3828|883 |v3|8|¢82]|%

& | & g 5 o 3 & & T | aD| B |TE| 5 R & i
Kinetex PAH ]2.04| 2.36 | 3.57 | 3.59 | 4.17 | 4.18 | 5.49 | 7.37 | 7.46 | 8.37 | 9.10 | 9.44 |10.19|10.30|11.09|11.42|12.45|13.43

Elution Order
Changes t



C18

ephengmeqe;

ini

Compare Kinetex Phenyl-Hexyl + Gem

EPA 533-similar: Ammonium Acetate / Methanol

vasl4d

vaJl4d

voad4d

SPNOE4d-IDTT

VVSO413-N

vPN4d

VVSO4°IA-N

vaid

SNO€4d-1D-6

SO4d-1

VN4d

VvO4d

VNOdEN

SXH4d-1

Sd4d-1

vdH4d

vVa-Od4H

VXH4d

7.37|8.249.51|9.52 |10.03|10.90/11.42|13.11{13.12|13.58|14.28|15.02|15.35|15.36/16.06|16.32|17.23|18.11

C18

] Gemini \

vas=l4d

vaJl4d

SPNOE4d-IDTT

vod4id

VVSO413-N

vPN4d

VVSO4°IA-N

SNO€4d-10-6

vaid

SO4d-1

VN4d

vOdd

VNOdEN

SXH4d-1

Sg94d-1

vdH4d

VvVd-Od4H

VXH4d

3.5414.34|5.58|5.58|6.23|6.25|7.41 |9.06 |9.21 |10.18/10.23|11.08|11.20|11.42|12.13|12.18|13.01|13.41

Phenyl-

Hexyl

Kinetex

L

Elution Order

Changes
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Compare Kinetex Biphenyl + Kinetex Phenyl-Hexyl + éemini C18

EPA 533-similar: Ammonium Acetate / Methanol

< < P 3 g §
(%) <C
s/ 28| s|g /% 2| < |s|8|8|=</8|3/3 3|58 38
T (@) T [T o (@) =2 L [ () hre S o e o — ()
Tl x| (% || 3| &/ 8| |82 ||| |||k
o = o — 0 = — O 2. o L S o o o
o) =2 =4 —
—
Gemini C18 7.37|8.24 | 951 | 9.52 |10.03|/10.90|11.42|13.11|13.12 | 13.58|14.28 | 15.02 |15.35 | 15.36 | 16.06 | 16.32 | 17.23 | 18.11
Kinetex |Phenyl-Hexyl 3.54 | 4.34 | 5.58 | 5.58 | 6.23 | 6.25 | 7.41 | 9.06 | 9.21 |10.18|10.23 |11.08 (11.20(11.42|12.13|12.18|13.01|13.41

PFHXA
HFPO-DA
PFHpA
L-PFBS
NaDONA
L-PFHXS
PFOA
PFNA
L-PFOS
PFDA
9-CI-PF30NS
N-EtFOSAA
PFUdA
N-EtFOSAA
PFDOA
11CI-PF30UdS
PFTrDA
PFTeDA

Kinetex | Biphenyl [2.06]2.14]3.49 | 3.49 | 4.07 | 432 | 535 | 7.02 | 7.28 [ 8.11 | 8.34 [ 9.44 [ 9.90 | 9.90 | 10.00]10.21|10.45[11.23 |

Elution Order 1‘ t t

Changes

w
(o}
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Compare Kinetex F5 + Biphenyl, Phenyl-Hexyl + Gemini C18

EPA 533-similar: Ammonium Acetate / Methanol

< < 2 3 S §
(%) <
s/ 2/ £/ 8| % |2 | <« | < | 8|8 | <|8 | £/la/ 9 |<c|8|3
T (@) . L = o (@) =z L T o g ) (@) ik a [ (@)
e e R - O R i -~ s |2 | 5| & | 2| E|E
o z = =
—
Gemini C18 7.3718.24| 9.51 | 9.52 [10.03|10.90|11.42|13.11|13.12|13.58|14.28|15.02|15.35(15.36|16.06|16.32|17.23|18.11

Kinetex | Phenyl-Hexyl |3.54|4.34| 5.58 | 5.58 | 6.23 | 6.25 | 7.41 | 9.06 | 9.21 |10.18|10.23|11.08 11.20|11.42|12.13|12.18|13.01|13.41
Kinetex Biphenyl |2.06/2.14| 3.49 | 3.49 | 4.07 | 432 | 535 | 7.02 | 7.28 | 8.11 | 8.34 | 9.44 | 9.90 | 9.90 |10.00|10.21|10.45|11.23

! ) 1 ) 1 )
(%]
(%) < o)
< z < g )
£ 3 2 g8 £ 2 < s 8 8 < & 5 3 3 s & &
T o T [T e (@) pzd e s @) el S < i a = [}
L & o a Q o L L o o L ] o = o o o -
o I-Il- o 4 fZ" N — o EI o LL) L_I) o o o
o = =z ::
Kinetex F5 |5.07|5.50] 7.29 | 7.30 | 7.51 | 7.59 | 9.27 [11.06|11.21]11.53|12.28|13.22|13.3813.50]14.05]14.37]15.28] 16.12 |

Elution Order
Change t



Ophengmqu;;'

Phenyl Stationary Phase Summary

EPA 533-similar: Ammonium Acetate / Methanol

The elution order was different from the C18 columns and between phenyl columns
The Kinetex F5 column had similar order to the C18 columns and only 1 overlap

< < 2 3 p:! §
(%) <
s|8 22|22 s |s|8|38|=<|3|s/8|3a|z|s5]|3
T (@) T [T B (@) =z e L () el S ] i a = [}
e || & |2 8 | B | x| &2 || 5| a| | E]|E
o E a | N 2 — G. §I o ; = o o a
(o)} = —
—
Gemini C18 7.37| 8.24 19,51 | 9.52 {10.03/10.90|11.42(13.11|13.12|13.58|14.28|15.02 |15.35|15.36|16.06|16.32|17.23|18.11

Kinetex | Phenyl-Hexyl |3.54| 4.34 | 5.58 | 5.58 | 6.23 | 6.25 | 7.41 | 9.06 | 9.21 |10.18|10.23|11.08 11.20|11.42|12.13|12.18|13.01|13.41
Kinetex Biphenyl |2.06|2.14 |3.49| 3.49 | 4.07 | 432 | 535 | 7.02 | 7.28 | 8.11 | 8.34 | 9.44 | 9.90 | 9.90 | 10.00|10.21|10.45|11.23

* 1 3 1 )
(%]
%) < o
z < b >
§5§£§§<<gg<gg§ggéé
T @) T [T e o =z i L ) et ) e a = 3]
o a o o = a N 5 a o o [ s = o [ I E
o I-II- o — 3 1 - [®) §I o L L_I) o a o
o =2 z :
Kinetex F5 |5.07] 5.50 [7.29] 7.30 | 7.51 | 7.59 | 9.27 [11.06|11.21]11.53[12.28|13.22|13.3813.50]14.05]14.37]15.28] 16.12 |

Elution Order
Change t



533 Similar (previous data)

« HPLC Method Conditions

(Dphenomenex

Altered Chromatographic Method Conditions

533 Acetonitrile Altered
« HPLC Method Conditions

% 20 mM
Time (min) | Ammonium | % Methanol
Acetate
Initial 55 45
15 10 90
21 10 90
21.5 55 45

% 20 mM % 80-20
Time (min) | Ammonium | Methanol
Acetate Acetonitrile
Initial 55 45
15 10 90
21 10 90
21.5 55 45
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Screening Data: Tabulate Compounds and C18 Retention Times
EPA 533-similar

Gemini C18 o
Methanol 3um 3x100mm °
— oY
< < (£ :E < ‘\00
m v

X 2 3 &3 - 5 < < 3 - < 8 < ‘@4 2 < < <
T @) T T o (@) pd g L 0o el S Q i a = (]
o E a — Y g — S S o - L_l) o o B

(o)) =2 = :
737 | 824 | 951 | 9.52 {10.03/10.90|11.42|13.11|13.12|13.58|14.2815.02|15.35|15.36|16.06|16.32(17.23|18.11




(Dphenomenex

Compare Methanol with Methanol - Acetonitrile

Screening Data

&
o &
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O =
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O m
e
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<
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QO =
£ E
v 9 S
MM QO
ms|s
<o |
&R l=
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vas14d o vaaldd |
— i
on o
vaildd N vaildd |5
i i
(9] (o]
v0Q4d Q| |SPNOEd-IDTT |
— i
(o) —
SPNOEAd-DTT |3 voaid |2
i i
= S
VVSOd13-N |72 vendd | S
i i
4 4
vPN4d E SNO€4d-19-6 | 5
i —
S o
VVSORN-N | 3| | WVSO#aN |
— (@)
e o)
vadd g SO4d1 |
— (o)}
o N
SNO€4d-10-6 | 4| VVSO43A-N |
— (o)}
G <
SO4d-1 B vaid [0
o 0

i
<
VN4d B UNid |
— M~
o n
VO4d = VNOQeN |
— LN
Q ™
vNOdeN | & vOoidd  |™
— LN
) ™~
SXH4d1 |3 SXHid-1 [N
— <
(9] o™
S84d-1 10 Sg4d-1 |0
(e)] on
vdH4d n VaH4d |0
(@) o™
< o]
VQ-Od4H || | VQ-OdiH |0
00 (o]

~
VXHid M| | vH4d | N
N~ (@]

Acetonitrile

80-20 Methanol




Compare Kinetex PAH + Other C18 Columns

EPA 533-similar: Ammonium Acetate / Methanol ‘b\o *

%) < * \@‘ ]
< (@) < A < pd < < 2 o < o4 < ) \
< - S 2 T P S = O o = O o Q\ S o
T @) T s e L L i ) )
w a w a o a s =~ oo a o i U & @Q |.|_ s
a o a 4 o © e e 4 S e > Q \\S\ a
T 2 O 7 +
S = 3% \¢
Gemini C18 | 7.37 | 8.24 | 9.51 | 9.52 |10.03|10.90(11.42|13.11|13.12|13.58|14.28|15.02 {15.. $ \ 16.32(17.23|18.11
Kinetex Cl18 |6.41|7.38|9.39 | 940 | 9.59 {10.02|11.57|13.40|13.44|14.33|15.03|15.36|16.11 ,.47 17.11|18.02|18.48
Kinetex |XB-C18| 5.31 | 6.18 | 7.55 | 7.56 | 8.10 | 8.14 | 9.54 |11.31|11.34|12.24|12.51|13.28|13.58|1. 14.31|14.55|15.47|16.30
Polar
Kinetex C18 |458 548 | 7.19 | 7.19 | 733 | 7.37 | 9.17 |10.54|10.57|11.53|12.17|12.51{13.26|13.27 |14.03 | 14.25|15.19|16.05
Polar
Luna Omega| C18 | 6.19 | 7.11 | 8.29 | 8.31 | 839 | 8.47 |10.16/11.43|11.43|12.34|12.58|13.30|14.03|14.05|14.38|14.59|15.47|16.29
Luna Omegal Ps C18 | 6.34 | 7.21 | 8.46 | 8.46 | 8.55 | 9.05 |10.35/12.03|12.06|12.53|13.24|14.01|14.31|14.35|14.58|15.23|16.08|16.45

< %) < n < :’E n
< [a < % > = < < 2 L Z | <« - ) < | L3 < < =
Flo| 2| &8 £|8|2|z|2|v5/ 228/ ¢ |35/ 8|¢e|e
o e - - g g = |2 & | & | &
Kinetex PAH 204 | 236 | 3.57 | 3.59 | 4.17 | 4.18 | 5.49 | 7.37 | 7.46 | 8.37 | 9.10 | 9.44 |10.19|10.30{11.09|11.42|12.45|13.43

Elution Order
Changed
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Compare Gemini C18 + Kinetex C18, XB-C18 and Polar C18

533 Acetonitrile Altered

< < 3 Z 2 §
| 2|38 |%|<|2|s|=|8|8|3 |8 |3/%5/3|38]8
T (@) T [T o (@] (@) = [m) e hrel (@] L ) a i e (3]
o o e % = o 3 o a s v = a o w a T =
o E o — T fZU | §I ; U. o (a8 GI o o
=2 fe)) —
—
Gemini C18 2.25 | 2.58 | 3.52 | 3.53 | 4.27 | 5.33 | 5.45 | 7.14 | 854 | 9.05 | 9.05 | 9.49 |10.15|10.26[11.51(12.58| 13.1 [14.22

Kinetex XB-C18 122 1138|214 | 2.14 | 242 | 3.41 | 3.45 | 5.16 | 6.48 | 6.52 | 7.16 | 7.56 | 7.57 | 8.13 | 9.31 |10.34| 10.5 |12.05
Kinetex Polar C18| 1.5 | 2.15 | 2.55 | 2.56 | 3.26 | 4.18 | 431 | 544 | 7.08 | 7.2 | 7.22 | 7.59 | 8.26 | 8.27 | 9.41 |10.51|10.52| 12

Luna Omega [Polar C18| 1.19 | 1.35 | 1.58 | 2 2.23 | 3.08 | 3.18 | 4.27 | 554 | 6.05 | 6.1 | 649 | 7.13 | 7.16 | 831 | 9.37 | 9.4 |10.45
Luna Omega |PS C18 152 12.21|3.06 307 | 34 | 441|452 617 |745|754| 8 | 843 | 8.56|9.06 10.23/11.27|11.42|12.55

Kinetex PAH 046 | 05 [056 | 057|103 | 1.2 |1.21 | 212|327 | 3.3 [ 348 |4.19 | 4.2 |4.46 | 6.05 | 6.54 | 7.28 | 8.49
%)

2l s s 8| 2| £ s|s|8|=|83|8|383|3|35|3|38)|3

o T . L o = (@) =z L &) T e o ) a L [ (7]

e o o & cDu o o o C & Ex v e o o a T =

L o o — 2 o — o E. e o o o o o
o =2 z :

Kinetex C18 125|141 218 | 2.2 | 248 | 408 | 4.18 | 6.24 | 8.17 | 8.27 | 832 | 9.17 | 9.37 | 9.54 [11.21|11.21|12.31| 13.6

Elution Order t t t t

Changes
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C18 Summary

533 Acetonitrile Altered
There were more overlapping pairs than with Methanol

The elution order was consistent for most of the C18 columns
The Kinetex C18 column had several compounds change elution order

< < =2)
< %) < P = %)
| 2| 38| 8|2 |=s|2|s|2]/8|8|383| 3 |3| %53 83
T (@) T . ™ o @] =z [a) e e [ ) a o e) = [}
L | & |z|% | e |||k g|ae|le|E | 5| 2|2 2R E|E
o w o — 0 2 — 2. ; U. o o '6." o o
2 (o)}
Gemini C18 2251258 | 352 | 3.53 |4.27 | 533|545 |7.14 | 854 | 9.05 | 9.05 | 9.49 |10.15|10.26(11.51|12.58| 13.1 |14.22
Kinetex XB-C18 1.22 | 138|214 | 214 | 2.42 | 3.41 | 3.45 | 5.16 | 6.48 | 6.52 | 7.16 | 7.56 | 7.57 | 8.13 | 9.31 |10.34| 10.5 {12.05
Kinetex Polar C18| 1.5 | 2.15 | 2.55 | 2.56 | 3.26 | 4.18 | 4.31 | 5.44 | 7.08 | 7.2 | 7.22 | 7.59 | 8.26 | 8.27 | 9.41 |10.51|10.52| 12
Luna Omega |Polar C18 | 1.19 | 1.35 | 1.58 2 2.23 |1 3.08 |3.18 427|554 |6.05| 6.1 (649 |7.13 | 7.16 | 831 [9.37 | 9.4 |10.45
Luna Omega |PS C18 152 |221|3.06|3.07 | 34 441|452 |6.17|7.45| 7.54 8 8.43 | 8.56 | 9.06 {10.23|11.27|11.42|12.55
Kinetex PAH 046 | 05 | 056 | 057 (103 | 1.2 | 1.21 | 212 |3.27 | 3.3 (348 [4.19| 4.2 | 446 | 6.05 | 6.54 | 7.28 | 8.49
0 < <
Sl s s|g|2/2%2|<|2/8|=|8|8|8|35|3|s83|53
o T T L o (@) b g o s i @] S a O3 - ]
S |z ||| Q@ || B | & || BE|T| 2| |2 | |80 &L
LII. o o — 2 - - ) §I L o o L a a
o | =z | =
Kinetex C18 125|141 ]218 | 2.2 | 2.48 | 4.08 | 4.18 | 6.24 | 8.17 | 8.27 | 832 | 9.17 | 9.37 | 9.54 (11.21|11.21|12.31| 13.6
Elution Order t t t t t

Changes
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Compare Kinetex F5 + Biphenyl, Phenyl-Hexyl + Gemini C18

EPA 533-similar: Ammonium Acetate / Methanol

(%)
< n < = < P4 )
12| 3| 8| 3|2 |s|s|6|83|=s/8|3%|3]2 O 5|3
I N - - T - I I - T R -~ .| E| B
o I-Il- o - T 2 — U. §I o ; 6\* o o o
\
Gemini C18 7.37 8.24 | 9.51 | 9.52 {10.0310.90|11.42({13.11|13.12|13.58|14.28|15.02|15.” ‘QA 16.06|16.32|17.23|18.11
Kinetex | Phenyl-Hexyl (3.54| 4.34 | 5.58 | 5.58 | 6.23 | 6.25 | 7.41 | 9.06 | 9.21 |10.18|10.23|11.08 | 11. Q .42112.13(112.18|13.01|13.41
Kinetex Biphenyl [2.06/ 2.14 | 3.49 | 3.49 | 4.07 | 432 | 535 | 7.02 | 7.28 | 8.11 | 8.34 | 9.44 | 9.90 ; 9.90 |10.00|10.21|10.45|11.23

1 ) 1 ) 1 )
(%]
Y < o
< z < Z )
s 5 g 8 £ 2 < s 8 3% = 3 5 & 3 2 & &
T o T L e o P L L O et S i a = (3]
[T o [T e5 a o = o g DS o L LL = o LL E E
o I-Il- o — g N — e > o LL) U‘ o o o
o = =z :
Kinetex F5 5.07 5.50 | 7.29 | 7.30 | 7.51 | 7.59 | 9.27 [11.06|11.21]11.53[12.28|13.22|13.3813.50]14.05]14.37[15.28] 16.12 |

Elution Order
Change t
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Compare Kinetex F5 + Biphenyl, Phenyl-Hexyl +_Eiemini C18

533 Acetonitrile Altered

< < 3 g 2 g
£ 9| 5| 8|2 |s|2|s|<|38|8|8|8|=2/35/|3|8]3
T (@) T L o (@) (@] =2 [ hre (s o L ) o) g [ [
e a e QI_ = e (=) L & [] o = o e [ o E E
a L a 4 o = L = > 4 h - a a 35 a a
z z o \—c
—
Gemini C18 2.25 | 2.58 | 3.52 | 3.53 | 4.27 | 5.33 | 545 | 7.14 | 854 | 9.05 | 9.05 | 9.49 {10.15|10.26|11.51|12.58| 13.1 |14.22
Phenyl-
Kinetex Hexyl 1.03|1.11|1.23 124 | 136|159 |2.16 | 257 |4.06 | 4.2 |4.28 | 449 | 5.1 | 528 | 6.1 | 7.05| 7.27 | 7.56
Kinetex Biphenyl | 0.38 | 0.51 | 0.59 | 0.59 | 1.04 | 1.12 | 1.2 | 134 |2.06 | 2.2 | 2.22 | 241|249 |3.14 | 336 | 4.19 | 4.49 | 5.02
Kinetex F5 1.16 | 1.27 | 1.56 | 1.56 | 2.17 | 3.08 | 3.15 | 4.33 | 5.56 | 6.03 | 6.32 | 6.5 | 7.02 | 7.13 | 8.26 | 9.14 | 9.38 |10.45

Elution Order t t 1‘ 1‘ 1‘

Change
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Phenyl Stationary Phase Summary
533 Acetonitrile Altered

The elution order was different from the C18 columns and between phenyl columns
The Kinetex F5 column was less similar to the C18 columns with acetonitrile in the eluent
The Kinetes F5 still only had 1 overlap

< < 3 g 2 g
212|353 8|2 | <|z2|<|<|8[8|83|3|2/%3|3|38]|352
T (@) T L o (@) (@] =2 [ hre (s o L ) o) g — [
||| 3|ae|E|Q|k|g|leg|a|E | |2 |C|8 ||k
o e a - N 2 2. - L @] o o = o o

pd z o —

—
Gemini C18 2.25| 258 | 352 | 353|427 533|545 |7.14| 854 |9.05|9.05 | 9.49 |{10.15/10.26/11.51/12.58| 13.1 |14.22
Kinetex [|Phenyl-Hexyl|1.03 | 1.11 | 1.23 | 1.24 | 1.36 | 1.59 | 2.16 | 2.57 | 4.06 | 4.2 | 428 | 449 | 51 |5.28 | 6.1 | 7.05 | 7.27 | 7.56
Kinetex Biphenyl 0.38/ 0.51 /059 | 059|104 112 1.2 [ 134|206 | 2.2 (222|241 249 |3.14 |3.36|4.19 |4.49 | 5.02
Kinetex |F5 1.16 | 1.27 | 1.56 | 1.56 | 2.17 | 3.08 | 3.15 | 4.33 | 556 | 6.03 |6.32 | 6.5 | 7.02 | 7.13 | 8.26 | 9.14 | 9.38 {10.45

Elution Order t t 1‘ 1‘ 1‘

Change
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Outline
* PFAS - Brief Introduction
« Samples e

Sample Prep - SPE

« HPLC Instrumentation
 LCMS Detectors

« HPLC Columns
Summary




Summary

(D phenomenex

PFAS analysis is a long list of complicated topics
— Sampling, Sample Prep, HPLC instrumentation, Methodology, Columns, Detectors
Specific methods are designed around a particular set of compounds from a specific
sample matrix
The HPLC methodology in EPA 533 and EPA 537, uses methanol and ammonium
acetate as eluent components.
— Various C18 stationary phases, show subtle differences between the different “flavors” of C18
— Phenyl based phases show wider differences in selectivity

When a method can be adjusted or is being developed, using a mixture of acetonitrile
and methanol can provide different selectivity than using methanol alone

A variety of HPLC column chemistries are needed for the wide range of PFAS related
compounds such as: polar acids, non-polar acids, esters, amides, and sulfonamides.
All of which can be complicated with branched vs. linear isomers
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Thank You
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