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Novel Stationary Phase
for Simultaneous Analysis of Ultrashort-Chain
(C2, C3), Alternative, and Legacy PFAS

P g
RESTEK@ Pure Chromatography e b



Outline

* PFAS Panel
e Ultrashort-Chain PFAS

* Direct Injection Method Evaluation for Ultrashort-
Chain/Alternative/Legacy PFAS (Polar X Column)

* Comprehensive PFAS Analysis (Polar X Column)
* Conclusions

 —
RESTEK® pu re ChromOtog ra phy www.restek.com



PFAS (Per- and Polyfluoroalkyl Substances)
/

; Perfluoroalkylcarboxylic Acid
CF, (CF,) —C—OH
e (PFCA) Surfactant
| Perfluoroalkylsulfonic Acid _ _
CF, (&F,),—§—OH (PFSA) Processing aid
= Mist suppressant
G, (CF,),(CH,),— 4—oH X;(Z_zTi'%mer Sulfonic Acid Fire fighting foam
\ o x: ) Cleaning Products

4 N ;

5 ailon | Perfluorooctanesulfonamido-
A4 | Perfluorooctanesulfonamide CF,(CF,),—E—N/ acetic acid (FOSAA)
G,(CFI),—i—N\ \R
R, (FOSA) = | ol ;
Telomer Carboxylic Aci
. _j'_mxc”zc”zo” Perfluorooctanesulfonamido- CF:‘“:’..GFC"':‘LOH (X:2 FTA)
S ethanol (FOSE) \_ %_/
\ Environmental Transformation
Raw Material Product
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PFAS Testing Standards
Test Method US EPA 537.1 | I1SO 25101:2009 DIN 38407-42 m US EPA 8327 1ISO 21675

. o . All water types Drinking Non-potable
Sample Matrix ~ Drinking Water  All water types  All water types soil (- drinking water) Water water All water types
# of Analytes 18 24 2 21 21 25 24 30
Sample Prep SPE Direct injection SPE Direct injection Direct injection SPE Direct injection SPE
Sample Volume 250 mL 1000 mL 50 mL 2g 5mL 250 mL 5mL 50 —1000 mL*
* 0.01ug/L MDL (0.7 -
. MDL LCMRL
T Optional * 0.025ng/L MDL 4.6 ng/L) LOQ: 0.2 ng/L
Detection limit Not shown for treated (2.41-258.37 (0.7 - 106.8 ng/L) (1.7-20 . LL0Qis 10 -
ng/kg) ng/L)
waste water ng/L

P
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PFOA and PFQOS Alternatives

Perfluoroalkyl ether carboxylic acids (PFECAs)

FEF ﬁ
I 04750 W
/ \ X \, ,«" \

Hexafluoropropylene oxide dimer acid ammonium 4,8-dioxa-3H-perfluorononanoate

(HFPO-DA) GenX (ADONA)

Polyfluoroalkyl ether sulfonates (PFESAs)
R FE FR FR F

AV VARV VA VA
F VANVANNANNAN A\

F F FF F F F
F-53B F-53B
(9-chlorohexadecafluoro-3-oxanonane-1-sulfonate) (11-chloroeicosafluoro-3-oxanonane-1-sulfonate)
(9CI-PF30ONS) (11CI-PF30UdS)

P
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Updated 537.1 Method (Drinking Water)

=, Raptor C18 78
1.10e5 6 <
s 2, 7um, 50x2.1mm §
1.00e5
<
9.50e4
. 9,10
el 10 min ’
a.50e4 19,20,21
2 3 y y
iOE: ’ 11,12,13
7.00e24
6.50e4 4,5 15,16 Peak # RT
6.00e4 | < n23 NMeFOSAA Analvte (Fig. 1) (min) | I5# Ref
5 50e4 | = = ] 2
J— 8 ‘ | 8 J isomers iFBS : I?OZZ" ;
= [ n “" FHxA 2 42
- Bt | 5| o NEtFOSAA HFPO-DA 4 1138 1
+00es 1 | &2 (S} isomers
25004 | ‘ | i ‘ = PFHpA 6 1340 1
30084 I | (&) 22 PFHxS 7 13.58 2
2.50e4 | || | PFOS 1021 ‘ ADONA 8 13.73 1
o | | PFHxS K 1718 PFOA B 1585 1
1.5084 | isomers ‘ |somer5[ II =
1.00e4 \ \ ‘ | ' I 1 PFOS 1 1701 2
soon.00 | 1 [ I | ! Il PENA 13 17.92 1
o.o0) 05 10 15 20 25 30 35 o 45 aE B ) 65 7.0 75 20 "85 6} OCLI-PF30NS 14 18.01 2
11,12,13 PFDA 15 19.60 1
wo. EPA 537.1 Method (2018) | -
/ NMeFOSAA 17 2050 3
. 7}3< I 1a PFUnA 19 2121 1
37 min = | | 15.16 22 NEFOSAA 20 2126 3
2 23 -!|<8( .10 ‘ I% f Pg 11CL-PF30UdS 2 2184 2
5 ) I | 2] 1920215 PFDoA 3 2252 1
S | [l i e || P PFTIDA 24 23.66 1
= | = 6 || Il | IS ||| | 1%
= | 2 ’ | | | I3 s PFTA 25 24.64 1
£ |9 M I 17t = . >
z JF & ATR| I | ‘ 1y I i lr“'z;" 15C,-PFHxA 3 1042 1
= i T (i || [ | | 1l 1303 HFPO-DA 5 1140 1
= Il as | ' ' [ | ‘ ool 25 -
. I ‘ 1 [ i (o 7as|| (|| 24 T 1C;-PFDA 16 19.69 1
. [1 [l PrHxs | | [IPFOs H0 o it b a5 NEFOSAA 21 21.24 3
I |1 |}| isomersi | I isomers | | | | K | | i! i () = " 10 1585
i | | i 1 [ \ | | | 1L IR ( i Il C-PFOA-IS#1 5.85 B
| | N AU T rerros e | 1 [ 1o |
[ [ A R T T A O I T O O A IR } ) " 5
| A AV WA EWANAVAY AN IS I ) &-NMeFOSAA IS#3 18 20.49 -
' 1600 18.00 20.00 22.00 24.00 Jeop | lime
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Ultrashort-Chain PFAS

C2 C3

Trifluoroacetic acid (TFA)

Perfluoroethane sulfonate (PFEtS)

O F O

F
F%LOH FMOH Perfluoropropionic acid (PFPrA)

FF FF

0\/0 FF |l
,:\’S/ >S/ f| Perfluoropropane sulfonate (PFPrS)
OH F || OH

Detected in different water matrices (snow, rain, river, and tap water)

ol A

PFPrA is up to 45% of the total PFAS in rain and snow samples (USA, France, Japan)
C2-C3 accounted for >40% of the total PFAS in rain samples (Canada)

TFA is the most abundant PFAS in rainwater (Japan)

PFEtS and PFPrS are detected in aqueous film-formimg foam (AFFF)

Analytical methods for investigation on the sources and environmental levels

RESTEK
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s
<
Reversed-Phase LC/MS Method 2| ¢
o
< <
£ 3 =
& o - s
~ &
Raptor C18 ca £ & g o
] PFBS i
2.7um, 100x3.0mm Spiked Reagent Water (C4) 2 .
PFBA 3
LC Conditions : (Shimadzu Nexera X2) (80 ppt) 0 o]
Q @
Mobile Phase A 5mM ammonium acetate in water = o
”n oy
Mobile Phase B methanol (C3) (C3) g é
PFPrA PFPrS !
Gradient Time (min) %B gu
0.00 20 k k
J] ﬂ F‘*"W
7.00 95 0.0t - 10 ’ zo - EYG) 20 =0 T 76".cJ:- B 7A7".D'd7 ) 2’0 - EXG) 10.0
9.00 95 <Zt
o
9.01 20 e g
11.00 20 & n
=
Injection 10 pL < o
< Q o
Flow Rate 0.25 mL/min % é a &
i a o $) s
Run Time 11 min Spiked Groundwater Cc4) 5 g 7 T
) (C4) PFBS 5 T
Column Temp. 40°C (80 ppt) PEBA 8 9
& 3
[
(C3) 0 a
PFPrA (C3) g =
PFPrs o —
O

P
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Direct Injection Method Evaluation

Raptor

e LC Columns
Polar X
v s » ASingle ligand capable of and lon Exchange
NS retention

<)

L]

]a
1
I

* Proper retention for polar compounds

O
i

Y
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Direct Injection Method Evaluation

Legacy PFAS UltraShort & Short-Chain PFAS
0 o O F F
FFFRFFR F O (. FRFR FRF . \/
SO;H 5
c8 FWOH M 3 %OH c2 o ]
FFF FF FF F FFFFFFFF F F FOF
Perfluorooctanoic acid (PFOA)  Perfluorooctanesulfonic acid (PFOS) Trifluoroacetic acid (TFA) Perfluoroethane sulfonate (PFEtS)
O O F F
PEOA and PFOS Alternatives R0 - \/ i
~
Perfluoroalkyl ether carboxylic acids (PFECAs) FMOH ah
o F F F F F F
\ / I E K FE FH F Q
N L >J\ W w\ Perfluoropropionic acid (PFPrA) Perfluoropropane sulfonate (PFPrS)
OH
AAAN FF O EFE E
HexaﬂuoroRrogxlene oxlde dlmer acid ammonium d 8- dlnxa 3H- perﬂunrononanoate C4 = ’:/O
(HFPO-DA) (ADONA) FSC OH //S\OH
Polyfluoroalkyl ether Sulfonates (PFESAs) F F FFF FO
Perfluorobutanoic acid (PFBA) Perfluorobutane sulfonate (PFBS)
NNV RN RS AV VA VARV ARV A
C'}WO&S%K BN N e e e FFFFO F FFFFO\\//O
e FFEFF FF /\ ’“\ ’”‘ /\ F’“‘F F OH C6|F SN
E53-B F53—B F OH
(3-chlorchexadecafluoro-3-oxanonane-1-sulfonate) (11-chloroeicosafluore-3-oxanonane-1-sulfonate) F F FF F FF FFFF
{9CI-PF30ONS) (11CH-PF30UdS) o
Perfluorohexanoic acid (PFHxA) Perfluorohexane sulfonate (PFHxS)

P
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Direct Injection Method Evaluation

1c0 L°“€ chain PF_AS elute T Short and ultra-short chain PFAS are POIar X' 2'7|J'm 50X2.1 mm
earlier, but with good ) :$ retained longer, but still elute in less than 4
retention @ . Ben LC Conditions : (Waters Acquity UPLC)
i (c8) minutes
| & PFOA i 9
(8’3)’ ‘,I (©3) Mobile Phase A 10mM ammonlum formate, 0.05%
& PFPrA formic acid in water
a (|
| 0, 1 idi .
i | ’ 1 1 - (C4) Mobile Phase B 0.05% for.m!c acid in 60:40
== 4 ” | | prrma PFBA acetonitrile:methanol
(Co) @ | . \ A \ .
[%) o |1
g I ~ [ | ' ([ (€2) Gradient Time (min) %B
g & ﬂl\ i 1 P4
\ ” | . [ .I [ [ | l,-" ',\ 0.00 85
I | \I l‘ I 3 ,/‘ “\\
I [ | j‘ \. £y |\ 5.00 85
&5 i J ')\ L\ \ ‘\,_ / 7. Time
-0.00 o.50 1.00 1.50 =2.00 2.50 3.00 3.50 4.00 4.50 5.00 Injection 10 pL
100-
% Flow Rate 0.5 mL/min
[22]
E < Run Time 8 min
4 fl b z Alternative and replacement
2
Q| 2 PFAS subgroup Column Temp. 40°C
g | ;"t
- 3 |
‘ l 400 ppt in 50:50 water:methanol
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Direct Injection Method Evaluation

Precision & Accuracy
of Fortified Water Samples:

1. Tap water

2. River water (Chicago)
3. Groundwater

4. POTW water (Effluent)
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Direct Injection Method Evaluation

TFA 113.03 69.01 BC,-PFHXA
PFPrA 163.03 119.01 3C,-PFHXA
PFBA 212.97 168.97 B3C,-PFHXA
PFHXA 312.97 268.90 13C,-PFHXA
PFOA 412.90 368.91 Bc,-PFOA

HFPO-DA 284.97 168.92 C,-PFOA
ADONA 376.90 250.93 3¢,-PFOA

PFEtS 198.87 79.92 3C,-PFBS
PFPIS 248.97 79.98 3¢,-PFBS
PFBS 298.97 79.97 B¢,-PFBS
PFHXS 398.90 79.97 3¢,-PFBS
PFOS 498.84 79.97 B¢,-PFOS

9CI-PF30ONS 530.78 350.85 B¢,-PFOS

11CI-PF30UdS 630.78 450.80 B¢,-PFOS
BC,-PFHXA 314.97 269.93 :
BC,-PFOA 414.90 369.87 )
B¢,-PFBS 301.90 79.97 -
B¢,-PFOS 502.84 79.97 )

Y
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Direct Injection Method Evaluation

Polar X Column

2.7um, 50x2.1mm

Sample Preparation:

250 plL water sample or standard

+

4 | 250 pL methanol
+

5 ulL internal standard

(polypropylene vial) (10 ng/mL 13C,-PFHxA, 13C,-PFOA, *3C,-PFBS, 13C,-PFOS in methanol)

P g
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Direct Injection Method Evaluation

Quadratic regression (1/x weighted)

Calibration Range:
Calibration curve: 1.48565e-006 * x*2 + 0.00303458 * x + 0.0898108

10 - 800 ng/L 1504

20— 800 ng/L (for TFA) ...’
1 TFA

1.104

1.00 4

r2 value > 0.996 o

0.80 X

o 0.70

deviations <20%

0.50

0.40

4 X X
0.30
0.20 -
0.10-

B s Ll s u i L L L L L L e ) ) L Mg i g e i e L i S i b i b MO
-0 10 20 30 40 5 60 70 8 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400
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Direct Injection Method Evaluation

Analytes in Blank Water Samples

Detected Concentration (ng/L)
9Cl- 11CI-
Samples TFA |PFPrA| PFBA |PFHxA| PFOA [HFPO-DAJADONA| PFEtS | PFPrS | PFBS | PFHxS | PFOS | PF3ONS [ PF30UdS
Tap Water 164.2 | ND ND ND ND ND ND ND ND ND ND ND ND ND
River Water 193.3 ND ND ND ND ND ND ND ND ND ND ND ND ND
Groundwater 1425.2| ND ND ND 5.4 ND ND ND ND 6.7 3.9 ND ND ND
POTW Water 352.8 | 9.6 153 | 935 | 204 ND ND ND ND 6.8 6.7 9.6 ND ND

R
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Direct Injection Method Evaluation

100 PFOS
&
-0.00 1.00 2.00 3.00 4.00 5.00
PFHxXS
100
= .
0d . : . : : : : ; ,
-0.00 1.00 2.00 3.00 4.00 5.00
100 PFBS
3?—; ‘l 1
0 : " VN : , : . .
-0.00 1.00 2.00 3.00 4.00 5.00
1002 PFOA
PFAS in Blank POTW Water * ]
000 1.00 ' 2.00 ' 3.00 ' 4.00 ' 5.00
100- PFHxA
- I
-0.00 1.00 2.00 3.00 4.00 5.00
PFBA
1005
== W-‘,“\/
-0.00 1.00 200 300 400 500
100 PFPrA
= ‘
0 : : . : : : ; ; \
-0.00 1.00 2.00 3.00 4.00 5.00

www.restek.com




Direct Injection Method Evaluation

Recovery (40 ppt) % RSD (40 ppt)

140.0

120.0

Accuracy Precision

% Recovery: % RSD:

70-130 % <20 %

mTap Water MRiver Water M Groundwater M POTW Water Tap Water River Water ~=@=Groundwater =@=POTW Water

% RSD (160 ppt)

120.0

100.0

Tap Water River Water —@=Groundwater =@=POTW Water
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TFA Contamination in Reagent Solvent

TFA is everywhere

TFA

/ AN . = /\&“
g [N Ny e,

10ppt standard RO H,0 DI H,0 LC/MS Grade
H,0
o | M‘M \»W’ihﬂl Viaam ;\u«; A s \I;\“A\/W\l MJ—\N\(\‘ V\IJ k\m
fra by v M sl e, |
EMSURE® JT Baker Brand A Brand B Brand C Brand D
MeQH MeOH MeOH MeQH MeOH MeOH
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Comprehensive & Simultaneous Analysis of Different Classes of PFAS on the
Raptor Polar X

LC Conditions : (Waters Acquity UPLC)

10mM ammonium formate, 0.05%

Perfluoroalkylcarboxylic Acid

Polar X: 2.7um 50 x 2.1 mm

Mobile Phase A

Mobile Phase B

formic acid in water

0.05% formic acid in 60:40

\U 9CI-PF30NS acetonitrile:methanol
cf Gradient Time (min) %B
0.00 95
4.00 65
c9 c CF3
| 6 | Ii 11€I-PF30UdS Perfluoroalkyl Ether S0t 95
c1!o ” i‘ ” || l Carboxylic Acid 6.00 95
|‘ I || o ‘ ‘ Injection 10 pL
| i
" || | ll ‘ | Po/yf[uoroa/ky[ Ether ADO|1NA Diluent 50/50 Water/MeOH
| | ‘ ‘ l. ’ | | Sulfonic Acid || Flow Rate 0.5 mL/min
C11
r| ‘| | | | | | | | Run Time 6 min
| [ ' Column e
c1|12||‘ || | ‘ i || | |l || @ |‘| Temp. 0
0y 1| '
§§|||t}||||'i’| [ ||||| |||
205 R - I
gle:.,.i AI ILJL'\‘_ xLL_,l\w J A HFPO DAIII |
1.00 1.50 Z.00 2.50 3.50 4.00 4.50 1.00 1.50 = 2.00 @ 2.50 3.00 3.50
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Comprehensive & Simultaneous Analysis of Different Classes of PFAS

on the Raptor Polar X

Polar X: 2.7um 50 x 2.1 mm

C21
Fluorotelomer Sulfonate |
Perfluoroalkylsulfonic Acid N-MeFOSAA
8:2 FTA ‘ |
4:2 FTS
Tel Carboxylic Acid
f| | comer oy e Di-substituted Polyfluoroalkyl
l Phosphate Ester
c3 ~
b1l %
| S N-EtFOSAA 8:2 diPAP 1n_
|- E '| g
s | ||:
o0
cf4 ‘ |1| || 3 | 6:2diPAP
cs || | ‘ I |
f| | ‘ ‘ || . 102 FTA “ | [ ||
| |
] 8||| | | E ‘ || | | ||I Perfluoroalkylsulfon- | ||
815 I||| | | , 3 | | amidoacetic Acid ‘ ‘ | |
o p||!|'||||| | | (1A l | | ||| ‘ | ‘ |‘|||
SNt | | |
N IRIRNINA I (| | (|
I IR | L
II AR | |: III | | |I [ [ 1/ I! .'I | I-, A ] l-, I
T T 'J:{]l;i;t'Jki £ .l I| lln : I T I\‘—* T T '.. .H")M’/“é;)r‘“".:l.““'—l".&()l\"ﬁ T T "I .‘\__i \\‘ —D-czl—lilf'}l%—iah‘
1.00 1.50 2.00 2.50 3.00 1.00 1.50 2.00 1.00 150 200 = 25Bo ' 3.00 3 50
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Conclusions

*/Unique stationary phase provides proper chromatographic retention of
small, polar ultrashort-chain PFAS.

o[ Fast and simple isocratic LC-MS/MS method allows high-throughput PFAS
analysis in potable and non-potable waters.

* This method is suitable for labs interested in adding ultrashort-chain
compounds to an existing PFAS assay.

| Multi-classes of PFAS can be simultaneously analyzed on the Polar X
column.

P
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