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Analysis and Quantitation of Polyfluorinated Alkyl Substances (PFAS) in EPA Method 537.1 Using High Resolution Accurate Mass Spectrometry
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1. Overview 4. Results

Compounds listed in EPA Method 537.1" are quantitated using a high-resolution accurate mass
QTOF. Quantitation limits are comparable to a triple quadrupole, and the high-resolution
capability of a QTOF allow for identification of PFAS not listed in EPA Method 537.1

4-1. Qualitative Analysis

The overall workflow for identifying unknown PFAS in environmental samples
can be broken down into four steps outlined on the following pages. One
representative ion was chosen to outline the workflow for tentatively
identifying an unknown compound using Insight Explore

2. Introduction

EPA Method 537 was recently expanded to EPA Method 537.1 in November 2018 to
include four new per-/polyfluoroalkyl substances (PFAS) compounds. While EPA Method
537.1 focuses on well-known PFAS, such as PFOA, PFOS, and GenX?, there are
thousands of unknown PFAS that can potentially contaminate drinking water. Analysis of _
unknown contaminants requires high resolution and accurate mass capabilities in order to
positively identify the molecular formula. This poster demonstrates that the quantitation of
all PFAS outlined in EPA Method 537.1 can be performed on a quadrupole time-of-flight

mass spectrometer (QTOF) at low parts per trillion concentrations in environmental
drinking water samples. Quantitation limits on the QTOF are compared to a triple
quadrupole mass spectrometer (QQQ). -
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ESI source conditions were optimized on a QQQ and applied to the QTOF. MRM e
transitions were determined on a QQQ, and accurate mass precursor/product ions were o i i — —
determined on a QTOF. The chromatographic parameters are based on the el S B M A 1;;‘
chromatographic method used in EPA Method 537.1. A Shim-pack XR-ODS 50 x 3.0 mm S R e —
column was used as a delay column, and a Shim-pack ™ Velox 150mm x 2.1mm x 2.7um SR D A 0 —r -
column was used as the analytical column. Quantitation was performed using MRM on AT —— — - —
the QQQ and high-resolution MRM on the QTOF. e T o—
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Table 2_ LC System and Parameters Table 3. LCMS AchiSition Parameters StEp2
Nexera-X2 UHPLC
LC System : MS Instrument : LCMS-8045 , o ,
System An unknown compound with the accurate mass of 262.9751 m/z was found at retention time 8.670 min
using ESI negative mode. This compound appeared in a 25 ppt extract dated 1/17, however it is not
. Shim-pack ™ Velox ’ Electrospray lonization present in the blank extract.
Analytical Interface : T R d
Column 150mm x 2.1mm x 2.7um, (ESI) O - % :
1 fee 1 [ 5.0 1|262.9751 rt 8.670
Part NO_ 227_320094_04 2 2 1 50 1262.9751 t 8670 Sean
_ Interface Temp. : 100°C S
Solvent Shim-pack XR-ODS a
. i T Q
Delay . 50mm X 2mm X 2.2“m’ Desolvation Line O E\rejt_s..‘ = HH? IIIII BIJHHEHHHEIzIHIE IIII E‘AI”‘E!SIHIBIGHWE‘?”HBTBIIHE!?HH?!I]””EH”HE‘!Z””?!S‘?‘
Column Part No. 228-41605-93 : 100 °C T
Temp.
E;EI- ]
Column . 40 °C Heat Block o .
Temp. : 200°C ]
Temp. ]
J @
2
In. Volume : 5 L Heatin Gas . = ‘IH?!E”HB!J"”E‘1‘”‘E!2I"IB!S"”E‘A”I‘E!SIHIB!GHWE‘?”HB!BIIHE!?HH?!I]””EHHHE‘!Z IIIIIII
j H g : 15 L/min
F I OW * Find- 262019 _EurofinsExtract_25 ppt 1$17_008 - 1199 componentsfound - 1128 groups
. Sample: @‘ RT|m/z  ~|  Response|  Charge|  Width|Commen ts RT Group|  Group
H A: 20 mM Ammonlum MS Event: find 1089 321:6 26091;8 9333:1 Y1 02;9 . 3; T
MObIIe . M . X X hd 1079 3?_:100 262:90&4 230609 0:198 380
Phase + Acetate Drying Gas Flow : 5 L/min e ST R e o e = =
B: Methanol R R I
Nebulizing Gas . . . N :
Flow Rate : 0.25 mL/min Flow ' min AU —— B ¥ -
Run Time : 35 minutes Total MRMs : 48 b T ——
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Using the Formula Predictor function, Insight Explore predicted the most likely formula for 262.9751
m/z to be C;HO,F,. Based on the information obtained from Insight Explore and comparing to the
DSSTox database maintained by the USA EPA, the potential structures were narrowed down to three
potential candidates including PFPeA.

* FormulaPredictor- 262.97523 - 1:MS(-) RT:8.678

26297523 g @ Charge: |1
Error Margin: Calculate | Score| Pred.(M)| Pred.m/z| Meas.m/z| Diff.(mDa)|Formula{M) |lon | Diff.(ppm)  IsoScore|  DBE
- : v v v v Y Y 2 4 Y v v
5 npm

i 96.19| 263.98328 | 262.97601 262.97523 -0.78|C5HO2F9 [M-H]- -2.952 95.76 1.0

] Fixed Spctm

DBE Range: -2 - 1000 B
Electron lons: Adducts
Both configurations a
M Limit Advanced
HC Ratio: 0-3 ﬁ'

41 Apply Nitrogen Rule Comets

Max results: 500 v
Find : SR S

The predicted molecular weight of 263.98323 and the predicted molecular formula of CSHO2F9 was
used to search DSSTox. A total of 10 candidates were found in the database, with four candidates
being adduct ions of Perfluoropentanoic acid. Further information can be acquired using MS/MS
scans using 262.9751 as a precursor ion.
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. P i 1,1,1,3,3-Pentafluoro-3-(1,2,2,2-tetrafluoroethoxy)propan-2-one
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1,1,1,3,3,3-Hexafluoropropan-2-yl trifluoroacetate

3,3,3-Trifluoro-2,2-bis(trifluoromethyl)propanoic acid

4-2. Quantitative Analysis

The quantitative capabilities of a QTOF for PFAS analysis were compared to
a triple quadrupole mass spectrometer traditionally used for EPA Method
537.1. Since TOF mass analyzers do not operate in the same fashion as a
quadrupole mass analyzer, a MRM Integrating range of 20 ppm was used for
all product ions. All calibration curves showed a r? value greater than 0.99 as
required by EPA Method 537.1. Figure 1 compares the chromatograms at a
sample concentration of 5 ppt for all new targets in EPA Method 537.1.

Table 4 compares replicate 5ppt Injs for the QTOF against a triple
quadrupole. In order to assess TOF stability, a precision and accuracy study
was conducted at 25 ppt. Table 5 compares these results against a triple
quad.
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True
Value

QTOF 25 ppt P&A

Inj 1

Inj 2

Inj 3

Inj 4

Inj 5

Inj 6

Inj7 Inj8 Avg.%REC

%RSD

Std Dev

QTOFLOQ 2 True

ng/L Value

Avg.

Injl  Inj2 Inj3  Conc AVE&

0,
%REc %RSD

Std Dev

PFBS 222 2508 2231 2343 27.62 2313 2280 2253  22.69  23.7 107 7.6  1.80416 ng/L
PFHXA 25 2931 2673 29.77 31.29 2935 27.60 2934 2865  29.0 116 48  1.38519 PFBS 1.8 1.8648 1.6588 1716  1.75 97 6.1  0.10634
HFPO-DA 62.5 8495 7432 8362 90.74 7610 7358 78.86 8133  80.4 129 7.3 5.89465 PFHXA 2 20164 2.21% 21124 212 106 4.8  0.10165
PFHpA 25 3066 2574 26,61 31.22 2637 2565 26.88  27.50  27.6 110 78  2.16336 HEPO-DA 5 55528 6.104 54312 5.70 _LL 63  0.35853
PFHxS 228 2658 17.62 29.09 27.93 2865 27.77 2468 2471 259 113 144 3.72591 PFHpA 2 2166 2184 22284 215 110 15 003212
ADONA 25 5003 4351 4616 49.75 44.66 4223 4562  47.60 462 185 6.1  2.80041 PFHXS 18 17756 3.104 15168  2.13 118 393 085155
PFOA 25 2926 2560 29.08 3047 29.06 27.06 2897  30.46 287 115 58  1.65379 ADONA 2 37372 3.2864 3.3984  3.47 174 6.8 023472
PFOA 2 21672 24972 23256  2.33 117 7.1 0.16504
PFOS 231 1383 1649 2652 2609 18.62 2059  26.66 2449 217 94 231 4.99594 oS o 1ce5s 19095 08077 145 . 14 060038

25 . . . . . . . . . . .

SR BN ome mm oo ommowmomnowmomom S R T R
9CI-PF3ONS 1.9 2.0424 2.0464 22296  2.11 111 51  0.10694
PFDA 25 2691 2179 2495 2601 2487 2396 2533 2594 250 100 63  1.56208 oEDA S lowd 151 1sws  17% o 51 0921070

N-MeFOSAA 25  29.06 25.84 3258 2829  23.18 31.03 31.94 31.66  29.2 117 113 3.31232 N-MeFOSAA 2 22564 24268 24716 238 119 48 011354

N-EtFOSAA 25 3344 2011 2478 3405 21.12 2533 1812 3033 259 104 236  6.11145 NCEFOSAA 2 19216 12868 1.3 150 25 241 036275
PFUNA 25 2616 2201 2508 2597 23.04 2158 2601 2523  24.4 98 7.7 1.88443 PEUNA 5 20916 13648 21324 186 93 532 043188

11CI-PF30UdS 235 48.33  41.80 43.80 4730 4324 3956 4581 4605  44.5 189 6.6  2.93683
PFDOA 25 23.07 2107 2155 23.02 2126 19.65 23.89 2324  22.1 88 65  1.43221 e B 97 0.33249
PFTHA 25 2439 2211 2253 23.80 21.17 2044 2393 2379 228 91 63  1.44296 PFDOA 2 1978 1498 15932  1.69 84 15.0 0.25414
PFTreA 25 2540 2234 2311 2322 2027 2133 2375 22565 228 91 68  1.54577 PFTrA 2 17364 13856 19176  1.68 84 16.1  0.27047
PFTreA 2 1918 15872 1.9424  1.82 91 10.9  0.19841

QQQ P&A J;:‘uee Inj 1 Inj 2 E Inj 4 Inj 5 Inj 6 Inj7 Avg.%RE  %RSD ?gg J;:;uee PR T CA;’fc
PFBS 222 2445 2659 2549 2576 2533 2590 2549 2612 256 115 25  0.62923 ng/L
PFHXA 25 2476 2772 2582 2545 2486 2481 2538 2640 256 103 39  1.00900 G R N i O R N

HFPO-DA 625 6503 71.08 6673 66.09 66.17 6430 67.80 7057  67.2 108 37  2.45917 PFHXA 2 2.2584 22908 2.2588 227 1135 08 001859

HFPO-DA 5 57972 55472 58652 574 1147 29  0.16746

PFHpA 25 2548 2853  26.06 2674 2595 2598 2579 2654  26.4 106 3.6  0.95392 PFHpA 2 5468 22772 23 S35 1174 44 010420
PFHXS  32.8 2526  27.43 2609 2726  26.16  27.89 2470 2638  26.4 80 41  1.09444 SEE R hAGeR | e LamR | a0m | iGBn | i57  Gen
ADONA 25 38.26 41.51 38.99 39.60 39.45 38.10 40.40 41.32 39.7 159 3.2 1.28787 ADONA 2 3.4836 3.4636 3.5704 3.51 175.3 1.6 0.05678
PFOA 25 2402 2599 2489 2550  25.08 2484 2478 2570  25.1 100 25  0.61854 PFOA 2 23168 2.3028 22864 230 1151 0.7  0.01522
PENA 231 2436  27.15 2617 2573 2557 2559 2574 2636 258 112 3.1  0.79690 PFNA 19 22864 2246 22932 228 1197 11  0.02552
PFOS 25 2542 2605 2555 2659 2617 2358 2582 2632  25.7 103 3.6  0.93568 PFOS 2 2.6048 20668 1904 219 1096 167 0.36676
9cl- ocl- 19 23688 23928 23812 238 1253 0.5  0.01200
PF3ONS 232 2688 2881 2818 2812  27.52 2634  27.47 2828  27.7 119 29  0.80942 PF3ONS
PFDA 25 2249 2445 2368 2371  22.86  22.81 2319 2410  23.4 94 29  0.68554 PT\IDA 2 202 20504 21616 208 1039 3.6  0.07454

N_
MeFOSAA 25 2030 3251 3150 3224  29.67 2972  32.26 3430 314 126 56  1.74514 Me';OSA 2 23484 25488 3.0312 264 1321 133 035097
N-

EtFOSAA 25 3293 3676  36.41 3658 3377 3162 3484 3586  34.8 139 55  1.90454 Eth; a2 26572 25368 3.1528 278  139.1  11.7  0.32649
PFURA 25 2345 2516 2422 2420  23.83 2268 2362 2532  24.1 96 3.6  0.87477 EUnA 2 Lol 17916 18608 185 927 32 0.06005
11CI-

PF30UdS 23.5 43.83  47.97 47.73  47.48 4575 4340 4448  47.10 46.0 196 4.0 1.85480 PF%CLI,_dS 1.9 4.0976  3.6736 3.9628  3.91 205.9 55  0.21663
PFDoA 25 22.53 24.56 24.15 23.55 23.29 22.78 23.30 23.56 235 94 2.8 0.66533 PEDoOA 2 2.0976 2.0704 1.9364 2.03 101.7 4.2 0.08630
PFTriA 25 23.05 25.79 25.38 24.72 24.33 23.47 24.00 24.51 24.4 98 3.8 0.91626 PFTriA 2 2.292 2.1128 2.0636 2.16 107.8 5.6 0.12021
PFTreA 25 2361 2610 2547 2533 2528 2533 2510 2569  25.2 101 29 072595 PFTreA 2 22848 2.1684 20508 2.17 1084 54  0.11700

5. Conclusions

Comparable quantitative results can be obtained by using either a LCMS QQQ or a LCMS QTOF, with the QTOF having the additional
ability to simultaneously screen for potential unknown PFAS contaminants with a streamlined workflow using LabSolutions Insight Explore.
EPA Method 537.1 allows for additional compounds to be added to the method, as long as the QC requirements are met. Simultaneous
Qualitative and Quantitative Analysis allows for laboratories to constantly screen for PFAS not specifically in EPA Method 537.1, while

quantifying known PFAS contaminants.
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