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4 A data analysis workflow based on mass defect filtering (MDF) was developed for non-targeted screening for PFAS from DDA data

acquired on LCMS-9030.

@ The workflow was verified with 29 PFAS in a mixed sample. All the 29 PFAS were picked up easily. In addition, 42 unknown PFAS were

found in the same sample.

@ Restricted settings for PFAS were adopted to obtain PFAS formula and Assign-MOL database search was used to provide tentative

identification for unknown PFAS

H Introduction

It is estimated that over 4000 per- & polyfluoroalkyl
substances (PFAS) have been manufactured and used since
1940s. In recent years, analysis of PFAS in various samples
(environmental, consumable products and human blood
etc.) has become important due to the concerns of public
health [1,2]. LC-MS/MS method has played key roles in
targeted screening & quantitation of PFAS specified by the
US EPA and other authorities. Due to large number, great
structural diversity and limited resources in MS/MS library,
non-targeted screening and identification of PFAS are highly
challenging. LC-HRMS offers the possibility to unknown
discovery without priori hypotheses or authentic standards.
Recently, many research papers in non-targeted screening
for PFAS by high resolution mass spectrometry were
published [2-6]. This study is a continuous work to further
develop and test a non-targeted screening approach
established [5, 6] using a mixed sample of 29 PFAS. First,
mass defect filtering (MDF) method was used to screen for
all PFAS from DDA data acquired on LCMS-9030. Then,
identification of the found PFAS was carried out using an
approach described as restricted settings for PFAS to obtain
PFAS formula, followed by MS/MS library search and Assig-
MOL search in public database.

B Experimental
Reagents and PFAS standards

Acetonitrile (LCMS grade) and methanol (LCMS grade) were
obtained from commercial suppliers. Ammonium acetate
(>99%) of LCMS grade was used as additives in the mobile
phase prepared from ultrapure water. A ready to use mixed
sample of 29 PFAS was purchased from supplier (each 2
ug/mL in methanol), which was diluted with ultrapure water
to 1 ug/mL and 100 ng/mL as the testing samples. The
ultrapure water used as diluent was analyzed as a blank
sample. The information of the 29 PFAS standards are
shown in Table 2.

LC-Q-TOF analytical conditions

Details of the analytical conditions for PFAS on LCMS-9030
(Shimadzu, Japan) are compiled into Table 1. The data
acquisition method used includes MS and DDA events with
optimized trigging parameters. Spread CE between 20 V and
V 50 was used for all precursors.

Table 1 Analytical conditions of PFAS on LCMS-9030

LC Conditions
Shim-pack Velox™, C18 (2.1x100 mm, 2.7 pm),

Column P/N: 227-32009-03
Flow Rate 0.4 mL/min
A: 5 mM Ammonium acetate in pure water
Mobile Phase
B: Acetonitrile
. 0, | i 0, - i 0,
LC gradient B: 20% (0-0.5 min) = 80% (9-9.5 min) = 20%

(9.6-12 min) - stop

Delay column Shim-pack Velox, C18 (2.1x50 mm, 2.7 um)

Oven Temp. 40°C

Injection Vol. 1uL

Interface Conditions and MS mode
Interface ESI Heated
Interface Temp. 300°C

DL Temp. 250°C

Heat Block Temp.  400°C
Nebulizing Gas 3 L/min (N2)

Heating Gas Flow 10 L/min (Air)

Drying Gas Flow 10 L/min (N2)
MS (-), m/z 100~1000
MS mode DDA (-), m/z 50~1000; with CE 35V and

Spread (+/-) 15V
Loop time: 0.15 sec

H Results and Discussion

1. Mass defect filtering (MDF) for PFAS

With replacing fully or partially the H atoms on carbon
skeleton with fluorine, the mass defect values of most PFAS
(C: 4~20) fall in a special range, i.e., from -10 mDa to -120
mDa [5]. Therefore, MDF method can be used to pick up
PFAS components from HRMS scan data easily. A data
analysis workflow for non-targeted screening and
identification for PFAS is illustrated in Figure 1. Specifically, a
DDA data file is sent to the LabSolutions Insight Explore —
Analyze. All precursors listed in the Analyze pane are sorted
and copied into an Excel sheet, where the MD values of
every precursor is calculated. The precursors which MD
values fall in the range from -10 mDa to -120 mDa are
regarded as PFAS candidates and are kept. The rest
precursors are deleted due to their MD values out of the
above range [Supporting Materials].



2. PFAS Formula Prediction

Before performing formula prediction, reviewing of the
precursor spectrum is needed, because this allows us to
know if the precursor is mono-isotope ion and if Cl or Br is
present etc. Restricted element settings for PFAS in the
formula predictor is critical, which can narrow down greatly
the range of candidates within a maximum mass error [5].
The restricted settings for PFAS adopted are described as
below:

1) Initial element settings restricted for PFAS: C, 4~20, F,
5~40,H,1~10,0, 1~5,N, 0~5and S, 0~1

2) Other elements: P, Cl, Br. Adding them when there is no
fitting result using the initial settings

3) DBE:0and 1 are always the preferred choices

4) Number of Hatom: 1 H or less H is selected first

The example in Figure 2 demonstrates the procedure. First,
the MS spectrum pattern of a precursor (XIC 298.9424)
confirm that the ion is mono-isotope without Cl or Br. The
result obtaining with above settings generated one formula,
C,HOsFS, which is correct to the compound
(perfluorobutane-1-sulfonic acid, CAS: 375-73-5). More
examples are shown in the [Supporting Materials].

3. Testing with mixed 29 PFAS sample

The mixed sample containing 29 PFAS was used to test and
verify the effectiveness and reliability of the MDF-based
workflow. This sample and the diluent (ultrapure water) as
blank sample were analyzed with DDA method. To avoid
contamination, the blank sample was injected five times
before injection of the mixed 29 PFAS sample. Data analysis
was carried out following the workflow as illustrated in
Figure 1. The result shows that not only the 29 PFAS were
picked up and confirmed, but additional 42 unknown PFAS
components were discovered in the same sample. PFAS
component was not found in the blank water sample. This
result excludes any possibility that any of the 42 unknown
PFAS components are from the solvent, mobile phase or
column used.

The screening results of the 29 PFAS are summarized in
Table 2. First, the 29 PFAS were picked up in the MDF step
from the precursor list in Analyze pane. These PFAS show
MD values between -17.7 mDa and -106.1 mDa, falling in the
expected range of -10 ~ -120 mDa [5]. Next step was to
obtain PFAS formula using Formula Predictor with the
restricted settings for PFAS. Under the specific conditions,
one or few candidates were generated (Figure 1). For more
than one candidates, selecting the one with DBE=0 or 1 as is
always the preferred choice. This is because most PFAS have
DBE of 0 or 1, and fewer PFAS have DBE =/>2 [Supporting
Materiall. In addition, many PFAS has one or less H atoms,
because all or most H on the carbon skeleton are replaced
with F atoms.

Figure 3 shows an example, which precursor is m/z
530.8969. Formula predictor with the initial restricted
settings for PFAS gave no result. In fact, the MS spectrum
pattern indicates that Cl is present. After adding Cl in the
element settings, a unique formula C8HO4F16SCl was
generated, which matches the PFAS, potassium 9-
chlorohexadecafluoro-3-oxanone-1-sulfonate. A more
challenging example is shown in Figure 4. For the precursor
m/z 988.9605, multiples candidates were generated with the
initial settings. However, none of them (not showing) is

DDA data (LCMS-9030)

!

Insight Explore MDF for PFAS .y MS spectrum

Analyze (-10 ~-120 mDa) of PFAS

l candidate
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Formula

l Predictor
Assign-MOL Restricted
search for PFAS for PFAS

Figure. 1 Mass defect filtering (MDF) based workflow for PFAS
screening in DDA data file.

Figure. 2 Result of formula prediction for m/z 298.9424. Only
formula C4HO3F9S is produced with allowed mass error 3 ppm.

Figure. 3 Result of formula prediction for m/z 530.8947. A unique
candidate C8HOA4F16SCl obtained matches potassium 9-
chlorohexadecafluoro-3-oxanone-1-sulfonate, CAS 73606-19-6.

correct, because of the molecule containing P. After adding
P in the element settings, the correct formula, (Bis[2-
(perfluorooctyl)ethyl] phosphate 8:2-diPAP, was obtained.

Library search of MS/MS spectrum may provide final
confirmation when multiple candidates appear. The MS/MS
library used are MSDIAL-PFAS and an in-house PFAS library
[6]. As shown in Figure 4 (bottom), library search confirms
the compound to be 8:2-diPAP, C20H9F3404P.



Table 2 Detection and confirmation of 29 PFAS by MDF, Restricted formula prediction, MS/MS Library search and MOL DB search

Measured Data Analysis MDF-based workflow PFAS Information
Precursor Mass defect Formula (PFAS . MS/MS lib Assign-MOL Search

w m/z Bl (mDa) restriction) tom i) (o Sewte REE search (ChemSpider or PubChem) Rl i @ etk

1 2129783 0857 217 C4HO2F7 [M-HI-  -42 370 1 NA.  Heptafluorobutyric acid, C4HO2F7 HFBA 375-224 C4HF702

2 2629746 1723 -25.4 C5HO2F9 [M-Hl-  -38 7721 NA.  PRPea CSHF902 PFPeA 2706-90-3 C5HF902

3 2989429 2756 -57.1 C4HO3F9S [M-HI-  -0.2 434 0 yes (e nonaiuorobutane 1-sufonic acid PFBS 375735 C4HF903S

15 3129732 2811 -26.8 C6HO2F11 [M-Hl-  -35 709 1 Yes  Perfiuorohexnoic acd, C6HF1102 PFHXA 307-24-4 C6HF1102

20 3289656 3.118 344 C6HO3F11 [M-Hl-  -35 699 1 N.AA  Perfluoro-2-proporypropancic acid, CGHF1103 HFPO-DA 13252-13-6 C6HF1103

22 3629688  3.608 312 C7HO2F13 [M-H- 23 695 1 Yes perfluoroheptanoic acid, C7HF1302 PFHpA 375-85-9 C7HF1302

27 3769681 3.844 -31.9 C7H204F12 [M-H]- 23 735 1 YOS e e wd, CrHzr1204 NaDONA 2250081-67-3 C7H2F1204

51 3989357  4.246 -64.3 C6HO3F13S [M-H-  -22 714 0 Yes perfluorohexanesufonic acid, C6HF13035 PFHXS 355-46-4 C6HF13035

42 4129646 4198 354 C8HO2F15 [M-H-  -26 710 1 NA.  Perluorooctanoic Acid, C8HF1502 PFOA 335-67-1 C8HF1502

32 4269669  3.991 -33.1 C8H503F13S [M-Hl-  -1.9 833 0 Yes — J3aasses77888idecaluoroodanet-sfonicacd. 6.5 pEQg 27619972 C8H5F1303S

80 4489328  4.856 -67.2 C7HO3F155 [M-H-  -15 662 0 yes  LaSddomes T penadecfliorohepianel  pEHpS 375-92-8 C7HF15035

64 4569713 4572 287 C10H202F16 [M-H-  -3.0 692 2 YOS e O heredecafluorodec2: EQUEA 70887-84-2  C10H2F1602

69 4629628 4721 -37.2 C9HO2F17 [M-Hl-  -38 538 1 N.A.  Perfluorononanoic acd, COHF1702 PFNA 375-95-1 C9HF1702

254 497.9444  7.086 -55.6 C8H2NO2F17S [M-H-  -19 410 0 Yes s, ePedecluoroocene 1 £ g 754-91-6  C8F17S02NH2

103 4989274  5.071 726 C8HO3F17S [M-Hl-  -15 634 0 Yes  Perfluorooctanesulfonic acid,CaHF17035 PFOS 1763-23-1 C8HF1703S

288 5119610 8922 -39.0 C9HNO3F18 [M-H- 26 579 1 Yes  NMethylperiuorooctanesulfonamide, CoHaFI7NO25  N-MeFOSA 31506-32-8  C9H4F17NO2S
2,23344,556/6,77889910,10,10-

120 5129596 5243 -40.4 C10HO2F19 [M-Hl-  -19 7121 Yes et 1902 PFDA 335-76-2 C10HF1902

291 5259761 9355 239 CI10H3NO3F18 [M-H]- 18 881 1 Yes e ey M N-EtFOSA 4151-50-2  C10H6F17N0O2S

98 5269618  4.997 -38.2 C10H503F175 [M-H-  -2.0 703 0 Yes  1H1H2H2H-Perfluorodecanesulfonic acid, C10HSF17035 8:2 PFOS 39108344  CI10H5F1703S

170 5308939 5.7 -106.1 C8HO4F165CI [M-H]- 2.0 683 0 Yes e caomeos 9C-PF3ONS  73606-19-6  C8HCIF1604S

171 5629558  5.701 -44.2 C11HO2F21 [M-Hl-  -16 703 1 Yes 02 PFUNDA 2058-94-8 C11HF2102
2-1,1,2,2,3,3,4/4,5,5,6,6,7,7,8,38,8-

142 5699667 5389 333 CiHNOAFS IM-H-  -1.7 695 1 Yes icacid, N-MeFOSAA 2355-31-9  C1TH6F17NO4S
C11H6F17NO4S

167 5839823 56 77 CioHsNOGF 1S [MH-  -1.7 679 1 Yes  MEmyiperfuorooctane sulfonamidoacetic acid, N-EtPFOSAA 2991-50-6  C12H8F17NO4S

214 5989226  6.325 774 CI0HO3F21S [MH]- 22 257 0 Yes  Perfluorodecanesulfonic acid, C10HF21035 PFDS 335773 CI0HF2103S

202 6129524  6.161 -47.6 C12HO2F23 [M-Hl-  -16 614 1 Yes o i crattasor PFDoA 307-55-1 C12HF2302

233 6629495 6615 -50.5 C13HO2F25 [M-Hl-  -14 688 1 Yes e c13brg0s 1 PFTTA 72629-94-8 C13HF2502
2,23344,556/67,7889910,10,11,11,12,12,13,13,14,14,1

246 7129467  7.049 -533 C14HO2F27 [M-Hl- 1.8 697 1 I A A AN e PFTeA 376-06-7 C14HF2702
2,2,3,3,445566,7,78899,10,10,11,11,12,12,13,13,14,14,1

276 8129388  7.964 612 C16HO2F31 [M-H]-  -2.1 659 1 Yes 515161616 hentriscontafiuorohexadecanoicacid,  PFHXDA 67905-19-5 C16HF3102
C16HF3102
bis(3,3,4,4,5,56,6,7,7,889,9,10,10,10-

282 9889574 8373 -42.6 CooHoO4F34P [M-H]-  -1.8 66.7 0 Yes heptadecafluorodecyl) hydrogen phosphate, 8:2-DiPAP 678-41-1  C20H9F3404P

C20H9F3404P

Currently, ESI-based MS/MS libraries for PFAS are still limited
and spectra are acquired on different types of mass
spectrometers with different CID conditions. Library search
often produces results with low similarity Index (SI) or even
no result (Table 2).

Assign-MOL database search with fragment annotation is
another approach for identification of PFAS. Compound
structures are saved in MOL file format in compound
database such as ChemSpider, PubChem and EPA PFAS
Master List [7]. These public databases have collected huge
numbers of compounds including PFAS. Hence, once a
formula is obtained, it can be sent to Assign for MOL search
against these database. As shown in Table 2, all the 29 PFAS
were found in the Assign-MOL databases search. In addition,
the fragment peaks could be annotated to the MOL
structures.

4. Unknown PFAS found in sample

As mentioned in the previous session, additional 42
unknown PFAS components were found in the same
sample. The screening and identification results of these
unknown PFAS are shown in Table 3. The PFAS formulas
listed were obtained from Formula Predictor with the
restricted settings for PFAS described above. Among the 42
unknown PFAS, 30 compounds could be provided with
tentative identification obtaining from the Assign-MOL
search using the PFAS formula obtained. It could be
concluded that these compounds are PFAS, although only
tentative identification or even no identification could be
provided for them.

Figure. 4 (Top-middle) Formula prediction for m/z 988.9605,
candidate C20H904F34P is correct (Bis[2-(perfluorooctyl)ethyl]
phosphate, CAS 678-41-1). (Bottom) The PFAS is confirmed by
MS/MS library search.



Table 3 Detection and identification of 42 unknown PFAS in sample by MDF-based workflow

4 Precursor RT Mass defect  Formula Predictor lon Diff Iso Score  DBE MS/MS lib Assign-MOL Search
m/z (mDa) (PFAS restriction) (ppm) search (ChemSpider or PubChem)

17 246.9807 2.835 -19.3 C5HOF9  [M-HJ- 3.0 458 1 N.A.  sHoctafluoropentanoyl fluoride, CSHFSO

28 250.9756 3.844 -24.4 C4HO2F9  [M-HI- 24 84.4 0 NA.  Coreos 12l

19 2689824  2.854 177 C5H4N202F6S  [M-H]-  -0.8 95.9 2 N A, o ensssony corar e e 2

50 280.9822 4236 -17.8 C6H4N202F6S  [M-H]- -1.0 99.1 3 N A songas P mIow 3 hiadzol 2

23 296.9770 3.609 -23.0 C6HOF11 [M-H]- 2.9 76.8 1 NA. 222311223344 COHOR1 T or

24 3189794 3612 -20.6 C6H4N202F8S  [M-HI- 03 98.6 2 NA,  Noresut

44 346.9739 4219 -26.1 C7HOF13 [M-H]- 24 81.3 1 N.A. 2,23,3,4,45,5,6,6,7,7,7-tridecafluoroheptanal, C7HF130 or isomer
43 368.9759 4218 -24.1 C7H4N202F10S  [M-H]- 05 98.6 2 N.A.  Noresut
114 380.9746 5.226 254 C5H2N204F12  [M-H]- 15 50.9 0 NA.  Noresut

65 3929754 4573 -24.6 C6H2N204F12  [M-HI- 13 76.8 1 Not Mat ~ Noresut

71 396.9700 4732 -30.0 C8HOF15  [M-HI- 23 72.2 1 N.A.  octanal pentadecafluoro, C8HF150

34 406.9609 3.994 -39.2 C8H403F12S  [M-HI- 27 74.2 1 NA. 3112233445566 dodecafliorohexliothietane 2.2 dioxide

70 4189725 4.731 275 C8H4N202F12S  [M-H]- 06 97.9 2 N A e 2025
176 4309720 5711 -28.0 C6H2N204F14  [M-HI- 13 713 0 NA.  Noresut
113 446.9668 5222 -33.2 C9HOF17 [M-H]- -2.1 719 1 Yes 2,2,33,4,45,5,66,7,7,8,89,9,9-Heptadecafluorononanal, COHF170
112 468.9691 5.221 -30.9 C9HF19  [M-H]- 03 93.1 2 Yes — Z2iaossersas o3 7 bt
102 476.9264 5.037 -73.6 C8HO4F155  [M-HI- 2.3 66.5 1 NA,  Ggiasifssesssss o7 odd
204 480.9692 6.164 -30.8 C7H2N204F16  [M-H]- 0.7 923 0 NA.  Noresut
159 4829333 5.583 -66.7 C8HO2F17S  [M-HI- -16 83.0 0 NA.  Lh223344556677888 Heptadecafluoro-1-octanesulfinic acid
172 496.9641 5.703 -35.9 C10HOF19  [M-HI- 16 712 1 Not Mat  &1223344556677.89101010 nonadecafluorodes Sent-o
154 514.9025 5426 -97.5 C8HO3F165CI  [M-H]- 26 70.2 0 Yes  EChlorol22534455667788 heradecafloro-T-ocanesuifonic
174 518.9665 5.706 335 C10H4N202F165  [M-HI- 0.2 95.8 2 NA,  Noresut
213 5249576 6.189 -42.4 C11HO2F19  [M-H]- 20 27.3 2 Yes = ©22334455667.74851011 111 nonadecafluoroundec-encic
164 5259750  5.593 -25.0 C10H6NO2F17S  [M-Hl-  -24 696 0 VoS g heptadecaluorooctane 1
206 546.9606 6.167 -394 C11HOF21  [M-H}- -1.6 76.9 1 NA  Zraaassis67 7889910101111 henicosofluoroundecanal,
203 568.9625 6.162 -37.5 C11H4N202F185  [M-HI- 0.7 96.7 2 NA.  Noresut
252 580.9621 7.079 -37.9 C9H2N204F20  [M-HI- 0.4 95.1 0 NA.  Noresut
235 596.9573 6.619 427 C12HOF23  [M-H}- 18 71.0 1 Not mat ~ 223344556677:88991010,1111212 12 tcosafluorododecanal,
234 6189588 6.616 -41.2 C12H4N202F20S  [M-HI- 0.7 98.3 2 NA.  Noresut

16 6269508  2.832 49.2 C12H204F22  [M-H- 22 7211 1 NA.  teralorahoniidaataasmonhont 1122504

nonafluorobutane, C12H2F2204

130 6329617 5361 -38.3 C12H202F24  [M-H}- 23 24.0 0 NA. Gmcomimododecaner i, C1oatoa00
248 6469540 7070 -46.0 CI3HOF25  [M-H-  -17 694 1 NA. it ont e, CTME250, orhomers
157  646.9770 5.576 -23.0 C13H402F24  [M-H]- 2.1 67.0 0 N A oo P 0

5 6569466  2.760 534 C13HO4F23  [M-H- 23 713 2 NA.  ieouieclioamconiarenot 1353 oo act,
247  668.9560 7.069 -44.0 C13H4N202F22S  [M-HI- -1.0 96.3 2 NA.  Noresut
274 6989131 7.245 -86.9 C12HO3F255  [M-HI- 24 69.1 0 N.A.  Perfluorododecanesufonic acd, C12HF25035
251 728.9160 7.077 -84.0 C14HO2F26CI  [M-H]- 25 65.2 1 NOt Mat e s 12141+
277 746.9479 7.964 -52.1 C15HOF29  [M-H}- 20 68.1 1 Nt Mt o stk 415151
280  768.9499 7.971 -50.2 C15HN203F27  [M-HI]- 15 69.4 3 NA  Noresut
270 7749432 7221 568 CI6HO2F29  IMHR 21 632 2 NotMat WLiaiaseeresssiiniimiiess

54 8569315 4303 68.5 C17HO4F31  [MH- 12 81 2  Noresult t?{‘ﬂﬂlff{izppi”‘:,f;jg;{:‘;f{;‘“j,‘;;g3

76 926.9327 4.748 -67.3 C18H204F34  [M-HI- 2.2 64.0 1 Not Mat ~ 22334455667788995-heptadecafluorononancic acid,

In summary, the MDF-based workflow could effectively
discover PFAS components and obtain PFAS formula.
Assign-MOL database search gives tentative identification
for many unknown PAS. However, confirmation by MS/MS
library search failed in many cases. This is likely due to (1)
the PFAS are not registered in library or (2) fragmentation of
PFAS did not occur sufficiently.

B Conclusion

Based on the unique mass defect (MD) feature of PFAS, a
data analysis workflow is established for non-targeted
screening for PFAS. The workflow was tested and verified
successfully with a mixed sample of 29 PFAS. Not only all the
29 PFAS were picked up and confirmed easily, but 42
unknown PFAS components were discovered. However,
identification of unknown PFAS is challenging. Assign-MOL
database search could provide tentative identification for
many unknown PFAS.
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[Supporting Materials]

1.

Mass Defect Filtering for PFAS

Copy and paste the Precursor List to Excel
Calculate Mass Defect (MD) of every precursor
Delete those precursors which MD are out of the PFAS range (-10 ~ -120 mDa)

Figure. S1 calculation of mass defect in Excel and delete non-PFAS precursors

Figure. S2 152 PFAS-like precursors found in sample (data: 115) and 0 FFAS-like precursor in diluent (Data: 113)



2. Restricted settings for PFAS in Formula Predictor

1 Initial element settings restricted for PFAS: C, 4~20, The settings cover PFAS of C4~C20; refer to ratio (F+H-N)/C = 2 for

F,5~40,H, 1~10, O, 1~5, N, 0~5 and S, 0~1 DBE=1; at least 1 O in PFAS to exclude polyfluoro alkanes and
alkenes;
2 Other elements: P, Cl, Br. Adding them when there Check the spectrum pattern if the compound contains Cl and Br; It
is no ﬁtting result using the initial Settings is Se|d0m that PFAS contains both S and Por2S.
3 DBE: 0 and 1 are always the preferred choices Most PFAS have DBE=0 or 1; few with DBE=2; seldom PFAS with
DBE >2 (see Table S1)
4 Number of H atom: 1 H or less H is selected first All perfluoroalkyl carboxylic acids and perfluoroalkyl sulfonates

have one H only (see Table S1)

Table S1 29 PFAS compound information, formula, BDE and H

No. Name Abbrev. CAS Formula Formula DBE Hatom
1 Perfluoro-n-butanoic acid HFBA 375-22-4 C4HF702 CF3(CF;),COOH 1 1
2 Perfluoro-n-pentanoic acid PFPeA 2706-90-3 C5HF902 CF5(CF;)3:COOH 1 1
3 Perfluoro-n-hexanoic acid PFHxA 307-24-4 C6HF1102 CF3(CF;)4CO0OH 1 1
4 Perfluoro-n-heptanoic acid PFHpA 375-85-9 C7HF1302 CF3(CF,)sCOOH 1 1
5 Perfluoro-n-octanoic acid PFOA 335-67-1 C8HF1502 CF3(CF,)sCOOH 1 1
6 Perfluoro-n-nonanoic acid PFENA 375-95-1 C9HF1702 CF3(CF,);COOH 1 1
7 Perfluoro-n-decanoic acid PFDA 335-76-2 C10HF1902 CF3(CF,)sCOOH 1 1
8 Perfluoro-n-undecanoic acid PFUNDA 2058-94-8 C11HF2102 CF3(CF,)sCOOH 1 1
9 Perfluoro-n-dodecanoic acid PFDoA 307-55-1 C12HF2302 CF3(CF;)10COOH 1 1
10 Perfluoro-n-tridecanoic acid PFTrA 72629-94-8 C13HF2502 CF3(CF;);1COOH 1 1
11 Perfluoro-n-tetradecanoic acid PFTeA 376-06-7 C14HF2702 CF3(CF,);,COOH 1 1
12 Perfluorohexadecanoic acid PFHxDA 67905-19-5 C16HF3102 CF3(CF;)14COOH 1 1
13 Perfluorooctane sulfonamide FOSA 754-91-6 C8F17SO2NH2 CF3(CF;);SOONH, 0 2
14 N-Methylperfluoro-1-octanesulfonamide N-MeFOSA 31506-32-8 C9H4F17NO2S CF3(CF;);SOONHCH; 0 4
15 N-Ethylperfluorooctylsulfonamide (Sulfluramid) N-EtFOSA 4151-50-2 C10H6F17NO2S CF3(CF;);SOONHC,Hs 0 6
16 N-methylperfluoro-1-octanesulfonamidoacetic acid N-MeFOSAA 2355-31-9 C11H6F17NO4S CF3(CF;);SOON(CHs)CH,COOH 1 6
17 N-ethylperfluoro-1-octanesulfonamidoacetic acid N-EtPFOSAA 2991-50-6 C12H8F17NO4S CF3(CF,)7SOON(C,Hs)CH,COOH 1 8
18 2H-Perfluoro-2-decenoic Acid FOUEA 70887-84-2 C10H2F1602 CF3(CF,);CF=CHCOOH 2 2
19 Perfluoro(2-methyl-3-oxahexanoic) acid HFPO-DA 13252-13-6 C6HF1103 CF3(CF;),0CF(CF3)COOH 1 1

20 Perfluorobutane-1-sulfonic acid PFBS 375-73-5 C4HF903S CF3(CF;)3S0,0H 0 1

21 Perfluorohexane-1-sulfonic acid PFHxS 355-46-4 C6HF1303S CF3(CF;)sSO,0H 0 1

22 Perfluoroheptanesulfonic acid PFHpS 375-92-8 C7HF1503S CF3(CF;)6SO,0H 0 1

23 Perfluorooctane-1-sulfonic acid PFOS 1763-23-1 C8HF1703S CF5(CF,);SO,0H 0 1

24 Perfluorodecane-1-sulfonic acid PFDS 335-77-3 C10HF2103S CF3(CF;)9SO,0H 0 1

25 1H,1H,2H,2H-Perfluorooctane sulfonic acid 6:2 FTS 27619-97-2 C8H5F1303S CF3(CF3)sCH,CH,SO,0H 0 5

26 1H,1H,2H,2H-Perfluorodecanesulfonic acid 8:2 FTS 39108-34-4 C10H5F1703S CF3(CF;);CH,CH,SO,0H 0 5

27 Sodium dodecafluoro-3H-4,8-dioxanonanoate NaDONA 2250081-67-3 C7H2F1204 CF30(CF,);0CFHCF,COOH 1 2

28 Potassium 3-chlorohexadecafluoro-3-oxanone-1- 9CI-PF30NS 73606-19-6 C8HCIF16045 CIICF)OCF,CRS0,0H 0 1

29 Bis[2-(perfluorooctyl)ethyl] phosphate 8:2-DiPAP 678-41-1 C20H9F3404P [CF3(CF5);CH,CH,0]1,POOH 0 9

3. How to select correct formula if there are more than one candidates?

Using the restricted settings for PFAS, one or few candidates are generated. How to select the right formula if there are more than
one candidates? We will use examples to demonstrate the selection based on DBE and H atom number.

Example 1: Precursor #22, (m/z 362.96879)

Remark: F For F o)

1) MS pattern: confirm [M-H]- F ||

2) The formula with BDE=1, H=1 is correct PFAS, Perfluoroheptanoic acid

3) The other candidate with DBE=3, H=4, lower possibility F ©

4) Library search: Perfluoroheptanoic acid, PFHpA, C7HF1302 foOY e F



Example 2: Precursor #27, (m/z 376.9681)

Remark:

1)

w N

)
)
)

N

MS pattern: confirm [M-H]-

Formula with DBE=1, H=2 is the correct PFAS, NaDONA;
Formula with high DBE=5 is low possibility

Library search: NaDONA, C7H2F1204

Example 3: Precursor #42, (m/z 412.9646)

Remark:

_

sz

w1

MS pattern: confirm [M-H]-

Formula with DBE=1, H=1 is correct PHOA

Formula with DBE=3 is less possibility

Library search: N.A. (due to lack of spectrum)
Assign-MOL search: Perfluorooctanoic Acid, CBHF1502

Example 4: Precursor #64, (m/z 456.9713)

Remark:

1)
2)
3)
4)
5)

MS pattern: confirm [M-H]-

Formula with BDE=2, H=2 is correct (FOUEA, C10H2F1602);

Library search: PFCA-perfluoroalkyl_Hsubstituted; C10H2F1602

However, C8H4N202F14S, BDE=1, H=4, cannot be rejected.

MOL search for the formula in ChemSpider and PubChem, it shows no results




Example 5: Precursor #69, (m/z 462.9628)

Remark:

1) MS pattern: confirm [M-H]-

2) Formula with DBE=1, H=1 is correct (PFNA C9HF1702);

3) Assign-MOL search: Perfluorononanoic acid, C9HF1702

4) However, C7TH3N202F15S, DBE=0 cannot be rejected

5) MOL search for the formula in ChemSpider and PubChem, it shows 1 result,
1,1,2,2,3,3,4,4,5,5,6,6,7,7,7-Pentadecafluoroheptane-1-sulfonohydrazide

Example 6: Precursor #254, (m/z 497.9444)

Remark:

1) MS pattern: confirm [M-H]-

) Formula with DBE=0, H=2 is correct (PFOSA),

) Library search: PFOSA, C8H2F17NO2S

) Formula C8H2N305F13S with DBE=3 less possibility, MOL search for the formula in
ChemSpider and PubChem, it shows NO result

H W
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