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Introduction  
Per- and polyfluoroalkyl substances (PFASs) are a group of anthropogenic organic fluorinated compounds. 
Recently, PFASs have been a growing concern about adverse effects on water environment and human health. 
However, it is difficult to understand the occurrence of unknown PFASs because a lot of various type of PFASs 
have been used and discharged in the environment. It has been needed to develop a new quick and simple 
method to understand how many unknown PFASs exist in environmental samples. In previous study, non-target 
analyses of PFASs based on insource fragmentation flagging in which fluoroalkyl group was recognized as 
common fragment ions was suggested to utilize for estimation of chemical formula1,2. Next, it is considered to be 
important to develop a procedure for non-target analyses by fragmentation flagging. To identify a specific 
precursor ion, an additional selection technique is necessary, as fragmentation flagging cannot refine the 
candidate ions enough.  Main objective of this study is to suggest a procedure for identification of non-targeted  
PFASs based on fragmentation flagging by Liquid Chromatography-Ion Mobility-Quadrupole-Time of Flight 
Mass Spectrometry (LC/IM-QTOF).  
Materials and methods  
Research overview was shown in Fig.1. In this study, two approaches were conducted to identify suspected 
PFASs peaks by fragmentation flagging. First of all, Targeted MSMS analyses were conducted for standard 
chemicals of 44 PFASs by using LC/IM-QTOF (Agilent) in order to create a database on fragment ions of 
PFASs. 12 PFCAs, 3 perfluoroalkyl sulfonic acids (PFSAs), 5 polyfluoroalkyl phosphate esters (PAPs), 6 
fluorotelomer alcohols (FTOHs), 3 fluorotelomer sulfonic acids (FTSs), 5 fluorotelomer carboxylic acids 
(FTCAs), 3 fluorotelomer unsaturated carboxylic acids (FTUCAs), 3 perfluorooctanesulfonamide (FOSAs), 2 
Perfluorooctanesulfonamidoacetic acids (FOSAAs), 2 perfluorooctanesulfonamide ethanol (FOSEs) were 
targeted in this study. Target analyses were conducted with 4 different collision energies (CE), namely, 0 V, 10 
V, 20 V and 40 V by jet-stream ionization negative mode. In addition, previous literatures3-8 were utilized to add 
more PFASs fragment ions to the database.  Fragmentation flags were selected from fragment ions in the 

Fig.1	Research	overview

(Ⅰ) Creatation of PFASs database (Ⅱ) Non-target Analyses by fragmentation flagging

Determining retention time of PFAS peaks
(Analyses by All Ions MSMS mode)

Identification of  m/z value of 
precursor ion by ion mobility

Analyses by Targeted MSMS mode
for 44 standard substances

Determination of fragmentation flags

No. Compunds Chemical Formula MW C.F.(1) m/z(1) C.F.(2) m/z(2) C.F.(3) m/z(3) C.F.(4) m/z(4)
387 6-N-SP-FASA C9F13H8NO5S 520.9636 C6F13HNO5S2

-397.9535 NO2S
- 77.9655

401 6-N-SPAmP-FASA C14F13H19N2O5S2 606.0528 C11F13H12N2O2S
-483.0041 C6F13

- 318.9814 C5FH12N2O2S
-183.0615 C3F7

- 168.9987

415 6-N-SHOPAmP-FASA C14F13H19N2O6S2 622.0477 C11F13H12N2O2S
-483.0437 C5H12NO4S

- 182.0494 C3F7
- 168.9896 CH3O3S

- 94.9808

443 6-N-SPAmP-FASAPS C17F13H25N2O8S3 728.0565 C14F13H18N2O5S
-605.0497 C11F13H12N2O2S

-483.0444 C6F13
- 318.9798 C5FH12N2O2S

-183.0612

457 6-NdiHOPAmHOB-FASA C15F13H21N2O5S 588.0964 C12F13H14N2O3S
-513.0580 C11F13H12N2O2S

-483.0470 C6F13
- 318.9816 C5FH12N2O2S

-183.0610

471 6-NdiHOPAmHOBFASAPS C18F7H27N2O8S2 710.1001 C15F13H20N2O6S2
-635.0576 C14F13H18N2O5S2

-605.0466 C12F13H11NO5S2
-559.9880 C12F13H14N2O3S

-513.0527

595 4-N-CMAmPFASA C11F9H15N2O4S 442.0609 C9F9H12N2O2S
-383.0482 C8F9H8N2O2S

-367.0618 C7F9H5NO2S
- 337.9903 C4F9O2S

- 282.9481

641 8-n-F5S-PFAS C8F21HO3S2 607.9032 C8F16O3S
- 479.9356 C6F12O3S

- 379.9405 C5F10O3S
- 329.9426 C4F8O3S

- 279.9458

654 7-n+1-F5S-PFAAd C8F19HO2S 521.9394 F5S
- 126.9639

668 5-UPFAS C8F15HO3S 461.9407 C8F15
- 380.9790 C7F13

- 330.9810 C6F11
- 280.9830 C4F7

- 180.9894

683 4-H-UPFAS C8F12H2O3S 443.9501 C8F14H12O3S
- 422.9371 C8F13

- 342.9779 C7F11
- 292.9852 C6F9

- 242.9859

702 6-H-PFAS C8F16H2O3S 481.9469 C8F15O3S
- 460.9346 C7F13O3S

- 410.9350 C8F15
- 380.9776 C7F13

- 330.9782

719 7:1-PFAS C8F15H3O3S 463.9563 C8F14HO3S
- 442.9428 C8F13O3S

- 422.9386 C8F13
- 342.9808 C7F11

- 292.9836

732 3-O-U-PFAA C8F13HO3 391.9718 C6F11
- 280.9830 C5F9

- 230.9850 C4F7O
- 196.9824 C4F7

- 180.9875

777 6-N-AHOBFASAPS C15F13H21N2O6S2 636.0633 C12F13H14N2O3S
-513.0523 C6F13

- 318.9787 C6H14NO4S
- 196.0640 C3F7

- 168.9880

805 6-N-SPAmP-FASAA C16F13H21N2O7S2 664.0583 C11F13H12N2O2S
-483.0410 C9F13H5NO2S

-437.9830 C6F13HNO2S
- 397.9519 C6F13

- 318.9810

861 6-N-diHOBAmP-FASA C15F13H21N2O4S 572.1014 C12F13H14N2O2S
-497.0573 C11F13H12N2O2S

-483.0415 C6F13
- 318.9786 C6FH14N2O2S

-197.0756

889 6-1HO-n:2 FTS C8F13H5O4S 443.9701 C8F13H2O3S
- 424.9527 C6F13

- 318.9817 C7F11
- 292.9820 C6F9

- 242.9856

903 6-n:2 FTSO2PA C11F13H9O4S 484.0014 C8F10HS- 286.9931 C8F8H3S
- 282.9799 C8F9

- 266.9860 C7F9
- 254.9862

918 8-Chlorinated Perfluoroalkyl SulphonateC8F16HO3SCl 515.9079 C2F5
- 118.9953 O3SCl- 114.9277 FO3S

- 98.9581 O3S
- 79.9604

931 8-Dihlorinated Perfluoroalkene SulphonateC8F15HO3SCl2 531.8784 C5F9O3S
- 310.9372 C4F7O3SCl- 295.9122 C4F7O3S

- 260.9399 C3F6O3S
- 229.9453

944 8-Perfluoroalkene Sulphonate C8F15HO3S 461.9407 C8F15
- 380.9749 C6F11

- 280.9792 C5F9
- 230.9860 C3F6O3S

- 229.9478

957 8-Ketone Perfluoroalkyl SulphonateC8F15HO4S 477.9356 C7F13O3S
- 410.9367 C7F13

- 330.9873 C5F9O3S
- 310.9350 C6F11O

- 296.9755

970 8-Perfluoroalkane sulfonamides C8F17H2NO2S 498.9535 C3F7
- 168.9891 C2F5

- 118.9881 NO2S
- 77.9683

981 6-Perfluoroalkyl sulfinates C6F13HO2S 383.9490 C3F7
- 168.9891 C2F5

- 118.9920 FO2S
- 82.9627

994 6-PerfluoroalkylsulfonamidoethanolsC8F13H6NO3S 442.9861 C3F7
- 168.9891 C2H4NO3S

- 121.9928 C2F5
- 118.9923 CH2NO2S

- 91.9838

1007 6:2FTSAS C15F13H17NO5S2 602.0341 C7H14NO5S
- 256.0314 C7H12NO4S

- 206.0502 C4H10NO3S
- 152.0382 C4H7O3S

- 135.0122

1020 PFHxSaAm C11F13H13N2O2S 484.0490 C6F13
- 318.9789 C5FH12N2O2S

-183.0668 C3F7
- 168.9898 C5H11N2O2S

- 163.0555

m/z C.F.
168.9888
218.9856

C3F7
-

C4F9
-

The  information of 
m/z value of fragment ions
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database. Secondly, non-target analyses were 
conducted by applying fragmentation flagging 
approach to an acquired total ion chromatogram of 
Aqueous Film-Forming Foam (AFFF) sample. The 
TIC was acquired in the range between 50-1700 m/z 
by All Ions MSMS analyses by using LC/IM-QTOF. 
Extracted ion chromatograms (EIC) were acquired 
at m/z value of fragmentation flags in the range of ± 
0.01 Da. The EIC data was used to determine RT of 
the peaks which were suspected as PFASs. Detailed 
procedure is discussed in results and discussion (Ⅱ). 
Finally, fragmentation flags found in the RT range 
of ± 0.01 minutes were grouped as a flag set. 
Derived m/z value of precursor ions by determining 
each flag set was identified utilizing separation with 
drift time by ion mobility.  
 
Results and discussion:  
(�) Development of PFASs database 
PFASs database and determination of  
fragmentation flags were shown in Fig.2. The 
numbers of total PFASs in database were 1,301 
basically C4-16 polyfluoroalkyl substances, and 
they were classified 82 groups. In this study, 31 
kinds of the peaks of PFASs (12 PFCAs, 3 PFSAs, 
3 diPAPs, 3 FTSs, 2 FTCAs, 3 FTUCAs, 3 FOSAs, 2 FOSAAs) were observed by Targeted MSMS analyses and 
added to the database. The other information of m/z value of fragment ions for 42 PFASs were updated to the 
database according to previous literatures3-8.  As a result, 73 PFASs which have m/z value of fragment ions were 
archived. Fragmentation flags were determined such as C2F5

-, C3F5
-, C6F9

- , C2F5O-, CF2O3S-, O3S-.  
(�) Non-target analyses by fragmentation flagging 
Procedure of non-target PFASs analyses by fragmentation flagging for an AFFF sample was shown in Fig.3. In 
this study, fragmentation flags were categorized into four types, (1) 120 types of CnFm

-, (2) 121 types of CnHFm
-, 

(3) 123 types of CnFmO- and (4) 130 types of CnFmO3S-. It was possible to add a new category (N), if there is 
needed to add more fragmentation flags having C and F. In addition, others (not including C nor F, for example, 
O2S-) were categorized to (X). It was used to estimate chemical formula. In (1) RTs of the peaks which were 
detected at more than an arbitrary value of abundance (in this case 1×104) were extracted. They were named as t1, 
t2, t3, t4, t5, t6, t7, t8, t9. When more than two fragmentation flags were found at a specific RT, they might be 
fragment ions from the same precursor ion. Similarly, t10, t11, t12, t13, t14, t15 were extracted in (2), (3), (4) and  t16, 
t17, t18, t19 were extracted in (X). In the next steps, tx with same RT was regrouped to Ty such as T1=t1, T2=t2=t10= 
t16, T3=t3=t11=t17, T4=t4=t12=t18, T5=t5=t19, T6=t6=t13, T7=t7=t14, T8=t8 and T9=t9=t15. At this point, Ty derived from 
only category (X) was ignored in further steps as they do not pose a possibility of fluoroalkyl group. 9 Flag sets 
were determined at 9 RTs, namely, T1=3.881 min. (Flag set1), T2=4.448 min. (Flag set2), T3=4.454 min. (Flag 
set3), T4=5.017 min. (Flag set4), T5=5.367 min. (Flag set5), T6=6.629 min. (Flag set6), T7=7.186 min. (Flag set7), 
T8=8.922 min. (Flag set8) and T9=9.090 min. (Flag set9). As an example, Flag set3 was discussed as follows.  
There were 5 fragmentation flags in Flag set3 in (1) : m/z =254.9856 (C7F9

-), m/z =266.9869 (C8F9
-), m/z 

=280.9824 (C6F11
-), m/z =304.9824 (C8F11

-), m/z =411.97844 (C9F16
-). They were suspected as fragment ions of 

PFASs. Next, RTs indicated by fragmentation flag sets were approached to find a precursor ion of a PFAS.  
m/z value of precursor ions needed to be acquired from low fragmentation at CE 0 V. However, m/z value of 
precursor ions is difficult to identify from the mass spectrum acquired from low fragmentation at CE 0 V 
because candidate ions remains a lot. In this study, further selection was performed by drift time of ion mobility. 
Identification of m/z value of precursor ion by ion mobility was shown in Fig.4. The signals of low 
fragmentation (CE 0 V) were in green. The signals of high fragmentation (CE 40 V) were in red. The signals of 
substances were separated by drift time based on their collision cross section. 

Fig.2	PFASs	databse	and
Determination	of		fragmentation	flags

Determination of the fragmentation flags

PFASs database

The total number of PFASs was 1,301
and they were classified 82 groups
(C4-16 polyfluoroalkyl substances)

73 PFASs which have m/z value of 
fragment ions were archived

m/z = 168.9888,
C3F7

-
m/z = 130.9920,

C3F5
-

m/z = 242.9856,
C6F9

-

m/z = 134.9869,
C2F5O-

m/z = 129.9536,
CF2O3S-

m/z = 79.9568,
O3S-

Organohalogen Compounds Vol. 80, 481-484 (2018) 482



Fig.3	Procedure	of	non-target	PFASs	analyses	by	fragmentation	flagging	for	an	AFFF	sample
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Fig.4	Identification	ofm/z value	of	precursor	ion	by	Ion	mobility	(Flag	set3)
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As an example, a precursor ion identification was demonstrated by using Flag set3 as follows. As a result of  high 
fragmentation,  there were many obvious signals indicated at drift time 24.69-27.10 ms. Among them, signals at 
m/z =82.9602 (FO2S-), 266.9851(C8F9

-) matched with corresponding fragmentation flags in the database. Thus, 
this drift time range was applied to find signals from the result of low fragmentation. Consequently, the obvious 
signals were found at m/z =549.0729, 569.0840, 605.0518. In addition, high aboundance of mass spectrum was 
observed at m/z =569.0840, it was identified as precursor ion of Flag set3. The same procedure were applied to 
other Flag sets, namely, m/z =312.9700 (Flag set1), m/z =426.9753 (Flag set2), m/z =458.9535 (Flag set4), m/z 
=511.0732 (Flag set1), m/z =425.9811 (Flag set6), m/z =835.9561 (Flag set7), m/z = 907.0222 (Flag set8), m/z = 
771.9876 (Flag set9). It is needed to estimate the chemical formula and structure for next steps.  
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