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Table 1. Review of PFASs discovered by nontarget HRMS te d&ictober 31, 2018). A detailed version of thisléais available on the

NORMAN Suspect List Exchange (https://www.normamwagek.com/?g=node/236) for purposes of suspecesang.
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; Range of C &
o
Sub-Category Structure F numbers in References
Classes &
each class
Analytes
Modifications of perfluoroalkyl carboxylic acidsFEAs):>14 classes & 99 homologues
RF
perfluoroalky! dioic acids O3 © 18&9 CoF14-C17F30 [39, 41]
0 0 n=7-15
H-substituted _RF
- . NI o 1&5 C11F17-CisFas [41]
perfluoroalkyl dioic acids 0 F n=8-12
RF
pentafluorosulfide-PFCAs FFE,\;sffh(O 6.8 1&3 C,F,—CoFys [31]
FF O n=6-
RF O
FClY O
(CnFZnH)COZ-, n=3-16 e.g. F n=2'15; C4F4'C17F32/ [31, 34, 36,
H-substituted-PFCAs >2 & >23
RFRF _ CogFa0 37, 39]
H "N ©
CZnFZnHZHOZ_i n=2-10 e.g. o n=1-9
RFRF _ RFRF _
ether-PFCAs FXO(Xh(O 3&18 CsF—CisFoe  [35, 37, 41]

R FR CFs _ X‘ ><);“/0
0
O n=1&8-15; F%O%C‘)/ n=1-5; - (0]

n=25
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R F 0

H-substituted-ether-PFCA (><l\/o\)l\ - 1&6 CoF15-CraFas (39]
F On=6-11
FRF _ Y
Unsaturated-PFCAs EM(O FMO 2&10  CsFs-CiFor [39]
F F O n=5-10; F F O n=0-3
EF F (0]
unsaturated-ether-PFCA:« FWO%I\O_ 1&5 CsF7-CoF s [31, 39]
FFFFF n=0-4
H-substituted-unsaturatec NG
EMO/\H/O 1&8 C6F6'C14F22 [39]
ether-PFCAs F F O n=24-10
RF _
Cl-substituted-PFCAs e h© >1&12 CiFeCisFos  [34, 39, 42]
O n=3-14
Modifications of perfluoroalkyl sufonic acids (PFSA >28 classes &124 homologs
RF _
Perfluoroalkyl sulfinate FM@’O 1&5 C,Fo-CgF17 [31, 40]
0] n=4-8
R F
, . ,%) 0
pentafluorosulfide-PFSAs FosA™s¢ 1&7 CaF11-CoFz3 [31]
F v ni~O _
FF n=3-9
R F -
. rRFRF (X) O
H-substituted-PFSAs F o HU /S=q >2 & 11 CF4-CioF0  [31, 36, 37]
n \\=O . . . n “
HF O n=0-8 (multiple isomers possible); O n=4,6;
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F RF

RFRF F FF Qo

S n3f=o F 7 3
FF F "O n=1-10 (multiple isomers possible); FF F FF FF [31, 40, 42
unsaturated/cyclic-PFSAs¢ >4 &>18  CiF-CoFar ,43], ]
F
RFF Qo FFF £ ('s)"o_
F Z QS°O FF >0
C.F2n.iSO5y n=7-14 (multiple isomers e.g. F FF FFFFF )
FEFRF
F Y
F F O(X%S“O:O
CiF2n+1S0Oy n=4-12 (multiple isomers e.g.F Fr );
ether-PFSAs F%o(xt “ >4 & >28  C3F-CpoFos  [31, 42-44]
CiF2n+1S0y N=6-9 (multiple isomers e'g:;
F o‘
CiF2n+1SO5 n=6-12 (multiple isomers e.g. n=2-9
H-substituted-unsaturatec E PP RFo FRERF - RS on
FWS\::O H%O%S\%O 22 & 27 C5F8-C]_0F18 [31, 38]
PFSAs F F = 1-6 (multiple isomers possible); F FFFF FF O
F F |:
_ RFRF ~ HF RFRF F
H-substituted-ether-PFSA H(Xto <5 (o O(xts‘: %4“:0 53835 CiFisCiofoo  [35, 38]
n=5,68; FFFF 0 "HREFE |
unsaturated-ether-PFSAs
FF Fr
or cyclic-ether-PFSAs, or EF F F - 31, 40,
Y (><) ';0 o >7 &>26  CgF-CiaFos [
carbonyl/ketone-PFSAs, ¢ FUI0 e O 6S“=o 42-44]
@)

ketone-ether-PFSAs

CiF2,1SO;y n=6-13 (multiple isomers e.g.
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O n=3-12;
FEF FRF
o FR FR F o
CFon iSOy n=6-13 (multiple isomers e.g. F F , ‘0 )
RF Q -~ RFRFRF
EF W) [31, 39, 40,
Cl-substituted-PFSAs CI%('S?’O FM@(S\‘O FWSFO 3&9 CsFs-CsF16
o n=7,8 FCl  n=27; CIFCIF 0 44]
Cl-substituted-ether-PFS/ ,Fé(l; ?XI; o
cItTotU IS0 1&8  CF,CiFs  [38,41-43]
S O n=512
Fluorotelomers (FTs): 27 classes & 115 homologues
R F
n:2 FT alcohols (FTOHSs) FWOH - 1&7 CoFo-CaaFs [48]
F n=2-
0
R F
n:2 fluoroacrylates 1&10 CyF-CiqF 48
Yl FWO/U\)J\n:&]A 12F11-Ca7b21 [48]
n:1 or n:2 FT carboxylic 0 "G (o}
o eT W ) FM 2&5  CFCyFn  [31,41]
acids FU2 0 n=8-10; O n=3,5
. : : RF E F OH
n:1 or n:2 FT sulfonic o 0
. é%/llfo /,S O FOR /S/I\ _ 3&10 CGF]_]_' C_|_6F29 [31, 40, 41]
acids FORM"0 n=57; d ©n=s,8,10,12,14; d On=46,8;
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0O
n:2/m:2 FT amines RF j RF 1&5 CoaF34-CaiFso [48]
FM;\/

N
FF FF "Fn+m =8-12
F o W F i
S S O N
FF" /\an=2-5;FF“ =26; FF" /\c';\'n—z-a
FS;J;/\ N NH % /\j.J\ ></“S o
N S NP F S N \\’
: FF /ﬁg n=2-6; FF" H 9 n=17 [29-31, 40,
n:2 FT thioethers cr - - H | 8 & 37 CgFo-CosF29 48]
H \/ -
FWS/\H,N\/\/N\/&O- FWS/\H/N\/\/N\
FF o} n=2-7;, F F 0] n = 3-5;
R oy " +
F%/\S N/\/\H/
FF H I'n=3-5
R F o R F
20 H |
S N e B S N
_ _ FE" & ' n=25; FF &')/I =3;
n:2 FT sulfoxides EE 3&7 CiaF13CiFi7 [30, 40]
&
FW"/Y\']‘\
FF O OH n=3,4

0] O A
rFooo i RE L QX %P
. N — S N\ -
n:2 FT sulfones &Vs 0 F% Y N> 28&6 CoFo-Ci7F17 [31]

FE O n=2-4; FF n=2-4
: RF . QN NH N R /H\/\/\N/ i = B /H\/\/'l‘
n:2 FT sulfonamides F%S\f e SN AN Pl Y ~ 3&12  CysFg- CyFas [29-31]
FF n=3-6; FF n=2-8; FF
%}\N ]
FT betaines 5 NN © 4817  CiFe-CoFsp [29-31]
2P e X = H,n=2-6; X = Fn = 2-7;
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R F \/O

SN

P n=3-5 FF

Perfluoroalkane Sulfonamido Substances (PFSMsi&&es & 221 homologues

perfluoroalkyl

_ F 1&7 C,Fs-CgF;  [31, 36, 40]
sulfonamides
o R
F(X)\\S\\’N\/\OH
Ne) _ _ Cv— _ 1.
FF R=H,n = 2-10; X=CH, n = 4; (32, 36, 40,
alcohol-PFSMs 3&52 C4F5-CyoF17
- 48]
Q
F%\S\:N\do/\‘)r,nOH
A n=5-7,m=0-8;n=8,m=0-14
o
carboxylic acid-PFSMs F(X);S\( o} 3&17 CoFs-Cislor [31, 32, 36]
FF© R=H,n=4-6; R=CH,n=3-6,8; R = GHs, n = 2-10
. . Q
sulfonic acid-PFSMs F(x)\ 1&4 CoF7-CoF 13 [31]
by
H |
E. “S\:N\/\/N\
no
. F F n=3-8
amine-PFSMs 4&17 CgF-CieF17 [29, 30, 40]
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N
H | o | ., o |/\/+\
FLIS, SN E \\S,N\/\/N\ F. \\S,N OH
n' no "o 0
FF n=3-8; FF n=2-8; FF n = 3-6,
OH
o H \/ o H \/ o, H \/
RSN~ Mon F{X}\ N ANon F S\'N\)\/N\/\OH
A A )
FFO n=4-9; Fr° n=28; FF° n=4-6
OH H v, OH
Q (OH\, o H N/ QN N OH
E S\é)N\/\/N\/\oH FWSS\CN\/\/N\/\/\OH F%S‘b \(\/J,\)\/
FF n=2-8 FF OH n=46; FF OH n= 3-6;
o, OH QH Q oH OO
|/\;S° (bs; (\/S“o OH
QN N QN N XN N~ -OH
F()()S\: \/\//\\/\OH RS, \/\//\\/\OH F. nS\b \(\/I\
- FFO n=28; FF° n=4-6; FF OH n=2-6; 27 &
ammonio- (S
(ﬁ v © >124
o} OH o N
o H \/ o \/ o [ 7ok
E ns\é)N\/\/N\)j\OH F%S\:N\/\/N OH F \\S\\,N OH
FF n=3-6,14,16; ¥ F ° n=36; FF° O n=4-6;
., N OH
E \\S,N\/\/lll OH F \\S,N\/\/N OH E \\S,N OH O
W n\\ W\
FF O n=36 FF° O n=5,6 FF° O n= 3-6;
OH
HO A~ =
H \/ Q _OH o H \ / 0 20 H H Q o)
E O"s’N\/\/u\/\/S\b F \\S,N\/\/’}(l S\b F(7§‘$,N\/\/'il{/\/s\b
A A A
FFO n=38; FF° n=3-9; FF° n = 4-6;
o}
o | \ / "_OH (OH, , OH Q OH K%\OH )
F ) \\'N\/\/N\/\/S\‘o F O\‘S\:N\/\/'ﬂ\)\/s\\o F Q\S:N\/\/\N/\/\/S:\gH
FE O n=36; FFr° n=3-6; Fr° n=3-6;

C9F7'CZSF33

[29-32, 36,

40]
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perfluoroalkyl-substitut
ed-PFAPs

3&5

n:2 FTOH-substituted
phosphate
(i.e. PAPS)

n+m=6-9, p = unknown

3&20

N-PFOSE
di-substituted-PFAPs

1&1

x:2/y:2 FTOH
di-substituted thioethel
PFAPs

1&9

Perfluoroalkyl alcohol

1&2

Perfluoroalkyl
polyethoxylate alcohol

1&80

unsaturated perfluoroalky
alcohols:

>2 &>13

>CF7->CyiFus

CeFo- >CusF79

c:21F26' C37F58

C16F13_ C'54':29

C4F7_C_L6F3l



H-substituted-unsaturatec

F
F
A\
T Mo

1&5 C7F12_ C:LlFZO [34]
perfluoroalkyl alcohols: F n=4-8
, Cl g
Cl-substituted-unsaturatec F F
N\ = >1&>5  CsFi-CioFis [34, 39]
perfluoroalkyl alcohols: Fr ¢ P n=37
Perfluoroalkyl and polyfluoroalkyl amines3 classes &17 homologues
Perfluoroalkyl amines %J;%F i 7(&0 Y'\K >2&>12 CiFisCisFso  [42]
O4
FF FFFFFFO a4 n=1-6; FFM n=2-7
YA
Polyfluoroalkyl amines FF ; FF 1&25  CogFssCaiFso (48]
%  m+n=16, 18, 20, 22, 24
Perfluoroalkylamides: 3 classes & 22 homologues
0
- F7-CooF
/ F{><}JL A~ F{%)LN/\/\N o F<><>JL A~ j/ 3822 CoFr-Cazad [30]
M= 3-12,14F F H Y0 n=6-12,14; FF A A 0 n=8,10,12 CadFas
PerfluoroalkylN-heterocycles: 1 class & 9 homologues
2 §
/ o\ 1&9 CoF15-Ca7Fan [42]
N
F FF m+n+p=6-14 (e.g.1, 1 and 4 for m, n and p, respectjvely
Polyfluoroalkyl sulfates>2 classes &8 homologues
RFRF F 0 R F
P o fo HEH0- S >28&>8  CFCiFis  [34,36,37]
FF n=1-6; n=2-3
Polymers
Perfluoropolyethers with repeating units such as CF,, CF,0, C,F,0, C,H,0, C,H,F,, etc / / [48]
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>131 &
TOTAL / - F,-C. /
755 CoF4-CaaF79
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