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Per- and Polyfluoroalkyl Substances (PFAS)

Polyfluoroalkyl substances
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Perfluoroalkyl substances
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Perfluorooctane sulfonate (PFOS)

Polymeric Perfluoropolyethers (PFPE)
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Side-chain fluorinated polymers
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Timeline

1950s 1960s 1970s 2000s 2000 2009

Stockholm
Convention

PFOS produced Adueous Film Use of PFAS Global distribution of 3M ceased PFOS (C8)
by 3M in 1952 Forming Foam in consumer certain PFAS in biota  production of
(AFFF) and industrial and environment PFOS
products
2016 2017 2019 2020 2022 2023

Stockholm

Convention

Stockholm
Convention

R i

US EPA Drinking Voluntary phase PFOA (C8) ERBERE (&R PFHXS (C6) US EPA Drinking water (draft)
water Health out of PFOS in MEEEBEMA PFOA 4 ng/L; PFOS 4 ng/L
visory i Hazard Index =1
PFOA. PFOS or semlgonductor PFBS (C4)
PFOA + PFOS N UStry =PFN»;\0(CQ)+PFHX9$ (CG)+Gen)1(0(C£61)+ PFZBOOSO(C4)

<70 ng/L
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TR EEMINABSEFTAMY - aBINEYACERE# [3] PFBA (C4)

- REREAEERS  TEREDTEESNZBEIM [3] PFBS (C4)

. EYERURIE - b PFOA ] PFOS E R A2 hE kR PFHXS (C6)

- 0 PFAS FRIRLE SRR BRER R (4] @ PFOA (C8)

- GenX {EEmoJEEBUE[1] @ PFOS (C8) .
 PFBSENY)EIAER « BEHFAAR - BB PR B MEIZEREFIE[L] | Souce Feron sa. @02t B
o ANBEEImA SR fE /K2 PFBS ,,\ng%{rﬂ,z.aﬁ%ftfrﬁ E8[2]
- BEIEREEHNEIERETEGenXE PFBS BORERA B E 1]

BERRR . EBIRRE LGS [1] https://www.epa.gov/sdwa/drinking-water-health-advisories-pfoa-and-pfos
[2] https://www.epa.gov/chemical-research/learn-about-human-health-toxicity-assessment-pfbs
[3] Brendel et al., 2018 ; Ateia etal., 2019
[4].Gao et al., 2019 ; Cai et al., 2020 5



https://www.epa.gov/chemical-research/learn-about-human-health-toxicity-assessment-pfbs
https://www.sciencedirect.com/science/article/pii/S2589004222000591#bib4
https://www.sciencedirect.com/science/article/pii/S2589004222000591#bib1
https://www.sciencedirect.com/science/article/pii/S2589004222000591#bib13
https://www.sciencedirect.com/science/article/pii/S2589004222000591#bib6
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rth4t Il s Z=EE
Pentacosafluorotridecanoic acid 2012/12/19 FRFA ET\E?\E’:’)&% Bl
I Y W By T3,
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Ammonium pentadecafluorooctanoate (APFO) 2013/6/20 MZPBT)
o AIESE. AL, £ HEEKE
Pentadecafluorooctanoic acid (PFOA) 2013/6/20 =1+ (PBT)
Perfluorononan-1-oic-acid and its sodiumand 0 o0~ ATEEE. FAL, &Y EEE
ammonium salt M=1EPBT)
Nonadecaflqorodecanom ac_ld (PFDA) and its 2017/1/12 AEFEE
sodium and ammonium salts
Perfluorohexane-1-sulphonic acid and its salts 2017/7/7 FEEFBALMEEEDEIRY
(PFHXS) (vPvB)
2,3,3,3-tetrafluoro-2- 2019/7/16 RI%RE- Al ReEt A BRERIRIB (R R
(heptafluoropropoxy)ropionic acid, its salts 15 Pk U
Perfluorobutane sulfonic acid (PFBS) and its 2020/1/16 RIERE-FIREE A BRERIRIB (R R
salts SRR ERE Y E
L . EIEEHE. AL, £PHERKE
Perfluoroheptanoic acid and its salts (PFHpA) 2023/1/17 =1 (PBT)

PFBS (C4)
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ERFHKD PFAS #8175 5%

e ZEFEPA: 11231RE - 112 FREXR a
- (e REOMCL | mEmERiEEE | WOuselB
(ng/L) (ng/L) (ng/L)
1 | Z@m¥FHE(PFOA) 4.0 0.6
2 | ERFELkEME(PFOS) 4.0 0.1
3 | EZmTEEE(PFNA) 10 0.2
4 | ZmfREE(PFHXS) 1.0 9 0.2
5 | 2@ TR PFBS) (%E;;,E% 2000 0.1
5 7NFRIRA R R KB (HFPO-DA) - 10 07
(3@ GenX)

Hazard Index = 1 (ZBEEf1) \
_PFNA (C9) . PFHxS (C6) , GenX (C6) , PFBS (C4) a [NIEA]’:‘?HEJEJ@I‘EEJ?E%ﬁ%ﬁﬂl‘ﬁﬁ}
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o B 1% A (NIEA W542.51B)

. I=AE @ﬁﬁ E1‘51“"‘.*:HY(Solid phase extraction, SPE)% » 5EC WAX S5PEBEFTHaZE

IRER » ##E1TKERMREEDFE o
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o 1u[§h g]d WAX S5EBEFRIREZERNEE
PFAS#F
Perfluorooctane sulfonate (PFOS) 'fﬂ%%%
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MName Acronym Water Vapor Density Melting Boiling Dissociation
Solubility*® Pressure 2p-20°c Point Point Constant
20-25°C (g/) [Pal (g/ml) [°C] [°C] [pKa]

Perfluoroalkyl Carboxylates / PFCAs e

Perfluoroalkyl Carboxylic Acids ﬁﬁ;&z (pKa ~-0.2)

Perfluorcbutanaic AcidF PFBA Miscibile 1307 1.65 -17.5 121 0.2 10 0.7

Perfluorapentanaic Acid PFPeA 112.6 1087 1.7 - 124.4 -0.06

Perfluorchexanoic Acid FPFHxA 21.7 457 1.72 14 143 -0.13

Perfluoroheptanoic Acid PFHpA& 4.2 158 1.79 30 175 -0.15

Perflunprooctanoic Acid PFOA 3.4-9.5 4-1300 1.8 37-60 188-192 -D16to 3.8

Pearfluorononanoic Acid PFMA 95 1.3 1.75 53-56 218 017

Perflusrodecancic Acid PFDA 9.5 0.2 1.76 T7-88 218 017

Perfluorcundecanoic Acid FFURA 0.004 0.1 1.76 83-101 160-230 -0.17

Perfluorododecancic Acid PFDos, 0.0007 0.01 1.77 107-102 245 -0.17 to 0.8

Perfluorotridecanoic Acid PFTrdaA 0.0002 0.3 17977 o e

Parflucrotetradecanoic Acid PFTaDA 000003 0.1 1.78 === 276 e

Perfluoropentadecanoic Acid PFPeDA e — — e — —

Pentadecafluorooctanoic Acid Ammonium Salt

Perfluoroalkyl Sulfonates / PFSAs VAR

Perfluoroalkyl Sulfonic Acids Eaﬁ -ﬂ_ﬁl (D Ka -2. 6~'6)

Perfluorobutane Sulfonate PFBS 46.2-56.6 631 1.81 TH-84 211 -6 to -5.0

Perfluorohexane Sulfonata FEHxS 2.3 58.9 — — — -6 1o -5.0

Perfluoroheptane Sulfonate PFHES = —eee 0 e cemmm mmmma mmemm meess

Perfluorooctans Sulfonate PFOS 1.52-1.57 6.7 -— 54 =400 -6 1o -2.6

Perfluorodecans Sulfonate FFDS 0.002 0.71 e 8207 (Al A 1 D)

Fluorotelomer sulfonic acids FTSs N\ JOHLEX \MI\AU  L.J

1H, 1H, 2H, 2H-Perfluorobutanesulfonic Acid H4- H4-PFBS (2:2 —-- - e e e S

PFBS (2.2 FTS] FT5]

1H, 1H, 2H, 2H-Perfluorohexanesulfonic Acid H4-PFHxS 27.8 0.33 —eee e ——ee- ——ee-

(4:2 FTS]
1H, 1H, 2H, 2H-Perflucrooctanesulfonic Acid H4-PFOS 1.3 0.11 — e ——-- 1.31

[(6:2 FTS]
1H, 1H, 2H, 2H-Perfluorodecanesulfonic Acid H4-FFDes 0.06 0.01 . e ——e- 1.32

(A2 FTSN
Perfluoroctane Sulfonamide and Derivatives Pan

(FOSA) 558 (pKa 6.24)

Perfluorooctane Sulfonamide FPFOSA  —— — — 154-155 — 6.24

Ref : Physical and chemical properties of pfas compounds - SGS EHS Ref : Toxicological Profile for Perfluoroalkyls, US Department of Health and Human Services, 2018
https://www.sgs-ehsusa.com/wp-content/uploads/2018/09/Physical-and-Chemical-Properties-of-PFAS-compounds_vKFMH.pdf



7351 BEMEERGE
WAXPEZEE FAHRZZENE

Sample BERIMAREFEZEE pH & - F4m pH BE/)0S 3
% - EITEAMEEEEY -

Condition - BEItHZEVEELL 6 mL & 2% —L7J<ZEF'H;=E—1 6 mL
BREE 2 RA5E - BLL 6 mL st EI/Kimst - EEREZZAT - 78
FAREFT - T0A 2 mL 0.1% BFEEKIBRIZEA 2 DiERETR
7t EEREZZEIFERKM - EFEBRRERERE

Load - MK 3 mL/min £ 5 mL/min 2R & EEzE
NEE - (BY—F)

Wash - Ll 3 mL Z 0.1% BEEKBARBERERE - #EMA
2 mMLEEIKEREE - MEzEEZEINEEL 15 78E - MR
[BHEBEEEEER  BEAKD  BHMETEAL -

Elute - EEZEIREEMA 6 mL FETRERE - "REXNSH
—@ - LIBEODEWEPRR - ENMA 6 mL & 2 & KZE
i EPTE'M  MENEGW—F - HpiiiE o s IS PR
R EPRAASARL - AIUHBEEEREEARL - &
BRERREFZNESY—0F -

K2 EHEZEEESWR A E - RIEBETEBMINERL &S ( NIEAW5S42.51B )

Qasis® WAX

WAX P28 F
I EE
pKa~6

Load Wash Elute 1 Elute 2
Low pH MeOH High pH
= = =
+ [ + s + RS
= = N
+ |+ + ++:-l;_ + ++:-0_::
. ' - .
Pé’ﬁ:f’;’;;u},i;* 4 + % + |+ i +~1L_ Uncharged
u ' +*
Sorbent + %J + + & kS +:'; SN
Positive Positive \tf Positive No
Charge Charge Charge Charge
. o) .3
I =
! +
T
Repulsion of Charged Base Neutral Shut-Off Sorbent
Strong Acid

Oasis WAX Protocol 1 Capture of Strong Acid

From Beginner's Guide to Solid-Phase Extraction (SPE) JZWaters
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IR EY 1mL/K % 2 2B B M B R Eppendorf - A NIZE % 53
1312000 rpmﬁﬁtfﬁﬁlb\ﬁ > §E - Hytﬁ,{ﬁﬁh AT

&® EHIRIEIKE QDE 1K - PURK O s HMEEEZEE RN UL
R EEE —TE'ha/R

& WE4REE : 1(0.5)-200 ng/L

LC/MS-MS "



Gen-X (HFPO-DA )R BY4F 5k 14
o [BHFRSCEL

. HFPO-DA
%7 © ~on : :
| & 2{;: 0.5 kV
7.0E4] ?{%ﬁ

3

Peak Area
2
-

Optimize ESI
Probe Position

J. Am. Soc. Mass Spectrom. 2020, 31, 2124-2132
Richard A. Brase and David C. Spink
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Gen-X (HFPO-DA)#&:8 (
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Z (Drying gas temperature):290 °C - 220
(Drying gas flow rate):18 L/min - 11

(3)52 L5 B2 /8 J1(Nebulizer gas pressure) :35 psi ° 30

(="

(4)8 5 E (Sheath gas temperature):400 °C = 300
(5)# | At = (Sheath gas flow rate):12 L/min ° 10

(6)F A& EE [ (Capillary voltage):4000 V - 3000

- MRAM [285.0-> 119.0) ¢td1.d

]
=

=}
()

[R5 (W542.51)

AN |
ulu]
AA

AlGenX, 1 ppt

« {2 ( modified ) 77 A1 HGenX, 1 ppt

\\\\\\\\\\\\\\
2222222222222222222222

I EEEEEEEEEE NN
nnnnnnnnnnnnnnnnnnnnn

Acquisition Time [min)

. %5.0 - 119.0 |, 285.0-» 185.0 -MAM (285.0 -+ 188.0) C_1.d 285.0->185.0 ,285.0-- 1130
w102 | 7.933 min. # w102 | Ratio=491(91.0%) £ 4107 | 8.327 min. & x102 | Ratio = 5.6 [106.4 %)
[ z o
244 s 1 S 124 R
224 2 el 2
:285>185 : »1285>119 1 285->185 MRM1}: = 2852119 MRM?2
151 5 06 ns g 064
1.6 I 04 0.6 o4
1.;— T g2 0.4 /\\,\— < ]
'1_ 0 0.24 il
0.84 0.2+ 04 0.2
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
7B 77 78 79 g 8.1 82 8.3 8.4 85 76 77 78 79 8 21 a2 82 2.4 7778 Y8 8 81 82 83 B84 85 BE 87 88 77 O07B 78 8 81 82 83 84 85 BE B7 88
Acquisition Time [min] Acquizition Time [min) Acquizition Time [min) Acquizition Time [min]
-MRAM [287.0 - 169.0) C_1.d 287.0 > 169.0
’ ' £ 41047 8.326 min, 7 win2 |
2 q w
eight:1 5 ] 2879 169 G _X Q
08 en 5 o8
0.7 <
1_500 ng/l_ 061 2 oed
0.54 @
044 % 044
R2=0.999 ¢
- . 0.24 0.24
014
04 04
T T T T T T T T T T T T T T T T T T T T T T
78 74 a 81 &2 83 &84 85 8 &7 88 78 749 8 81 82 83 &84 85 86 87 &8

Acquizition Time [min]
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US EPA 8327 ( BE#EF51% )

» US EPA 7374 8327 = —1&@#M I 3 51 2 /R BB/ S BE RS
(LC/MS/MS) 724724 & PFAST )% -

e ARRIRDATHIZRIK ~ T N IKFIEE K
» Dilution: 50/50 methanol ; water, with 0.1% acetic acid

Calibration ranging: 5 to 200 ng/L

Injection volume: 10-30uL
External standard calibration.

Isotopically labeled surrogates.

From USEPA method 8327
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Table 1. Target analytes, surrogates, CAS # and acronyms of PFAS analyzed.

| Compounds | Acomym | cAS# Surrogate

Perfluoro-n-Butanoic Acid PFBA 375-22-4 Perfluoro-n-["*C,]Butanoic Acid MPFBA
Perlfuoro-n-Pentanoic Acid PFPeA 2706-90-3 Perfluoro-n-["*C;|Pentanoic acid M5PFPeA
Perfluoro-n-Hexanoic Acid PFHxA 307-24-4 Perfluoro-n-[1,2,3,4,6-"C.]Hexanoic Acid M5PFHxA
Perfluo-n-Heptanoic Acid PFHpA 375-85-9 Perfluoro-n-[1,2,3,4-3C,JHeptanoic Acid M4PFHpA
Perfluoroctanoic Acid PFOA 335-67-1 Perfluoro-n-["*C,]Octanoic Acid MB8PFOA
Perfluoro-n-Nonanoic Acid PFNA 375-95-1 Perfluoro-n-["*C,JNonanoic Acid MIPFNA
Perfluoro-n-Decanoic Acid PFDA 335-76-2 Perfluoro-n-[1,2,3,4,5,6-1*C;]Decanoic Acid M6PFDA
Perfluoro-n-Undecanoic Acid PFUNDA 2058-94-8 Perfluo-n-[1,2,3,4,5,6,7-"*C;]Undecanoic Acid M7PFUdA
Perfluoro-n-Dodecanoic Acid PFDoDA 307-55-1 Perfluo-n-[1,2-*C;] Dodecanoic Acid MPFDoA
Perfluoro-n-Tetradecanoic Acid PFTeDA 376-06-7 Perfluoro-n-[1,2-13C,]Tetradecanoic Acid M2PFTeDA
Perfluoro-n-Tridecanoic Acid PFTriA 72629-94-8 - -
Potassium Perfluoro-1-Butanesulfonate PFBS 375-73-5 Sodium Perfluoro-1-[2,3,4-3C,]Butanesulfonate M3PFBS
Potassium Perfluorohexanesulfonate PFHxS 355-46-4 Sodium Perfluoro-1-[1,2,3-C,] Hexanesulfonate M3PFHxS
Perfluorooctyl Sulfonic Acid PFOS 1763-23-1 Sodium Perfluoro-1-["C,]Octanesulfonate M8PFOS
il‘;ig’r:‘;mé;:ez"" 2l LG L 42 FTS 757124-72-4  Sodium 1H, TH, 2H, 2H-Perfluoro-1-{1,2-C,JHexanesulfonate ~ M2-4:2 FTS
gﬁﬂg’nﬁl l: d1 bl b dadie e 27619-97-2  Sodium 1H, TH, 2H, 2H-Perfluoro-1-{1,2-°C,[Octanesulfonate  M2-6:2 FTS2
gzﬁ:;:nr?c L I;II_,d1 H, 2H, 2H-Perfluorodecane 82 FTS 39108-34-4 Eﬂgsm;;:{ez H, 2H-Perfluoro-1-[1,2-C,] M2-8:2 FTS
Sodium Perfluoro-1-Pentanesulfonate PFPeS 2706-91-4 - -
Perfluoheptane Sulfonic Acid PFHpS 375-92-8 - -
Sodium Perfluoro-n-Nonanesulfonate PENS 68259-12-1 - -
Sodium Perfluo-1-Decanesulfonate PFDS 335-77-3 - -

Sulfonamides and Sulfonamidoacetic Acids

N-methylperfluoro-1-
Octanesulfoniamidoacetic Acid

N-ethylperfluoro-1-
Octanesulfonamidoacetic Acid

Perfluoro-1-Octanesulfonamide FOSA 754-91-6 - -

N-MeFOSAA  2355-31-9 N-Methyl-d3-Perfluoro- 1-Octanesulfonamidoacetic Acid d3-N-MeFOSAA

N-EtFOSAA  2991-50-6 - -

From PerkinElmer website Phttps://resources.perkineImer.com/lab-solutions/resources/docs/app-pfas-method-8327.1|5df
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TEPEHEIESYIEAIGE ( NIEA S501 )

« 109F B T EPEHIEE YA 7 A (NIEA

S501) - Frig19lEE&EEaEil - e EiER - o
. L TIEMASRKBIPESZE
E@2EEay - -
e BmllE 0.2% @K ZBREEZZINED 4 /M 160 ik
AN At I:IE.T.EpH
BT ZREE L AN EIKPETEMHEZERN - B SEUKIRIE - A EpH<3

DIERRE R 2 2% S/K 2 PESPIZ(E &Y - KRE -
o8 KB RE - DURARE M 58 B U E RS 1% (Liquid

chromatography — tandem mass spectrometry, [EtHZZHY
LC/IMS-MS) Al =R 2 BmEEY) ( S50182W542 )

« ANEFFEAL+HEEE/E . 1064 -~ 1087 - 110FE5EAk
160#H £ B T 1Etx mmPFASHRE -

LC/MS-MS%

( S501E1W542 )




Solid Phase Extraction (SPE)

Spiking extract to Condltlon of SPE Loading Wash
water cartridge
-L' E - 2N E - - E 2 |
- — -, !

Extract & = . P
:: E::‘:" ‘ - ¢ | d J‘; .
: i _ 000000 0000 Y
co 7 - | . 5.“\»\ i ad E].m ,
* PFAS —— f' 2 ®) g p———
. : ; : Analysis with
Elution Condensation Filtration
_ bl ity n
k s ;’ __"_"_ , i = e g :

Tirne=consumine (12 cays ) ATmas20iminutes persample .




Automate Online SPE

Spiking 0.5 mL extract | Adjustment of pH | Injection Volume Iniection
to 10 mL water value to 5 1-5 mL J

: y J 2
Sample loading to : Separation with .
P J Elution bal Analysis with MS
SPE column analytical column
- R 7
| " ) —‘ 5 : N ( g \

Tins=consumine ( 1-2 clays ) ATME<20Mminutes persample 1
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& SEEEVERR (SERARAIR )
Suspect screening : [RYIRIEFE
Nontarget screening : 1T ZERE/KEE 5K EIB MUK
& B2 F{ER1EEY) 52 Total oxidizable precursor (TOP ) assay
& 0 IkMf A& Adsorbable organic fluorine (AOF)
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PFAS in Air on GC/MS-MS and LC/MS-MS

> PFAS 18l 7 22 &% : GC/MS-MS and LC/MS-MS analysis

GC/MS-MS for semi-volatile PFAS LC/MS-MS for polar PFAS
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PFAS In Air (GC/MS-MS)

« GC/MS-MS

Column: J&W DB-WAX GC Column, 30 m x 0.25 mm x 0.25 pm
Oven:40°C, hold for 1 minute, 40°C to 150°C at 20°C/min, hold for O minute, 150°C to

240°C at 30°C/min, hold for 2 minutes

+TIC MRM (** -> **) FTOH-10PPB.D
) . . £ “::: 10:2 FTOH 10 n /ml_
Carrier Gas flow: Helium, 1 mL/min s 8/mL T
. ° vel 8:2 FTOH
Inlet Temperature: 240 C Y o
Injection Mode: Splitless os] ﬂOH L
TranSfer Line Temperature: 240 OC - t") 5[5 é 6.‘5 ‘7 7[5 é 8.‘5 é 9[5 1‘0 1d.5 1‘1
Acquisition Time (min)
MRM
Compound RT Transition 4:2 FTOH 6:2 FTOH 8:2 FTOH 10:2 FTOH
+ MRM (95.0 -> 69.0) FTOH-1.. +MRM (95.0 -> 69.0) FTOH-1.. | [+ MRM (95.0 > 69.0) FTOH-1.. +MRM (127.0 > 77.0) FTOH-..
4:2 FTOH 489 127 > 77’ 95> 69 % x10 1 I’é x1012 5.226 min. <§ x1102: 5.689 min. fé’ x101 6.242 min.
6:2FTOH | 5.23 | 127>77, 95> 69 : os 078 s
2 02 0.25 05
8:2 FTOH >.69 127>77,95> 69 0 49 5 i 52 53 0 56 57 58 62 63
10:2 FTOH 6'24 127 > 77’ 95> 69 Acquisition Time (mi... Acquisition Time (mi... Acquisition Time (mi... Acqt;s;tion Time (mi...




/\/\

4:2 FTOH-8:2 FTOH (GC/MS-MS)

B4R E ( ARMEFE1-400 ng/mL, A=

€50 ng/mL

42FTO H - 9 Levels, 9 Levels Used, 9 Points, 9 Points Used, 0 QCs

4 y =0.017907 * x +0.013609
& 7 R*2 =0.99965212
S "| Type:Linear, Origin:lgnore, Weight:1/x
0
& 6
2
2 i .
§ . 4:2 FTOH
Ty
N r=0.99983
2,
1,
0+

T T T T T T T T T T T T T T T T T T T T T T T
20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420
Concentration (ng/ml)

62FTOH - 9 Levels, 9 Levels Used, 9 Points, 9 Points Used, 0 QCs

4.5 y=0.010690 * x +0.016782
R"2 =0.99974172
4+ Type:Linear, Origin:Ignore, Weight: 1/x

3.5+

B 6:2 FTOH
r=0.9998

Relative Responses

2
1.5
14
0.5

T T T T T T T T T T T T T T T T T T T T T T T
20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420
Concentration (ng/ml)

82FTOH - 9 Levels, 9 Levels Used, 9 Points, 9 Points Used, 0 QCs

5.5 y=0.013246 * x +0.017339
R"2 = 0.99955064
5+ Type:Linear, Origin:Ignore, Weight:1/x
4.5+

Y 8:2FTOH
' r=0.99978

2.5+
24
1.5+
14
0.5+
04

Relative Responses

T T T T T T T T T T T T T T T T T T T T T T T
20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420
Concentration (ng/ml)

102FTHO - 9 Levels, 9 Levels Used, 9 Points, 9 Points Used, 0 QCs

x10 -1 y = 8.075430E-004 * x + 0.002044
3.254 R"2=0.99944813
3 Type:Linear, Origin:Ignore, Weight:1/x

2.75+4

225 10:2 FTOH
r=0.99972

Relative Responses

T T T T T T T T T T T T T T T T T T T T T T T
20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420
Concentration (ng/ml)
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1. Target screening : B X17% 84

[E(RT), S*1B15EEE FHRMS,
SHEEER (HR)MS — MS -

. Suspect screening : 1HEE
s mR U E(EEY -
BELEEZERVEBER N - O
sTHEiIsES a8 isotope

Vi

patternfV[E7E

. Non-target screening: )2

HOEHN - BB -
isotope * adductEifE /B ED
FE2ZBE 7 o] S -

T 2 on 2 PFA S# il ¥ il

Example Identification confidence Minimum data requirements

Level 1: Confirmed structure VS MS2 R Ref N
Ml by reference standard , , RT, Reference Std.

%lm,ﬁ BB Level 2: Probable structure

R a) by library spectrum match MS, MS?, Library MS?

b) by diagnostic evidence MS, MS?, Exp. data

-------------- S

i 1

! i

ECR%, 1 L Level3: Tentative candidatefs) MS. MS2. Exp. d

| g w structure, substituent, class B B At
4

C4HsN;0, ;{ Level 4: Unequivocal molecular formula  MS isotope/adduct

----------- "

192.0757 ;{ Level 5: Exact mass of interest MS

|dentifying Small Molecules via High Resolution Mass

Spectrometry: Communicating Confidence Environ. Sci. Technol.

2014, 48, 2097-2098

Suspect screening (Level 3) : BIEEYI%ETE -
FTEHIBEE T E Eisotope patternfd BlFE
(MS18IMS2 ) - ETTEHIEALLET -
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UNEP/POPS/POPRC.15/INF/9

Annex
FoAn
Initial indicative list of perfluorohexane sulfonic acid (PFHxS), its salts and PFHxS-related compounds el
" lsotope smuiation
CAS Name Structure
111393-39-6 1-Hexanesulfonyl bromide, 1,1,2,2,3,3,4,4,5,5,6,6,6-tridecafluoro- O OF FF FE F [ New ] [ Insert ] [ Replace ]
\V/4 Chemicalformula @  C4F3S02H -
Br - F Peptide/Protein ()
F F F F F F Plus H2O 2829480771 amu
1270179-82-2 1-Hexanesulfonamide, 1,1,2,2,3,3,4,4,5,5,6,6,6-tridecafluoro-N,N-dimethyl- CHs F F F F F F ’ Change modure... ]
| 7] Adduct
CH/N\S F \dertity H -
3
O// \\O £ F F F P F Concentration -m

1270179-93-5 1-Hexanesulfonamide, N,N-diethyl-1,1,2,2,3,3,4,4,5,5,6,6,6-tridecafluoro-

Charge distribution
Most sbundant : -1 =

Y

Half width: 0

KEETESIHFEAL ( FNEHAREhttps://www.pops.int/ TheConvention/ThePOPs/TheNewPOPs/tabid/2511/Default.aspx)
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Relative Abundance

Suspect list

_282.94808

MS1 spectra * Mass accuracy <5ppm
282.94808

* Mass accuracy
mfrue

| (ppm) =
|sotopic pattern m

frue

M easured ] 1 06

1 ppm = 200.0000 +/- 0.0002

* [sotopic pattern matching

» MS2 fragments matching (8 &

£ R E & Econfidence level
283.95143 284.94387 BF0KFESIE)

283.95143 28494387

28594723 286.94309 287.94644
T T T T T T T T T T T T T T

— 1 [ 1 11 1 [ 1 11 T [ T 1T 1 T [ T 1T 1T T [ T 1 T T [T T T T T ] T T LN N B B T
283.0 2835 284.0 2845 285.0 2855 286.0 286.5 287.0 287.5 288.0
miz
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Table 1. Criteria for PFAS Identification at Various Confidence Levels”

Level

Identification Confidence

Accurate Mass
Defect Pattern Match

Mass

Consistent

Homologue

ms? Fragments

(number; level) (number; type)

Library Reference
Ms?  Standard

Level 2a |Probable by library spec. match v v v
Probable by diagnostic 21 : .
e 2 fragmentation evidence v v > |evel 3 £ 3 dlagnostic
Probable by diagnostic 22;
Level 2¢ i : v v 2 2; diagnostic
homologue evidence 2 level 2a
21 2 1; subclass-
Level 3a |Positional isomer candidates v v <
2 level 3 aligned
=1 2 1; subclass-
Level 3b |Fragmentation-based candidate v v .
2 |evel 3 aligned
Fovel 3¢ Circumstantial candidate with v v 21 2 1; subclass-
¥ fragmentation evidence > level 3 aligned (in silico)
Level 34 Circumstantial‘ candidate with v 7 22;
homologue evidence 2 level 2a
Level 4 [Unequivocal molecular formula v v
PN PFAS suspect screening exact |V (suspect https://pubs.acs.org/doi/10.1021/
mass match list match) acs.estlett.2c00206?fig=tbl1&ref=pdf
Nontarget PFAS exact mass of 2 2; subclass-
LevelSb| o8 v 7 >3 = & SUPEE
interest aligned (in silico)

Communicating Confidence of Per- and Polyfluoroalkyl Substance Identification via High-Resolution Mass Spectrometry

Charbonnet et al., Environ. Sci. Technol. Lett. 2022, 9, 6, 473-481
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HEMEECEMEPEREAZAREYE

> _J?Efgﬁfﬁ?i(suspect screening ) : A{EG#58 - H
ag °
>EZEBRBEBEROREYENE (BIREm ) (suspept
screening) i - ﬁﬂ.@é‘é’* EnE R st Aol Ae4ots - _:L
ﬂAW*ﬁ—EDDHT :gg(é EE ( COﬂfIrmEd ) ?ﬁ ’ __rfE TMC 367HEE AR (2FAR)

=138

ohH
|

A= -+
= ﬂ(C6F13 )j:ﬂ'ilri

e OH F F F F F F'O
FEEEFEM N O O 8
LU, ~ TN
FFFFFF(l)l\_CHs

. PFHXS
PFHxSHREITT (HRIEEY) ) 3M™ NoﬁiM 1901 BETHREE
‘ (RN )

| |




z=

IR an Z PFA SRR T (BUARTK)

\

l 4
Py

AN

————

=
-

(a) Raw water
Pre-ozone effluent -1
Settled water | q
Settled-ozome effluent l‘ N
BAC effluent 1

Finished water

100 200 00 400 500 GO0 700 800
Concentration of traditional PFASs
ata WTF in Community C {ng/L)
FFEA | PFFPPeA m PFHxA m PFHpA m FFOA

W PFPrOPrA
m 'FHS u PFOS

m PFNA u FFDA m FBS

(b} Raw water |
|
Fre-ozone effluent lf
Settled water : [ ]
Settled-ozone effluent I B
I
BAC effluent II [ |
Finished water | m
0 50,000 100000 150,000 200,000 250,000 300,000
Peak area counts of emerging PFASs
aba WTF in Community C
B FFPrOTPrA u PFMOAA B PFMOPrA u PFFMOBA
FFO2ZHxA B PFO30A B PRO4DA

Environ. Sci. Technol. Lett. 2016, 3, 415-419
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AR 2% oo Z PFASH Iz ilf Non-target screening

Example Identification confidence Minimum data requirements
Level 1: Confirmed structure MS MS2 RT Ref std
Hox, by reference standard ! » K, REIGrENCe S1c.
U S B
A A Level 2: Probable structure
R a) by library spectrum match MS, MS?, Library MS?
b) by diagnostic evidence MS, MS?, Exp. data
IR
!c&*} Y™ E Level 3: Tentative candidate(s) MS. MS2. Exo. d
i g no; § structure, substituent, class : » EXp. data
O d
i-_(-‘:;_}-l_;_l\-l_;_(-)_:_] { Level 4: Unequivocal molecular formula MS isotope/adduct
{“155?655%‘; { Level 5: Exact mass of interest MS . =
HIZEm - AKELEEY
Identifying Small Molecules via High Resolution Mass Spectrometry: EeEaFT  EEETE?

Communicating Confidence Environ. Sci. Technol. 2014, 48, 2097-2098
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Non-target screening

FEREER - 2EHEENHIPFASEVSS

BRRIA
PFASH:EI
o NIEA W542.51B
abr =] NIEA S501.60B
NIEA T101.12C
NIEA T509.20C
tnHl{ESE LC-MS/MS
aaya ) 197EPFAS
ERES IR/ T/ [EHR

APFASSZ 81  FHESENTEB U EERE S B HELE '~
Bl F - EBETEPFAS -

Hook 2 Hook 1

F FF FF FF F

Quadrupole C-Trap HCD
collision

M

B RERESYERM FAERLE
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Total Oxidizable Precursor (TOP) Assay
R | =T B Y ER s

- PFASHI SR TEIR 15 h Ol P& iR 4
RNIEPFASIEEY) -

. TOP Assay &5 PFAS BiEEY
(BEhAEoEEFEEER

ERTASHIESY ) - BHE l |

(ERHTABNSL PFASEEY - . vuv s 55T,

FEFFFF

° TO P /EJ - L I%\ _\E/\ %E ;’ﬁﬁ E/J 4:7_.K 0 |:| E: erfluorl%ol;:(t)zr;oic Acid Perfluorrph;ﬁ:Toic Acid
1§J YANIR 2R ~ BEIK ~ & R
fw_] E 5|E|:| 7J< }jz ﬁ%; 4‘% PFAA Precursors >
Biotransformation
(o] Oolo™ =

R FR FR FR F

/

Precursors PFCAs

https://www.bvna.com/insight/pfas-determination-total-oxidizable-precursors-tops ‘
https://www.pfas.com/pfas-testing/ 37




Total Oxidizable Precursor
(TOP) Assay

Q FHKEZEML, B LTEAEY,
=EEN

Q0 BERRARERESE (EXR)

0 BeEiZES, RKKrLERNIREK
H=- EJ = ﬁﬁulﬂkﬁﬁiﬁkﬁﬁ ﬂ«éﬁi D4
R EE,

Influent Bioreactor
" )

https://watertp.tech/technologies/biological-treatment/

Effluent »

Sludge separation

retum sludge (RAS) waste sludge (WAS)

PFAS \easured] PFCAs

TOP

Precu rSOISynmeasured]

Key Practical Considerations when Using TOP Assay

Environ. Sci. Technol. Lett. 2023, 10, 292-301

Total Oxidizable Precursor (TOP) Assay-Best Practices,
Capabilities and Limitations for PFAS Site

Investigation and Remediation Mohamed Ateia,* Dora
Chiang, Michaela Cashman, and Carolyn Acheson
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USEPA Method 1621 (draft) Adsorbable Organic Fluorine (AOF)

2.

water.

Analysis: The fluoride is separated by ion
chromatography (IC) (external standard
technique).

Screening Method for the Determination of in Aqueous Matrices by
Combustion lon Chromatography (CIC) B—E=EEE - 2022F48555% -

BEIKEEEAT :

1. Adsorption: 100 mL aqueous sample is
passed through two GAC columns
Washing: the GAC columns are rinsed
with sodium nitrate(NaNO;) to remove
inorganic fluoride

Breakage and absorption: combusted at
least 1000 °C in an O, /Ar stream, and the
gaseous HF is absorbed into reagent

nnnnnn
pppppp

~ ©
. ©o
20 HA—— >
00 | ~_
L) T T T L]

Figure 1. Sample Ion Chromatography

Separation was done using a Dionex lonPac AS24, 7 um, 2 x
250 mm IC column and a 2 x 50 mm guard column.

Table 2. Example Calibration Standard Solutions

Calibration Standards (ug F/ L)

Analyte CS1 CS2 CS3 CS4 CS5 CSé6
AQOF 1.0 2.0 5.0 10 25 50

From USEPA 1621
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USEPA Method 1621 ( draft) -Adsorbable
Organic Fluorine (AOF)-CIC

- OJBE KTk A A (AOF)

AOF (ug/L) F- (mg/L)
7 — remmmmeeee e 2.0
: - 7] Ar/O, B - (mg/L) 1.6
- L 5 —— LOQ AOF (2 pg/L) 14

1000 °C S -1 LOQ inorganic F (0.1 mg/L) 1.2
% 1.0
3 - 08

w [o]3}
Combustion chromatography ) %ﬁ EE EE EE EE E 0.4
|1 I 02
Absorption 0 i I 111 Eﬂmm 111} 0.0
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89 93gumple

o Al _ L 0.6

e
~N
o

Determination of adsorbable organically bound fluorine (AOF) and adsorbable organically bound halogens as sum parameters in
aqueous environmental samples using combustion ion chromatography (CIC)
Abercron et al. Science of The Total Environment 2019 384-391, Volume 673
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