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PFAS related products
Common household products and industrial uses

Non-stick ' i & - - -  ~ Fire-fighting
surfaces . ) et foams

Grease-proof

food packaging Stain guards

Surfactants and

lubricants Water repellents
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PFAS related products

Common laboratory materials

Solvent caps,
filters and
tubing

Caps on
samples vials

Pump seals,
frits, degasser
materials

August 11, 2019

NEMC 2019: Moving beyond monitoring legacy PFAS

Air conditioning
filters

Gloves/Coats

Sample
preparation
consumables
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PFAS

Perfluoroalkyl substance
F FF FF F

¢ coon  ALL H atoms linked to C in alkyl
chain are substituted with F
i FrEREF

L
Polyfluoroalkyl substance

F FF FF F

F cooH  SOME (but not all) H atoms linked to C
. alkyl chain are substituted with F
F H H F FF F
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« Thermal & Chemical stability: grease-proof food packaging,

stain repellents
» Zwitterionic properties: surfactants
« Surface-tension lowering: fire-fighting foams
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PFAS

Concern Grows Over Tainted Drinking Wate

r

Verrmont, New Hampshire and New Yark exg y potentially toxic chemi
vater

England since Angust 2014, when a resident of Hoosick Falls, NY., near the Vermont

border, tested his drinking water and found high levels of the acid. The man was

concerned because his father, a former employee of the town's plastics plant that nsed

PFOA, died of cancer.

of PFOA contamination. The state in March sampled PFOA levels up to 620 parts per
trillion in private Litchfield wells, well above the 100-parts-per-trillion level at which
New Hampshire officials start to consider the amount unsafe. Tests in Merrimack

measured as high as 1,600 parts per trillion.

environment

Williamtown water contamination highlights dangers
of PFOS and PFOA

Qantas faces $180,000 fine over toxic foam spill at
Brisbane Airport

Qantas has been hit with an Investigation notiee while residents continue to be warmed not to eat

seafoed following & toxic spill imo Brishane's waterways

O Monday, April 10, 23,00

was spilled from a Qantas heangar ar Brishane Alrport,

August 11, 2019

NEMC 2019: Moving beyond monitoring legacy PFAS

Volume 94 lssue 20 | pp. 20-22
lzsue Dote: Moy 16, 2016 | Web Date: May 11, 2016

Perfluorinated chemicals taint
drinking water

Are there toxins in your fast
JBS

food packaging?

Brisbane River seafood warning
stillin effect




Regulated PFAS monitoring

OH
Common target compounds o=d=o
F—t—F
Compound — — — — Formua______[Abbreviation | F——r
Perfluoroalkylcarboxylic acids (PFCAs) _F
Perfluro-n-butanoic acid C4HF702 PFBA
Perfluoro-n-pentanoic acid CsHF902 PFPeA —F
Perfluoro-n-hexanoic acid CsHF 1102 PFHxA _F
Perfluoro-n-heptanoic acid C7HF 1302 PFHpA
Perfluoro-n-octanoic acid CsHF 1502 PFOA —F
Perfluoro-n-nonanoic acid CoHF1702 PFNA ¢
Perfluoro-n-decanoic acid C10HF 1902 PFDA
Perfluoro-n-undecanoic acid C11HF2102 PFUdA —F
Perfluoro-n-dodecanoic acid C12HF2302 PFDoA
Perfluoro-n-tridecanoic acid C13HF2502 PFTrDA
Perfluoro-n-tetradecanoic acid C14HF2702 PFTeDA
Perfluoro-n-pentadecanoic acid C15HF2902 PFPeDA
Perfluorinated sulfonates (PFSAs)
Perfluoro-1-butanesulfonate C4F9S0O3 PFBS
Perfluoro-1-hexanesulfonate CeF13S03’ PFHxS
Perfluoro-1-octanesulfonate CsF17SO3’ PFOS
Perfluoro-1-decanesulfonate C10F21S03 PFDS
Perfluorinated sulfonamides (FOSA)
Perfluoro-1-octansulfonamide CsH2F17NO2S FOSA
N-Methylperfluoro-1-octanesulfonamide CoH4F17NO2S N-MeFOSA
N-Ethylperfluoro-1-octanesulfonamide C10HsF17NO2S N-EtFOSA
Perfluorinated sulfonamidoethanols (FOSE)
2-(N-methylperfluoro-1-octanesulfonamido)-ethanol C11HsF17NO3S N-MeFOSE
2-(N-ethylperfluoro-1-octanesulfonamido)-ethanol C12H10F17NO3S N-EtFOSE
Fluorinated Telomer Sulfonates (FTS)
1H,1H,2H,2H-Perfluorohexanesulfonic acid CeHs5F9S O3 4:2 FTS
1H,1H,2H,2H-perfluorooctane sulfonate CsHsF13S03 6:2 FTS
1H,1H,2H,2H-Perfluorodecanesulfonic acid C10HsF17S03 82FTS __ »
Perflourinated sulfonamidoacetic acids (FOSAA)
Perfluorooctane sulfonamidoacetic acid C10H4F17NO4S FOSAA
N-methylperfluorooctane sulfonamidoacetic acid C11HsF17NO4S N-MeFOSAA
N-ethylperfluorooctane sulfonamidoacetic acid C12H8F17NO4S N-EtFOSAA
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>4000 PFAS compounds in commerce

Common Acronyms

PFCA
PFOA
PFAS
PFOS
PFASI
FOSA
FOSAA
FOSE
FTOH
FTA
FTUA
FTS
PFAPA
PFPi
PAP
diPAP
PFAI
SFA
FTI
FTO
FTAC

Perfluoroalkylcarboxylic acid
Perfluorooctanecarboxylic acid
Perfluoroalkylsulfonate
Perfluorooctanesulfonate

Perfluoroalkylsulfinate
Perfluorooctanesulfonamide
Perfluorooctanesulfonamidoacetic acid
Perfluorooctanesulfonamidoethanol

Fluorinated telomer alcohol (-OH functional group)
Fluorinated telomer acid

Fluorinated telomer unsaturated acid
Fluorinated telomer sulfonate
Perfluoroalkylphosphonic acid
Perfluoroalkylphosphinate

Mono-substituted polyfluoroalkylphosphate ester
Di-substituted polyfluoroalkylphosphate ester
Perfluoroalkyl iodide

Semifluorinated alkane

Fluorinated telomer iodide

Fluorinated telomer olefin

Fluorinated telomer acrylate

https://www.well-labs.com/docs/pfc reference handling

quide.pdf

August 11, 2019

NEMC 2019: Moving beyond monitoring legacy PFAS

perfluoroalkyl acids -
(PFAAs) PFPAs

PFASs
(CoFann—R)

> over 3000
PFASs may
have been
on the global
market

Sub-classes of PFASs

PFCAs -
(C,F,,,,—COOH)

n’ a2n+1

PFSAs o
(CoF2ni4—SO3H)

(CnF2n+1_P03Hz)
PFPiAs
(anznﬂ_POzH_cszmu)
PFECAs & PFESAs
(CaFanti=O=CoFamun—R)

PASF-based

substances

(CnFmﬂ-SOz—R)
PFAA -

precursors

fluorotelomer-based
substances -
(CoFana=CH,~R)

N’ 2041

fluoropolymers <
othersc

Examples of
Individual compounds®

© PFBA (n=4)
© PFPeA (nes)
© PFHxA (n=6)
© PFHpA (n=7)
© PFOA {n-8)
PFNA (n=g
o PFDA (n=10)
o PFURA (n=n)
PFDoA (n=12)
PFTrA (n=13)
PFTeA (n=14)
o PFBS (n=4)
O PFHxS (n=6)
o PFOS (n=8)
o PFDS (n=10)
PFBPA (n=4)
PFHxPA (n=6)
o PFOPA {n=8)
O PFDPA (n=10)
O C4/C4 PFPIA (nm=4)
© C6/CE PFPIA (nm=6)
O C8/C8 PFPIA (n,m=8)
o C6/C8 PFPIA (n=6m=8)
© ADONA [CF!-O-E Fg—O—CHFCF,—COOH)
© GenX [()F]—(F[(FJ-[OOH)
o EEA(C,F,~0~C,F,~0~CF,~COOH)
© F-538 ((I—(\J”—é-c,F‘—SO,H]
MeFBSA (n=4.R=N(CH,JH)
MeFOSA [n=8 R=N(CH,)H)
EtFBSA (n=4,RvN(C,H5]H)
EtFOSA (n=8.R=N{C,H,JH)
MeFBSE (n:;,?:Nch,)(‘H‘OH)
O MeFOSE (n=8 R=N(CH JC,H,OH)
o EFBSE (n=4.R=N(C,H.JC,H OH)
O EtFOSE [nfﬂ,RTNl[_H;](_H‘OH?
SAMPAP {[C4F ;SO,N(C,H,)C,H,0] ,—PO,H}
> 1005 of others
O 4:2 FTOH (n=4,R=0H)
& 6:2 FTOH (n=6,R=0H)
© B:2 FTOH [n=8 R=0H}
o 10:2 FTOH {n=10,R=0OH)
0 12:2 FTOH (n=12,R=0H)
© 6:2 diPAP [(C4F.,C,H,0
8:2 dIPAP [(C4F,,C,H,0),~PO,H]
o 100s of others
© polytetrafluoroethylene (PTFE)
o polyvinylidene fluoride (PVDF)
o fluorinated ethylene propylene (FEP)
o perfluaroalkoxyl polymer (PFA)

o

o

oo

0000

operfluoropolyethers (PFPEs)

Wang, Z et al. (2017). Environ. Sci. Technol. 51, 2508-2518.

Number of peer-reviewed
articles since 2002

928
698
1081
1186
4066
1496
1407
1049
1016
426
587
654
1081
3507
340
3

kx
N
35

4
12
12

L]

4
26
6
14

25
134

4
259
24
16

4
146
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Aim
Simplified and simultaneous Target quantitation and Suspect screening

MassHunter Acquisition software with Study Manager

MassHunter Quantitation software

Data acquisition Target Quantitation Targeted screen Report results

* i

TR

[
UL

Agilent
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Sampling for screening
Traditional SPE is selective

i

Surrogates

Activate
Load

.......
P
e

6 6 &

waste waste waste

I
T
s

|
Injection
olvent with
Internal
standards

X
AR
\< S

=

SPE processes are
chemically selective

mme

Ready to inject
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Sampling for screening
Move to direct injection to broaden the screen

Discard
————> remaining . .
sample Add equivalent Need to insure the
P volume of :
fy + methanol rinse _Samplelvessel |S_
o rinsed with organic
1 solvent
. )
Vortex
Filter i
1mL of
sample
Pool 500uL v
into
— autosampler
Pool 500pL into autosampler vial vial

H

Ready to inject
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Agilent 1290 Infinity || UHPLC conditions

x0? | Binary Pump Gradient (%B) High Speed Solvent A: 5mM ammonium acetate in water
Ty ¥ ‘ool Pump Solvent B: Neat acetonitril
- é o) (G7120A) Flow Rate: 0.4 mL/min
L. IR 3 o) Max Pressure Limit: 1300 bar
:"ZE Gradient:
Time (min) ~ %B
k5 0.00 3.00
on] 1.00 25.00
9.00 85.00
©oos) 10.00 97.00
03] 12.00 97.00
*®¢|'" Binary Pump Pressure Curve (bar) 14.00 3.00
551 15.00 3.00
i Overlay Stop time: 15.00 min

] . from_ 60 Multisampler Injection Volume: 30 pL

* mjectlons (G7167B) Multiwash: Seat back flush and needle wash with
5s each of 100% isopropanol, then 100%
acetonitrile, then 100% water

159 Multicolumn  Column Temperature: 30°C
N Thermostat  Column: Agilent InfinityLab Poroshell HPH-C18
0.5
ol (G7116B) 2.1 x 100 mm, 1.9 ym (p/n 695675-702)
1 é é 4 ‘5 6 7 é 9 1b 1‘1 12 13 1‘4

Response Units vs. Acquisition Time (min)
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Agilent 6546 LC/Q-TOF LC/MS system (G6546A) conditions

2: Total lon Current (TIC) i
Drying Gas Temp: 320 °C 26

Drying Gas Flow: 8 L/min =
Nebulizer: 35 psi

Sheath Gas Temp: 350 °C
Sheath Gas Flow: 11 L/min Overlay
Capillary Voltage: 3500 V from 60

Nozzle Voltage: 0 V injections
Fragmentor Voltage: 115V

Agilent Jet-
Stream lon
Source

Tune mode lon Polarity: Negative
Mass Range: Low (1700m/z)
Slicer mode: High resolution

50-1100 m/z
Rate: 6 spectra/sec
Collision Energy: 0, 10, 20 V

Acquisition
mode

Reference Mass Correction: Enabled using bottle A
119.03632 (M-H)-adduct of purine
980.016375 (M+Ac) adduct of HP-0921

August 11, 2019 NEMC 2019: Moving beyond monitoring legacy PFAS -2 Agilent



Quantitative analysis results
Separation of the target compounds

x10 6 | ' ' FOSA

Ly PFHpS
0.9
0.8
0.7~ PFBS

0.6- “
0.5 |
0.4- |

PFHxS

] PFHpa ~ PFOA || PFNA [ [PFDA PFUNDA prpopa  PFTID

0.2 4:2 FABHXx | 6:2FTS

|
/

\ \ \ \ \
4 4.5 5 5.5 6 6.5 7 7.5 8

Acquisition Time (min)

\
1.5 2 25 3
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Quantitative analysis results

Lower Limit of Detection

- ESM (212.9792) Scan STD200.d
x10 3
3,
2.8
2.6
2.4
2.2
2,
1.8
1.6
1.4
1.2
1,
0.8
0.6
0.4
0.2
0,
0.2

2.14 min.

Counts

- ESM (498.9302) Scan STD005.d
x10 3
8.5
8,
7.5
7,
6.5
6,
5.5
5,
45
4,
3.5
3,
2.5
2,

*6.290 min.

Counts

14
0.5+
04
-0.5+

- ESM (412.9664) Scan STD020.d
x10 3]

Counts

4.25+
4
3.75+
3.5+
3.254
34
2.754
2.5+

I I I I
23 24 25
Acquisition Time (min)

I I [ i I I I
62 63 64

Acquisition Time (min)

I
55

I I
44 445 45 4.

i \ \ \ \
46 465 47 475 48

Acquisition Time (min)

PFBA @ 200 ng/L
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Quantitative analysis results
Dynamic range

PFBA - 8 Levels, 5 Levels Used, 8 Points, 5 Points Used, 0 QCs PFOS - 8 Levels, 6 Levels Used, 8 Points, 6 Points Used, 0 QCs PFOA - 8 Levels, 5 Levels Used, 8 Points, 5 Points Used, 0 QCs

x10 6 | y =71.634594 * x - 6465.047375 $ x10 67y =546.606729 * x +22708.269682 $ x10 57 y = 182.355852 * x + 7712.633697
1.44 R"2=0.99588925

Type:Linear, Origin:Ignore, Weight:1/x

1 R*2 =0.99709887
Type:Linear, Origin:Ignore, Weight:1/x

3.6 R"2=0.99979364

13 Type:Linear, Origin:Ignore, Weight:1/x

Responses
Response:
-
o
T
Response:

1.2+
1.1+

1,
0.9+
0.8+
0.7+
0.6+
0.5+
0.4+
0.3+
0.2+
0.1+

l | | I | I l f T I I [ I | I l f T I I
5000 10000 15000 250 500 750 1000 1250 1500 1750 250 500 750 1000 1250 1500 1750
Concentration (ng/ml) Concentration (ng/ml) Concentration (ng/ml)

PFBA 200 — 20000 ng/L PFOS 5 - 2000 ng/L PFOA 20 - 2000 ng/L
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Monitoring suspect PFAS
PFAS/EPA: ToxCast Chemical Inventory

How to rapidly screen for PFAS with more
confidence, without standards?

- Focus search criteria:

- ON Mass accuracy

- on expected retention time

- Use all data possible to make a
putative identification

https://comptox.epa.gov/dashboard/chemical lists/EPAPFASINV
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Monitoring suspect PFAS
Adding focus through Retention Time (RT) Projection

Compound Name RT (min)

Perfluorobutanoic acid 213 H
Perfluoropentanoic acid 2.81 RT Correlatlon
4:2 Fluorotelomer sulfonic acid 3.21
Perfluorohexanoic acid 3.40| 10
Perfluorobutanesulfonic acid 3.50
Perfluoroheptanoic acid 4.00
6:2 Fluorotelomer sulfonic acid 4.34
Perfluorooctanoic acid 4.60| 8
Perfluor ic acid 4.90| ) .-
Perfluorononanoic acid 5.20) — J
ST;IFIuorotelomersulfon;c:z:: 2151?) - y - 0.9783x - 0-763 o : 2 1 meas u red RT S
Perfluorodecanoic acid 5.72 E R2 = 0 . 9001
Perfluor Ifonic acid 6.10| -
Perfluoroundecanoic acid 6.20| = 4
Perfluorododecanicacid 670 14 . ]
Perfluorotridecanoic acid 7.20| e} 3 2 p rOJ e Cte d RT S
Perfluorotetradecanoic acid 7.70| e seett °
Perfluor i 7.37, 5 2 o, ..
2-(N-Methylperfluor i cid__ 7.38 n
2-(N-Ethylperfluor ) ic acid 7.81 g
4,8-Dioxa-3H-perfluorononanoic acid 4.56] ™ E 0
(2€)-3,4,4,5,5,6,6,7,7,8,8,8-Dodecafl| 2-octenoic acid 4.44
2-Perfluorooctyl ethanoic acid 5.66| 0 2 4 6 8 10
2-Perfluorodecyl ethanoic acid 6.83| . R
2H-Perfluoro-2-octenoicacid 440 RT from Coggan et. al.” (min)
2H-Perfluoro-2-decenoic acid 5.64
2H-Perfluoro-2-dodecenoic acid 6.79|
Ethyl obutyrate _ 3.20) Analytical and Bioanalytical Chemistry (2019) 411:3507-3520
2H,2H,3H,3H-Perfluorooctanoic acid 4.41 h“ps-ﬂdoi_o,g,fmj 007/s00216-019-01829-8
3-Per panoic acid 5.68|
Per ic acid 3.83
Per ic acid 6.07| mnm" pimn
Perfluor Ifonic acid 6.60|
Perfluorododecanesulfonic acid 7.52|
2((8-Chloro-1,1,2,2,3,3,4,4,5,5,6,6,7,7,8 S-hexadecaﬂu':r::: urT)(oz ((](»;ﬂ] I; rzoth:féIf)ﬂ?r):etr:a":::ulf?.:n'ff:ﬂ :g: - Check for
LSS SR S LIS —== . . n . . updates
10:2 luorotelomer slfonicscid__7.11 A single analytical method for the determination of 53 L
N-Methylperfluorooctanesulfc i 8.15] .
8:2 Fluorotelomer i 8.52| -
E—— otclomer sloramide .53 legacy and emerging per- and polyfluoroalkyl substances (PFAS)
N-Methyl-N-(2-hydr fluor i 8.17|
i e i o ; o In aqueous matrices
Phosphonic acid, (tridecafluorohexyl)- 3.22|
PFOPA _ 4.35 ) 2 2 . B )
Perfluorodecylphosphonicacid__ 5.57 Timothy L. Coggan ' (% - Tarun Anumol” - James Pyke” - Jeff Shimeta " - Bradley O. Clarke
6:2 Fluorotelomer phosphate diester 7.92|
6:2/8:2 Fluorotelomer phosphate diester 8.48|
8:2 Fluorotelomer. diester  8.90) Received: 30 November 2018 /Revised: 27 February 2019 / Accepted: 3 April 2019 / Published online: 9 May 2019
Bis(tri inicacid”__7.39 1 Springer-Verlag GmbH Germany, part of Springer Nature 2019
(F -ooctyl)(tri inic acid 8.07]
Bis( inic acid 8.60|
bis(N-ethyl-2-perfluor i 9.35|
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Monitoring suspect PFAS
Adding focus through Retention Time (RT) Prediction

RT (min)

10.00

8.00

6.00

4.00

2.00

0.00

August 11, 2019

RT — [Count of -CF,-]

0.
Y

o oém
°"

o}
.: ®e
e ®
ed®e
°
°
y = 0.4676x + 2.0573
R? =0.6971
5 10 15 20
Count of CF,

RT (min)

10.00

8.00

6.00

4.00

2.00

0.00
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y = 0.664x + 2.5423
R2=0.7235

2 4 6 8 10

RT (min)

10.00

8.00

6.00

4.00

2.00

RT — LogS
° ..".-._‘. .o:o
S g0
N
[ ] &
2
o.‘."..’
e

@
3N
°
y =-0.7205x + 1.1437
R2 =0.8003

12 -8 -4 0
LogS

o3 Agilent




Monitoring suspect PFAS
Adding focus through Retention Time (RT) Prediction

12.00
10.00 Mot et SChamiben: (010 1010 ® Journal of Cheminformatics
y = 1.3623x - 2.1741 o
— R? = 0.7045 e
> e °
— 8.00 00 o,
8 ‘ . . @ CrossMark
3 S OPERA models for predicting
2 o, . . . .
o o physicochemical properties and environmental
o 6.00 .
5 ot fate endpoints
Kamel Mansouri'*"®, Chris M. Grulke', Richard S. Judson' and Antony J. Williams'
%o
4.00 * e
o oo
2.00 29 physiochemical properties in addition to the
count of -CF,- used to create prediction model
0.00
0.00 2.00 4.00 6.00 8.00 10.00 12.00

Predicted RT (min)
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Monitoring suspect PFAS

Simultaneous Quantitation and Screening Filter compounds that are
Verified, Needs Review, Not

M| - Agikent MassHuster Cuantitatve Analysis (for TOF) - 190314 USERA_T - 190714 _USERAdinecting batch bin : - o x|A Detected
R BTwaets BSnoecn A Frevious Sample | LEAGWOE = w Bt Sample 4 L ENE - ERREE
Suew | Compound Nams T Fome L2 " . Mhass Bcourey
[ cEHs [y e | .
P CanFroL LET T FIFEEH a
Filter Targets and Suspects
42FT5 S P oo ssoom 885 msoTa 02178
Batch Table . 1%
PR WTIe4 CEHFLIOE 3B 0T ATESE 35 aTE 02mm
Sample: A LEACWOS v n  Sample Type: <Aks | compeuns: f  FrHea s youm R EE
: i e S84 CAHFIO.  sa9  oam ssaams ams a0 0391 . N
o T~ I e B Set outliers flags according to
@ [%] neme | OmaFse | Typs | Lewel | Acq DweTme | Exp Conc | RT | Resp |Ma|Accumcy| Ratio [i] Rato [ai Pefrsctanta ASTE CEWILIONS w7 ewo0 E
@ ¥ IGAGWIS  TEAGWO4d  Sample 142019 10,02 PM szant [ w0 s 2 PTS Cams A 8113406 e 436967 e . .
| @ ¥ 16acwes Someke Y2019 1054 P 20z O w0 780 -Perfiearaizme. 6L 981 JaENE 04730 } \ I E J u I d el I n es
O ¥ IGAGWDS Sample IN47209 240 P 78150 [ Ha8 ] e20] [ o . P s
Q@ v IAGWO? TBAGWOTH  Snmpis 142019854 B | 120 0 (m] B e o e
© v IGAGWOS 1GAGWOSd  Samphe A4S EEIPM 50838 O 60 B30 Ferflurosermanes CEMFLIOEE 983 maoae 08516
@ v GAGWIS TEAGWISD  Sampie IH20194:21 AM w0 0 meQ VHrdreperfucech CTHFLS ars E8ITEE 04435
@ v 1BAGWIO Sample F4201911:11PM o0 4230 waQ reNA 15951 COHFITOR 303 9080 e a8z 9847 03T14 F] |
9 v G Samgin 31472019 10,37 PM 10961 [ w20 B0 ] . 3
| @ v wacwiz Somehe HMR0922IPM O (] (m] M Sean COOOD 0004117 i, 75 seans) 16AGW0RS Fhpi | Beflupheptancic sod H H
R i rsamu om0 we0og |[fE o MassHunter Quantitative
9 ¥ sAGWI4 Samgie 15/2019 4.38 AM (m] [w] (=] 5 N H
[ @ v 16AGWIS 1BACWISY  Semgke NI52019 203 AM 390 420 w20 =20 B h I 2 1
| © ¥ 1GARWDY IGARWOLG  Sample H2NIE01 PM 1368 4 0 10 4020 : a C 'a 'a_g ance VIeW
| @ ¥ IGARWOZ 1GARWUZE  Somple Y2019 636 PM O [m] 1 _
@ v IGARWOD IGARWDId  Samgle YIE2019 1:29 AM gl sME [0 065 [ 2000
Q ¥ GARW TEARWS S Sampls YN/2019 502 FM 3943 107 O w80 1ag N
O ¥ IGARWOS 1GARWDSd  Samphe WIS E4T AN 3975 6446 [ 1389 [ (] s
@ ¥ GARWOE  TGARWOGD  Sample NI ZIEAM EECIE - ] w6 sal
O v IGARWOT 1GARWOT 4 ample 420192 11PM n n n_- 4

Compound Informaticn - Calibration Curve -8 :

Bt A ey CPRBRAWME D T 0L e e eI Y Tweleer v o e e : N S T I
0 S R 4 S CDB00 (358408 v B3 : ew ocreener 100
P 145 frin z [Mass Mach Scornts . 6 Prints Used 0 GCs i
R & AL

28 nare. Weight 1ix [ 500 100
% Mass. o Charge [miz) Mass-te-Chasge (=100
24 S0 Scan R0 (35004117 min, 24 scans) 16AGWORd (Target/Chualiber ions onlyl» 5M Scan CIDS20.0 (39004117 min, 24 scans) TEAEWOS.d (Target/Cualifier icns only| .

. 2 s e
2 £ £ Review Isotope pattern match
18 * 8

16

- s ST ' '

12 : ) 5 & 5

1 -
; 5 Review Fragments
[ s . 4
04
02 i[ : N

[} 2 ]
a2

" 25 L™ o 3% 100 — T T T T ! :
7 hequiniion Tis i) Mass-s5-Chavga (miz) BT AR OED RGN R e
[ 00 400 00 B0 1000 ] 200 00 500 200 1000
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Monitoring suspect PFAS

Simultaneous Quantitation and Screening
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Monitoring suspect PFAS

Screening summary PDF report

Screening Summary Report <% Agilent
Sample name: 16AGWOG Good 4 Warning 17 Error 354
Status Screening Summary Report Formula R.T. II;K.IHT ngggm Target Ion Mass Accuracy # of ](:Jualiﬁed Final Conc.
. re ons
{Heptafluoropropyljtrimethylsilane CBHOF7SI 2.604FENH 241.0289 3.95 PPM 2
C4HFFO2 2.079 0.041 212.9792 0.e3 PPM 2 472.7851
C5HF902 2777 0.031 262.97a0 0.47 PPM 2 448,9793
C6HSF9 03§ 3162 0.048 326.9743 -0.22 M T 880.0983
CeHF11 02 3.363 0.036 312.9728 -0.28 PPM 2 475.3056
C4HFI 035 3469  0.031 298.9430 -0.39 359,3393
3H-Perfluorobutanoic acid C4H2Fa02 3.530 0,499 194.9886 -1.07 1
Perfluorooctanesulfonate CBHF17035 5.933 AT 498.9302 -1.26 PEM 2
0:2 FTS CEHSF13035 4,266 426.9679 -0.59 PPM 2 911.3406
2H-Perfluoro(2-methylpentane) CBHF13 3.956 318.9798 -0.97 PPM 2
Perfluorol2-ethoxyethane)sulfonic acid C4HF9045 3.785 b 314.9379 0.46 PPM 2
Perflucropentanesulfonic acid C5HF11035 4,165 348,9398 -0.65 PPM 2
1-Hydroperfluoroheptane C7HF15 4,511 368.9766 -0.44 PPM 2
PFMA COHF17 02 5.058 b 462.9632 -0.38 PPM 2 303.9080
%,3 3, 2-Tetrafluoro-2-(perfluoropentoxy)propan- CBH3F1502 414,9821 0.81 PPM 2
-0
1H-Perflusrohexane CBHF13 318.9798 -0.97 2
((Perfluorooctyl)ethyl}phosphonic acid C10HEF1703P 5.300 0.485 526.9710 4,37 1
4-[3-(Perfluorobutyl)-1- C14H13F902 6.167 0.221 383.0699 2.89 1
propyloxy]benzylgalcohol
(Perfluorooctyl)propanoyl chloride C11H4CIF170 508.9606 -2.22 1
CH H O 408 03[ 2 83.0760
Flagging 1 0.4484

Flagging

RT outlier A9 G

verified ions
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Targeted Suspect Screenin

Custom PFAS database with >150 compounds
MS/MS spectra and retention time data available for a
subset of compounds

& MassHunter PCDL Manager for Forensics and Toxicology - C:\MassHunter\ PCDL\PFAS with some RT_03282017.cdb [E=R[E=R ===
File Edit View PCDL Links Help

B Findspectra 3 1 |1 5 & [ @

SngeSemch |  BachSeach |  BachSurmay |  EdtComounds | Specral Seach BowseSpecte | Edt Spectra |
Mass Graphic | Wass List
Precursor ion: o polartty. (Any) - Library spectrum
— 10
g 51896704
Tokernce: 200 lonization made: A = f Ky
Colision energy Addiional Fiters Added Fiters z ®
= 2.
Tolerance: 20 v k0
&0.
Add 50.
nd: PFUNDA / Perfluoroundecanoic acid (PFURA)
.
Compound Name lon Species Precumsorfon  CE(V) Polrty  lonizatin  stumert 2.
PFLNDA / Perfluoroundecancic acid (PFURA) (M 10 Negative aToF 2. N
PFUNDA / Perfluoroundecancic acid (PFUA) 10- 10.39 26857659
PFUNDA./ Perfluoroundecancic acid (PFUnA) ol 1 | ‘ | s | | | 1
200 250 w0 B0 «o 0 50 0
miz
Compound Name Fomuia Mass  Aton  Caton  RTnn)  CAS ChemSpider IUPAC Name Speia ~ ChapmantallD  CH é
PFBS / Perfluorobutanesulforic acid (PFBUS) | C4HFS03S 29985027 [ [&] 5660/ 375735 | g1132 11223344 4 Nonafluoro-T-butanesuiforio acid |3
PFHcA / Periucrchexancic scid CEHFI102 3se008| [ B 07244 | 608K Undecaflucrhexancic acid 3
FFHpA / Perfluormheptancic acd C7HF1302 357630 [ B 7300 275858 | 61138 Tridecafluoroheptanoic acid 3
PFHS / Perflercheranesufonic acd CEHF13035 0954388 [0 [l 7.350 | 355464 | 61053 11.223.3.4.4556.6.6 Trdecafluere- L heranes... |3
FFOA / Perfiuorooctanoic acid CEHF1502 s3smm| [0 B 2070 335671 | 180 Pertadecafluormostansic acd 3
PFOS / Perfuorooctanesufanic acid CeHFI703s ag9garan| [ [S] 8730 | 1763231 | 67068 1.1.2233445566.7.788Heptadecafluon... |3
PFDA / Peruorodecancic acid C10HF1502 s13672| [ @] 5330 33762 | 181 Nonadecafluorodecancic acid 3
» | PFURDA/ Pefiucroundecancic acd (PFURA) | C11HF2102 56396412 [ B 9830 | 2058948 | 63649 Henicosafiuaroundecancic acid 3
PFBA/ =cid canFro2 213s86a8| [ &l 2370275224 | 3384 Heptafluorbutancic acid 2 2
< M ] »
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Targeted Suspect Screening Results

WWTP1 Final Effluent

<10 4 |Cpd 11: 6:2 FTS / C2Hd-perflucrooctane sulfonate: -ESI EIC(426.96790, 854.94309, 855.94614) Scan Frag=350.0V ETP FEFF 1.d xao ¢ (694 11162 FTS 12 sufonate: - kit i ol .
4 8.04 M e A TSV 3 SR TP P it 2
25 - 066
35 > 24 : o
1 Cpd 11: 6:2 FTS / C2H4- ifonate: - ), 854.94309, ETP PEFF 1.4
; 6:2FTS : = :

25 Mass: 427.97458 i

8p2
472

: Mass diff: -1.41 ppm

1 Score: 98.11 e e

0.66
0 P - —
Cpd 11:6:2 FTS / sulfonate: - . 85494309, 855.94614) Scan ETP RW1.d
112 8p2 2
[T
sulfonate: - . 85494309, 855.94614) Scan ETP SEFF 2.4

0
105 |Cpd 22:62 FTS [ C2Ha
12

8.02
459 5.09 6.24

25

35 4 45 5 55 éwmgl

125 13 135 14

6:2 FTSID’d in
all samples of
WWTP

- ; 7 T 7 T T T T T T T T T o5
45 S 55 6 6.5 7 7.5 8 8.5 9 95 10 10.5 1"
Counts vs. Acquisition Time (min) o utse .
80000
<10 5 |CPd 22: 6:2 FTS / C2Hd-perflucrooctane sulfonate: -ES| EIC(426.96790, 854.94309, 855.94614) Scan 6-2 FTS.d 60000-
2.25 802
’ 8
: g
75 2 40000-
3
1.5 B
1.25 <
1
0.75 20000-
0.5
0.25
o 5.61 9.05
45 s 53 6 &3 Couné'as. Acquisiu%n Time (m?rg ° 93 10 103 " i}
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Targeted Suspect Screening Results
Additional PFAS identified with LC-Q/TOF

03
84
82

8
78
76
74
72

7
68
66
64
62

6
58
56
54
52

5
48
46
44
42

4
38
36
34
32

3
28
26
24
22

2
18
16
14
12

1
08
06
04
02

Cpd 35: PFOSA / Perfluorooctaf

od

PFOSA

pesulfonamide; C8 H2 F17 N 02 S; 6.867: -

6.867

1C(497.9462, 543.9517, 557.9...

x103

381
3.7
361
351
3.4
3.3
3.2
3.1

3
291
281
2.7
2.6
251
241
2.3
2.2
2.1

1.94
1.84
1.74
164
154
144
134
1.24
114

1
0.9
0.8
0.74
0.6
0.5
0.4
0.3
024
0.1

Cpd 35: PFOSA / Perfluorooctanesulfonamide; C8 H2 F17..

1056.9193
T2M+CH3CO0)-

1057.9229
(2M+CH3C00)-

+CH3CO0)-

1058.9162

1053 1054 1055 [1056 1057 1058 1059 1060 1061 1062
Cogints vs. Mass-to-Charge (miz)

68

634 6% 68 69
Counts vs. Acquisition Time (min)

x103

4.8+
4.6+
4.4+

4.24

3.8
3.6
3.4

3.2

2.8
2.6
244

2.2

1.8+
1.6
1.4+

1.2

Cpd 2: HPFO-DA / GenX;

ic aci

2,3,3,3-tetrafluoro-2-(1,1,2,2,3,3,3-
heptafluoropropoxy) propano

5 HF10 03; 3.677: - EIC(2!

3.677

, 343.9748, 357.9905, 59..

x103 |Cpd 2: 23,33

31

29
28
2.7
26
25
24
23
22
21

19
18
17
16
15
14
13
12
11

328.9678
(M-H)-

0.9
0.8
07
06
05
0.4
03
0.2
0.1

2-(11,22333;

658.9430
(2M-H)-

250 300 35
Coun
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364 366 368 37 372 374 376 3.78

Counts vs. Acquisition Time (min)

400 450 500 550 600 650

s vs. Mass-to-Charge (m/z)

S’/ F53B; C8 H CI F16 O4

®

Cpd 12: 6:2 CI-PFAES / F538B; C8 H CI F16 04 S; 7.257...

530.8958
(M-H)-

532.8929
(M-H)-

531.8985
(M-H)-

533.8953

— b,

&

531 532 533 534 535 536 537 538
Counts vs. Mass-to-Charge (mz)

715 72 725 73 7.35
Counts vs. Acquisition Time (min)

74
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Targeted Suspect Screening Results

Influent Effluent  Targeted: Only captured ~6% of
compounds

« Suspects: 10-16% of fluorinated
compounds

* Unknowns: 66-81% of fluorinated
compounds

m Targeted Analysis m Suspect Screening _ _ o
» Large portion of fluorinated anionic

® Unknowns non-PFAS containing F .
compounds in sample unknowns

60-70% of fluorine containing molecules in these samples is ‘unknown’

August 11, 2019 NEMC 2019: Moving beyond monitoring legacy PFAS
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Complete Workflow

Known knowns #

Expanded targeted —
. —Em——
list (~50 compounds) = '

3

.| Mass: 427.97458
21 Mass diff: -1.41 ppm ‘
.| Score: 98.11 |

Y

Continually refining
targeted method
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Known unknowns
Expanded PFAS database

Unknown unknowns
Adding identified
compounds to database list
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Measuring PFAS by LC-IM-Q/TOF
The ultimate tool for PFAS identification

“Rapid Assessment of Isomeric Diversity in PFAS by lon
Mobility Spectrometry-Mass Spectrometry (IMS-MS)”

James Dodds & Erin Baker , NC State

28 August 11, 2019 NEMC 2019: Moving beyond monitoring legacy PFAS
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Agilent 6560 IM-Q/TOF
lon path design

T A e 1A

B ———

mnt funnel \ \/ Collision Cell
) |—Trapp|ng gate

= B T |

S = —-

..... R -
= 1§ LT Ty

B —
!

Trapping funnel
Drift tube lon Pulser

Rear funnel

lonization Source
Agilent
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Agilent 6560 IM-Q/TOF

Basic operational principle of lon Mobility for conventional DC uniform field IMS

lon Mobility Cell
| | Detector
[ ] [ [ ]
® ®
¢ @
. @ ‘ [ ¢ ¢ : @
® b ®
® ¢ ®
[ ] [ ] [ ] @
[ ] [ ] L ] [ ] [ ] @
® ¢ @
| e @ @ @ - ¢ - |
Electric Field
Stacked ring ion guide gives linear field
X E eE
v = x
PNT Q
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Measuring PFAS by LC-IM-Q/TOF
An additional dimension of separation

:
' Nanosecond
peaks

Mass Spectrum /
Second* O /

peaks |, )
M LJ\J‘ ‘06\
)J <

Combining the Power of

Accurate Mass and Structural Characterization
With Current UHPLC (and GC) Separations
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Measuring PFAS by LC-IM-Q/TOF
Mass Spectrometry data

August 11, 2019

PFOS Branched/Linear Isomers

PFOS MS/MS [M-H]"

(I) Linear (z) PFOS (A)1007 (~10.4 min)
~ECF,TLM 1
AN NN I< < 504 (180)
11 0+
UL Beamchid (myREOS 50 150 250 350 450
~Only ECF
\)\/‘\/\ i B0 etlhasmin)
. o (230)
& 504
1II) Impure PFOS . .
(1) Imp ©
100 0 T T T T
e Synquest 50 150 250 350 450
2 50 (€) 1001 (99) (~11 min)
= .11k
= 4 & 504
10.2 10.4 10.6 10.8 11 11.2 11.4 b
13 S ——
(IV) Linear (#) - PFOS ) 50 150 250 350 450
100 " 11)100+
@ Welllngton( ) ] (Only L-PFOS ~11 min)
2 50 Labs S 504 ~ same as (C)
-a: -
=4
1 e e g 0+
10.2 104 106 108 11 11.2 11.4 50 150 250 350 450
Retention Time (min) Mass-to-Charge (m/z)
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Measuring PFAS by LC-IM-Q/TOF
PFOS Conformations resolved by IM

Peak  CCS (A%)

LC-IMS-MS for PFOS
Extracted m/z (498.93)

A 162.7
B 162.0
C 164.6
D 165.8
102 104 106 108 11 112 E HO30
N - _ F 168.7
etention Time (minutes) F G 162.6
X 105 G
15 ~ D E
B -
78 10 11.0
s = C
Q =
= 0
S8 54 10.8

o
o}

A 10.6
23 . .
g Retention Time
22, 22 10.4 (minutes)
Drift Time 21.5
(milliseconds) 21
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Summary

« TQ>QTOF->IM/QTOF resolving PFAS
reveals complexity of the problem

« Simultaneous target quantitation and
suspect screening workflow

» Need for direct injection methods for broad LN o
screening Tl E

- Adding confidence to putative ——
identifications using RT projection and —
prediction L=

AL AN EAT T 1V

!
|
g
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