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Terminology

Perfluoroalkyl substance

F FF FF F PFOS
- COOH ALL H atoms linked to C in alkyl
chain are substituted with F PFOA
g FFF F FF F

Polyfluoroalkyl substance

F FF FF F

: cooH  SOME (but not all) H atoms linked to
i C in alkyl chain are substituted with F
H HF FF F
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PFAS Classifications and Terminology

>4000 PFAS compounds in commerce

Common Acronyms

Sub-classes of PFASs

PFCA Perfluoroalkylcarboxylic acid

PFOA Perfluorooctanecarboxylic acid

PFAS Perfluoroalkylsulfonate

PFOS Perfluorooctanesulfonate

PFASI Perfluoroalkylsulfinate

FOSA Perfluorooctanesulfonamide

FOSAA Perfluorooctanesulfonamidoacetic acid

FOSE Perfluorooctanesulfonamidoethanol

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

FTUA Fluorinated telomer unsaturated acid

FTS Fluorinated telomer sulfonate

PFAPA Perfluoroalkylphosphonic acid

PFPi Perfluoroalkylphosphinate

PAP Mono-substituted polyfluoroalkylphosphate ester
diPAP Di-substituted polyfluoroalkylphosphate ester
PFAI Perfluoroalkyl iodide

SFA Semifluorinated alkane

FTI Fluorinated telomer iodide

FTO Fluorinated telomer olefin

FTAC Fluorinated telomer acrylate
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PFCAs
(CoF2p11=COOH)
PFSAs o
(CoFyn4a—SO5H)
perfluoroalkyl acids - nant 73
L PFPAs -
(Cannn_Post)
PFPiAs
(CiFsrii—POH—=CF. )
PFECAs & PFESAs
(C"an*‘-o_cszmﬁ_R)
PFASs & PASF-based
(CoFania—R) substances o
(CFanss—S0,=R)
> over 3000
PFASs may PFAA -
have been precursors
the global
z‘na"‘:‘g o fluorotelomer-based

substances -
(anmu_czH.q_R)

fluoropolymers
others:

Examples of Number of peer-reviewed
Individual compounds® articles since 2002**
O PFBA (n=4) 928
O PFPeA (n=s) 698
O PFHxA (n=6) 1081
© PFHpA (n=7) 1186
PFOA (n=8) 4066
O PFNA (n=9) 1496
o PFDA (n=10) 1407
o PFUNA (n=n) 1069
PFDoA (n=12) 1016
O PFTrA (n=13) 426
PFTeA (n=14) 587
o PFBS (n=4) 654
PFHXS (n=6) 1081
o PFOS (n=8) 3507
O PFDS (n=10} 340
PFBPA (n=4) 3
O PFHxPA (n=6) 33
PFOPA (n=8) 3N
O PFDPA {n=10) 35
O C4/C4 PFPIA (nm=4) 4
o C6/C6 PFPIA (n,m=6) 12
O CB/C8 PFPIA (n,m=8) 12
O C6/C8 PFPIA (n=6,m=8) -
O ADONA [CF,—O—C Fg—O—CHFCF,—COOH) 4
© GenX (C,F,~CF(CF,j-COOH) 2
© EEA (C,F;—O—C,F,—O—-CF,—COOH) 6
© F-538 (CI=C4F,,~O-C,F,~SO,H) 14
© MeFBSA (n=4.R=N(CH JH) 25
o MeFOSA (n=8.R=N(CH H) 134
O EtFBSA (n=4.R=N(C,HJH) 7
© EtFOSA (n=8,R=N(C,H,)H) 259
MeFBSE (n=4,R=N(CH JC H,0OH) 24
0 MeFOSE (n=8 R=N(CH,)C,H,OH) 16
O EAFBSE (n=4R=N(C,HJC,H,OH) 4
0 EtFOSE (n=8 R=N{C,H,)C,H,OH) 146
O SAMPAP {[C4F ,SO,NIC H,)C,H, O], ~PO,H} 8
© 100s of others
4:2FTOH (n=4,R=OH) 106
6:2 FTOH (n=6R=0H) 375
0 8:2 FTOH (n=8 R=0H) 412
0 10:2 FTOH (n=10,R=OH) 165
12:2 FTOH (n=12,R=0H) 42
© 6:2 diPAP [(CgF ,C,H,0),—PO,H] 23
© 8:2 dIPAP [{C4F,,C,H,0),~PO,H] 25

1005 of others

o polytetrafluoroethylene (PTFE)
o polyvinylidene fluoride (PVDF)
o fluorinated ethylene propylene (FEP)

perfluoroalkoxyl polymer (PFA)

operfluoropolyethers (PFPEs)

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



Per/Polyfluoroalkyl substances (PFAS)

 Thermal & Chemical stability: grease-proof food packaging,
stain repellents

« Zwitterionic properties: surfactants
» Surface-tension lowering: fire-fighting foams
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&he New York imes Magazine

NOTEBOOK

The Story Behind the E.P.A’s
Contaminated Water Revelation

theguardi

O ©
States sue over PFOA TR REPORT: UP TO 110

By Marc S. Reisch M I I_I_lON AM ERICANS
The state of Ohio filed a lawsuit charging that DuPont released the fluorosurfactant COU LD HAVE PFAS'

perfluorooctanoic acid (PFOA) into the Ohio River for decades even though it knew it could cause CONTAM'NATED

harm. The suit, filed in Ohio state court on Feb. &, also names Chemours, which now operates the DR'NKING WATER

Parkershurg, WVa., plant where PFOA was used. Ohio seeks investigation and cleanup costs.
Meanwhile, the State of Minnesota plans to press its suit against 3M for polluting drinking water

b PEO o ire it o : " £<: paul Too | :

UESDAY, MAY 22, 2018

Michigan declares state of emergency in
town with high PFOS, PFOA levels in
drinking water

Source of perfluorocarbon pollution as yet unknown, state says

By David Andrews, Senior Scientist

REPORT: UP TO 110 MILLION AMERICANS COULD HAVE PFAS-
ONTAMINATED DRINKING WATER

PFAS Tap Water Data Was Funded By Taxpayers But Kept Secret

June 16, 2019 Agilent PFAS Solutions ~ ASMS 3% Agilent



News Releases from Headquarters > Water (OW)

R eg U I atO ry U pd ates EPA Acting Admin'istrato.r Am}ounces First.—
Wh at |S g O| N g on ’) E}Iae; Comprehensive Nationwide PFAS Action

Historic plan outlines concrete steps the agency is taking to address
PFAS and to protect public health

02/14/2019

Who are the agencies involved In
regulating/monitoring PFAS in the US?

This relates to federal status as a contaminant in drinking
US Environmental Protection Agency (U.S.  water only.

EPA) — for federal COmpllance Bill would declare PFAS chemicals hazardous
, ] substances under Superfund law
State EPA's & Department of Environmental R R

Protection (DEP) — for State compliance

BW ' Best Western.

Hotels & Res

Inn Santa Clara + Santa Clara, CA
| e 4

Department of Defense — for Military sites

Industrial companies — for individual discharge : - | AN __a ‘

& remediation sites W e

Water Utilities — to meet discharge permits

India: Free students of fake
Farmington university
eb. 3, 2019, 2:55 p.m

The proposal is to regulate the group of PFASs, as defined by the OECD®, and to suggest
values of 0.1 pg/l for individual PFAS and 0.5 pg/l for PFASs in total, as is done for
pesticides. As these values are higher than those referred to in Sweden or the United States, it

should be feasible to meet them. This bill will require PFAS to be monitored at all superfund
sites

EU Drinking Water Directive guidelines

June 16, 2019 Agilent PFAS Solutions ~ ASMS



Regulatory Guidance for PFAS in Drinking Water

Compound Agency/State Concentration (ng/L)

PFOA + PFOS EPA DWHA 70
PFOA MN 35
PFOS MN 27
PFOA NJ 14 (40)
GenX NC 140

PFOA/PFOS UK 300 (Reg. 10)

PFOS/PFHxXS AUS 70
PFOS VIC EPA 0.23

June 16, 2019 Agilent PFAS Solutions

2016
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2017

2017 (2007)

2017

2009

2016

2016
(Proposed)




Avalilable Methods

Department of Defense — Military Testing
Draft method exp. In 2019 — SPE
Currently: must meet QSM ver. 5.1 or
higher

ASTM 7979 (water); ASTM 7968
(solids)

i’

\\ ASTM INTERNATIONAL

AN

EPA 537/537.1 Draft EPA 8327 |
(Oct 2018) Non-potable Water Non-compliance
Drinking Water (wastewater, Researc_h
ONLY groundwater) — 2019 Academia
Industrial Clients
EPA 533 EPA 8328 (proposed) | o |
Ex. Direct injection; online SPE

expected 2020) Soils and solids

Agilent
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PFAS Analysis — LC Instrument Setup
Eliminate Background Contamination

Replace Inlet Lines with

Peek Potential Contamination Sources
« Solvents

« Filtration apparatus

« Teflon lined tubing

Replace Bottle Caps with
PP Caps (Hole Drilled)

Replace Glass
Sinkers with
Stainless Steel
Sinkers

Use snap top
polyathylena
membrane caps
{Septa of reqular
caps has PTFE)

Remove PTFE filters

Bypass degasser

using 1/8” PEEK Application Note: Recommended Plumbing Configurations

tubing from solvent for Reduction in Per/Polyfluoroalkyl Substance Background
bottles directly to inlet with Agilent 1260/1290 Infinity (I) LC’s, Agilent Application
check valve Note (5991-7863EN)

June 16, 2019 Agilent PFAS Solutions ~ ASMS g Agilent


http://intranet.chem.agilent.com/sites/partners/salesassist/region_training/Lists/Recording Archive/DispForm.aspx?ID=1455

PFAS Analysis — LC Instrument Setup

Eliminate Background Contamination

PFOS

PFCA537Cal_0p5ppb_1ul [PFOS]

PFHXS

PFCA537Cal_0p5ppb_1ul [PFHxS]

498.9-> 80.0RT=11.911 %10 17398.9 -> 80.0 RT=10.004
1 154
6.5 1.44
6 1.24
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5 1.1
45 Ly
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58 06
1 05
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PFAS Instrument Setup
Background Contamination

x103 )
5 ng/L standard Actual 4.45 L « The use of a Delay column is
i PFOS convenient when running
N peak multiple methods on the same
3 instrument.
Sl
N « “Delay” column and not a
y “Trapping” column. l.e. the
103 background peak will be
51 Mili-Q Water (‘Blank’) 1 retention time separated but will
N be present.
] Background « The delay column does not
21 PEOS from 4o account for any contamination
1] LC system L after the pump (the autosampler)
513
) 05 1 15 2 25 3 35 Counts vs. Acqéuisilion '?il'r?'\e (min)
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EPA Method 537/537.1
Analysis of PFAS in drinking water

* Method is written ONLY for Drinking Water.

« 18 Analytes in EPA 537.1 (14 analytes in EPA 537)

« Method requires Solid Phase Extraction + LC/MS/MS

« Agilent polystyrenedivinylbenzene (SDVB) SPE cartridge
« 10 pL injection (96/4. MeOH/Water)

e 37 min run time

« MDLs: <1-5 ng/L

June 16, 2019 Agilent PFAS Solutions ~ ASMS

EPA Document #: EPA/600/R-08/092

METHOD 537. DETERMINATION OF SELECTED PERFLUORINATED ALKYL
ACIDS IN DRINKING WATER BY SOLID PHASE EXTRACTION
AND LIQUID CHROMATOGRAPHY/TANDEM MASS
SPECTROMETRY (LC/MS/MS)

Version 1.1
September 2009

J.A. Shoemaker US EPA, Office of Research and Development, National Exposure

Research Laboratory

P.E. Grimmett US EPA, Office of Research and Development, National Exposure
Research Laboratory

B.K. Boutin The Narional Council on Aging, Senior Environmental Employment
Program

NATIONAL EXPOSURE RESEARCH LABORATORY
OFFICE OF RESEARCH AND DEVELOPMENT
U. S. ENVIRONMENTAL PROTECTION AGENCY
CINCINNATL OHIO 45268

£37-1

https://cfpub.epa.gov/si/si public record Re
port.cfim?dirEntryld=343042&Lab=NERL



https://cfpub.epa.gov/si/si_public_record_Report.cfm?dirEntryId=343042&Lab=NERL

Analysis of PFAS
EPA 537+ analytes

Infinity I
HPLC Stack

Ultivo
Triple Quad

Analysis of per/polyfluoroalkyl substances (PFASS)
in drinking water using the Agilent Ultivo triple
guadrupole LC/MS; 5991-8969EN

June 16, 2019
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USEPA Method 537.1
Addition of 4 analytes in methods + PFBA & PFPeA with Ultivo LC-MS/MS

x10 3 1
1,05+ ;
14 PFTA
0.95
0.9+
0.85-

08- NMeFOSAA i
el PEURA  11CI-PF30UdS

0.7+
0.65
0.6
0.55+
0.5+

0.45 | Adona
0.4+ PFHp

0.35-
0.3
0.25
0.2-] PFPeA PFHxA

PFNA bon
0151 PFBA | 9CI- PPRA 0

A4 PFBS GenX A / \
0.05- /\ A - | PE3NOS /\ I
: /\ A . PFHXS PFOS| | 11167 - J L

4 45 5 55 6 6.5 7 75 8 85 9 95 10 10.5 11 115 12 12.5 13
Counts vs. Acquisition Time (min)

NEtFOSAA

PFTrDA

|

Agilent Zorbax Eclipse Plus C18, 3.0 x 50 mm, 1.8 um column
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EPA Method 537.1 “Modified”
adding analytes, changes to SPE, lower MRLs etc.

More analytes; Lower DLs Different SPE cartridge — better recoveries

Agilent

0% Analysis of Per/Polyfluoroalkyl
RN .. .. e « - Substances in Water Using an

Trusted Answars

o 0%, Agilent 6470 Triple Quadrupole
R G LC/MS
]
- .
Extraction of Per/Polyfluoroalkyl
Application Note Substances in Water Using
Agilent Offline Solid Phase Extraction
Authors Introduction
: The analysis of per/polyfluoroalkyl sub (PFASs) or perfluorinated
Kathy Hunt and Ralph Hindl
Aty rut and fap .|n ¢ compounds (PFCs), in particular the perfluorinated alkyl acids (PFAAs), is currently
Vogon Laboratory Services Ltd., a hot topic in water analysis. The unigue chemical ies of these i Authors Abstract
Cochranae, AB Canada maka them components used in a vanety of applications such as nonstick 5
cookware, fire resistant clathing, fire-fighting foams, and others. However, these Hunt and Ralph Hindle This Application Note describes a modified extraction for per- and polyflucrinated
;EI'TH A_';”“:" o mpounds are considerad tovic. persstent. and bioaceumulative n widife et alkyl substances (PFASs) used in EPA Method 537 to extract 30 PFASs (including
gilent Technologies Inc. and the environment. Consequently, the Unita es Environmental Protection - ) A ] ] .
Wilmington. DE. USA Agency (USEPA) has racently issued drinking water health advisories for two Gochrane, AB Canada :::ujd";::‘:d?r?ag;::;?:: ;\ﬁ;:&?;%ﬁ?glmmglﬁ:;ﬂge (wax)
gton. UE. PFASs, perflucrooctaneic acid (PFOA) and perflucrosulfonic acid (PFOS) at 70 ng/L Tarun Anurmal .
(combined). Several states such as New Jersey, New York, and North Carolina Agilent Technalogies, Ine.
already have public health guideline values varying from 20400 ng/L for several Wilmington, DE, LSA

PFAS including PFOA, PFOS, perfluorot ic acid (PFHxA), and perfluorononancic
acid (PFNA) in water.

USEPA Method 537 highlights a method for the analysis of 14 PFASs in drinking
water with solid phase extraction (SPE) and LC/MS/MS. However, several
other classes of PFASs are also currently in use and need to be monitored in the
anvironment.

This application nota describas the analysis of 30 PFASs in eight different classes, Ap p I i C atl O n n Ote : 5 9 94- O 2 5 O E N

including all 14 PFASs in EPA Method 537, using a single analytical method on an
Agilent 6470 triple quadrupole LC/MS/MS.

Application note: 5991-7951EN

June 16, 2019 Agilent PFAS Solutions ~ ASMS : - Agilent




Solid Phase Extraction for Water
USEPA 537 vs Modified

150

Bl EPA 537 (n=7) = Recoveries calculated in
B Modified SPE (n=6)

Reagent Water

= Modified SPE cartridge:
SampliQ WAX cartridge (6 cc,
150 mQ)

= All recoveries between 70-130 %

125+

Recovery (%)
~ S

a
o

251

Final extract: 1 mL ~96% MeOH

June 16, 2019 Agilent PFAS Solutions ~ ASMS 3% Agilent



Solid Phase Extraction
USEPA 537 vs Modified

150 150
Bl EPA 537 (n=7)
B Modified SPE (n=6) B Modified SPE (n=6)

125-

(LT

125+

=
o
o
=
o
o

Recovery (%)
Recovery (%)

& & & C L & L& & & <<“\ & Q&v & L 'FESL S PN Q)’L ,L<<’\ ,L<<’\ " & <<Q <<“\ & &
¥ & @
N
EPA 537 Analytes Additional PFAS including ASTM

June 16, 2019 Agilent PFAS Solutions  ASMS



EPA 8327 (draft) & ASTM 7979

Analysis of PFAS in ground, surface and wastewater

 Method is for non-potable waters — surface water,

groundwater, wastewater

« EPA 8327 is proposed for release to public in Feb. It is
similar as ASTM 7979

« 28 Analytes

« Meant for high throughput; very simple and quick sample

prep.

« Method using simple dilution & acidification before large

volume injection

e 30 pL injection (50/50: MeOH/Water)

e 21 min run time

« MRLs: 10 ng/L (range: 10-400 ng/L)

June 16, 2019

Agilent
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Designation: D7979 - 15

Standard Test Method for

Determination of Perfluorinated Compounds in Water,
Sludge, Influent, Effluent and Wastewater by Liquid
Chromatography Tandem Mass Spectrometry (LC/MS/MS)’

This standard is issued under the fined designation DT979; the number immediatcly following the designation indicates the year of
original adoption or, in the casc of revision, the year af last revision. A mumber in parcrtbeses indicates the year of last reapproval. A
superscript cpsilan (5) indicates an editorial change sinc the last revision or rapproval.

1. Scope

1.1 This procedure covers the determination of selected
perfluorinated compounds (PFCs) in a water matrix using
liguid chromatography (LC) and detection with tandem mass
spectrometry (MS/MS). These analytes are qualitatively and
quantitatively determined by this method. This method adheres
to multiple reaction monitoring (MRM) mass spectrometry.

1.2 The Method Detection Limit {MDL)* and Reporiing
Range® for the target analytes are listed in Table |.

1.2.1 The reporting limit in this test method is the minimum
value below which data are documented as non-detects. Ana-
Iyte detections between the method detection limit and the
reporting limit are estimated concentrations and are not re-
ported following this test method. In most cases, the reporting
limit is the concentration of the Level | calibration standard as
shown in Table 4 for the perfluorinated compounds after taking
into account the 50 % dilution with methanol. It is above the
Level | calibration concentration for PFOS, PFBS, FHEA and
FOEA, these compounds can be identified at the Level 1
concentration but the standard deviation among replicates at
this lower spike level resulted in a higher reporting limit

1.3 Units—The values stated in SI units are to be regarded
as standard. No other units of measurement are included in this
standard.

1.4 This standard does nol purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard io establish appro-

" This test method is ender the jurisdiction of ASTM Commities D19 on Water
and i the direct responsibility of Subcommittes 11906 an Methods for Analysis for
Organic Suhstances in Water.

Cuarrent edition approved Jan. 1, 2015. Published February 2015. DOI: 1015200
D7979-15.

priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

1. Referenced Documents

2.1 ASTM Standards:*

1129 Terminology Relating to Water

121193 Specification for Reagent Water

D2777 Practice for Determination of Precision and Bias of
Applicable Test Methods of Commi DI9 on Water

3856 Guide for Management Systems in Laboratories
Engaged in Analysis of Water

13654 Practices for Preparation of Sample Containers and
for Preservation of Organic Constituents

134841 Practice for Estimation of Holding Time for Water
Samples Containing Organic and Inorganic Consti

5847 Practice for Writing Quality Control Specifications
for Standard Test Methods for Water Analysis

E2554 Practice for Estimating and Monitoring the Uncer-
tainty of Test Results of a Test Method Using Control
Chart Techniques

2.2 Other Standards:*

EPA Publication SW-846, Test Methods for Evaluating Solid
Waste, Physical/Chemical Methods

The Code of Federal Regulations 40 CFR Part 136, Appen-
dix B

3. Terminology

3.1 Definitions:

3.1.1 For definitions of terms used in this standard, refer o
Terminology D129,

3.2 Definitions of Terms Specific to This Standard:

3.2.1 perfluorinated compounds, n—in this test method, 11
perfluoroalkyl carboxylic acids, 3 perfluoroalkylsulfonates,
Decafiuoro-4-(pentafluoroethyljcyclohexanesulfonate and 6

2The MIN. is doicrmined following the Code of Federal jans, 40 CFRt
Furt 136, Appendix B utilizing dilution and fltration. § mlL sample of water was
wilized. A detailed process detcrmining the MDL is explained in the reference and
s heyand the scape of this test mathod 1o be cxplained here.

* Reporting range concentration is cakulatcd from Table 4 concentrations
assuming a 30 pl. injection of the Level 1 calibration standard for PFCs, and the
highest level calibration standard with a 10 mi. final extract volume of a § mlL water
sample. Volume variations will change the reporting limit and ranges.

* For refiorenced ASTM standards, visit the ASTM website, www.astm.arg. ar
contact ASTM Customer Service al scrvice@astm.org. For Anrual Book of ASTM
volume information. refir 1o the standard's Document Summary page on
the ASTM websile.
* Available from National Technical Information Service (NTIS), U.S. Depart-
ment of Commeros, 5285 Part Royal Road, Springficld, VA, 22161 or at hatpelf
WWWPLED Aim
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Sample Preparation Protocol

« ASTM 7979

5 mL water sample

NS

« EPA draft method 8327

Add surrogate (internal standard) mix solution

NS

Surrogates 464
S5mL SHIOY 10 L _

Add 5 mL MeOH, mix

N

Filter

Filter through Acrodisc GxF/0.2um GHP

MeOH Acetic =~ 'mmmm—
Acid {_

—

[ma=rai

‘ 1260 Infinity Il

Vortex

N 7
N
Adjust pH to acidic with 10 uL acetic acid

NS

5mL |
sample

6470 Triple quadrupole
LC/MS

LC-MS/MS analysis

June 16, 2019 Agilent PFAS Solutions  ASMS
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EPA 8327 (draft)
Agilent data from the inter-lab validation for this method

ALL THE ANALYTES DETECTED < REPORTING LIMIT
SURROGATES RECOVERIES BETWEEN 70-130% IN ALL SAMPLES

Surrogate Recovery at 160 ng/L in Unknown Water Samples

140

120
100
80
60
40
20

%

@ "&& && Q& ®®“$’$’ ®®
&

v X % ‘?‘ g
Q Q Q‘<
N R\ @
85
= Unknown Surface Water Sample 2
® Unknown Reagent Water Sample 1
® Unknown Ground Water Sample

®m Unknown Surface Water Sample 1
= Unknown Surface Water Sample 3
® Unknown Reagent Water Sample 2

Authors

Jerry Zweigenbaum and
Hui Zhao

Agilent Technologies, Inc.

Agilent

Trusted Angwars

Simplified and Fast Analysis of Per-
and Polyfluoroalkyl Substances in
Non-potable Waters

Using ultrahigh-performance liquid chromatography
with tandem mass spectrometry

Abstract

This Application Note describes @ method for the separation and detection of 28 per-
and polyfluerinated alkyl substances (PFASS) in water samples. The method uses

an Agilent 1290 Infinity || LC coupled to an Agilent 64704 triple quadrupole LC/MS
system with Agilent MassHunter workstation software. All the PFASs included in

the ASTM 7979 method are anzlyzed, and the same sample preparation protocol

is used. Water samples of 5 mL are diluted with an equal volume of methanol and
injected directly for a reporting limit of 10 parts per trillion {ppt, ng/L) or lower for
most of the compounds.

Application: 5994-0678EN

June 16, 2019
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ASTM 7968/EPA method expected based on this
PFAS analysis in soil and solid matrices

Method is for soil and solid matrices
EPA method expected to be based on ASTM 7968.
21 Analytes

Method using simple dilution & acidification before large
volume injection

30 pL injection (50/50: MeOH/Water)
21 min run time
MRLs: 25 ng/kg (range: 25-1000 ng/L for most)

PFAS Solutions  ASMS

Agilent



ASTM 7968
PFAS analysis in soil and solid matrices

PFOA - 9 Levels, 3 Levels Used, 9 Points, 3 Peants Used, 4 QCs IPFDS-‘J
§ 104y 2001021"X"2 +E374020"x + 18361846 g x10
E 17| F2n 088 g

.74 Type-Quadratc, Origin-ignore. Weight Tix
18

2g Soil Sample

Acids - PFOA Sulfonates- PEOS Extract with 10 mL methanol : water at pH 9-10

0 -
BB EE]

02
zh:‘oa‘ushs‘nfushs'un%un'nuhﬂudauéu:&nduudu&gzhzium B EEEEEEEEEEEEEEEENEN

Concentraton (ppt)

Tumble on rotator for 1 hour, centrifuge

x103 [Cpd 69: PFTreA 11.34: -ESI MRM Frag=100.0v CF=0.000 DF=0.000 CID@9.0 (713.0 -> £69.0) 190121_AmméAe-ACN_iCal 5_15uL_06.d
1

i: Acids (C4-C14) _ _
B Sulfonates (C4-C9) Syringe Filter
i FTS (4:2, 6:2, 8:2)

FOSA & FOSAA’s

Analyze by LC/MS/MS
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Analysis of PFOA & PFOS in Water by Online SPE

Table &  Limeanty and Precision of Cabbradion for Target Analytes

L]
‘o L o Imtra-day  Inier- day
(3 Automated Online SPE for Unearly  YoroWAY  venobly
0@ @0 . Compound A RSD: (%]  RSDH (%)
L PY ) LC/MS/MS Analysis of Trace
°® ® . . . - - S - R
o e Organic Contaminants in Water PREA 0.0077 1 5
. Using the Agilent 1290 Infinity PEOA 00963 T 27
:Ier'm.ﬂ cp:' be Module Fros A & Agilent Flexcube
pplication Note Primidane 0.9930 a4 a7 onli SPE
Environmental
Authors Abstract
Shane Snyder The Agilent 1290 Infinity Flexibla Cube module has enablad a fully automated online i oo
Department of Chemical & SPE extraction LC/MS/MS method for ng/L level detection and quantitation of Flexible cube 1
Environmental Engineering M trace organic compounds [pharmaceuticals, personal-care products, pesticides, SPE 2 (Load) e 3
BIDS Institute perflugrinated compounds and so forth) in 2 wide variety of water sources. Solvent -
Univarsity of Arizona It requires only 1.7 mL of sample and provides a cycle time less than 15 minutes, ::ll;:m
Tucson, AZ, USA anabled in part by the simultaneous positive and negative ionization feature of the
Tarun Anumal Agllanl. EHFI] TI'.I;]|B ﬂuadrupnll.a LC/MS. The automated online sample pn‘ap-a_ratlnn
Agilent Technologies, Inc. amhodla_ﬂ in this maethod provides I:IFIDEIE||E|EE| throughput and reproducibility, as =
Wilmington, DE, USA wall as time, labor, and solvent savings. :‘i‘s’:;"
SPE 1 (Elute) == “_-—-_; -
————
Standard Autosampler c

(800 pL Head)

u
Pump  Waste

Application note: 5991-6115EN
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Quantification of expanded list of Emerging PFAS
Analysis with 6495 in Water & Soill

Bradley Clarke — RMIT University (>50 PFAS in 1

method)

1400

1208

SPE Method accuracy — 5 ng/L spike* (n=7)

®RMIT

UNIVERSITY

Py ¥ P & &
T xen‘ﬂ"«"« -;5‘0‘:"«"4«‘ c(""" -,
RS STGS O OV
& et

Accuracy:

49 of 52 between 70 — 130 %
*n:2 FTCAs and FOSEs spike 20 ng/L

Webinar: www.chromatographyonline.com/lcgc_p/treatment

June 16, 20 Agilent
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MDL (US EPA 40 CFR part 136, rev 2):
Between 0.28 — 17 ng/L

PFAS Solutions  ASMS

Ansiytical snd Bimalties! Chemi ey
Hnpacfdaiong/10.1007/50021 6-019-01829-8

A single analytical method for the determination of 53
legacy and emerging per- and polyfluoroalkyl substances (PFAS)
in aqueous matrices

Timothy L. Coggan' (3 - Tarun Anumol” - James Pyke* - Jeff Shimeta' - Bradley O. Clarke’

Recsivedt: 30 Nowember 2018/ Revisedt 27 Februsty 2019 / Aczeptedt 3 Apl 2019
0 SpringerVerlag GrbH Germeny, pan of Springes am 2019

Abstract

A quantitative method for the determination of per- and polyfluoroallyl substances (PFAS) using liguid «
tandem mass (MS/MS) was develop ‘mdnpplndwaqmuuswmm surface wat
samples Flfty-ﬂm FFAS fiom 14 compound ck inchading many ‘emarging concem)

asingle analytical method. A fter solid-phase extraction using weak anion exchange eartrid ges, method de
ranged from 0.28 to 18 ng/L and method quantitation limits ranged from 0.35 to 26 ng/L. Mefhod accurs
127% for49 ofthe 53 extracted PFAS, with the remaining four between 66 and 138%. Method precision 1
RSD, with 49 out of the 533 PFAS being below <20%. In addition to quantifying > 30 PFAS, many o
unregulated in the env ironmeent and not included in typical analytical lists, this method has efficiency 2
similar methods as it utlizes asingle chromangraphic scparation with a shorter nmtime (14 min), whild
accuracy and stability and the scpamation ofbranched and lincar PFAS isomers. The method was applicd 1
and cffluent; surface water from a river, wetland, and lake; and drinking water samples to survey PF
Australian aqueous matrices. The compound clhsses FTCAs, FOSAAs, PPPAs, and diPAPs wore detocte
Australian WWTPs and the method was used to quantify PFAS concentrations from 0,60 to 193 ng/L. Th
classes detected and different PFAS signatures between sample locations demonstrate the need for expar
when investigating PFAS, especially newer classes in aqueous environmental samples.

Keywords PFAS - Wastewaier - Surface water - Drinking water - LC-MS/MS

Application Note

Environmental

Authors

Timothy L. Coggan,

Jeff Shimeta, and
Bradley O. Clarke

RMIT University,
Melbaume, VIC, Australia
Tarun Anumol and
~James Pyke

Agilent Technologies, Inc.

- Agilent

Trusted Answers

Analysis of >50 Legacy and
Emerging PFAS in Water Using the
Agilent 64958 Triple Quadrupole
LC/MS

Abstract

The contamination of the envi 1t with per- and

(PFAS) is a serious concern to regulators, scientists, and the public worldwide;

due to their ubiquitous presence, persistence, and toxicity.*® Robust analytical
techniques that can accurately and precisely quantify these pollutants at trace levels
are necessary for understanding their environmental fate, ecological impacts, and
impacts on public health. Appropriate analytical techniques and the fundamental
data they generate allow scientists and regulators to make informed assessments
of PFAS use in modern society.

This Application Note describes a sensitive and reliable methed for the simultaneous
quantitation of 53 legacy and emerging PFAS from 14 compounds classes.

The method uses isotope dilution on an Agilent 1290 Infinity Il LC coupled to an
Agilent 64958 friple quadrupole LC/MS*

Application: 5994-0919EN

Agilent




Analysis of >50 PFAS in Water
Method Performance (1 uL injection of extract)

20 30%
>92% of PFAS tested have

<

=5 RSDs <20% & MDLs <5 ng/L
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G.

* Seven replicates at 5 ng/L spiked into 250 mL water samples; followed by SPE and injection of 1 uL onto 6495 LC-MS/MS; ~ based on USEPA 40 CFR Part 136 Appendix B Revision 2

June 16, 2019 Agilent PFAS Solutions ~ ASMS 3% Agilent




Perfluorinated Alkyl Acids in Drinking Water by LC/TQ
Direct Aqueous Injection with Agilent 6495 LC MS/MS

%10 2 Cpd 9: PFHpA: -ESI MRM Frag=380.0V CF=0.000 DF=0.000 CID@13.0 (362.90000 -> 169.00000) Cal Std ppb 2.d
| moSystem  me
" « 1290 Infinity LC coupled to a
0.9 6495 LC-MS/MS
0.8 * 14 PFAAs in 6 min
M m VDLs:
- . PFOA, PFOS: <1 ng/L
051 « Others: 1-5 ng/L
041 « 75 uL aqueous injection
0.3
N Vaices B
- k * Drinking Water
N - 1.66 » Surface Water
Ny « Ground Water

02 04 06 08 1 12 14 16_18 2 22 24_26 _2)18 3 32 34 36 38 4 42
Counts (%) vs. Acquisition Time (min
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Suspect Screening and Untargeted Analysis

« Agilent 6545 LC/Q-TOF
e Custom PFAS database

« MS/MS spectra and retention time data available for a
subset of compounds

MassHunter PCOL Manager for Forensics and Toxicology - C\MassHunter\ PCDL\PFAS with some RT_03282017.cdb
File Edit View PCDL  Links Help

P FindSpectra & I | 5 |28 H @ I

| SngeSeach |  BachSeach |  BachSummay |  EdtCompounds | Spect Search Bowse Specta | EdiSpecte |
Mass m
Precursorion: lon polarity: {Any) T L\bran:l"lsﬂpectrum
Tolerance: 200 ) ppm @ mDa lonization mode: (Arry) - g 1004 51%3_6';004
Collision energy Additional Fitters Added Filters 5 804
R [ = a0l
Tolerance: 20 el _ 70
604
[t ] o
Spectra for compound: PFUnDA / Perfluoroundecanoic acid (PFUnA) 0
Compound Name lon Species Precursor lon  CE (V) Polarity lonization Instrument 204
PFURDA / Perflucroundecancic acid (PFUNA) (M-H}- 562 95685 10 | Negative QTOF 204 268 00428
PFURDA / Perflucroundecanoic acid (PFURA} 104 1038 268 97650
PFUNRDA / Perflucroundscancic acid (PFLInA} : ol 1 | | . [105 | . |
200 250 300 350 400 450 500 550
miz
-
Compound MName Fomula Mass Anion Cation RT {min) CAS ChemSpider IUPAC Name Spectra * ChapmanHallD CH *
PFBS / Perfluorobutanesulfonic acid (PFBuS) C4HF5035 29995027 5660 | 375-73-5 | 61132 1.1.2,2,3.3.4 4 4-Nonafluoro-1-butanesulfonic acid |3 D
PFHxA / Pefluorohexanoic acid CEHF1102 313.58009 307-24-4 60864 Undecafluorohexancic acid 3
PFHpA. / Perfluoroheptancic acid CT7HF1302 363.57650 7.300 | 375-85-5 61135 Tridecafluorcheptancic acid 3
PFHxS / Perfluorohexanesulfonic acid CEHF13035 355.54388 7.350 | 355464 61053 1,1.2.2,3,3.4,4556,6 6 Trdecafluoro-1-hexanes... |3
PFOA / Perfluorooctanoic acid CBHF1502 413.57370 8.070 | 335671 5180 Pentadecafluorooctancic acid 3
PFOS / Perfluorooctanesuffonic acid CBHF17035 455.93743 8.730|1763-23-1 | 67068 1,12233.445566.778.88Heptadecafluoro... |3
June 16, 2019 Agilent PFAS Solutions PADA / Perfuorodecanoic acd CIOHFI902  |513.96732 9330|5762 | 9181 Nonadecafluoradecancic acid 3
AL SNA 1 [P —— e =1 =l Aaonnl sEa a0 P . I T T 3 -




Suspect Screening Personal Compounds Database

WWTP1 Final Effluent

x10 4 Cpd 11: 6:2 FTS / C2H4-perflucrooctane sulfonate: -ESI EIC(426.96790, 854.943089, 855.94614) Scan Frag=350.0V ETP FEFF 1.d
41 8.04 - s
10 5| Ced 11: 6:2 FTS / C2Hd-perf .-FEFS irt: 7.98-8.05 min) ETP PEFF 1.d Subtmet
3.5 = :
6:2 FTS
3_

.5 Mass: 427.97458
2 Mass diff: -1.41 ppm
Score: 98.11

45 5 5.5 6 6.5 7

Standard

7.5 .8 85
Counts vs. Acquisition Time (min)

Cpd 22: 6:2 FTS / C2H4-perfluorooctane sulfonate: -ESI EIC(426.96790, 854.94309, 855.94614) Scan 6-2 FTS.d
8.02

x10 %
2.251
1.75-

1.51

1.251

0.75+

0.5
0.25+
0 5.61 9.05

4.5 5 5.5 6 6.5 7 Cﬂuntg'\sfs.AcuisitE:m Time m?r:l 9 9.5 10 10.5 11
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10 4 [CPd 11:6:2 FTS. | C2H4-parflvoraoctans sulfonate: - EIC(26.56760, 854 54308, 855.54614) Scan ETP FEFF 1.4

[Cod 1. 6.2 FT2 1 C2H4-perilvcrcociane sulfonate; - EIC(4I8 56750, 834.84308, 855.84614) Scan ETP PEFF 1.4
. Py

|

472 AL
|Cod 11 6:2 FTS  C2H4-periliorcociane sulfonate; - EICI426.96790, 854.84308, 855.84614) Scan ETP AW1.A

|Cd 2262 FT3 1 C2H4-perilucreociane sulfonate; - EICI42 56750, 834.84308, 855.84614) Scan ETP SEFF 2.4
B2

6:2 FTS ID’d in all samples
of WWTP

80000

g

Abundance
:

o

Influent Pri Effluent Sec Effluent Final effluent

: Agilent




Unknowns Screening Results

Targeted: Only captured ~6% of
compounds

Influent Effluent

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’
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lon-Mobility MS
The ultimate tool for true PFAS identification

« - N o analytjcal.
Rapid Assessment of Isomeric Diversity in chemistry

PFAS by Ion MObIIIty SpeCtrometry-Mass An Interlaboratory Evaluation of Drift Tube lon Mobility—Mass
S p e C'[I’ om etry (I M S' M S )” Spectrometry Collision Cross Section Measurements

Sarah M. Stogv,f Tim J. Causon,i Xueyun Zhen&§ Ruwan T. Kumlugama,H Teresa Mai@nger,:

James Dodds & Erin Baker , NC State e H 8 o g Tkt .St B ok A el

"Department of Chemistry, Center for I ive Technology, Vanderbilt Institute of Chemical Biology, Vanderbilt Institute for
M P 1 2 7 Integrative Biosystems Research and Education, Vanderbilt University, Nashville, Tennessee 37235, United States
*Division of Analytical Chemistry, Dep of Chemistry, University of Natural Resources and Life Sciences (BOKU, Vienna),

Vienna 1190, Austria
§Biological Sciences Division, Pacific Northwest National Laboratory, Richland, Washington 99352, United States
HAgilenl Technologies, Santa Clara, California 95051, United States

PFOS Conformations

T T T T T
102 104 106 108 11
Retention Time (minutes)

[minutes)
Drift Time
[milliseconds)
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Let’'s continue our Discussion




