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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: Advances in automated PFAS analysis

Air conditioning
filters

Gloves/Coats

Sample
preparation
consumables

‘i Agilent




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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PFAS Analysis — LC Instrument Setup
Eliminate Background Contamination

° o.° Recommended Plumbing
e .. .. o » . Configurations for Reduction in
00 Per/Palyfluoroalkyl Substance

i e e Background with Agilent 1260/1290
. . “  Infinity () LC Systems

Recommended

P | | - Environmental
u l I I I I I g Authors Introduction
" . Tarun Anumol Par/Polyfiuorcalkyl substances (PFASs), also known as porfluorinated compounds
(PFCs). aro substancos that have a fow or al of the hydrogen atoms in an
Configurations for the S EESESIIRERTL
2850 Conterville Rd, properties for use in industry and commerce. However, PFAS are parsistent and
Wilmington, DE, USA bioaccumulative in the emvironment and wildiife, making them contaminants of

concem. Their wide ranging use leads to emission into the environment. PFASs

L]
‘Sheher Bano Mohsin. and suchas acid (PFOA) and sulfanoic acid (PFOS)
I I l Michael Woodman are ubiquitous, and have been datectad in water, soi, sludge. and biota in the
parts per billion (ppb) o parts per wrillion (ppt) range. As a result. The USEPA has
Aghant Tachnologies inc. recently issued 2 combined drinking water health advisory for PFOA and PFOS at

Wooddale, IL. USA 70 ng/L Soveral states in the US have drinking water advisories that range from
20400 ng/L for soma of these PFASs.

Al
background T mpmmsmeneas
gilent Technologies Ltd. have system contamination that may be caused by solvents, tubing fittings.

Swaden filters, and other parts used in the manufacture and routing operation of a liquid
(PTFE)isa used in all
major (UJHPLC systoms, and can be 3 potantial source of PFAS contamination

during analysis. This application note describes the various potential sources of

PFAS contamination in an Agilent 1260 Infinity Il and an Agilent 1290 Infinity Il
- system. while providing a solution to significantly reduca PFAS background

interferance to allow sensitive quantification of these analytes with Agilent LC/MS

systoms. This application note is intendod for usars with dodicated LC systems
o porform ultra-low traca lovel analysis of PFASS with minimal background. For

users parforming multiple analyses on the same LT, the usa of 2 delay column is
suggasted o reduce PFAS background.

Agilent Technologies
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PFAS Analysis — LC Instrument Setup
Eliminate Background Contamination

Potential Contamination Sources

Solvent Filtration apparatus
PTFE lined tubing

PTFE containing caps Replace Inlet Lines with
Peek

Replace Bottle Caps with
PP Caps (Hole Drilled)

Replace Glass
Sinkers with
Stainless Steel
Sinkers

55 Agilent
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PFAS Analysis — LC Instrument Setup
Eliminate Background Contamination

Potential Contamination Sources
 Solvents
 PTFE materials in LC flow path

hmee'|STT === Remove PTFE filters
. 7 i _:r." T ?‘
g e Bypass degasser

using 1/8" PEEK
— ‘ tubing from solvent

. , bottles directly to inlet
] : e check valve
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PFAS Analysis — LC Instrument Setup
Eliminate Background Contamination

~ | 5nglL Actual
.| standard PFOS
3 peak
" s| Mili-Q Water 1
41 (‘Blank’)
z Background 45
1 PFOS
05 1 15 2 25 3 35 Coumg Vs, Acqéuisilion '?i"r'rr’\e (min)

) : |
| |
0
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PFAS Analysis — LC Instrument Setup r 1
Eliminate Background Contamination

Potential Contamination Sources
 Solvents
 PTFE materials in LC flow path

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

August 11, 2019 NEMC 2019: Advances in automated PFAS analysis ':::' Agilenl



PFAS Analysis — LC Instrument Setup

Eliminate Background Contamination

PFOS PFHxS

PFCA537Cal_OpSppb_tul [PFHxS]
17398.9 -> B0.0 RT=10.004

PFCA537Cal_DpSppb_1ul [PFOS]
5 498.9-> B0.0RT=11.911

£ Before difications

T T T T T T T T T T T T T T
11 111 112 113 114 _3ih 116 117 J18 119 17 121 122 123 124 125 126 127 128 91 a2

MeQH Blank [PFOS] MeOH Blank [PFHxS]
= 498 9 -> 80.0 RT=11.808
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Regulations
Global trend to monitor broader range of PFAS at lower levels

News Releases from Headquarters > Water (OW)

EPA Acting Administrator Announces First-

Ever Comprehensive Nationwide PFAS Action : %,m o tlotird
Pian == gL £ =
Historic plan outlines concrete steps the agency is taking to address /- n — o »’ “ —nm_m
PFAS and to protect public health w | T [t o St guidance for
02/14/2019 N . ::‘_I:Shdmins
https://www.epa.gov/newsreleases/epa-acting-administrator- ' " 5ot PPAsandard
announces-first-ever-comprehensive-nationwide-pfas-action-plan © Weighing prepesed
— pm::;:::
The proposal is to regulate the group of PFASs, as defined by the OECD®, and to suggest iﬁﬂtiiﬁ‘i m:‘fgz:oww ii%:giﬁg : ;:u:é}f;'g"ﬁﬁ.‘iim
values of 0.1 pg/l for individual PFAS and 0.5 pg/l for PFASs in total, as is done for o R <y pubdaned vebiis
pesticides. As these values are higher than those referred to in Sweden or the United States, it Wogmberg Saicmment
should be feasible to meet them. https://pfasproject.com/2018/10/02/analysis-of-state-by-state-

differences-in-pfas-requlation/

http://ec.europa.eu/environment/water/water-
drink/pdf/revised drinking water directive.pdf
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Our aims...

1. To develop efficient analytical techniques by:
 Reducing sample preparation time
* Reducing data acquisition time

2. To mitigate risk involved in PFC analysis by:
«  Simplifying and automating sample preparation steps
«  Prove results through proficiency testing at NMI

3. To be fast and effective with the data analysis workflow by:
«  Simplifying the data analysis interface
«  Exploit the ‘Review-by-exception’ workflow
* Include customer calculations in the interface and report

4. To configure a system that is flexible and offers redundancy
«  Accommodate multiple, related environmental applications

5. Toincrease ROI by
*  Allow skilled operators grow business
«  Exploit small footprint technology

August 11, 2019 NEMC 2019: Advances in automated PFAS analysis ::: Agilent



Range of analytical efficiency...

Qe‘ b}
\(\66 Rapid LC
( G ‘ . « Reduce
N\ Online SPE detector time
@9 « Reduce and * Increase ROI
Q automate * Requires dual
i sample needle
Automatic preparation autosampler
Column time and a High
Regeneration - Requires Speed LC
. Red vsi additional LC pump
() ~educe analysis pump and valve
1D-LC time, using
traditional 1D-
* Most LC techniques
* Simple LC additional LC
configuration pump and valve
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Traditional 1D-LC

x10% |BinPump1 - D: Solvent Ratio B STD100.00.d

174
164
1.5

« LC configuration: 5

124
11

« Binary pump, Autosampler,
Column compartment o

0.5

. Typically 10-20 mins & 1.

. . .. . o (@
Injection-to-injection, I S
dependmg on the matnx 05 1 15 3 25 3'_3f5 I 4:5' 55 6 6‘5: 75 8 ?éipf;ei?kﬂsiéﬂfn,!l(;f;? T 125 13 B35 1 1 -(EU
type x]::_ BinPump1 - A: Pressure STD100.00.d E
_ -
’ [ R N, o
2.5—J = LIJ

05 1 15 2 25 3 35 4 45 5 55 & 65 7 75 8 85 9 95 10 105 11 115 12 125 13 135 12 1
Response Units vs. Acguisition Time (min)

%102 |BinPump1 - D: Solvent Ratio B STD100.00.4

05 1 15 2 25 3 35 4 45 5 55 & 65 7 75 B B5 9 95 10 105 11 115 12 125 13 135 14 145 15 185 16 165 17 175 18 185 19 195
Response Units vs. Acquisition Time (min)
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Rapid LC with dual needle 1290 Infinity |l Multisampler

x10 4 |BinPump1 - D: Solvent Ratio B PFC_HPH-C18_dMRM_SGF11_1.d
5
4.8
4.6

1.5 minute injection-to-injection |
cycle time for analysis of PFC’s

3.2

. . N
) Arean16347
romatograpnic resolution or v
26
branched PFOS shown below. i
. 221 8
2 [
1.84 H 0
164 R 05 B
1.44 [
124 || 5
s 2
0.8 :
0.6 a
2 0B 0% 08 1 1@ 1 106
041 Bra Bl
0.2 10 5
0 i
0.2
0.4 -
005 01 015 02 025 03 035 04 045 05 055 06 065 07 075 08 085 09 095 1 105 11 115 12 125 13 1.35 14 145 ¢
Response vs. Acquisition Time (min) 5
X102 [BinPump1 - D: Solvent Ratio B PFC_HPH-C18_dMRM_SGF11_1.d 4 //\\
- 3
0.8 2
0.6 i
0.4
052 0394 0% 038 1 1.02 1.04 106
0.2
ol

005 01 015 02 025 03 035 04 045 05 055 06 065 07 075 08 085 09 095 1 105 11 115 12 125 13 1.35 14 145
Response Units vs. Acquisition Time (min)

90 seconds !
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Rapid LC with dual needle 1290 Infinity Il Multisampler
Testing Robustness with soil and water samples

Sample _ |Position [Method  JFilename _____ [Sample TypelLevel |
DB No Injection Rapid_PFCs-EclipsePlusC18_dMRM.m DB-r001.d DoubleBlank
PFC_0.1PPB P7-D1 Rapid_PFCs-EclipsePlusC18_dMRM.m PFC_0.1PPB.d Calibration 0.1
PFC_1PPB P7-D2 Rapid_PFCs-EclipsePlusC18_dMRM.m PFC_1PPB.d Calibration 1
PFC_5PPB P7-D3 Rapid_PFCs-EclipsePlusC18_dMRM.m PFC_5PPB.d Calibration 5
PFC_10PPB P7-D4 Rapid_PFCs-EclipsePlusC18_dMRM.m PFC_10PPB.d Calibration 10
PFC_25PPB P7-D5 Rapid_PFCs-EclipsePlusC18_dMRM.m PFC_25PPB.d Calibration 25
PFC_50PPB P7-D6 Rapid_PFCs-EclipsePlusC18_dMRM.m PFC_50PPB.d Calibration 50

294 injections PFC_100PPB P7-D7 Rapid_PFCs-EclipsePlusC18_dMRM.m PFC_100PPB.d Calibration 100
ICC_50PPB P7-D8 Rapid_PFCs-EclipsePlusC18_dMRM.m ICC_50PPB.d cc 50

11h 36m total ADB No Injection Rapid PFCs-EclipsePlusC18 dMRM.m DB-r001-r001.d DoubleBlank ~

run time ICC_50PPB P7-D8 Rapid_PFCs-EclipsePlusC18_dMRM.m ICC_50PPB-r001.d cC 50
Branched PFOS_100PPB P7-D9 Rapid_PFCs-EclipsePlusC18_dMRM.m Branched PFOS_100PPB-r001.d Sample 100

2:36 mins Water Blank_OPPB P7-E1 Rapid_PFCs-EclipsePlusC18_dMRM.m Water Blank_OPPB-r001.d Blank

s Water Spike_25PPB P7-E2 §_PECs-EclipsePlusCi dVRILE Wa 25PPB-r001.d Qc 25 \

injoction Soil Blank_OPPB P7-E3 &ﬁﬁa Soil 1K-romd Blank

. Soil Spike_10PPB P7-E4 apm, li A M So i B-r001.d QC 10

(without dual PFOS Soil Sample_2PPB P7-E5 Rapid_PFCs-EclipsePlusC18_dMRM.m PFOS Soil Sample_2PPB-r001.d Sample

needle or \PFOS Soil Spike_12PPB P7-E6 Rapid_PFCs-EclipsePlusC18_dMRM.m PFOS Soil Spike_12PPB-r001.d MatrixSpike 12

ACR) DB No Injection Rapid_PFCs-EclipsePlusC18_dMRM.m DB-E.d DoubleBlank
PFC_0.1PPB P7-D1 Rapid_PFCs-EclipsePlusC18_dMRM.m PFC_0.1PPB-E.d Calibration 0.1
PFC_1PPB P7-D2 Rapid_PFCs-EclipsePlusC18_dMRM.m PFC_1PPB-E.d Calibration 1
PFC_5PPB P7-D3 Rapid_PFCs-EclipsePlusC18_dMRM.m PFC_5PPB-E.d Calibration 5
PFC_10PPB P7-D4 Rapid_PFCs-EclipsePlusC18_dMRM.m PFC_10PPB-E.d Calibration 10
PFC_25PPB P7-D5 Rapid_PFCs-EclipsePlusC18_dMRM.m PFC_25PPB-E.d Calibration 25
PFC_50PPB P7-D6 Rapid_PFCs-EclipsePlusC18_dMRM.m PFC_50PPB-E.d Calibration 50
PFC_100PPB P7-D7 Rapid_PFCs-EclipsePlusC18_dMRM.m PFC_100PPB-E.d Calibration 100
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Rapid LC with dual needle 1290 Infinity Il Multisampler
Repeatability of 30 soil extracts

Area %CV RT %CV

SE 4-2 FTS 1.8% 0.14%
—— 13C8.PFOS 6-2 FTS 2.2% 0.17%

——13C-PFHxA 8-2 FTS 1.9% 0.17%

20000.00 —— 42 FTS FOSA 3.9% 0.23%
—_— e~ 62FTs N-EtFOSAA 3.9% 0.17%
——82FTS N-MeFOSAA 3.9% 0.17%

1500000 o el A NN\ A —— d5-NEFOSAA PFBA 2.8% 0.15%
—_— S~  —f0sA PFBS 1.9% 0.17%
——N-EtFOSAA PFDA 3.3% 0.15%

10000.00 e A e NG e ——N-MeFOSAA PFDoA 1.7% 0.17%
—_— T  ——FPPBA PFDS 3.4% 0.20%
—_— = P PFHpA 1.8% 0.10%

20000 s s, ——PrDA PFHXA 1.9% 0.10%
s === —— T PFHxS 2.7% 0.10%

o0 — e e PFNA 2.0% 0.10%

o @b&b I RO IO LR EXHph PFOA 1.6% 0.07%

Q Q)'& 2 %& ‘b@ ‘b{b ‘b& ‘b& ‘b@ @ ‘b{b Q)‘Q ‘b& Q:@ ‘b@ Q:-@ PR PFOS 24% 008%
PSS S E S sf‘ & @Q AR ——PFHS PFPeA 2 29 0.08%
(90\"" ‘_@ e NC2d ‘_e; z @ e- ‘_@ \g‘, z ca \@f‘@/‘g}/ S - (0] o (o]
0\"’Q o\°’Q 0\°’Q o\"’Q o\"JQ 0\"’Q 0\°’q O\L’Q o\"’Q o\"’Q 0\CSQ o\;,q 0§’Q o\"’Q 0\"’Q PFTeDA 21% 0.06%
o9 9 S g gg o 6 oo g gy PFTrDA 24% 009%

 95hous 2 BEUA — —
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Rapid LC with dual needle 1290 Infinity Il Multisampler
Repeatability of 30 water extracts

Area %CV RT %CV

35000 4-2 FTS 7.9% 0.19%

———13C8-PFOS 6-2 FTS 5.4% 0.18%

30000 —— 13C-PFHXA 8-2 FTS 8.1% 0.18%

—— 42 FTS FOSA 5.3% 0.25%

25000 6-2 FTS N-EtFOSAA 3.5% 0.19%

——82FTS N-MeFOSAA 4.8% 0.16%

20000 —— d5-NEtFOSAA PFBA 7.8% 0.16%

——FOsA PFBS 4.4% 0.14%

15000 ——N-EtFOSAA PFDA 4.2% 0.31%

—N-MeFOSAA PFDoA 2.8% 0.16%

10000 —PFBA PFDS 3.8% 0.16%

s===REBS PFHpA 3.2% 0.13%

5000 kel PFHxA 3.8% 0.13%

— - B — PFDoA PFHxS 4.0% 0.11%

0 S PFENA 3.6% 0.12%

B A A A A A PFOA S Lets

RIESESESELESELE LS SELE SELE SN PFOS 3.2% 0.08%

B e PFPeA 4.1% 0.07%
RRKR KR KRR RKRRR R KRR K S e PFNA

T E PFTeDA 4.2% 0.06%

PFTrDA 3.4% 0.07%

_ 95hous 2 PFURA 0% 0.06%

£'1.- Agilent




AQA 17-08 NMI Proficiency test results
Analytical method details

sustralian Government | National
Deparment ot lndurry, | MEASUrEMeENt *
Institute . o .
. [ ] .'
® -
0% Analysis of Per/Polyfluoroalkyl
o ® ®e - Substances in Water Using an
Lo, Agilent 6470 Triple Quadrupole
o e, LC/MS
.
Application Note Chrnmat(,graphv
Peak ID
: 1. PFBA  16. PFHpPA
Authors Intraduction 2. PFPeA 17.8:2 FIUA
Kathy Hunt and Ralgh Hindia Tha analysis of per/palyfluoroallyl substanc 3. PFBS 18. FOEA
Vogon aborry Senvicas 1d brivpcghfi ey i 4 42FTS  19.PFNS
Cochrane, AB Canada make them components used in a vanety of 5. PFHxA 20.8-2 FTS
e, fir fire-fightng
e At ey s, I e 6 PFPeS  21.PFDA
Agilent Technologies Inc. and the emvironment. Consequently, the Unit 108 7. PFHpA 22. N-MeFOSAA
Wimogn 06 USA O e A PoA [ 8. PFHS 23 FOSA ‘
{combined). Several states such as New Jer: 8 9. 6-2FTUA 24. PFDS
already have public health guideline values v
PFAS incudng PFOA. PFOS pecucrahoant 181 10. FHEA 25. PFUdA
- = acid (PFNA) in water. 16 11.6-2FTS  26. N-EtFOSAA
Proficiency Test Report A Mot it 14]  12.PFOA 27, FDEA 2 ,
AQA 17-08 el A e, 212] 13.PFHpS  28.PFDoA 17.16.18
Q - enveonman S,ol 1apma  28PFIDA 4| 212019 “
= . This appii doscribes the anabysis | 15. PFOS 30. PFTeDA M 25.26
PFAS in Soil, Water and e e S e e 08 5 | T
. Agilent 8470 triple quadrupole LC/MS/MS. 06 1 6 8 |
Fish a4 f;il ] 4 ‘ ol 1%
0.2 13 \ A 27 \
Nov ber 2017 0 j \ J ’I ﬂx AID”A I} l \
ovember ZU1/ 2 3 4 5 6 7 8 9 10 n 12 13 14 15 16

Agilent Technologies
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Offline SPE of environmental water samples

—

g v
- w g
R v O r'! o
2 |3 g
— ‘s ‘ J
< {
i 5 9)
v v
L |.
waste waste

Potential of

perfluorinated
compounds
= false negative

&
Wash
Elute

[t

b

waste

Injection
olvent with

Internal
standards

&s

f
[l

T
=

Ready to inject
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Potential of
perfluorinated compounds

during sample preparation
= false positive

Pain points

Inter-operator consistency

Risk of contamination between
samples

Preparation Time
Cost of consumables

Waste of expensive surrogates

Agilent




AQA 17-08 NMI Proficiency test results
Results for PFOA and PFOS in spiked and incurred water samples

iy e Nt Spiked water Incurred water

Institute

2-Scores: 83 - PFOA z-Scores: S4 - PFOA

0011 upL (Equmvalent 1o 20% CV)

Target Standerd Devation 0.23 ug/l. (Equivalent to 20% CV) Target Standard Deveation
3

: - 2 -
R mae==r S L BN ) I A PPV
3

3
4
2 13 20 4 24 28 3 12 2 21 15 16 W4 7 2% 9 19 7 & 20 10 1 2 12 s » 9 s 1 £
Laboratory Laboratory
z-Scores: 83 - PFOS z-Scores: $4 - PFOS
+
Target Standard Devisbon 23 ugiL (Equivalent to 20% CV) Target Standard Devistion 0021 g/l (Equaalent 1o 20% CV)
3

Proficiency Test Report ¥ u \ \ p——— RN | ; Ll DA e m m mwow o
— — {

AQA 17-08 ’ L
PFAS in Soil, Water and s »{
Fish ! ¥ 20 21 » 6 1w 2 12 2 10 13 19 3 1 a % 24 3 4 14 1 15

2 13 17 6 9 16 12 15 T
Laboratory Laboratory

November 2017

Results from offline SPE and the analytical method are good, but
there must be a better way!
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Online SPE with the 1290 Infinity Flexible Cube

| B Mgl Tachasioginn imlmm|
d

Insert a

), Flex Cube

see video at http://www.agilent.com/chem/infinity-online-spe
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Online SPE with the 1290 Infinity Flexible Cube

Binary Standard Autosampler
pump (900 pL Head)

| ¥4

|-Solvent

selection
valve

Flush
pump

SPE 2

Analytical column

Waste

Switch
between:

1. direct inject
mode (for
standard LC
methods and
Online SPE
recovery
tests)

2. online SPE

mode




Online SPE with the 1290 Infinity Flexible Cube

Binary Standard Autosampler
pump (900 pL Head)

t 17 In Online SPE
SPE 2 (Elute mode, the right

valve alternates
between SPE
cartridges to allow
one cartridge to
be prepared
whilst the other is

Flush )
‘ pump . eluting.
SPE 1 (Load) | g
2 W P
> ' (@ e
Analytical column Waste

24 August 11, 2019 NEMC 2019: Advances in automated PFAS analysis 3. Agilent



Online SPE
The chemistry we're exploiting: Weak Anion Exchange (WAX)

High acid environment (Low pH), retain analyte = Low acid environment (High pH), elute analyte

+ H O Hzo NH
H,0 H 2 H* ) 2 H,O
H,O -
H,O g0
H* NH,* O SPE Particle \m
OH-
H,O OH-
: H,O
SPE Particle 2 H,O H,O
H+
. H* OH-
H H,O OH-
2 Hzo HZO Hzo
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Online SPE

Switch
Programming parallel processes Bk
During the first 5 minutes: Load and Wash Prepare Activate
« The SPE pump loads and
washes the sample on the
SPE sorbent = \
«  The Gradient pump washes & =
and equilibrates the column. Wi 7| Pt
% |
The next 10 minutes:

55 6 65 7 75 8 85 9 95 10 105 11 115 12 125 13 135 14 145
Response Units vs. Acquisition Time (min)

05 1 15 2 25 3 35 4 45

[~
©

- The SPE pump éz)relgares the  riforresmeseren
sample loop and SPE
sorbent, then activates the
SPE, then loads the sample
into the sample loop.

 The Gradient pump Elutes
the compounds from the
column.

Gradient Pump

T T T T T T T T T T T T T T T T T ; T
55 6 65 7 75 8 85 9 95 10 105 11 15 12 125 13 135 14 145
Response Units vs. Acquisition Time (min)

Wash Equilibrate

column column Elute compounds from column
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Online SPE Performance

LC Performance 5
T
L
« Good pressure o
reproducibility on
both the Binary and
the Quaternary
Pumps
« Excellent retention
time reproducibility
» Great peak shape,

including separation
of branched isomers

August 11, 2019

Gradient Pump

Switch

SPE

x102 |QuatPumpl - A Pressure NMI 54-r090.d 5
5" Load and Wash Qéaés Prepare Activate
11
B I
03 :
oe !
07 I
0.6 :
05 !
04 |
03 i
02 |
01 !
I
05 1 15 2 25 3 35 4 45 % 55 [ 65 7 75 8 85 9 95 10 105 n ns 12 125 13 135 14 145
| Response Units vs. Acquisition Time (min)
X102 EinPuer‘Fressur NMI S4-Testd oy i
134 |
.| Wash “Equilibrate | Elute compounds from column
114 |
] column column |
03 I
08 :
074
06 b
0.5 I
04 i
03 I
I
02 I
0.1 l
0 |
01 :
|
o5 1 15 3 5 3 5 4 &5 b 55 & 65 7 75 & g5 & 95 0 65 1 s 2 @5 3 135 @ s
L Response Units vs. Acguisition Time (min)
SE (630.0 > 630.0) 1
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Online SPE

Simplified sample preparation for of environmental water samples

.

Filter
1mL of
sample

Discard
remaining .
sample ’—l Add equivalent
g, volume of
ﬁ methanol rinse N
—>
)

.

Vortex
mix °

—

Pool 500uL
, into

autosampler

Begestder, 28,12018

Ready to inject

NEMC 2019: Advances in automated PFAS analysis

Consumables manufactured with PTFE
free materials used at all steps.

Perfluorinated compounds can remain
adhered to some sample vessels requiring
methanol to rinse them off.

Resulting dilution factor is 2

Multisampler co-inject’s the mass-labelled
PFAS with the samples

Pool 500uL into autosamplér vial vial WERH
! — I, labelled
u PFAS

£ Agilent




Online SPE Performance
Chromatographic resolution

« Example EICs from NMI 17 S3 (incurred sample)

» Separation of branched isomers in incurred samples

- MRM (213.0 -> 169.0) NMI-17-S3-incurred-r001.d - MRM (498.9 -> 80.0) NMI-17-S3-incurred-r001.d - MRM (413.0 -> 369.0) NMI-17-S3-incurred-r001.d
2 x102 7.334 min. £ x104 10.858 min. 2 x104 | 9.526 min.
5 3 PFBA 5 5- PFOS 5 ] PFOA
S o 3 09-
4- 0.8
6- 0.7
5+ 3- 0.6
47 05*
2- 0.4-
3 0.3-
2- 14 0.2
- 0.1
0. 0 0-
\ \ \ \ \ \ \ \ \ \ \ \
6.5 7 7.5 8 10 10.5 11 11.5 9 9.5 10
Acquisition Time (min) Acquisition Time (min) Acquisition Time (min)

August 11, 2019 NEMC 2019: Advances in automated PFAS analysis 3. Agilent



Online SPE Performance
Linearity, dynamic range and sensitivity on a 6470 system

PFOA

PFOA - 9 Levels, 9 Levels Used, 9 Points, 9 Points Us

ed, 7QCs

$ x1017 y=0.046187 *x +0.025018
2 4.84 R"2=0.99905565
S 46 Type:Linear, Origin:Ignore, Weight:1/x
2 .
4] 413.0->360.0 , 413.0-> 169.0
T 44 £ 10 1] Ratio=24.5 049 %) 01 pg/L or 01 ppt
2 4.2 S 574
3 4 56
o ) 55
3.8 541
5.3
3.6 5.2
3.4 1
329 )
34 4.74
4.6 115, 9 Points Used, 2 QCs
2.8 454 8
261 3j§i Height ix
2.4 Z'f: :
2.2 T \3 T
9 95
2 Acquisition Time (min)
1.8 ’
1.6 2
14] ii
22
1.2 2
18
14 16
0.8 -
061 o
0.4 0s
0.2 0
o
09 T8 ds 1 5 3 25 5 35 4 45 § ss & o 7 75 & D g5 1
024 [ TTTTmesssssssszz--c 7 0 T L T Relatie Concentation
044
| | | | | | | | | | |
0 100 200 300 400 500 600 700 800 900 1000
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Concentration (ng/L)
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PFOS

PFOS - 9 Levels, 7 Levels Used, 9 Points, 7 Points Used, 7 QCs
x10 1] y=0.016265* x +0.004730

R"2=0.99827312

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

1 pg/L or 1 ppt

sints, 7 Points Used, 2 QCs.
730

. Weight 15

172
o}
1]
f=4
o
> 16
& 498.9->80.0 , 498.9 -> 99.0
o 1.5 £ 10| Ratio =719 (119.2%)
3
k) 14 © 47
[} 4
o 465
464
1.3
455
1.2 454
445
1.14 4.4
435
Ly 434
4254
0.9
424
0.8 4.5
T T T T
10 10.5 1 15
0.7

0.6

0.5

0.4+

0.3

0.2

Acquisition Time (min)
i

|
400

| | | |
500 600 700 800

L S —
85 8 95 10
Relative Conceniration

|
900
Concentration (ng/L)




Online SPE comparison to Proficiency test NMI-17 results
Comparison of the final calculated comparison

10000.0 1000000.0
103063.6 106030.0
100000.0
1130.0
1000.0 853.3

10000.0
o o)
o} [o3
2 =
c c
ie °

© 1000 ©  1000.0
£ 51.9 50.0 =
(8] o
c | =

8 8 110.9 120.0
100.0
10.0
10.0
1.0 1.0
Online SPE Result Proficiency Test Online SPE Result Proficiency Test Online SPE Result Proficiency Test Online SPE Result Proficiency Test
Result Result Result Result
S3 S4 S3 S4
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Online SPE Performance
Robustness worklist

ample Sample Data File ample i ovel
Name Position ype

DB-S No Injection 180730 PFCs OnlineSPE MRM.m DB-S-r001.d DoubleBlank

DB-S No Injection 180730 PFCs OnlineSPE MRM.m DB-S-r002.d DoubleBlank

B-S P1-F9 180730 PFCs OnlineSPE MRM.m B-S-r001.d Blank

B-S P1-F9 180730 PFCs OnlineSPE MRM.m B-S-r002.d Blank

01-S P1-A1 180730 PFCs OnlineSPE MRM.m 01-S-r001.d Calibration 0.1
05-S P1-A2 180730 PFCs OnlineSPE MRM.m 05-S-r001.d Calibration 0.5
1-S P1-A3 180730 PFCs OnlineSPE MRM.m 1-S-r001.d Calibration 1
5-S P1-A4 180730 PFCs OnlineSPE MRM.m 5-S-r001.d Calibration 5
10-S P1-A5 180730 PFCs OnlineSPE MRM.m 10-S-r001.d Calibration 10
50-S P1-A6 180730 PFCs OnlineSPE MRM.m 50-S-r001.d Calibration 50
100-S P1-A7 180730 PFCs OnlineSPE MRM.m 100-S-r001.d Calibration 100
500-S P1-A8 180730 PFCs OnlineSPE MRM.m 500-S-r001.d Calibration 500
1000-S P1-A9 180730 PFCs OnlineSPE MRM.m 1000-S-r001.d Calibration 1000

NMI-18-S3  multiple 180730 PFCs OnlineSPE MRM.m NMI-18-S3-r001.d Sample NMm-s3 ) Replicated
NMI-18-S4  multiple 180730 PFCs OnlineSPE MRM.m NMI-18-S4-r001.d Sample NMI-S4 45x each
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Online SPE performance

Robustness results s e Na el e G el G Rel G 1@l S | Notes:
<i g .
O : : PFOA Calibration range
& ™ Tk ettty aoennagt -
PFOA and PFOS e
. < .
and their mass S :
labeled internal Dl s St o e 00 1 v - M4-PFOA response is consistent
< o
standards showed S - in cals and smps
reproducibility over Mikisat N ;
i A ' n B . Saturated peak, S3 sample
replicate injections. S & ) - eds o be dilLted
o
Injection Volume = —— “ | PFOS Calibration range
O —
475 uL O
I
Q-
2 Z"°'---.-'- B s SR e Suppression of M8-PFOS
R s = caused by saturated PFOS peak
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Adjusted Injection volume
]

Online SPE performance | |

- ey e e e———— . [ pape——— ————— e = S
nfywuhamwww_l_l_i_l_l_l_l_l_l_l_l_l_l_l_l_l_l
opusiness wi| O T I T = = = =3 =3 =L =L = BL = B4 | =4 =L =
W@ * N 0 W W W v o Vv O v O B’ O v o
] B [ N T O L O SR DRI SN <X [ Y oN [ SR o [ LY oY (R LS
sl = T T T P P N e S Bl S e S e I el sr
< i 3 cElc-Eic-Rl - BBkl Bl Rl
ST | ) )
O‘EEU w O v nu O u S ° () (%} () (%) ()
. . 2
Continue worklist TR e T 5
o -  “ 9 =
» .
- (Tie
@]

with adjusted S
injection volume for i
S3 to effectively
‘dilute’ the sample to
quantitate PFOS

within the calibration — .

. - a
. .® . 80t eaggea oY, G000 - e t® o' et

s S L st en o L0 ‘.ol.!'o"ﬂ..'o.t'b“o:“‘..o‘ﬁﬂ'.o. ..0.-“-..‘ % o% e 4TINS e g e a":"'-'-q'_. e T s e, o
. e *

M4-PFOA

yyyyyy

: . e . ey vatey et et
range 3 - 0 .
w =
o
180 sample "
injections and ol
calibrators a . I N
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Online SPE comparison to NMI-17 proficiency test results
Calculated Final Concentrations (ng/L or ppt)

Agilent MassHunter Quantitative Analysis (for QQQ) - 180802 5GS PFC Eval - 180802 SGS PFC Eval.batch.bin

View
B ﬁ >< o Quantitate v Clear Results Library Search Results
Calibration ¥ Queue Viewer Library Search Reports ¥
New Open Save Add Delete Analyze Generate
Batch Batch Batch Samples  Samples Batch~ Integrate ~ Report  Edit Report Method Query
Batch Samples Analyze Report
Batch Table S
sample: v | NMI-17-53-incurred Lul inj v %/ Sample Type: <All> ~| Compound: §  PFOS ~| > I15TD: PFOS-13CB =L [= ===
Sample PFOS Meth.. PFOS Results Qualifier..|PFOS-13C8 (.| Qualifier.. | a
(O] | K | Name Data File Type ‘ Level | Acq. Date-Time " Val | Dil Exp. Conc. RT ‘ Resp. ‘MI‘ Calc. Conc. |Fma\ Conc |Accuracy Ratio ‘MI RT |Resp Ratio |MI
| ] 58 5-5-r001.d Cal 5 8/1/201810:29 PM 475.00 1.0 4.8781 10.868 8O 4.9896 4.9896 1023 710 [ 10877 925 575[1
| 10-8 10-S-r001.d Cal 10 8/1/2018 10:45 PM 475.00 1.0 9.7561 10.898 185 O 10.1296 10.1296 103.8 506 [0 10.887 976 59.0
| 50-5 50-5-r001.d Cal 50 8/1/201811:09 PM 475.00 1.0 48.7805 10.878 780 O 477225 477225 978 636 [] 10877 938 4988 ([
| 100-S 100-S-+001.d Cal 100 /1/2018 11:25 PM 475.00 1.0 97.5610 10.888 1729 O 1121269 112.1269 1149 603 O 10.887 45 506 J
| 500-S 500-S-r001.d Cal 500 8/1/2018 11:48 PM 475.00 1.0 4878050 10.868 7468 4720789 4720788 968 595 [] 10.868 972 545
| 1000-5 1000-5-r001.d Cal 1000 8/2/201812:08 AM 475.00 1.0 975.6100 10.888 14807 [J 9774978  977.4978 1002 538 O 10.877 931 552 [
| @ ¥  NMI-17-S4-unspiked NMI-17-S4-unspiked-r001.d Blank NMI-S.. 8/2/201812:28 AM 475.00 20 10.868 51 3.1825 6.3650 360 [] 10868 8% 573[J
| O ¥ NMI-17-84-spiked NMI-17-S4-spiked-r001.d Sample NMI-S_. 8/2/2018 1:07 AM 475.00 20 120.0000 10.868 73104 554646  110.9292 462 584 [] 10.868 806 745 [
| @ ¥ NMI-17-S3-incurred NMI-17-S3-incurred-r001.d Sample NMI-S3  8/2/2018 2:26 AM 475.00 2.0| 106030.0000 10.858 306298 119176.4944 1124 372 [J 10858 158 581 [
P @ ¥ NMI-17-S3-incurred Tulinf  NMI-17-S3-incurred Tulinj.d ~ Sample NMI-S7 8[2/2018 4:53 PM 1.00 950.0 10.838 2018 O 1084880: 543 [0 10838 1141 650
[ w
Compound Information Calibration Curve - 1 X
2ot A AV ORAWE S E A n S 2 e T . ¢ > Twe Liner ~ Origin: Ignore - | Weight: 1/x ~/I15TD @c cc
- MRM (498 3 -> 80.0) NMI-17-S3-incurred 1ul inj.d 49859->800  4389->930 BEOS 3 Levels, 7 Levels Used, 3 Foints, 7 Foints Used, 2 GC
Jé x102] 10.838 fnin. g x102] Ratio = 54.3 (30.0 %) A ?:E;'D%EZEB?'SX fD‘DDﬁBB‘D" . 7 Points Used, s
- - o 1 R"2=029827212
= Type:Linear, Origin:ignore, \weight: 14
2l 5 g 14
T 12
0= T T T 0= T T T 2
10 105 11 15 10 105 1 115 = 1
Acquisition Time (min) Acquisition Time (min)| % (o |
- MRM (506.9 - 80.0) NMI-17-S-incurred Tul inj.d 506.9->80.0  506.9->53.0
2 xi02 10.838 dnin £ x102 | Ratio = 65.0 (1284 %) 081
ERES ER 0.4
o o
24 24 024
1 14 o
10 105 n s 0 105 m s ! : : ! ! ! ! ! ! ! Y
. ) LT . 0 100 200 300 400 500 600 700 800 800 1000
Acquisition Time (min) Acquisition Time (min) Relative Concentration
Modified NMI-17-53-incurred 1ul inj PFOS 17 Samples (17 total) AGILENT\jamepyke
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Online SPE comparison to NMI-17 proficiency test results
Calculated Final Concentrations (ng/L or ppt)

‘ s Agilent MassHunter Quantitative Analysis (for @QQ) - 180802 SGS PFC Eval - 180802 SGS PFC Eval.batch.bin ? - 0 X
———1

Sample PFOS Meth..

Data File Type Level Acqg. Date-Time 7| Vol il Exp. Conc. RT Hesp. Final Conc.
5-3-r001.d Cal 5 8/1/2018 10:29 PM 47500 1.0 4.8781 10.868 79 0 . 0596
10-5-001.d Cal 10 8/1/2018 10:49 PM 475.00 1.0 9.7561 10.898 165 [J 101296 10.1296
50--r001.d Cal 50 8/1/2018 11:09 PM 475.00 1.0 48.7805 10.878 780 [J 477225  47.7225
100-S-r001.d Cal 00 8/1/2018 11:29 PM 475.00 1.0 97.5610 10.888 1729 ] 1121269 112.1269
500-5-r001.d Cal 500  81/2018 11:48PM 475.00 1.0|  487.8050 10.868 7469 []  472.0789  472.0789
1000-S-1001.d Cal 1000 8/2/2018 12:08 AM 47500 10| 9756100 10.888 14807 [] 9774978 977.4978
NMI-17-S4-unspiked-1001.d  Blank NMI-S.. §/2/2018 12:28 AM 475.00 20 10.868 510 31825 6.3650
NMI-17-S4-spiked-r001.d Sample  NMI-S.. 8/2/20181:07 AM 475.00 20| 1200000 10.868 731 [J 55.4646  110.9292
NMI-17-S3-incured-r001.d ~ Sample  NMI-S3 8/2/2018 2:26 AM 475.00 20| 106030.0000 10.858
NMI-17-S3-incurred 1ulinj.d  Sample  NMI-S7 8/2/20184:53PM 1.00 950.0 10.838

‘“””“’ﬁmﬁm | )i: Out of cal samples The dilution factor is
- il need to be diluted? used to calculate the
N sample concentration s "

Just inject less © within the software e
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Conclusions

There are a range of options analyzing perfluorinated
compounds, the online SPE option:

is fast and effective at 4 samples/hour include SPE steps
and data acquisition

is efficient due to less consumable requirements and less
wastage of the mass labeled internal standards and
surrogates
is able to mitigates risk by:
Ibybreducing potential sample contact with PTFE materials in the
a

removin
path an

background perfluorinated compounds from the LC flow
LC solvents as they are used

preventing cross contamination by reducing sample preparation

steps

L eading to an increase ROI as less resources are required. The
LC configuration is not dedicated to Online SPE, so is flexible to
accommodate multiple acquisition methods.
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Thank you, for

your time.

Any questions?

£ Agilent



