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Overview Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

= PFAS Overview

= Drinking water analysis
— SPE sample prep

= Other water type analyses
— Large volume direct injection (LVI/DI)
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Perfluoroalkylated Substances (PFAS) Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

= \Widespread applications | ; -

— Surface treatments, surfactants, firefighting foam AFFF’s i
— Polymerization aid for polytetrafluoroethylene (PTFE) and other flu
® Stable and persistent in the environment (POP) TS, | P

— Bio-accumulative
= |dentified in environmental samples worldwide

z
— Found in arctic polar bears . -
— Many Americans have ~5 ppb of PFOA in their blood! e B
= Worldwide interest in PFC analysis
F ' RV e ' on METHOD 537. DETERMINATION OF SELECTED PERFLUORINATED ALKYL
/s\< ACIDS IN DRINKING WATER BY SOLID PHASE EXTRACTION
F F F FEoOE P o/ o AND LIQUID CHROMATOGRAPHY/TANDEM MASS
SPECTROMETRY (LC/MS/MS)
P FOS Version 1.1
©2018 Waters Corporation September 2009 3
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UCMRS3 - PFASs Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

Third Unregulated Contaminant Monitoring
Rule
Six Perfluorinated Compounds
_ CAS Registry Minimum Sampling Analytical
Contaminant Number! Reporting Level Points? Methods
perfluocrooctanesulfonic e
acid (PFOS) 1763-23-1 0.04 pa/L EFPTDS EPA 537 Rev 1.1
40 ppt
perflucrooctancic acid ==
(PFOA) 335-67-1 0.02 pg/fL EFTDS EPA 537 Rev 1.1
20 ppt
E’lfmf;m”c’”amic acid 375-95-1 0.02 pg/L EPTDS EPA 537 Rev 1.1
20 ppt
perflucrohexanesulfonic ~
acid (PFHxS) 355-46-4 0.03 pg/L EFTDS EPA 537 Rev 1.1
30 ppt
Elfmgi’fhemanmc acid 555 859 0.01 pg/L EPTDS EPA 537 Rev 1.1
10 ppt
perfluocrobutanesulfonic S
acid (PFBS) 375-73-5 DQ{(])QDI[-'I)?IL EFTDS EPA 537 Rev 1.1
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Unregulated Contaminant Monitoring Rule Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

https://www.epa.gov/sites/production/files/2016-
02/documents/ucmr4_stakeholderwebinarslides 160113 508.pdf

UCMR History

- UCMR 1 (2001-2005, 26 contaminants)
- UCMR 2 (2007-2011, 25 contaminants)

- UCMR 3 (2012-2016, 30 contami
* Monitoring concluded in 2015
+ Data review will occur in 2016
. - , contaminants)
* Proposed in the FR on December 11, 2015
+ Final publication anticipated in late 2016/early 2017

National occurrence data publically available:
http://www.epa.gov/dwucmr/occurrence-data-unregulated-
contaminant-monitoring-rule

January 2016 U.S. Environmental Protection Agency 12
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PFAS’s in the Literature Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

Hu, Xindi C., et al. "Detection of Poly-and Perfluoroalkyl Substances (PFASs) in US
Drinking Water Linked to Industrial Sites, Military Fire Training Areas, and Wastewater
Treatment Plants." Environmental Science & Technology Letters (2016)

Hyd r0|oglca| UnltS WIth 509 Industrial sites Military fire
detectable PFASs ¢ frining sroes
40% - -+
ﬁ 30% A +
(i
o 20% A -
@
® 10% - .
©
L o0 - -
K 4 none =1 none =1
=
= AFFF certified airports Wastewater
g} 50% <+ -+ treatment plants
by
S 40% T T
QO
2
@ 30% + -+
o
20% + +
10% + T+ .
0 - -
none =1 =3 >3
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PFAS Analysis Sensitivity Requirements qufe" S
SPE enrichment Large Volume Injection
= Sample prep allows for use of low- to mid- = High sensitivity TQ required

level sensitivity for mass spectrometer

Increasing Sensitivity
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Compa rison Of anaIySiS methOdS THE SCIENCE OF WHAT'S POSSIBLE.”

EPA Method 537 ISO ASTM
21675

Dilute and Filter

Sample Prep aka No Prep
Injection Volume 10 pL 10 pL 30 uL
Number of 14 57 38

compounds

©2018 Waters Corporation 8



B —

UPLC/TQD Conditions Waters “

= System:

=  Analytical column:
=  Mobile Phase A:
= Mobile Phase B:

= Column Temp:

= |njection volume:

ACQUITY UPLC/TQD with PFC Kit THE SCIENCE OF WHAT'S POSSIBLE
ACQUITY UPLC BEH C18 2.1x 50 mm

2mM ammonium acetate in water/MeOH [95:5]

MeOH

50 °C

10 pL (full loop)

Time (min) Flow (mL/min) %B Curve

0.0 0.40 25

0.5 0.40 25 6

5.0 0.40 85 6

51 0.40 100 6

5.6 0.40 100 6

7.0 0.55 100 1 537
9.0 0.40 25 1
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PFAS’s Interferences/Contamination Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

PFOA

1007

| 463>369 100 ppt
*] PFOA standard

Background

PFOA

| 463>369 L
| Blank injection

T T T T T T T T T T T T T T T T T T T T T 1 T
2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50
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PFC Kit Waters )

P E E K tu b i N g THE SCIENCE OF WHAT'S POSSIBLE.”
for solvent lines

Stainless steel tubing

| Isolator column to injector i
PEEK tubing

S for autosampler
& PFC lines
#=rlsolator Column

Solvent mixer

Coiled

stainless steel tube
Mixer to

PFC isolator column n

©2018 Waters Corporation



_I_-I:I

MRM Chromatograms of PFOA Waters
With PFC Kit I nstal Ied THE SCIENCE OF WHAT'S POSSIBLE.”
PFOA
300 ppt
.| PFOA standard Background PFOA contaminant

I i W

5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00

Background PFOA contaminant

- = Blank Injection

| NO peaks=————
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THE SCIENCE OF WHAT'S POSSIBLE.”

= Generates all the necessary methods for routine analysis
o Methods -> Sample List -> Data Processing

and E Xevo TQD Helass

THE SCIENCE OF WHAT'S POSSIBLE™

| oy - GRS . . A S
Configure Analysis
1<

Method files and a sample batch list are required to run this analysis.
Enter the name to use for all the files created, the praject in which they will be created and specify which files to create.

Name: [ Pesticides )
Project: [€:\MassLynx\Default.PRO ) (Browse... )
Files to create: [& Ms method

¥ Chromatography method

I TargetLynx method

[~ samole list

MassLynx - Defaul

Ele  ¥iew Run  Help

=2 -0 e -Jd S b0l ] @ sherto

ueus G status |

Queue Is Empty
- Spectrum Chromatogram Map Edit~ Samples=
‘ | Filz Mame File Text ‘ M File | Inlet File ||I'|iecl Wo.. Eottle Sample Type Conc A =
Pesticides | Pesticides ] oooo

TargetLynx

&

Edit Method

Edit View Display Processing Window Help =12]x|

File
Process samples S H|Y tHEBEE g ek -[% | - X&) ol [l e e =502

MarkerLynk XS Tools Instrument
@ g

x| #[Name Sample Text RT Area Reverse Fit Forward Fit

View Rasults all7 1|0732013_46 |Matrix match spiked 10 ppb (eq to 38.55 ppb (in vial) B11| 39517477 873 726

£ 2 2|0732013_50 |Matrix match spiked 20 ppb (eq to sample) 79.09 ppb (in vial) 811 71666.023 806 619

= @ 3 3|0732013_54 |mMatrix match spiked 25 ppb (eq to sample) 98.67 ppb (in vial) 810| 85963.734 337 743

= TrendrPlot 4 4|0732013_56 |Matrix match spiked S0 ppb (eq to sample) 197.74 ppb (in vial) 5.08| 112297180 342 749
B
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Typical Calibration Curve Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

PFOA calibration curve (0.09 ppb to 9.4 ppb) r2 > 0.997

Calibration: 25 Jul 2O08 OG- -1 5: 3 F

Tormpouand narmerl FF O

Correlation coefficient: r= 0998662, 2 = 0. 997=327

Camlibration cures: 2 2932325 T e - O 0742265

Fes=pomn=e tvpe: Intermal Std { Retr 1 3, SASarea >~ 015 Conc. P 1S SSarea
Cuaree tepe Linear, DOrigin: Exclude, Yweighting: 105, 2Axis trans: RMone

Regpunse

o

537
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Recovery Study Waters
THE SCIENCE OF WHAT'S POSSIBLE.”
Target 1 ppt spiked water (n=6)
10 PFCs
Recovery (%) RSD (%)
PFBuUS 105 6
PFHXA 112 11
PFHpPA 124 15
PFHXS 103 5
PFOA 122 17
PENA 107 9
PFOS 104 6
PFDA 109 8
PFUNA 100 9
537
PFDOA 105 12
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PFOS in Bottled Water Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

Chromatogram |z| |E| le -
FIL13 125 10 smoi(un 20 Fs: PFOS in the bottled water
F.925e+002
100+
Injection sample 1 Sample 2 sample 3 sample 4
7.98e2 ) P P P P
transition 1 0.42 0.39 0.44 0.29
2 0.37 0.44 0.43 0.35
ol . 3 0.48 0.52 0.39 0.35
1F':IEJ_SEH1I£BS:§J1L51413_S1?§Ulh(Mn,Q}{Q) Fa:MRM of 5 channfésg,fgsé 4 0_48 0_46 0_39 0. 38
100 PFOS _ 4.833e+002
L5 5 0.44 0.52 0.42 0.35
o 6 0.36 0.43 0.36 0.36
*] Secon ry transition Average 0.42 0.46 0.40 0.35
(ppt)
S e e <N RSD (%) 12.7 11.1 7.7 8.1
Mean = 0.41 ppt 537

Instrument LOQ <25ppt; SPE enrichment factor =250; Method LOQ <0.1ppt
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Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

Direct (large volume) Injection Approach
ASTM 7979-17

©2018 Waters Corporation 17
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ASTM 7979-17 Direct Injection Method Wat “
Sample Prep awers

THE SCIENCE OF WHAT'S POSSIBLE.”

5 mL MeOH + 5 mL sample in 15mL tube, vortex
Filter: Glass fiber + GHP (polypropylene)

Add 10 ul acetic acid

500 ul to LC vial

BN~

= Reagent Water
= Surface (River) Water
= Ground Water
Influent Waste Water
Effluent Waste Water

June 2018 Application Note: 720006329EN

©2018 Waters Corporation 18
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LC Method
Acquity I-Class with PFC Kit
CSH Phenyl Hexyl 2.1mm x 100 mm, 1.7 um

A: 95:5 H20:MeOH + 2 mM am ac
B: MeOH + 2 mM am ac

= Desolvation Temperature: 500°C Inj Vol: 30 ul

_ Gradient: i % %
= Desolvation Flow: 1100 L/hr R A I
(0} 0.3 100 0

= Cone Flow: 150 L/hr

Instrument Methods

Source Parameters

= |Instrument: Xevo TQ-XS
= |on Mode: ESI-
= Capillary Voltage: 1.0 kV

1 0.3 80 20
6 0.3 55 45
13 0.3 20 80
MS Method
Developed using QuanOptimize o o4 > o
. Vv

eve p g p 17 0.4 5 95

 MRMSs, CV, CE
18 0.3 100 0

* Divert flow to waste from 15 — 21 mins 7979-17

22 0.3 100 O

©2018 Waters Corporation 19
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Compounds InCIUded in MethOd THE SCIENCE OF WHAT'S POSSIBLE.”

» 39 Native Compounds
» 27 Isotope Labels — Recovery only!

PEMS CeHF 1550; sulfonate
Abbreviation Molecular CAS Number PFAS Class PFD3 C1HF230; 335-77-3 sulfonate
Formula FOSA CeH:F1oNOSS 754-91-6 sulfonamide
PFBA CHF0; 375-22-4 carbaxylate N-EXFOSAA CraHoF oNDS 2991-50-6 sulfonamidoacetic acid
PFPef CoHP0: 1706-90-3 carbaxylate N-MeFOSAA Co:HoF 1 NOLS 2355-31-9 sulfonamidoacetic acid
PFHxA CsHFa,0, 307-24-2 carboxylate N-MeFOSA C.HoFoNO.S 31506-32-8 sulfonamide
PFHRA GHF:0: 35852 carboxylate N-EtFOSA CaoHeF ND;S 4151502 sulfonamide
PFOA GaHPws0; 335-67-1 carbaxylate FHUEA CHAF 205 70BE7-28-6 Unsaturated telomer acid
PFNA GHPs0: 375951 carbaxylate FOUEA CooHaF1e0: 70887-84-2 unsaturated telomer acid
PFDA C1oHF150; 335-76-2 carboxylate 22 diPAP CooHoF 2P0, £78-41-1 phasphate ester
PFUNDA CuaHF2,0; 2058348 carbaxylate 42 FTS CHAFL50; 757124-72-4 telomer sulfonate
PFDoDA CuaHF0; 307-55-1 carbaxylate 5:2 FTS C.HaFo250- 20420-49-3 telomer sulfonate
PFTriDA CusHF2:0; 72623348 carbaxylate B2 FTS CagHaF 1505 39108-34-4 telomer sulfonate
PFTreDA CyHF 0, 376-06-7 carboxylate PEaCHS C.HF 250; 67584-42-3 oyclic
PFHxDA CysHF 205 67905-19-5 carboxylate FHEA CaHzFz0: 53826-12-3 telomer acid
PFOcDA CyzHF -0, 16517-11-6 carboxylate FOEA CaoHaF 05 27854-31-5 telomer acid
PEBS C.HF.S0, 29420-49-3 sulfonate Py a0, N/A PE——
PFPeS C.HF1250. 2706-91-4 sulfonate Ty 0. 13702 e
PFHXS C.HF S0, 3871-99-6 sulfonate ADONA 0, e her
PFHpS CHF o550, 375-92-8 sulfonate 3CI-PF30NS C.HFC150, 73606-19-6 ather
PFO3 CeHFy;50; 1763-23-1 sulfonate 11CI-PF30UdS C1oHF2oCIS0, 73606-19-6 other

7979-17
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THE SCIENCE OF WHAT'S POSSIBLE.”

Overall Method Summary

100

50:50 Concentration
Reagent Water:Methanol must be < half
Bla nks + 0.1% acetic the reporting
acid limit
Reagent water Concentration
+ surrogates. must be < half
Method Blank Taken through the reporting
sample prep limit
<
Reagentwater + Targets
Reporting Limit tﬂggfrtgga;tsg i detectable;
Check Taken through Recoverz' S
sample prep 150%
Bl oy Must fall within
Lab Control G Af
a } £
Taken through Cc_mf'dence
sample prep interval
T T T T 1 T T T T T ¥ L . Time
3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00

7979-17
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Spiked Surface Water
P Waters
THE SCIENCE OF WHAT'S POSSIBLE.”
PFOA ~ Sulfonates PFHXS  PFOS
Carboxylates ~ PFHpA | PFNA PPBS PRHPS
PEDA PFPeS
| | PFUNDA / | NS
orpa  PFPeA ‘ | PFDODA | | ‘ m WPFDS
| | PRHxA o \f | H\ / \ |
| f\
/\ \ ” \ \ M PFTriDA H‘ ( \‘ \ | \
AN | . | .
| i } J \ VbETreDa | \
o | GO O v I | GO O Uuw
Telomer Fsé FOEA |FDEA Sulfonamidoacetic FOUEA
Sulfonates * g:2 acids and FHUEA N-
and FTS | unsaturated MeFOSAA
“ | telomer acids “ N-
Telomer | n\ | R | EtFOSAA
Acids \\ r \ | \ FHpPA
/\ \ ] M | | ﬂ FOSA
a2 FHEA H M |
S - t~11 GRS | 0 N LV U AN L | A1\ S
7979_1 7 PFBA and PFPeA at 300 ng/L; 4:(2’;)6&%,s ig%i;iggi;;ﬁﬁ%%r;%;ﬁ.all other compounds at 60 ng/L. .
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Data Independent Acquisition (DIA) Wat =
Concurrent MRM + Full Scan (aka RADAR) arers

THE SCIENCE OF WHAT'S POSSIBLE.”

100
Primary PFOA| | PFOS "
MRM MRM |
Influent
red green 1
Sample . »
2 300.4
25,4 567.6269.9
n““““A‘_I‘I‘I““‘k‘h‘r\““‘l“m
a0 100 180 200 260 300 350 400 450 500 580 600 650 700 750 800
- 299.3
3972
Full scan 2
data TIC , 232
599.7
purple m ﬂ N B .
800 1% 200 %0 a0 a0 | 400 40 a0 50 e e 700 70 800
DIIII|""""|""""|""""|""|IIIIII T L‘.'l'

T T T T LRI UL N LSRN LI B LSS LIS BLLELNLA NUSURLELE BLELELLES FLSLELEL B
2.00 4.00 £.00 g.00 10.00 12.00 14.00 16.00 15.00 20.00 23
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Method Detection Limits (MDL)

THE SCIENCE OF WHAT'S POSSIBLE.”

Below reporting limits described by ASTM 7979

Sample spike

MDL Reporting range Sample spike MDL

Reporting range

Compound (ng/L) (ng/L) (ng/L)* Compoxnd (ng/L) (ng/L) (ng/L)* R*
PFBA 100 25.20 50-2000 FOSA 10 1.29 10-400 0.999
PFPeA 10 1.04 50-2000 0.999 N-Et-FOSAA 10 1.90 10-400 0.997
PFHxA 10 1.33 10-400 0.999 N-Me-FOSAA 10 1.59 10-400 0.999

A 3 N-Et-FOSA 10 1.45 - 0.997
N-Me-FOSA 10 119 - 0.999

L 4 FHUEA 10 1.53 10-400 0.999
PFDA 10 0.84 10-400 0.998 FOUEA 10 1.36 - 0.999
PFUNnDA 10 2.52 10-400 0.996 8:2 diPAP 300 50.16 - 0.988
PFDoDA 10 1.76 10-400 0.993 4:2 FTS 10 1.50 10-400 0.999
PFTriDA 10 2.34 10-400 0.991 6:2FTS 10 N/A 10-400 0.999
PFTreDA 10 1.99 10-400 0.993 8:2 FTS 10 2.62 10-400 0.997
PFHxDA 200 25.41 - 0.984 PFecHS 10 117 10-400 0.998
PFOcDA 400 41,99 - 0.983 FHEA 200 4219 300-8000 0.994
PFBS 10 1.21 10-400 0.999 FOEA 200 50.38 200-8000 0.997
PFPeS 10 1.07 10-400 0.999 FDEA 200 79.48 200-8000 0.993
FHpPA 10 1.47 10-400 0.999

ADONA 10 0.82 - 0.999

9CI-PF30NS 10 1.06 - 0.999

1NCI-PF30UdS 10 145 - 0.998

7979-17

©2018 Waters Corporation
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Linearity and Sensitivity Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

E % X
E 35000 PF S
PFOA O
250000 30000
E X
R2 =0.9980
] R2 =0.9992 .
—
200000 - 25000
E @
175000 2
E § 20000
150000 3
125000 15000
100000
E 10000+
75000
50000
3 5000
25000 3
B aa st iaad s s e L L L L L s e L S L L L L e L L L b s i ua g s BT 0T e Cone
-0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 -0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
- 11.01;566 11.01
9.82:4407 . 9.82;1327 o0, ; -

10

454

412.9 >
368.9

2.5 ng/L injection
(0.5x Reporting
Limit)

A%

11.00

; ; -1 ; : ; I : : T T T T T
9 9 a7s 980 985 a%0 995 o5 950 985 950 095 ime:
w9 | iteo | Ati0 1120
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Recove ry d nd Repeatabl | Ity THE SCIENCE OF WHAT'S POSSIBLE.”
%0000 = n=20injectons
: % Recovery '
Reagent Water 92.8 7000.00
Ground Water 90.6 S P00
< 6000.00
Surface Water 94.6
5500.00
Influent Water 94.1 5000.00
Effluent Water 93.5 450000 “—rt—+—~+—+—+—+—+—+——+—++—+—+—+—+——+—+
Overall Recoveries: 80 — 125% ST
Sample
*PFTreDA, PFTriDA ~ 200% - matrix effects Overall RSD: <10 %
. 7979-17
©2018 Waters Corporation 26
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Water Sample Types and Recoveries Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

Average Percent Recovery in Matrix

= Reagent Water

Reagent Ground Surface Influent Effluent Recovery

m Surface (River) Water Water Water Water Water Water Compound
PFBA 82.7 82.1 80.9 80.8 85.5 13C-PFBA

= Ground Water PFPeA 89.1 87.7 90.2 88.1 91.4 13C,-PFPeA
= |nfluent Waste Water PFHXA 89.7 90.1 91.7 91.3 93.3 13C_-PFHXA
= Effluent Waste Water PFHpA 90.6 89.8 92.6 91.3 91.9 13C,-PFHpA
PFOA 92.5 92 94.2 94.7 94.3 13C_-PFOA

PFNA 93 92.2 94.3 94.8 95.2 13C-PFNA

PFBS 94.6 92.1 96.8 93.8 96.1 13C.-PFBS

PFPeS 94.6 92.1 96.8 93.8 96.1 13C.-PFBS

PFHxS 89.8 88.1 91.3 91.9 93.5 13C.-PFHXS

PFHpS 92.8 90.6 94.6 94.1 93.5 13C_-PFOS

7979-17 PFOS 92.8 90.6 94.6 94.1 93.5 13C_-PFOS
PFNS 92.8 90.6 94.6 94.1 93.5 13C_-PFOS

©2018 Waters Corporation 27
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THE SCIENCE OF WHAT'S POSSIBLE.”

Water Sample Reproducibility

[ Reagent Water % RSD in Matrix
Ground Water Surface Water
= Surface (River) Water
. Ground Water Low spike (n=3) High spike (n=3) Low spike (n=3) High spike (n=3)
PFBA 15.6 2.7 2.1 2.8
" |[nfluent Waste Water — . P > >
= Effluent Waste Water PrbA 6.6 L7 L6 A
PFHpPA 4.4 2.4 8.9 2.1
PFOA 5.9 1.5 9.5 2.5
PFNA 6.3 2.5 8.2 1.0
PFDA 8.7 1.3 5.2 1.9
PFBS 6.2 1.2 1.5 1.5
PFPeS 2.5 0.3 1.4 0.1
PFHXS 2.6 1.7 2.5 4.1
PFHpS 6.2 3.8 2.6 1.6
7979-17 PFOS 7.9 3.1 7.2 1.5
PENS 4.0 2.8 5.6 1.3

©2018 Waters Corporation
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PFAS’s Summary Waters

THE SCIENCE OF WHAT'S POSSIBLE.”

= QOccurrence studies have led to increased PFAS's testing needs

= Drinking water analysis is increasing steadily due to increased public
awareness
= QOther water types (non-drinking water) of increasing interest as well

= SPE enrichment allows entry level TQ to achieve ppt detection. HP TQ
required for LVI/DI water analysis

= MRM database, analyte optimization tool and isolator column facilitate
implementation

©2018 Waters Corporation 29
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Tha n k yo u fo r yo u r atte ntion ! THE SCIENCE OF WHAT'S POSSIBLE.”

Questions???
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