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Why PFAS?

PFAS are still the MOST RELEVANT
Contaminants of Emerging Concern gt

There is a large amount of funds from the
Infrastructure Bill that will be allocated to
PFAS remediation and treatment S

There are expected new regulations ot |

affecting all stakeholders in the >
environmental industry (and others)
There is a need for robust analytical M,}}

workflows to address upcoming
monitoring demands

Plan Results

\j!

Cookware

Conclusions

The PFAS Connection

An Entangled Web Linking Food & the Environme
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Why PFAS?

Recap from NEMC 2021...

. =i Targets —EPA 533

- "“\\ e Find list of targets here
i] B

gy . ‘
Tubing Type With Degasser Without Degasser
Without Delay With Delay Without Delay With Delay
Column Column Column Column
v v

-

PEEK
FEP v v
LLDPE v v v

FEP: Fluorinated Ethylene Propylene

All types of tested tubing displayed
PFAS compounds

Installation of delay column
eliminates measurable PFAS .
background from all types of tubing
tested - Non-fluorinated tubing is
not essential!
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https://www.shimadzu.com/an/sites/shimadzu.com.an/files/pim/pim_document_file/brochures/14572/c146e455.pdf
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Experimental Plan

Go back to basics, to re-evaluate instruments’
performance (including sensitivity) _

for EPA 537.1 and EPA 533: Crosstalk
Instrumental analysis > = Stress tests
Sample preparation Contamination sources

Why? Results Conclusions Q&A
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Experimental Plan — EPA 533

Nexera HPLC

Analytical Column

Delay Column

Flow rate

Mobile phase A

Mobile phase B

Gradient

Column Temp

Parameters

Shim-pack GIST C18,
3um, 2.1 x 50mm

Shim-pack GIST C18
50mmL.x 3.0mmID
5um, 227-30015-03

0.25 mL/min

5 mM ammonium
acetate in water

Methanol

5-95% B

45 °C

Why?

LCMS-8050

lon source

Polarity

Interface temperature

DL temperature

Heat block
temperature

Capillary position

Run time

Parameters

ESI

100 °C

150 °C

250°C

+1 mm

15 min

Results

|| '| nl'LA dﬂ_ﬁ_am

5.0 6.0 7.0 8.0 min

1 =

“ M
40

Cycle time: 15 min
Original cycle time in EPA method: 35 min

3.0

Additional method info

Conclusions Q&A


https://www.ssi.shimadzu.com/products/liquid-chromatograph-mass-spectrometry/lc-ms-system/lcms-ms-ms-method-package-pfas/index.html
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Experimental Plan — EPA 537.1

Nexera HPLC Parameters LCMS-8050 Parameters
Shim-pack Velox SP-
Column C18,2.7um, 2.1x lon source ESI
50mm
Shim-pack GIST C18 - . H
Delay Column 50mmL.x 3.0mmID Polarity ) CyCIe tl me . 18 m I n

5um, 227-30015-03

Original cycle time in EPA

Flow rate 0.25 mL/min Interface temperature 100°C .
method: 37 min
Mobile phase A Sar:e“fafg::v?’r;g? DL temperature 150°C
. Heat block 41 H

LD ) GEh temperature ke Addlthﬂ&' meth Od InfO

Gradient 5-100% B Capillary position +1 mm ﬁ\ L

U R U L

Column Temp 45°C Run time 18 min -+ r 755t I1TrT+rr+rrrrrsr v

4.0 5.0 6.0 7.0 min
PFOS target

/

[

Cycle time 3 min longer than EPA 533 Peak shape?

3 min additional MeOH rinse to minimize carry-over . Pass! PFBS _ :
o i . | Separation of
observed from NMeFOSAA and NEtFOSAA. | _- isomers?
e (CH“’ o | \ Pass!
N /\N\)&\OH o N OH |
Fh X SN /
FF o cFF o A A A R A A
FaC LF F " £ F Asymmetry: 1.16 —L
[N F F FsC N F EPA requirement: 0.8 - 1.5
F
NMeFOSAA " NEtFOSAA

Why? Results Conclusions Q&A


https://www.ssi.shimadzu.com/products/liquid-chromatograph-mass-spectrometry/lc-ms-system/lcms-ms-ms-method-package-pfas/index.html
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Results — Crosstalk

Crosstalk occurs when two successive
MRM transitions share a common
product ion and the ions from the first
MRM are still present in the final
guadrupole when the second MRM is
being acquired.

This phenomenon can cause FALSE

POSITIVES or increase area counts of
compound affected.

Why? Plan Conclusions Q&A
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Results — Crosstalk

Crosstalk occurs when two successive
MRM transitions share a common
product ion and the ions from the first
MRM are still present in the final
guadrupole when the second MRM is
being acquired.

This phenomenon can cause FALSE

POSITIVES or increase area counts of
compound affected.

Why? Plan

Electrospray
lonization
Source

MS/MS (Quadrupoles & Detector)

W — &
|| i | ! SRR
. . g ' :
—— [ v o .
. : ] !: u
. . . ‘ !,‘ [ —— | _I-'J.F
Selected lon Monitoring ciD Selected lon Monitoring Detector

01 03

MRM: m/z parent ion = m/z product ion
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Results — Crosstalk

MS/MS (Quadrupoles & Detector) P FH p S

RT 3,=6.80
m/z = 440

Product ion
m/z 80

Selected lon Monitoring ciD Selected lon Monitoring Detector =

Q1 Q3
MRM: m/z parent ion = m/z product ion

| nstrument Parameters bt
AutoPurge Baseline Chedk Parameters Comment
Ms Interface Data Acquisition LC Time Prog. Pump Column Qven Controller Autosampler
Positive Megative End Time:  2.631 min M5 Program | Edit Valve and M3 Program...
MRM(+) | ProductIonScan(+) | Precursor Ion Scan(+) @ Meutral Loss Scan(+) SIM{+) Scan(+) P F O S

CID Gas CID Gas... Attenuation. .. Loop Time...

Type Eventff | +/- Cmpamd m/z | Time (1.201 min - 9.631 min) ” RT 533= 732

MR M 1 'FBA 212.90=163.90 F

MRM 2 PFMPA 229 00:85.00 / — 49 9 F

MRM 3 33 FTCA 241.00=177.00, 241. m Z .
MRM 4 PFPeA 263.00:215.00

MRM 5 PFMBA 279.00=85.00 = r O u C I O n
MBM 3 42 FTS 327.00:307.00, 327.0 F

MBM 7 NFDHA 295.00:201.15

MRM g PFBS 298.50:80.10, 298.50-9 I m / Z 8 O

MRM 9 PFHxA 312.90:269.00. 312.50 |

MRM 10 HFPC-DA 285.00>163.00, 285. v i

MRM Acq. Time: | 1,201 - | 2.201 miri Compound Mame:  PFEA

Why? Plan Conclusions Q&A
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Creating Conditions for Crosstalk

PFHpS
RT .5,= 6.80 PFHpS
m/z = 440 Tl
i Product ion
- m/z 80 PFOS
PFOS |
RT c55= 7.32
m/z = 499
| T N\
" Product ion NS O O E Ls S
m/z 80 l

Crosstalk invoked

Why? Plan Conclusions Q&A
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Results - Crosstalk

[]

Learn more about UF Technologies

Why? Plan Conclusions Q&A


https://www.shimadzu.com/research_and_development/technology_branding/uf_technologies/index.html
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Crosstalk Demonstrated

PFHpS

RT .,,= 6.80
m/z = 440
Product ion

i m/z 80

PFOS
RT 5= 7.32
m/z = 499

Product ion
m/z 80

Why?

Plan

8000

7000

4000

3000+

1000+

PFHpS

24:PFOS 499.0000>80.0000(-) CE: 53.0
25:PFHpS 449.0000>80.0000(-) CE: 48.0

PFOS

—
7.50 _mil

Results Conclusions

Crosstalk
Shown
(UF Sweeper Off)

Normal
Conditions
(UF Sweeper On)
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Results — Contamination — STRESS TEST!

GOAL: Demonstrate how to manage contamination from HPLC, by spiking a known
amount of PFAS in instrument

Experimental approach
Method 533 conditions
Delay column — Shim-pack GIST C18, 5um, 3.0mm x 50mm
Analytical column - Shim-pack GIST C18, 3 um, 2.1 x 50mm
Flow: 0.25 mL/min
Both mobile phases spiked
Concentration spike: 20 ppb analytical standard mix

Why? Plan Conclusions Q&A
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Results — Contamination — STRESS TEST!

Spiked MP flowing through system before injections

Mass of individual PFAS flowing through system: 5 ng/min
HPLC configuration

System recovery after test: standard methanol flush

o~

> @ ]
Optional kit for
PFAS analysis

Why? Plan Conclusions Q&A
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Results — Contamination — STRESS TEST!

1000) PFOA MRM in solvent blank with spiked mobile phases

130:PFOA TIC(-)
2.5

2.0-
1.5~
1.0-

0.5

" A

| [ [ [ [ | [ [ [ [ | [ [ [ [ | [ [ [ [ [
25 5.0 7.5 10.0 12.5 min

(x1,000) PFOA MRM in 10 ppb standard with spiked mobile phases

130:PFOA TIC(-)

4.0-

3.05

2.05

10

0.0 ] A

‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | |
25 5.0 7.5 10.0 12.5 min

Why? Plan Conclusions Q&A
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Results — Contamination — STRESS TEST!

Contamination from
spike in mobile
phase

1000) PFOA MRM in solvent blank with spiked mobile phases

130:PFOA TIC(-)
2.5

0.5- l\
0.0 /‘J\_/\ M
! ! ! ! ‘ ! ! ! ! ‘ ! ! ! ! ‘ ! ! ! ! ‘ ! ! ! ‘ ! ! ! !
25 5.0 7.5 10.0 125 min

(x1,000) PFOA MRM in 10 ppb standard with spiked mobile phases

130:PFOA TIC(-)

4.0-

3.05

2.05

10

0.0 ] A

‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | |
25 5.0 7.5 10.0 12.5 min

Why? Plan Conclusions Q&A
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Results — Contamination — STRESS TEST!

1000) PFOA MRM in solvent blank with spiked mobile phases

130:PFOA TIC(-)
2.5

Contamination from 20
spike in mobile
phase

0.5- l\
0.0 /‘J\_/\ M
! ! ! ! ‘ ! ! ! ! ‘ ! ! ! ! ‘ ! ! ! ! ‘ ! ! ! ‘ ! ! ! !
25 5.0 7.5 10.0 125 min

(x1,000) PFOA MRM in 10 ppb standard with spiked mobile phases

130:PFOA TIC(-)
4.0-

Separation between  so

target and —so
00— S S A - ‘
25 5.0 T~——ss— 100 125 min

Why? Plan Conclusions Q&A
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Results — Contamination — STRESS TEST!

PFOA MRM in solvent blank with spiked mobile phases

(x1,000)

130:PFOA TIC(-)
2.5-
Contamination from 2
spike in mobile L3
1.0+
phase :
05 l\
o.o”ﬂ—/"dﬂ
25 5.0 7.W 125 min
wioog PFOAMRMin 10 ppb standard with spiked mobile phases PFHxS MRM
SOPFOATICL) (target with isomers)
4'0i (Xl'-%(;):ﬂxs TiCE)
Separation between  :o M 7
target and patn (_ M |
. . : J‘\‘rH ‘\_‘NU\‘ U‘“‘A NW nU"f‘ J LA_fuu‘uL'\_/M\
contamination 10° L\M M R i——— A
2.‘5 5.‘0 7.‘5 16.0 12‘.5 min

Why? Plan Conclusions Q&A
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Results — Contamination — STRESS TEST!

PFBA MRM in solvent blank with spiked mobile phases

(x100)

7.5

5.05

k | n

o.o:

o0 25  s0o 75 " 100 125  mn

(x1,000)
2.0

0.0

1.5
1.0

0.5

PFBA MRM in 10 ppb standard with spiked mobile phases

Target

0.0 25 5.0 7.5 10.0 125 min

PFTA MRM in solvent blank with spiked mobile phases

(x100)

0.0

2.0

0.0

5.0+

2.5+

(x1,000)
B2:PFTA TIC()

1.5
1.0

0.5

T52:PFTA TIC(-)

25 5.0 75 10.0 125 min

PFTA MRM in 10 ppb standard with spiked mobile phases

Target

25 5.0 7.5 1.0 125 min

15t eluter

» Last eluter

Slight increase in separation between targets and contamination during run

Why? Plan



[ SHIMADZU

Results — Contamination — SEPTA

- Type of vials? tested:

z:: ﬂ * Amber glass

oo ] * C(lear glass

0] * Silanized clear vials

20000 e PP vials

17500

15000 Type of caps? tested:

12500 * Silicone lined

« PP

5000- Silicone lined septa:

25°°§ J L PFBS contamination found; same results
q with several septa (n>5) from same lot.

T ] T T T T ] T T T T ] T T T T ] T T T T ] T T T T ] T T T T ] T T T T ] T T T T
3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 min

L2 From different manufacturers

MRM from PFBS in blank (glass vial with silicone septa)

Why? Plan Conclusions Q&A
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Results — Contamination — SEPTA

1600-]

., PFBS

w0, Peak area
o) [njection #1:
0 6,261

1100
1oooé
9ooé
7ooé
eooé
sooé

3004

200

100

A n e I\ﬂ AA L

T sy e st e ey B By B e st e ey e B e By B e A L
3.0 35 4.0 45 5.0 55 6.0 6.5 7.0 75 8.0 8.5 9.0 9.5 10.0 10.5 min

Why? Plan Conclusions Q&A
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Results — Contamination — SEPTA

PFBS v PFBS

. Peak area =, Pagk area
w0l jnjection #1: injection #2:
o 6261 145,597

3.0 35 4.0 45 5.0 55 3.0 35 4.0 45 5.0 55 6.0 6.5 7.0 75 8.0 8.5 9.0 9.5 10.0 105 min

Why? Plan Conclusions Q&A
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Results — Contamination — SEPTA

" PFBS oo PFBS | PFBS

. Peak area X~23 ** Peak area Stable mof Peak area

wo| jnjection #1: = injection #2: —— injection #3:

w0 6261 145,597 134541

29 injection from same vial/septa results in Concentration in subsequent injections
increasing concentration of contamination remains constant

Why? Plan Conclusions Q&A
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Conclusions

v Method 537.1 and 533 re-optimized to ensure robust workflows that can easily be
implemented in routine operations for addressing upcoming monitoring needs
(Data not shown today)

v" Absence of crosstalk is essential to avoid biased (high) results during PFAS analysis
Modern mass spectrometers use built-in technology (i.e., UFsweeper™) to minimize it

v" Delay column is sufficient HPLC modification to eliminate measurable PFAS background

v Frequent testing of consumables used during analysis is unavoidable

Why? Plan Results Q&A
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PFAS microsite

Kick Start Your PFAS Analysis with Shimadzu s%\
Achieve Speed and Accuracy eIl

L ( oy~ Wk P \.ﬂ%
il PRGN Ay, TSN

N

Customizable Reports
Connection to LIMS
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