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Introduction to PFAS

— Per- and polyfluoroalkyl substances are a group of synthetic organofluorine chemical compounds that
have multiple fluorine atoms attached to an alkyl chain

— Often referred to as forever chemicals due to their longevity in the environment, they have also been
found in a wide range of marine life

— US EPA toxicity database, DSSTox, lists 14,735 unigue PFAS chemical compounds,”! while PubChem lists
approximately 6 million

— Many PFASs were used for their enhanced water-resistant properties

— Residues have been detected in humans and wildlife, prompting concern about impacts to
health PO According to the National Academies of Sciences, Engineering, and Medicine

— PFAS exposure is linked to increased risk of dyslipidemia (abnormally high cholesterol),
suboptimal antibody response, reduced infant and fetal growth, and higher rates of kidney cancer.l'
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Challenges to developing PFAS workflow

— PFAS are ubiquitous within the laboratory environment
- Very challenging to prevent environmental contamination
— Use of delay columns reduces potential interferences derived from analytical system

— Compounds are thought to be highly toxic and so detection limits are very low
— Typically 1 ng/L
— Often requires pre-concentration using SPE, e.g. factor of 250x according to EPA 537.1
— Low detection limits require LC-MS/MS

— Some PFAS compounds will adsorb to plastic and glass surfaces, reducing recovery
- PFAS compounds can also stick to Aluminium

— Toxicity concerns mean that extra handling precautions should be taken
— This can be a source of possible contamination
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List of EPA 537.1 compounds and MRLs

TABLE 5. DLs AND LCMRLs IN REAGENT WATER

Analyte Fortified Conc. (ng/L)* | DL (ng/L) | LCMRLS (ng/L)
PFBS 4.0 1.8 6.3
PFHxA 4.0 1.0 1.7
HFPO-DA 4.0 1.9 4.3
PFHpA 4.0 0.71 0.63
PFHxS 4.0 1.4 2.4
ADONA 4.0 0.88 0.55
PFOA 4.0 0.53 0.82
PFOS 4.0 1.1 2.7
PFNA 4.0 0.70 0.83
9CI-PF30ONS 4.0 1.4 1.8
PFDA 4.0 1.6 3.3
NMeFOSAA 4.0 2.4 4.3
PFUnA 4.0 1.6 5.2
NEtFOSAA 4.0 2.8 4.8
11CL-PF30UdS 4.0 1.5 1.5
PFDoA 4.0 1.2 1.3
PFTrDA 4.0 0.72 0.53
PFTA 4.0 1.1 1.2
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PFAS Method: contamination testing

— EPA 5371 method - This method is used for contamination testing

XIC from Data_003.wiff (sample 1) - Final LC contamination method test_003, -MRM (25 transitions): ADONA (376.8 / 250.8), Gaussian smoothed (1.0 points) Column: Avantor® ACE® UltraCore SuperC18,
6.0e4 4.869 2.5 pm, 100 x 2.1 mm
Delay column: Avantor® ACE® PFAS Delay Column,
5.6e4 50 x 2.1 mm
Mobile Phases: A: 20 mM ammonium acetate
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B: MeOH
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PFAS Method: Delay column use
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on—column during post gradient re-
equilibration

Results in inaccurate quantitation
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PFAS Method: Delay column use - PFOA
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Contaminated LC-MS system
Blank run
No delay column

Contaminated LC-MS system
Injection of 0.5 ng/mL PFAS standards
No delay column

Contaminated LC-MS system
Blank run
Delay column installed

Contaminated LC-MS system
Injection of 0.5 ng/mL PFAS standards
Delay column installed




PFAS Method: Delay column use

¥
I
sy

= 10e4 Contaminated LC-MS system
= EEgAA Blank run
- pFH)F()A Delay column installed

i =l PFOA

= = ERESEE - Contaminated LC-MS system

'.|>
N
()]

N

Injection of 0.5 ng/mL PFAS standards
Delay column installed

— Use of a delay column retains system
background PFAS until after sample
PFAS have eluted
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Tracking system contamination: solvent tubing

3.0 cm of solvent tubing extracted into 1.5 mL MeOH
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Similar PFAS profile observed to that
obtained when no delay column was
used.

Solvent tubing is a significant source of
system related PFAS.

Switch tubing to PEEK




Tracking system contamination: Blanks

10 pL injection of 1 mL MeOH in transfer tube

— Blanks are relatively clean.
Blank — no injection — Conclusion - solvent tubing
contributes significantly to system
background PFAS levels
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Sample Prep: N, Blowdown

9 bomlata ZHB13 OMD? wiff{samgple 1) - CostamimtionfiHa (07 MM cmilice) PR 1

99 fram Dt 230913 ONO2 i { s 1) - Cortmiretion B 024, -WRM (20 Karss s PP A | (J28] 2688
94 fram [in 230913 ONOR? wiff{seple 1) - Contairetion B2 02 -WRM |20 ke PPixA | (3128] 2688
[0 fram [in 230913 ONOE wiff{seple ) - Cortairetion B (035, -WRM 20 ke PPHixA | (3128] 2688

4400

Intenary, cpa

goUua58y8s B30 N B 8088088888

—§

Position 2, rpt #2

w Position 2, rpt #1

Position 1, rpt #2

Position 1, rpt #1

12 L] 16 B 20 22 24 26 28 30 12 34 36 3B 40 42 44 46 4B 50 582 54 5B 58 B0 62 B4 66 B8 0 72 ] 75

avantor:

Time, min

78 80 a2 L3

8 mL MeOH blown down to
dryness in 10 mL polypropylene
transfer tube.

N,, 40L/min @ 60 °C
Reconstituted in 1 mL MeOH

All samples contaminate with
PFHxA

Level of contamination is
consistent between positions

Level of contamination consistent
over time

Originates from Blowdown rig or
N, source?
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Sample Prep: N, Blowdown

_ _ — Blowdown rig was removed.
8 L 2 e et I
9 XL fom Daia 230913 ONO# will {samgle 1) - Corfeminalion BCE_ 044, -MAM (20 irersiBors ) FRHWA 1 (312 8/ 2638)

- N, direct from N, generator via
polypropylene tubing and glass
pipette

— No heat, so longer required to blow
L down, therefore increased signall

Simplified blowdown (tubing + glass pipette) .
- N, source appears to be the culprit.

— N, generator contains PTFE filters -
—————= 1 mL MeOH extract of transfer tube potentially the source?

— Use activated carbon inline filter?
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Sample Prep: Vials & caps matter!

- ADONA was observed in blank MeOH injections
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: (polyimide, i.e. fluorine free, _ sequence
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Other sources of contamination

— Samples of common laboratory
consumables were extracted in 1
mL MeOH and analysed
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Syringe Filters

- Many samples contain particulates

— Sub-micron particles -+ » » » large particles/micro-

organisms

— Can damage LC system components & analytical

column

— Blockages

— Peak distortion

— Increase in back pressure
— Reduced column lifetime

: ??tr

5

— Syringe filters provide fast, cheap & convenient solution
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Impact of sample filtration

4004

350 _
- —— Unfiltered sample
5, 3004 —— Sample filtered (J.T.Baker®
o H-PTFE, 0.45 pm syringe
5 2501 filter)
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Injection #

Injection of 5% latex solution of polystyrene beads (0.46 — 1pm) onto a 3 um C18 column




Filter quality

Extraction Efficiency Test: J.T.Baker 0.22 um Filters

100%
— Not all syringe filters are created equall

80 4

— Important to use filters with high extraction efficiency

JI.Baker ©
LA LY c 60
o
o, -
Extraction Efficiency Test: Various 0.45 um Filters i
(0]
X
100 - 497
80 -
>
g 60
C ) A
S Nylon  Nylon ~ PES  PES  Regen Regen  H-PTFE H-PTFE  PTFE
& /GF* /GF* Cellulose Cellulose /GF*
L GF*
o 40 /
o Membrane type
20 o
O -
< c o o c w %} w [a LL L Ll o
O o ke i) o Ll k| i o &) &) [ o
o o o = = =
< z z z z < @ O < a a a -
5 T 2 90 o 2 o2 0 5 = S = Extraction efficiencies determined by filtering a 0.01% latex solutions
s O O = = . N . .
@ 5 5 G S & & & ° © 5 T o polystyrene beads through syringe filters by spectrophotometric analysis
soor o m s 2 & (UV, 272 nm). Triplicate analyses performed for multiple batches.
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Filter quality: Extractables

— Poor Quality filters can contaminate samples

— Ghost peoks .. Brand E 0.45 pm Nylon syringe filter \8\
- Interfere with target analyte quantification o] \1\60(‘(\9
- R o ot
— Using high quality syringe filters protects :
. . 10
sample integrity. “J\\JLMAJW W
o]
2 4 6 8 10 12 14 min
— Filters easily tested for extractables by LC-UV:
™. Water (no filter)
“ Method:
-
" ] 1 mL of H,O or MeOH passed through filter.
] Batch 1
201 J.T.Baker® 0.22 ym H-PTFE syringe filter Eluent onolysed by HPLC
18 i~ - Column: Avantor® ACE® 3 C18, 150 x 4.6 mm
. Mobile phase A: H,O
2] Batch 2 Mobile phase B:  MeCN
0 b Flow rate: 1T mL/min
MU B ok 3 Temperature: 30 °C
30 B .
203 J. T.Baker® 0.22 ym H-PTFE syringe filter Dgtegtlon. UV, 214 nm
" | I S Injection volume: 100 L
0] 2 4 6 T'm?e/mfﬂ 10 12 14 16 18
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SPE - Visualising the process (schematically):

1. Condition 2. Equilibrate 3. Load 4. Wash 5. Elute
sample
=L 89 ¥
L L 1 L ] L
g g ' | g
3 3 3 3 £
Discard Discard Discard :..'.. o

Impurities - discard ~ Target analytes(s)
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Solid Phase Extraction (SPE)

- Method development required
— Relatively easy to do
- Many manual manipulation steps .)

— Sample preconcentration
— Possible to preconcentrate >100 times
— Method development requires some skill
— Solvent usage less than liquid-liquid extraction
— Minimal issues with matrix as removes more of matrix than other techniques

— Applicable to a wide range of compounds with differing log D

— Excellent recoveries
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Selecting a sorbent

Interaction Mode Interaction Energy
(kcal/mol)

lonic Interactions 50 - 200
Polar Interactions 3-10
Non-polar Interactions 1-5

— Stronger retention offered by ion exchange

— Combination of interactions provides best for selectivity
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SPE - Considerations for the Five-Stage Process

1. Condition

. Strongly eluting solvent
. Suitable volume

2. Equilibrate

. Weakly eluting solvent
. Suitable volume

3. Load

. lonization state
. Concentration of analyte vs bed weight
. Cleanliness of matrix

4. Wash(es)

. Elutropic strength
. Suitable volume

5. Elute

. Elutropic strength
. Suitable volume
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Conclusion
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