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Introduction

Exposure to per and polyfluoroalkyl substances (PFAS) has been
linked with changes in metabolism, increased cholesterol, and high
incidence of some forms of cancer. PFAS pose particular challenges
in the analytical laboratory due to their ubiquitous nature.
Environmentally, PFAS are of concern because of their high
persistence (forever chemicals), bioaccumulation and slow
elimination, with potential impacts on human and environmental
health. This poster presents an automated and robust, high-
sensitivity method for the clean-up of 31 PFAS compounds from
various biological fluids.

Experimental

31 PFAS standards were purchased from Wellington Laboratories
(Guelph, Canada). The suite contains 10 classes of PFAS, varying by
functionality, including: carboxylic acids, sulfonic acids and
telomers, sulfonamides, and ethoxy compounds.

Reagents

Reagents were purchased from Merck Life Science (Gillingham, UK).
LC/MS grade solvents were from Rathburn Chemicals Ltd.
(Walkerburn, UK). Water (18.2 MQ.cm) was drawn fresh daily from a
Direct-Q 5 water purifier (Merck Life Science UK, Watford, UK). Blood,
plasma, and serum were purchased from Welsh Blood Service
(Pontyclun, UK). Urine samples were donated by healthy anonymized
human volunteers.

Sample Preparation

Polymeric SPE:
EVOLUTE® Express ABN 96-well plate, 30 mg (600-0030-PX01) or
EVOLUTE® Express WAX 96-well plate, 30 mg (604-0030-PX01). Serum
was spiked with standards and pre-treated 1:3 v/v, 2% formic acid.
Multifunctional sorbent clean-up:
ISOLUTE® PLD+ for PFAS 96-well
plate, 50 mg (919-0050-P01).
Serum or whole blood was
spiked with standards and used
without pre-treatment.

96-well plates were processed
using a Biotage® VacMaster™-96
or a Biotage® Extrahera™
Classic (Figure 1).

Processing conditions: ’ e

Figure 1. Biotage® Extrahera™ Classic
Automated Sample Preparation Workstation.

Table 1. Optimized Extraction Protocols.

A ABN WAX PLD+ for PFAS
Processing (30 mg, 1 mL steps) (30 mg, 1 mL steps) (50 mg)
Condition 2% NH.OH/MeOH & MeOH -
| Crash H,0 700 pL ACN
Load 400 L pre-treated serum or urine 100 L matrix
Wash 1 0.1% HCOOH 50 MM NH.AC pH 5 -
Wash 2 10% MeOH (aq) MeOH -
500 L 2% NH.OH K
Elute 500 L MeOH MeOH
Post-elute Evaporate 40 min, 25 L min™, 40° C -
s dilute 11 v/v
Reconstitution 200 L 50% MeOH/H,0 20 MM NHAC

LC/MS Conditions

Instrument: Shimadzu Nexera UHPLC using fluoropolymer-free
tubing and a pre-injector trap column coupled to an AB Sciex 5500
triple quadrupole MS system.

Column: Avantor ACE Ultracore SuperC18, 2.5 um (50 x 2.1 mm)
Mobile Phase: A: 5 mM ammonium acetate (aq)

Mobile Phase B: methanol (MeOH)

Injection volume: 5 pL

Flow rate: 0.4 mL min”

Gradient: 30% B to 95% B (0.1 min to 6.5 min)

Source parameters (Turbolonspray):

IS: -3500 V TEM: 500 °C

CUR: 40 psi GS1: 40 psi GS2: 60 psi

MRM transitions: Optimized MRM transitions were selected using the
most intense precursor ions in negative ionization mode, available
on request.

Results

SPE

PFAS were extracted from serum using polymer-based reversed
phase and corresponding mixed-mode weak anion exchange (WAX)
chemistries in 30 mg 96-well plate formats. Reverse-phase chemistry
recovery was below 50% for some long-chain PFAS with high RSD.
Modification of load, wash, and elution steps did not demonstrate
improvements in method performance (Figure 2).

Figure 2. PFAS recovery
profiles from serum i
using ABN 30 mg and
WAX 30mg 96-well

plates, spike 20 pg.

WAX SPE demonstrated comparable method performance to
reverse-phase SPE. Short-chain PFAS recoveries were typically above
95%, with low RSD and matrix factors closer to 1. No improvement to
WAX recovery was demonstrated from method modifications.

Multifunctional Sorbent Extraction

Firstly, evaporative effects on PFAS recovery were investigated.
Evaporation/reconstitution demonstrated complete loss of some
short-chain PFAS (Figure 3) while RSDs over 10% were observed for
over half of the target panel. Therefore, a dilute/ injection approach

was evaluated.
PFAS Recovery

Figure 3. PFAS e . .
recovery comparing §:§ i
evaporation to a i;:: FINEE i 1
dilute and inject gﬁ: TN 1
workflow using 50 E e 1
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spike 160 pg.
Optimum extraction was obtained using a solvent first protocol in a
1:7 ratio with unmodified acetonitrile. A dilute/inject strategy with
dilute ammonium acetate demonstrated consistent extraction
recoveries above 80% across our target suite from serum and whole
blood matrices (Figure 4).
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PFAS recovery

Figure 4. PFAS
recovery profiles
from serum and
whole blood using
PLD+ for PFAS 96-
well plate,

spike 160 pg.

The majority of RSD were below 5%. Matrix factors between 0.8 and
1.3 were demonstrated for most analytes (data not shown).

Matrix Interferences

The multifunctional sorbent demonstrates excellent matrix
reduction, removing >99.9 % phospholipids with no observable
protein (Figure 5). Donor urine was PL and protein free.
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Figure 5. Comparative matrix proﬂleé for PFAS extra::tioﬁ (100 uL)
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Low PFAS residues are vital to ensure results are reproducible and
free from product-derived interference. ISOLUTE® PLD+ for PFAS
demonstrates background well below reportable limits (Figure 6).
PFAS Process Contribution
Figure 6. PFAS
residues resulting
from processing,
response relative to
1.6 ng mL™.

Background levels of PFAS in pooled and individual donor matrices
tested were in the order of 1 ng mL™.

Automation

The optimized extraction method demonstrated comparable
method performance when transferred to the Extrahera™
automated sample preparation platform (methods on request).

Typical automated extraction recoveries were 75 to 95% for all
matrix types (Figure 7). Recovery of 8:2-FTUCA from plasma was 56%,

Figure 7.
Extrahera™
automated
extraction recovery
from multiple
matrices, PLD+ for
PFAS, spike 160 pg.
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attributed to matrix effects. The majority of automated RSD were
< 5% (Figure 8), slightly higher from whole blood and urine matrices.

Figure 8.
Extrahera™
automated
extraction RSD
from multiple
matrices, PLD+ for
PFAS spike 160 pg.

The optimized ISOLUTE® PLD+ for PFAS extraction protocol
demonstrates low PFAS background using Extrahera™ automation
(Figure 9). Care must be taken to minimize lab cross-contamination.

Figure 9.
Extrahera™
automated
extraction, PFAS
residue
contribution, PLD+

1 for PFAS

spike 160 pg.

Calibration and LOQ

The Extrahera™ automated sample preparation platform
demonstrated sub ng mL" LOQs for all analytes across our target
suite when extracted from multiple matrices (Table 2) at clinical
levels similar to those demonstrated from NIST SRM 1957.
Calibration curves were linear over the extracted range (0.1 to

100 ng mL™") demonstrating coefficients of determination (/2) above
0.995 for all targets.

Table 2. Method performance PLD+ for PFAS, extracted LOQ and
linearity, 100 pL matrix, Extrahera™ Classic, others available on request.

PFAS Class Serum LOQ, Plasma LOQ, Blood LOQ, ng Urine LOQ, ng
ngmL", 2 ngmL", 2 mL, 2 mL, 2
Carboxylic acids 0.1-0.4 0.1-0.4 0.1-0.4 0.1-0.4

(alkane/alkene) 0.9980-0.9996 0.9974-0.9984 0.9986-0.9994 0.9978-0.9986

Ethoxycarboxylic

X 0.1
acids 0.9980-0.9996

. 0.1
0.9978-0.9984

0.9988-0.9994 0.9980-0.9984

Sulfonic acids 0.1-0.4 0.1-0.4 0.1 5
0.9990-0.9992 0.9960-0.9982 0.9986-0.9994 0.9976-0.9984

Telomeric/ethoxy 0.1-0.4 0.1-0.4 0.1-0.4 0.1-0.4

sulfonic acids 0.9976-0.9994 0.9968-0.9978 0.9982-0.9992 0.9976-0.9986

Sulfonamides 0.1 0.1 0.1 5

(and i ) 0.9980-0.9998 0.9974-0.9990 0.9980-0.9994 0.9976-0.9990

Cl-substituted 0.1 0.1 0.1 .

ethoxy sulfonates 0.9978-0.9988 0.9976-0.9986 0.9980-0.9988 0.9976-0.9978

.
Conclusion

» ISOLUTE® PLD+ for PFAS demonstrates high PFAS recovery and
sensitivity with low matrix factors and good repeatability.

» ISOLUTE® PLD+ for PFAS demonstrates enhanced cleanliness
compared to dilute-and-shoot methodology leading to more
robust methods. Our approach demonstrates more consistent
PFAS recovery compared to other sample preparation techniques.

Use of the Biotage® Extrahera™ automated sample preparation
platform demonstrates comparable data to a manual vacuum-
based method, helping to improve sample throughput.

£

Disclosure: The authors declare no ial interest. salaries

of all authors are paid by Biotage.

ASMS 2024, Anaheim, CA
Part Number: P259.V.1




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


