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Introduction

The phrase per- and polyfluoroalkyl substances (PFAS) is a general term used for organofluorine compounds.
These substances are known to degrade slowly; therefore, they persist in the environment for a long time.
Their toxicity and the environmental pollution they cause have attracted worldwide attention, and research
to mitigate these effects continues. The methods of solid-phase extraction (SPE) and liquid chromatography—
tandem mass spectrometry (LC—MS/MS) have been used to analyze PFAS in drinking water under EPA
methods 537.1 and 533. Additionally, some PFAS are known to leach from laboratory equipment materials,

Results

Using our delay column packed with high-purity activated carbon to analyze the PFAS, we confirmed that the
peak to be analyzed and the blank peak were separated sufficiently with respect to the retention time.
Further, we confirmed that the PFAS 21 component in water can be extracted using SPE cartridge, InertSep
MA-2. As a result of the recovery test and the use of extracted tap-water samples, we found the linearity of
the measurements as 0.99 or better in the range 1-20 ng/L and the repeatability at 5 ng/L was <16%. When
using a 150 mg SPE cartridge, the volume of sample water and the eluting solvent could be reduced, the

evaporating operation of the elution solvent could be omitted, and the sample preparation time was
shortened.

causing sample contamination. Therefore, precautions must be taken to accurately quantify PFAS. In
particular, care must be taken to minimize the effects of PFAS background and contamination eluting from
fluorinated resins such as polytetrafluoroethylene (PTFE), which are commonly used as components in LC

Background of PFOS and PFOA

systems. A known countermeasure for such effects is to delay the elution time of the blank peak by U —— Table.3 Pressure Comparison of Delay Columns
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Fig.3 Comparison chromatogram of Delay columns
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For LC-MS/MS, we used a 4000 QTRAP (AB SCIEX LLC, MA USA) instrument. For the delay column, we packed B 1.1e5
high-purity, spherical, activated carbon in the LC column hardware and installed in the HPLC system. We used % ;:822
an InertSustain C18—HP 150 mm X 2.1 mm analysis column with 3-um-particle size (GL Sciences Inc., Tokyo Z 8.0e4|
Japan). We prepared a standard sample by diluting a PFAS 21 mixture standard PFAC-MXC (Wellington § 2-823
Laboratories, Ontario, Canada) and adding it to the sample water. We used 13 mixtures of MPFAC-C-ES 5 0ed "
(Wellington Laboratories, Ontario, Canada) as external standards. For sample preparation, we used SPE 4.0e4 - “ l
cartridge InertSep MA-2 250-mg (GL Sciences, Inc., Tokyo Japan) packed with a methacrylate polymer 3'822 W | N ‘
comprising a weak anion-exchange group (diethyl amine). We performed all the operations—from 1.0e4 ‘ “ A
conditioning of the SPE cartridge to the evaporation of the elution solvent—using the automated SPE 0.0 2 4 6 8 10 12 14 16 18 20 22
instrument AquaTrace ASPE899 (GL Sciences, Inc, Tokyo Japan). We passed a 500-mL sample through the SPE Time, min
cartridge and then eluted it using 5 mL of 0.1% ammonia methanol. Subsequently, we heated the sample, Fig.4 PFAS 21 chromatogram
exposed it to nitrogen gas, and concentrated it to a volume of 0.5 mL. For realizing a rapid SPE method, we
used an InertSep MA-2 150-mg cartridge. We passed 30 mL of sample water through the cartridge and then 100 U PEBSA e PEPes.d SEHYS  —ePFHOSA
used 1 mL of the eluting solvent. We did not distill off the solvent after elution. We added the mixture of 20 PEOS-1 PENS-1  ——PFDS-1 -o-PFDzS—l
standard MPFAC-C-IS (Wellington Laboratories, Ontario, Canada) to the eluate as an injection standard. To 80 ——PFBA-1  ——PFPeA-1 ——PFHxXA-1 ——PFHpA-1
avoid contamination of the PFAS, we used a high-purity polypropylene vial in the autosampler and applied an 70 PFOA-1  ——PFNA-1 PFDA-1 PFUNDA-1
aluminum foil and silicon septum cap on the vial. Before use, we soaked and washed all the glassware and sg PFDODA-1 —=~PFTrDA-1 ——PFTeDA-1 —e-PFHxDA-1

pipette tips using methanol (Kanto Chemical Co., Inc, Japan). We also automatically washed the AquaTrace ——PFOCDA-1 —-HFPO-DA1

sample line tube with methanol.
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Table 1 Liquid Chromatograph Conditions
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System Nexera UFLC (Shimadzu Corporation, Japan)
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InertSustain C18 (GL Sciences Inc, Japan)
3 um HP, 150 X 2.1 mm I.D.

Delay Column for PFAS (GL Sciences Inc, Japan)
30 X 3.0 mm I.D.

W I EY: W 10 mmol/L Ammonium acetate
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Fig.5 SPE cartridge InertSep MA-2 250mg elution profile
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Table.5 Repeatability Using a Small SPE (150 mg)

With surrogate correction | Without surrogate correction
Compounds

Table.4 Repeatability, Linearity, and Recovery
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mm 415/370 30 10 14 9 were confirmed compared to the previously used C18 column: first, there is no pressure increase, and second,
pFDS 233;:8 -_18005 :18 '_18106 '_133 515/470 .35 10 16 35 the analyte peaks and the system-derived blank peaks can be sufficiently separated. This was thought to
699/80  -115 10 196 13 503/80 -105 .10 2120 113 reduce the load on the instrument and the analytical column while simultaneously limiting the quantification
error caused by the system-derived blank. For solid-phase extraction columns, it was confirmed that by
[ condtoning | [ Somples00ml ] s [ Conditiong ] [ Sample 30 mL ] I switching to a smaller-scale column than the commonly used sizes, it was possible to elute with a smaller

amount of solvent. This may be partly due to the fact that the columns are weak anion-exchange solid-phase

13C-PFOS/ 13C-PFOA mix 50 pL . . . . . .
extraction columns without a reversed-phase mode. This suggests that, depending on the concentration in

0.1% NH; in MeOH 4 mL—] 13C-PFAS-ES mix 50 pL

. L 5 mL/min 0.1% NH,OH in MeOH 2mL — e
. :22 imLL_ InertSep MA-2 MeOH 2mL — p—— MA_ the sample and the sensitivity of the instrument, smaller-scale and rapid processing may be possible.
250 mg "0 ZmL— 150mg/3mL
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