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Summary

In the analysis of PFAS in food and serum, a large number of matrix components complicate sample preparation, requiring significant time and effort. Moreover, as the
number of analytes increases, pretreatment becomes even more challenging. In this study, highly polar ionic matrix components were first removed by liquid-liquid
extraction (LLE) to reduce the load on the solid phase. Subsequently, PFAS were retained and concentrated using anion-exchange solid-phase extraction (SPE), which
simultaneously eliminated nonionic matrix components to improve both sensitivity and purification. Furthermore, an online SPE-LC/MS system was employed to automate
the process from solid-phase extraction to LC/MS measurement, enabling rapid, simple, and highly sensitive multi-component analysis.

Experimental Methods [ Fish ]
A PFAS mixed standard solution containing 35 compounds (FUJIFILM Wako Pure Chemical Corporation) was used.
Samples included mackerel (fish), milk, and human serum.

The pretreatment flow is shown in Figure 1. Each sample was extracted and deproteinized with acetonitrile(ACN),
followed by liquid-liquid partitioning with a hydrophobic solvent. The organic extract was then introduced into an
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online SPE-LC/MS/MS system composed of an SPL-W100 online SPE unit (AiSTI Science) coupled with an LCMS- -"i:—" = 100\"""!500 HL
8045 triple quadrupole mass spectrometer (Shimadzu Corporation). A WAXs cartridge (Flash-SPE WAXs, 3 mqg)
packed with anion-exchange resin was used as the solid-phase column. =) » »
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Figure 1. Pretreatment flow for PFAS analysis using liquid-liquid extraction and online solid-phase extraction. =~ Automation m ________________________
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Results and Discussion

Deproteinization
Since food and serum samples contain abundant proteins that can
interfere with solid-phase performance, deproteinization was carried

B Liquid-Liquid Extraction Method B Absolute calibration curve using the online SPE-LC/MS system.
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out in the initial extraction. Acetonitrile was selected as the solvent ACN 200 pL =¢|c3:||\“4E ggg “t PFAS transfers to the ... R eS| R0l ASER0S 1T TR - 09987 v I
after comparing its compatibility with subsequent liquid-liquid Water 100 pL e nI:L organic phase 5 508204 g 100 1 somren 5 5.0E+04
partitioning. The acetonitrile-to-water ratio was set at 2:1. f;‘giﬁ: %2:0&05 gg;gggg E;‘gigj
Addec'II'BME 800 UL Aun?Iotus I:I(;gsei_ Highly polar anionic = 2.0E+04 132132 135182 2.0E+04
i id—=11i i i H ater H impurities are 1.0E+04 5.0E+04 OE+ 1.0E+04
quL"d quL"d .EXtra.Ctlon o HCI-Water 10 |_||_——>HCI-Water 10 pL transferred to the 0.0E+00 0.0E+00 3_8;83 0.0E+00 L
After deproteinization with acetonitrile, TBME and HCl were added to Total 110 pL aqueous phase CE e PP et DB et " F o
the supernatant to perform LLE. This transferred PFAS into the - ] s PFBA voris  PFHXA <ori0s _ HFPO-DA vonigs _ PFTDA
. - ' 3.0E+05 ' I 3.0E+05
aqgleo_us I.aygr. ;I.'he addition of HCI promoted transfer of polar PFAS by with ACN—were evaluated. TBME showed the highest 5 208105 52,5405 5308104 5255405
reaucing lohization. recovery efficiency and was selected as the optimal solvent. 5 158403 Fam S 2smos g2
= 1.0E+05 Ay Lob+ = spr0s & 1.5E+
1.0E+05 1.0E+05
= _ - o 5 OE+04 . 1.0E+04 .
Solic-Phase Extraction . mEffect of HCI Addition o i e
The hydrophobic organic extract was loaded onto the WAXs anion- . . 0 25 50 75 100 S0 25 50 75 100 0 25 5075 100 0 25 50 75 100
. : : : .. Addition of HCl improved the recovery Conc.. ppt Conc.. ppt Cone., ppt Conc.. ppt
exchange cartridge. Ionic PFAS were retained, while nonionic . :
interferences were removed during washing. Although retention of of hydrophilic PFAS such as PFBA and Organic phase
g washing. AhOUS | PFMPA by suppressing carboxyl group ACN-TBME m Recovery and Reproducibility Test
target analytes can be affected by coexisting anions such as nitrate, dissociation, increasing hydrophobicity
preliminary removal of these species via LLE maintained strong and facilitating transfer to the organic Mackerel Milk I-SI:;IIII?I?
reter.wtllo_n. Increasing the sample loading volume further improved phase. HCl-water Aqueous phase No. Compound 2 ppb 1 ppb 1 ppb
sensitivity. 0. ® Rec. RSD Rec. RSD Rec. RSD
R-COO~+*H » R-COOH %  n=5.% % n=5% %  n=5%
] . 1 PFBA 71 7.1 82 3.4 106 5.1
On-hne AL-ItomatIO-n : : - m HCI-fi HCl-added Peak area ratio between HCl-free and HCl-added samples 2 PFMPA 69 59 88 41 91 18
By introducing the entire eluate from the solid phase directly into the e -aade P 3 PFPeA 90 32 8 63 102 94
LC/MS system, sensitivity was significantly improved. This 100 4 PFMBA 73 84 88 38 91 6.3
enhancement allowed for the use of smaller sample volumes while e rtitnwidunnpnnnininIIIIIIIIIINAI_NIN 5 PFBS 107 24 79 65 108 111
maintaining reliable quantification. 60 6 4:2FTS 94 8.1 60 6.0 121 8.0
Analysis Time 40 7 NFDHA 147 43 94 49 185 7.3
The entire process from solid-phase extraction to LC injection was 20 8 PFHxA 23 35 84 42 94 64
fully automated, requiring only 12 minutes per operation. The LC/MS 0 o PFEESA 0 4.0 8 21 105 5.7
analytical cycle time was 15 minutes, enabling continuous and parallel < <L LN L CLCLCLLCLLCLLRLCLLDLL L LD LR LY L 10 HFPO-DA 87 43 85 63 9 38
. : . meltpglbEbDXxuagf e Sfoz0unuanad<Z2<csRrRonnAnI A 11 PFPeS 107 4.1 84 7.2 106 9.2
t t bt t |t 15 t [ 2 A P T M A T LT [ an L M D v wn DB © = 0 % & O
operation to obtain measurement results every 15 minutes. "*mEEQ*f-“-aEESEEE%“EEQ*“EG@O“OE"*EEEE%S 12 PFHpA 04 38 85 36 95 57
Blank Control A Y2 T e S . s 08 = R SIS N
T o 2 = > 13 PFHxS 106 43 92 86 107 6.1
To minimize contamination, all solvents used in the solid-phase > Z. = 14 6:2FTSA 130 4.7 81 6.3 192 5.1
extraction process were pre-filtered through an adsorbent material 15 PFOA 108 2.1 85 30 102 39
integrated into the pretreatment system. This setup effectively 16 PFHpS 107 4.3 88 29 102 10.7
reduced background signals and ensured high analytical reliability. m Evaluation of Liquid-Liquid Extraction 17 8:2FTUCA 123 1.6 86 42 115 7.1
00 Presence or Absence of Liquid-Liquid Partitioning in Serum and Relative Area Ratio 18 PFNA 101 16 8 43 102 4.7
: O O O R
Recovery and reproducibility (n = 5) were evaluated by comparing [0 00 0 10 RHRORE U T R RN BRI e P e o
: . ) 60 21 8:2FTSA 142 8.1 80 8.1 133 10.7
absolute peak areas of samples spiked with PFAS standard mixtures, 4 2 PFDA 99 44 88 29 106 6.6
unspiked samples, and standard solutions measured with the online 0 73 NMeFOSAA 113 5.7 97 471 135 82
SPE-LC system (Table 1). o il | e | 24 PFNS 80 53 8 36 96 9.7
Hydrophobic and nonionic compounds such as FOSA, NMeFOSA, and STD Serum-ST addition STD Serum-ST addition STD Serum-ST addition 25 N-MeFOSA - - - - - -
NEtFOSA were not recovered, likely because they were not retained Liquid-liquid distribution ACN- No liquid-liquid distribution_water- No liquid-liquid distribution_Water- 26 NEtFOSAA 51 4.9 87 7.5 93 7.4
on the solid phase and eluted with organic solvents during washing. TBME(1/4)_HCI ACN(/9) ACN@) 27 PFUnA 49 32 8 26 84 4.7
Reproducibility was satisfactory, with relative standard deviations SCAFIUCA SPNA WIOS RGOTSA APEDA ANMCIOSAARPINS  ENEROSAA LPFUMA CPEDS | PEDoDA  PEHDA  APFIDA  CPHADA mG2APAR EPEOLDA 28 PFDS 93 56 93 44 98 26
(RSD) below 10% for most analytes. 29 N-EtFOSA - - - - - -
In serum samples, comparison between samples with and without LLE revealed that when the 30 PFDoDA 63 39 8 36 77T 52
Conclusion aqueous phase (ACN-water ratio 1:9) was directly loaded onto the WAXs column, recoveries 31 PFTrDA 74 26 8 50 87 75
o mbining d teinization. liquid-liquid Fitionin were very low, suggesting that matrix interference inhibited ion exchange. In contrast, a 4:1 32 PFTeDA 89 42 8 37 98 58
y combining deproteinization, fiquid=liquid  partitioning,  Acn-water ratio allowed PFAS retention through hydrophobic interactions, although recovery 33 PFHxDA 4 60 8 33 98 5.8
and_ anlon—ex_chang_e solid-phase _eXtraCtlon,_ _thlS StUd_Y of highly hydrophobic PFAS slightly decreased, which could be improved by optimizing solvent 34 8:2 diPAP 89 20 8 67 19 89
achieved rapid, simple, and highly sensitive multi- ratios. 35 PFOcDA 113 26 94 34 138 5.3

component PFAS analysis even for complex matrices such
as food and serum.

X The recovery rate was calculated from the absolute
peak area values (without using stable isotopes).
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B RINEUGERDFER (BIUNREBIRE)
rS 3 &
2 ppb A0 1 ppb 10 1 ppb A0
No. 3%  [EUNZE RSD BN RSD [EINZE  RSD
% n=>Jy, % n=>Jy, % n=3, %
% %
1 PFBA 9% 7.1 82 3.4 106 5.1
2 PFMPA 94 5.9 88 4.1 91 1.8
3 PFPeA 99 3.2 89 6.3 102 94
4 PFMBA 81 8.4 88 3.8 91 6.3
5 PFBS 93 24 79 65 108 LI
6 4:2FTS 100 &.1 60 6.0 121 8.0
7 NFDHA 182 4.3 94 4.9 185 7.3
8 PFHxA 91 3.5 84 4.2 94 6.4
9 PFEESA 93 4.0 89 2.1 105 5.7
_____ 10 HFPO-DA 176 45 85 63 91 88
11 PFPeS 107 4.1 84 7.2 106 9.2
12 PFHpA 83 3.8 85 3.6 95 5.7
13 PFHxS 107 4.3 92 8.6 107 6.1
14 6:2FTSA 127 4.7 81 6.3 192 5.1
_____ IS PFOA 104 21 85 30 102 39
16 PFHpS 108 4.3 88 2.9 102 10.7
17 8:2FTUCA 102 1.6 86 4.2 115 7.1
18 PFNA 91 1.6 88 4.3 102 4.7
19 FOSA - - - - - -
20 PFOS 7737 80 38 8 51
21 &:2FTSA 103 &.1 80 8.1 133  10.7
22 PFDA 78 4.4 88 2.9 106 6.6
23 NMeFOSAA 74 5.1 97 4.1 135 8.2
24 PFNS 92 5.3 88 3.6 96 9.7
25 NMebOSA - - . T T
26 NEtFOSAA 20 4.9 87T 7.5 93 7.4
27 PFUnA 3.2 85 2.6 84 4.7
28 PFDS 68 5.6 93 4.4 98 2.6
29 N-EtFOSA - - - - - -
30 PFDoDA 46 39 83 36 77 52
31 PFTrDA 58 2.6 80 5.0 87 7.5
32 PFTeDA 96 4.2 80 3.7 98 5.8
33 PFHxDA 88 6.0 86 3.3 98 5.8
34 8:2 diPAP 100 2.0 87 6.7 79 8.9
35 PFOcDA 152 2.6 94 3.4 138 5.3
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