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Abstract: Perfluorinated and polyfluoroalkyl compounds (PFASs) represent a category of synthetic
chemicals renowned for their environmental persistence. Owing to their hydrophobic, oleophobic,

and high-temperature-resistant properties, PFASs are extensively utilized in industrial, agricultural,
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and civilian sectors, including applications in leather, textiles, flame-retardant materials, lubricants,
and coatings, among others. PFASs can accumulate within the human body, exhibiting multi-organ
toxicity. Continuous monitoring of PFASs with ambiguous toxicity profiles is vital for evaluating
human exposure and associated health risks. Consequently, the establishment of a high-throughput
and highly sensitive detection method is of paramount importance for accurately assessing the
exposure levels of PFASs in the human body. In this study, a commercial high-throughput HMR-Lipid
96-well solid-phase extraction plate was adopted, combined with high performance liquid
chromatography-tandem mass spectrometry (HPLC-MS/MS), to establish a simple, efficient method
that can simultaneously quantitatively detect 26 PFASs in human serum. Serum samples were
extracted using the HMR-lipid 96-well solid-phase extraction plate. The Phenomenex C,; chroma-
tography column (250 mmx4.6 mm, 5 wm) was used as the capture column and connected between
the liquid chromatography mixer and the autosampler to avoid high background pollution. The target
compounds were separated by the Accucore C,, chromatography column (100 mmx2.4 mm, 2.6 pm)
and analyzed using the electrospray ionization with negative ion scanning mode and multiple reaction
monitoring (MRM ) mode. The methodological validation results indicated that the 26 PFASs had
good linear relationships within the range of 0.2-100 ng/mL, with correlation coefficients () of
0.995 1-0.999 9. The limits of detection (LODs) and quantification (LOQs) were 0.01-0.15 ng/mL
and 0.02-0.47 ng/mL, respectively. At three spiked levels of low, medium and high, the recoveries
of the 26 PFASs ranged from 80.1% to 119.5%, and the relative standard deviations (RSDs) ranged
from 0.5% to 11.9%. This method has the advantages of high sensitivity, good accuracy, simple
operation, fast extraction speed, low reagent consumption and small sample volume required. It
is suitable for large-scale population biological monitoring and provides a scientific method support
for accurately assessing the exposure of PFASs in the human body and its potential health risks.

HMR-lipid 96-well
chromatography-tandem mass spectrometry (HPLC-MS/MS) ;
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3B EBFERT, H 55 &g X5 Y, Rl AR
BE SR AL PR R B & L SPE £R B )1z I T ER
B BT R IR o BT B A o AT A U, I — b
R AR T Ak BT B, R % DS S B O 1 A
Fdged . H T, 58K 5% A8 T 4 [5 46 %< B (SPE-HLB)
55 B 2 - 22 4[5 A 25 B (SPE-WAX) £ AR 2 %
() SPE J5 &7 {H 3 8 75 % 2K BUH: $E 4706 4k P
7 RN R B 2 S5 A B, S BORE S T RE K LA ALK
FI 8 % . HMR-Lipid 96 FL [& A8 %€ Bk /5 K —
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o R AH €8, 3% - ER I T 3% X (LC-MS/MS 8050,
H 7% Shimadzu 2\ 7] ) ; & AH %€ BCIE Fe 2% 5 (55 [
Waters 24 fl ) ;96 fL & W ¥ . Anavo HMR-Lipid #
434 96 FL I A A BUB (10 mg/1 mL, 3650 44 K9
AR AF) ;& 205 # 50 P (78 [ Hettich 2

Al ) I AR 9 A (b 5t K e 2% 81 52 50 A R Iy 2
Al ) s XX40 B2 U8 R4 .0.45 wm /K R E E (18 F
Merck Millipore 2\ 7 ) ; GM-0.33A F# i B 25 %2 (K
T S A A PR A A o

26 " PFASs #5 #fE i ( 46 B 88.7%~100%) :
PFOA .PFOS. 4 % T 2 (PFBA) . & # C R (PF-
HxA) .25 TR (PFNA) \ & % %% iz (PFDA) . 4= %
+—%i iR (PFUdA) . & 9+ —%i iR (PFDoA) | 42 i
L ot fif 2 4 (PFHxS) | 4= 960 9% ¢ fif 112 44 (PFHpS) .
4 @+ = %e B2 (PFTriDA) | 4x % 1+ MU % fk (PFT-
eDA) . 4 J % R (PFPeA) | 4 9 B# ik (PFHpA) | 4>
FCT LA R #1 (PFBS) |4 %% o i /R 4 (PFPeS) |
F SLRE L (PFOSA) L 4 90 T bi i iz #4 (PFNS) 4
32 e R N (PFDS) | & B R #M (4:2 FTS) (2
B f R B (6:2 FTS) 28 Je i iR # (8: 2 FTS) . 2-(N-
O HE 4 T ol 1k Ik 2 3L ) £ TR (N-EtFOSAA) il 2-
(N-HTBE 4 3o Joe 1k 9 220 5L ) £ 12 (N-MeFOSAA) Il
FEE Accustandard A Al 56: 2 A% 22 FU ik FE il iR
(6:2 CI-PFESA) il 8:2 %t 2 Hl ik FL i 2 (8: 2 Cl-
PFESA) g T4t ot & R @ B B A BR A Al . 9 Fil
PFASs [A] i & W b5 (4l BF 34 R 98% L)L ) . °C,-
PFBA. "C,-PFHxA. "C,-PFOA. "C,-PFNA. "C,-
PFDA. "“C,-PFUdA. "“C,-PFDoA. "0,-PFHxS
Ml °C,-PFOS g FAtmt i RIEAHHE A RAF . L
FH B2 (¥ HPLC %% , 3 [ Honeywell 24 Al ) ; i
W% &5 (43 B4t , 35 [E Alfa Aesar 23] ) 5 Ji Fi G K ()
M G S OB BR A AL o

EN I MREZE ST Ny SN vy (o2 Bl
23 it o CHE e SCUF 4 5 0 2023STL35) o A BEH 55 I
IV FE b R AR BE SRR 55 T SR b XA 25 44 R
B Jtm AR EESEM TR AN, BAER
IR A A BRI L 25 A R E S E T A
[ 215 o RN & UBE R 0 SR 48 R 4R v, R AR
Ji T 4 CF#'E 4 h,7E 4 000 r/min F &[> 10 min,
U B3 W, T-80 TAMF FA-A7 .
1.2 &R ER

TR A5 A M VL 1 B L4 PFASs s of i, H
PR T2 %5 i O 22 5, TBC ) B BT 1 ¥ 2 O 500 ng/mL #Y
26 Fil' PFASs 1R & br HEA# 25 W0 W 5 2 )5 FH HY B3 )
i T R B b A A A VAV, TR 7 AR B T VR (10,
20,100 ng/mL) [ 26 Fl' PFASs IR & Fr 1 15 W

TR A PN B il 25 T R - VR R PR A5 PN A A o
JH P B i T 22 25 T I A BT i vk A 50 ng/mL
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19 9 i PFASs 1R N b5 fiff 25 1 TR

A B8 1 TAE W : 40 5 HE67 A2 B 100 L B A
P Gl 2 S WROFT 100 WL iR & N bR i & L B T
1.5 mL 204, A 300 wL 19 50% H s K I8 W,
B &4 26 A PFASs F1 9 Bl N bR (TR A b v )
W, Horf PFASs 1) 5 & V& 2 2 100 ng/mL, P #5
() o B M B 10 ng/mL; B 50% FF K 9 T2 S
s T8 VR A b o v BD VR, TEC A B AR EE 400 0
0.2.1.5.10.25.50.100 ng/mL 1) £ 1| I& & Fr fE T
VRV, L b b A 0T 2 Wk B2 200 10 ng/mL. 4 e il
WFR A T ERE S 2 RNEERERS, T
4 CTF A

2 mmoVl/L i 2 #% 2% vh i i (pH 7.0) < #E B R B
154.0 mg EE 4%, & F 1 L &5, FH 28 18 /K i it
HERVRYIEM 045 um JERE S, T 4 CF
AT o
1.3 HmuErsbE

K H HMR-Lipid 96 L [ A8 A R X 1L 385 4 i
H i B bR AT AT SR I, BAAROP IR AR
I35 B N -80 CUKAE T L, & T 4 THEE T
P fRZE)G BB S0 pL ML %= 1.5 mL B8,
BE S5 A 50 WL [6] 7 = 2 A5 IR A b o W (10
ng/mL) , BRI G K ELEE T 4 CRIFT#
B 1 h; #4576 5500 t/min F &0 3 min, ¥ FE
WA T B 2= HMR v A48 b, 88 5 W v 46 8 B
A 200 wL i, % 5 min; % ] IE R 2 8 0 ik
M 700 Pa (9 R T, 15 RSB R E T IR
W REIA 200 pL 2 , I 4k ZL5 i 1E Hs , 5 2 4
TS DY JC IR A5 B 5 FF S B VR I AE 40 TT A
W, A 50 WL f 50% HY B K IR W TR e

TR 515 7 7% 2 SR (i S8R N A 48 v, o 00 2
14 UHFFHEH
1.4.1 &% & %

# Phenomenex C, {4+ (250 mmx4.6 mm,
5 pm, % [E Phenomenex 7\ 7)) % $2 75 W AH 15 117
G a5 AR Z ), VR R4 3£ Accu-
core C,, ff % #£ (100 mmx2.4 mm, 2.6 pm, 3%
Thermo Scientific 24 &) 1§ K 73 8 4, I £ 53 7 4
HI % 3% 2 Accucore C P& 47 41 (10 mmx4 mm, 5
pm, 3 [ Thermo Scientific 2% &) ; 1 I 4 1R B2 4
35 C 5 kB R BUN 5.0 pLs ¥k B R R 0.45
mL/min. 1A A & 2 mmol/L i & 5k 2% wh iKW,
TR B Ry HVRE , >R et 6 B2 R 0 =X, HAR U
AR UL 1.

F1 HEXKEERF

Table 1 Gradient elution procedure

Elution veloc-

Time/min ity/(mL/min) o(A)/% o(B)/%
0 0.45 70 30
5.0 0.45 0 100
15.0 0.45 0 100
15.5 0.45 70 30
25.0 0.45 70 30

A: 2 mmol/L ammonium acetate buffer solution; B: methanol.

1.4.2  Jrig &1

BT R L H B B (BESD I R
FHE B AR 3 RV B R 250 T80
TR £ 300 C 5 B IR BE < 400 C 5 i #AMAR7 a
10.0 L/min; 25 46 < 4R 3 i ¢ 3.0 L/min; 1 4 SR i
1 10.0 L/min; 3 84 BF 8] : 20 ms. >R I 22 52 i W )
(MRM) B0 AT =i o TS S H0E L3R 2.

* 2 26T PFASs K 9% [E{LE M #RHR B A iE 0B S8

Table 2 Retention times and MS parameters of the 26 PFASs and nine isotope internal standards (ISs)

Compound M /(g/mol) t,/min Transition CE/eV IS
Perfluoro-n-butanoic acid (PFBA) 214.04 4.65 213.05>169.00" 12 "C,-PFBA
Perfluoro-n-pentanoic acid (PFPeA) 264.65 10.00 263.05>218.95" 9 "C,-PFHxA
Potassium perfluoro-1-butanesulfonate (PFBS) 300.00 10.26 299.00>80.00" 35 "*0,-PFHxS
Perfluoro-n-hexanoic acid (PFHxA) 314.05 1075 313.05>269.05 10 "C,-PFHxA
Sodium perfluoro-1-pentanesulfonate (PFPeS) 350.00 10.81 349.00>80.00" 45 "*0,-PFHxS
349.00>99.00 31
Sodium 1H,1H,2H ,2H -perfluoro-1-hexanesulfonate (4:2 FTS) 328.00 10.88 327.00>307.00" 19 ]304—PFOS
Sodium perfluoro-1-heptanesulfonate (PFHpS) 450.00 11.00 449.00>80.00" 49 18Oz—PFHXS
449.00>99.00 39
Perfluoro-n-heptanoic acid (PFHpA) 364.06 11.13 363.05>319.10" 11 ”C4—PFOA

363.05>119.20 22
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Table 2 (Continued)
Compound M /(g/mol) lx/min Transition CE/eV IS

Potassium perfluoro-1-hexanesulfonate (PFHxS) 400.00 11.13 399.00>79.95" 46 "*0,-PFHxS
399.00>99.00 35

Sodium 1H,1H,2H ,2H-perfluoro-1-octanesulfonate (6:2 FTS) 450.15 11.40 449.15>80.00" 45 ‘304—PFOS
449.15>99.00 38

Perfluoro-n-octanoic acid (PFOA) 414.07 11.40 413.05>369.00" 11 ‘3C4—PFOA
413.05>169.05 19

Perfluoro-n-nonanoic acid (PFNA) 464.08 11.63  463.05>419.00" 12 "C,-PFNA
463.05>218.90 19

Potassium perfluoro-1-octanesulfonate (PFOS) 500.00 11.63  499.00>80.00" 49 C,-PFOS
499.00>99.05 41

6:2 chlorinated polyfluorinated ether sulfonate acid 531.58 11.73 530.55>350.90" 27 C,-PFOS

(6:2 CI-PFESA) 530.55>83.05 30

Sodium perfluoro-1-nonanesulfonate (PFNS) 550.00 11.82  549.00>79.90" 55 C,-PFOS
549.00>98.85 46

Perfluoro-n-decanoic acid (PFDA) 514.08 11.83  513.05>468.95" 13 "C,-PFDA
513.05>218.95 18

Sodium perfluoro-1-decanesulfonate (PFDS) 600.00 12.00  599.00>79.90 55 C,-PFOS
599.00>99.10 52

Sodium 1H,1H,2H ,2H-perfluoro-1-decanesulfonate (8:2 FTS) 528.00 12.01 527.00>506.95" 27 'ECA-PFOS

Perfluoro-n-undecanoic acid (PFUdA) 564.09 12.01 563.10>519.00° 13 C,-PFUdA
563.10>269.10 20

8:2 chlorinated polyfluorinated ether sulfonate acid 631.60 12.07 630.60>450.90 30 13C4—PFOS

(8:2 CI-PFESA) 630.60>83.05 45

N-Methylperfluorooctanesulfonamidoacetic acid 571.00 12.12 570.00>418.85" 22 13CA—PFOA

(N-MeFOSAA) 570.00>219.00 27

Perfluoro-n-dodecanoic acid (PFDoA) 614.10 12.17 613.10>568.95 14 13CZ—PFDOA
613.10>169.20 29

N-Ethylperfluorooctanesulfonamidoacetic acid (N-EtFOSAA) 585.24 1222 584.25>419.00" 22 C,-PFUdA
584.25>218.90 20

Perfluoro-n-tridecanoic acid (PFTriDA) 664.10 12.31 663.10>618.90 13 C,-PFDoA
663.10>269.20 20

Perfluoro-n-tetradecanoic acid (PFTeDA) 714.11 1244  713.10>668.85" 15 C,-PFDoA
713.10>218.90 25

Perfluorooctane sulfonamide (PFOSA) 499.15 13.05  498.15>78.00" 45 C,-PFOS
498.15>169.05 30

"*C,-PFBA 218.00 4.64  217.00>172.05 12 /

"*C,-PFHxA 316.00 10.75  315.00>270.00" 11 /

"*0,-PFHxS 404.00 11.14  403.00>84.00" 43 /

"C,-PFOA 418.00 11.40  417.00>371.90° 12 /

*C,-PFOS 504.00 11.63 503.00>80.00" 53 /

"C,-PFNA 469.00 11.64  468.00>423.00" 12 /

C,-PFDA 516.00 11.83 515.00>469.95 13 /

"C,-PFUdA 566.00 12.02  565.00>519.85" 15 /

C,-PFDoA 616.00 12.17 615.00>570.00" 15 /

* Quantitative ion pair; CE: collision energy; /: no value.
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K sh PERERR 43 5 6 26 Flt PFASs 1R A b
it % R W (500 ng/mL) & 9 Filt PFASs IR A N A5 il
VW (50 ng/mL) #ERE G B , LAORAR BT S5 40 . 520
BE B4 Al (Q1 Scan) 81 5K, & & 3 3 O 0.2
mL/min, #1546 5 B R 35 C, & A E] 4 2 min,
TESL AR, A B 7 F 3 7 AR = S S
Bt AT B S AL , PRI A5 5w 8 s BT RN
WhEFEIER TE T, REAHET 26 f
PFASs K 9 Fi [d] o7 & A br (19 T 3% 5% 11 (3R 2) .
212 &L FR L

il 52 5 45 5 % 3, PFOS . PFHxS #ll PFHpA 17
FERE S S E X X R B A A AR T
. CHIRMIE T 2HLMLEY LC-MS/MS i
I 3o 5 P SR T e i A B L B AR TR A 4 A Bl
HERE 28 2 18] 3 45 — MRl A A, DALk B HEBR 75 5205
e BB, 3% 07 35 I AR AR 0 0 AR 15 El 66.8%~
111.9% . ASBE5E & 7 HEBR A3 75 50 1 3 09 ) i
HE— 20 B v vk Y SRR 5 R B DA S5 AR
I3 o PFASs T ERf 10 2 170 B o Ak, S50 43 5]
% A Diamonsil C,,(2) & % #: (250 mmx4.6 mm, 5
pm, Jb 5Tl R R A R A F] ) (Agilent C f4 5 41

(250 mmx4.6 mm, 5 pm, 3% [ Agilent Technolo-

gies 7\ 7] ) il Phenomenex C,, {4 % #1: (250 mmx
4.6 mm, S5 pm)VE A TF R LI, F AT
5 e 1 25 BR AR DL KT R DU W 1) 3 AR

ZOR kB, 5 5 MR @RS A L, 2R AT Phe-

nomenex C,, (4385 /E Jy 15 5075 Y il A AL I, RE 6%

35

ARCHPRTE S5 U (T sh A 100% A LA ) |, 55 8
X E B A 00 ) A D

16 1.4 545,26 Flt PFASs Y 5 1 @i K
UWLIE 1, 8T LLE 26 Ff PFASs fY {0 3% 16 1 F1 i 7
SR B BT HIAR
22 HEFEER
221 LERE. EAFE BRHEREZER

K FH AR T 1 6 22 90 Jo o vk B A TR A A o T AR
W iE 4T LC-MS/MS 43 #r o LA H A5 F¢ I 9 5 %5 7 [\
PL R AR I o B F e AL Lo AR AR (Y) L H
B 8 DU ) 55 %08 02 T 57 3R PN A 19 BT UK R 22 L R
AEAR (X)), 2 K R B0 b v i 2R 0 25 R R, 26 B
PFASs 7£ 0.2~100 ng/mL i [l ] & % % & B4, 4
KR E(r) J9 0.995 1 ~0.999 9., 755 5T fF ik J3 A%
i £k T A K BR (LOD) FilE & FR(LOQ) , F 3 f%
{5 1 (S/N) 144 LOD, 10 % S/N 8 LOQ. 4%
F W, 26 Fh PFASs i LOD F1 LOQ %3 %4 0.01~
0.15 ng/mL F1 0.02~0.47 ng/mL, Al 3¢ 54 WL % 3.
5 Liu %5 238 09 1055 24 Fl PFASs (94600 5 35
(LOD #1 LOQ 4% %l & 0.01~0.25 ng/mL Al 0.03~
0.75 ng/mL) #f L, A% J5 % () LOD #1 LOQ H A% , it
A A J7 58 I R
222 EREAEEE

W AE A F I 3 i AS 18] 7K OF (510,50
ng/mL) ) 26 # PFASs & & 45 fE T 1E R % 2805
B ER R SR . AR KB E 6 A4 F
TR, TR) B 52 B 0 o o) B i O 5 1 4 A I
TS VA o B T A R RE B 5 IR I3 AR A — (R
HEAT AL B I 0B 035 R A D 5 o AR v 2R A AT
J 4 )RR B LC-MS/MSS 43 #r , LA It ok 1Ak 77 12
M HERR FE SRS % . A5 R R 3 A AR K F

304

Intensity/10°
2R NN
(4] o (8] o [¢2]

A

o

14

t/min

E1 267 PFASsBAIRARE (25 ng/mL)WEEFRIEE
Fig.1 Total ion chromatogram of the mixed standard solution of the 26 PFASs (25 ng/mL)
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Table 3 Regression equations, correlation coefficients (r),

fication (LOQs) of the 26 PFASs

R3 267 PFASsHMEAARE HXRY . EMEEE QHRMESR

linear ranges, limits of detection (LODs) and limits of quanti-

Compound Regression equation r Linear range/(ng/mL)  LOD/(ng/mL) LOQ/(ng/mL)

PFBA Y=0.91X+0.0033 0.9999 0.2-100 0.13 0.38
PFHxA Y=0.84X+0.0035 0.9996 0.2-100 0.03 0.10
PFOA Y=0.73X+0.0033 0.9989 0.2-100 0.08 0.23
PFNA Y=0.88X+0.0057 0.9958 0.2-100 0.03 0.09
PFDA Y=0.84X+0.0028 0.9971 0.2-100 0.03 0.08
PFUdA Y=0.53X-0.0008 0.9981 0.2-100 0.04 0.12
PFDoA Y=0.53X-0.0001 0.9988 0.2-100 0.04 0.12
PFHxS Y=0.95X+0.0094 0.9998 0.2-100 0.05 0.15
PFHpS ¥=0.81X-0.0025 0.9990 0.2-100 0.11 0.35
PFOS Y=0.98X+0.0045 0.9951 0.2-100 0.13 0.41
PFTriDA ¥=0.37X+0.0026 0.9964 0.2-100 0.04 0.11
PFTeDA ¥=0.37X-0.0047 0.9956 0.2-100 0.04 0.13
PFPeA ¥=0.70X+0.0062 0.9981 0.2-100 0.05 0.15
PFHpA ¥Y=1.04X+0.0010 0.9994 0.2-100 0.09 0.27
PFBS ¥=0.96X+0.0001 0.9997 0.2-100 0.05 0.15
6:2 CI-PFESA ¥Y=6.45X+0.0038 0.9999 0.2-100 0.01 0.03
8:2 CI-PFESA Y=5.11X-0.0072 0.9996 0.2-100 0.01 0.03
PFPeS Y=0.80X+0.0007 0.9998 0.2-100 0.15 0.47
PFOSA Y=2.80X+0.0096 0.9983 0.2-100 0.01 0.03
PFNS Y=0.50X+0.0016 0.9984 0.2-100 0.10 0.29
PFDS Y=0.41X-0.0022 0.9997 0.2-100 0.07 0.22
4:2 FTS Y=1.57X+0.0059 0.9978 0.2-100 0.02 0.06
6:2 FTS Y=0.67X-0.0007 0.9986 0.2-100 0.15 0.44
8:2 FTS Y=1.16X+0.0048 0.9962 0.2-100 0.02 0.07
N-EtFOSAA Y=0.16X+0.0007 0.9983 0.2-100 0.01 0.02
N-MeFOSAA Y=0.29X-0.0010 0.9993 0.2-100 0.01 0.05

Y. peak area ratio of PFASs to ISs; X: mass concentration ratio of PFASs to ISs.

T ,26 # PFASs B Jinds H1 1 %5 80.1%~119. 5%,*@
X A i 2% (RSD) A 0.5%~11.9% , HAK L5 JL 0L 3¢ 4,
5 Liu %38 19 1075 H 24 # PFASs *mﬁ!ﬂjﬂﬂﬁ
Fe Cm A 81 0 R N 64.0%~124%, RSD K 0.74%-~
11.2%) , 4% J7 i HLA 0 e 9 A 22
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Table 4 Recoveries and RSDs of the 26 PFASs (n=6)
5 ng/mL 10 ng/mL 50 ng/mL 5 ng/mL 10 ng/mL 50 ng/mL
Compound Recov- RSD/ Recov- RSD/ Recov- RSD/| Compound Recov- RSD/ Recov- RSD/ Recov- RSD/
ery/% % ery/% % ery/% % ery/% % ery/% % ery/% %
PFBA 93.2 4.8 91.1 3.5 93.9 1.6 PFHpA 87.3 1.6 86 3.6 82.4 0.7
PFHxA 98.6 4.6 96.5 5 91.6 2 PFBS 99.7 4.2 98.6 1.1 99.4 2.7
PFOA 92.4 0.6 85.3 4.1 85.8 2.7 ||6:2 CI-PFESA 933 4 87.3 4.6 86.1 1
PFNA 90.5 4.3 89.4 2.6 87 1.3 |[8:2 CI-PFESA 111.2 3.1 100.2 11.9 101.2 3.9
PFDA 81 3 80.1 3.5 82 33 PFPeS 98.2 1.3 93 3.2 89.7 3.3
PFUdA 92.1 8.5 100.4 11.6 91.6 1.2 PFOSA 80.9 11 80.9 9 83.7 7.3
PFDoA 100.6 11.9 104.6 8.7 98.1 2.9 PFNS 96.5 10.9 85.4 9.5 91.9 0.9
PFHxS 101 5.3 100.8 4.1 94.7 1.8 PFDS 107.5 7.5 92.2 7.9 99.7 4.8
PFHpS 103.4 2.8 96.8 3.9 94.9 1.9 4:2 FTS 114.4 6.2 111.5 2.8 106.7 5.2
PFOS 91.1 3.6 93.6 0.5 86.9 2.3 6:2 FTS 93.1 5.5 96.9 4.2 87.1 2
PFTriDA 114.8 2.6 118.3 7 111.6 3.2 8:2 FTS 102.1 1 93 7.6 84.1 1.3
PFTeDA 112 8.7 116.1 2.3 115.9 5.5 N-EtFOSAA 1164 5 119.5 9.7 119.2 4.3
PFPeA 102.3 7.8 96.9 2.4 98 2 N-MeFOSAA  108.9 3.6 103.1 9.6 106.5 4.4
®5 mMBEHST PFASs AT AL
Table 5 Comparison of pretreatment methods for PFASs in serum samples
Sample Organic
Pretreatment method Numbers dosage/ Pretrjeatment reagent Lon LOQ/ Recovery/% Ref.
of PFASs time/h dosage/ (ng/mL) (ng/mL)
mL
LLE 24 500 2.5 1400 0.01-0.25 0.03-0.75 64.0-124.0 [25]
Acetonitrile precipitation 46 50 0.4 10 - 0.10-1 68.9-115.7 [29]
Oasis HLB SPE 33 100 1.5 332 0.002-0.016  0.006-0.051 80.1-116.0 [30]
Oasis WAX SPE 12 500 1.5 1575 0.01-0.02 0.03-0.07 76.0-110.2 [23]
HMR-Lipid SPE 26 50 0.5 39 0.01-0.15 0.02-0.47 80.1-119.5 this study
—: not given.
F6 ANkiFEHAF PFASs KTl E % R (n=25)
Table 6 Determination results of PFASs in human serum samples (n=25) ng/mL
Compound i‘:‘::r(“;t]i;) Ge;?::ic Minimum 25th  50th  75th Maximum Dizc;;m
PFOA 7.67 (1.31) 7.56 5.96 6.35 7.98 8.83 9.61 100
PFOS 5.46 (2.59) 4.80 2.54 2.69 6.86 7.78 8.76 100
PFHxS 0.95 (0.40) 0.87 0.49 0.56 0.94 1.40 1.60 100
PFNA 0.88 (0.27) 0.84 0.55 0.61 0.87 1.14 1.29 100
PFDA 0.66 (0.15) 0.64 0.43 0.51 0.68 0.77 0.91 100
PFBA 0.08(0.01) 0.08 0.07 0.08 0.08 0.09 0.10 100
PFUdA 0.42 (0.07) 0.41 0.33 0.35 0.39 0.47 0.59 100
6:2C1-PFESA 1.25 (0.53) 1.14 0.66 0.78 1.24 1.73 2.37 100
PFHpS 0.24 (0.12) 0.22 0.11 0.15 0.23 0.30 0.57 100
PFPeA 0.90 (0.12) 0.89 0.64 0.81 0.94 0.99 1.11 100
PFTriDA 0.16 (0.05) 0.15 0.10 0.12 0.15 0.17 0.28 60
6:2FTS 0.28 (0.09) 0.26 0.15 0.18 0.32 0.34 0.40 52
PFPeS 0.22 (0.04) 0.22 0.17 0.18 0.22 0.26 0.27 24

SD: standard deviation.
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