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levels and health risks. Per- and polyfluoroalkyl substances (PFAS) , organophosphate esters
(OPEs), and their diester metabolites (di-OPEs) are widespread environmental co-contaminants
with significant toxic effects, making it crucial to monitor their internal human exposure levels.
However, existing studies have predominantly investigated these substances in isolation, lacking
comprehensive research that simultaneously quantifies PFAS, OPEs, and di-OPEs in human serum.
Based on the pretreatment method of 96-well solid phase extraction columns, this study compared
three extraction columns and optimized the pretreatment steps to establish an ultra performance
liquid chromatography-high resolution mass spectrometry (UPLC-HRMS) method for 29 PFAS, 17
OPEs, and 5 di-OPEs in human serum samples. Phree PLR 96-Wellplate was used as a cleanup plate.
300 pL of 1% formic acid in acetonitrile, 100 pL of the serum sample, and internal standards were
added to the cleanup device in sequence. After standing for 5 minutes, the 96-well plate positive
pressure device was used to press the mixture into the 96-well collection plate. Finally, the sample
was eluted with 100 pL of 1% formic acid in acetonitrile. The eluate was collected and concentrated
for the detection of PFAS, OPEs, and di-OPEs by UPLC-HRMS. PFAS and OPEs were detected using
an Acclaim RSLC 120 C18 column, while di-OPEs were detected using an Acquity UPLC BEH C18
column. Both were subjected to gradient elution with methanol and 5 mmol/LL ammonium acetate
in water as the mobile phases. Sample ionization was performed using a heated electrospray ion-
ization source (H-ESI). PFAS and di-OPEs were analyzed in negative ion mode, while OPEs were
analyzed in positive ion mode. Data acquisition was conducted in full-scan/data-dependent tandem
mass spectrometry (Full MS/ddMS*) mode. Quantification was achieved using the internal standard
calibration method to ensure measurement accuracy. The results showed that under the optimized
conditions, the target compounds had good linear relationships in the range of 0.05-50 ng/mL (R’ >
0.99), and the method detection limits (MDLs) of 29 PFAS, 17 OPEs and 5 di-OPEs were 0.000 120
—0.274 ng/mL, 0.011 0-0.250 ng/mL, and 0.012 0-0.220 ng/mL, respectively, and the spiked recoveries
were between 45.9% and 147.8%. The relative standard deviations (RSDs) were 1.2%-29.0%. Most
PFAS and di-OPEs had matrix enhancement effects, and most OPEs had matrix inhibition effects.
Among them, hexafluoropropylene oxide dimer acid (GenX) (196.5%) and trimethylphenyl phosphate
(TMPP) (54.6%) had significant matrix enhancement and inhibition effects, respectively, which
could be corrected with appropriate internal standards. The recoveries of these two substances after
correction were 127.3% and 78.7%, respectively, which met the analysis requirements. The proposed
approach offers significant practical benefits, combining straightforward operation with shortened
extraction time and enhanced throughput, which was validated through analysis of 15 human serum
samples collected in Jinan in 2024. The total contents of 29 PFAS were 6.71-379 ng/mL, with a
median value of 22.9 ng/mL. Eight PFAS were detected with a detection frequency of 100.0%, with
median contents of perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS) reaching
8.96 ng/mL and 4.07 ng/mL, respectively. The total contents of 17 OPEs were 0.015 0-10.5 ng/mL,

with a median value of 2.81 ng/mL. The most frequently detected OPEs, with detection frequencies
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exceeding 60.0%, were triethyl phosphate (TEP), tri-n-butyl phosphate (TnBP), and triphenyl
phosphate (TPHP). The total contents of 5 di-OPEs were <MDL-0.443 ng/mL, with a median value

of 0.015 0 ng/mL. Therefore, the combined exposure to these pollutants in human blood and its

potential health risks demand serious attention.
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5t (HBCD) 45 A% 48 5L AR BELIA 551 9 510 A 07 1 8F /K
FEN Y5, OPEs 1E Ny BRI A3 88 50) , 7z b T
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HiH iz B K. VB8 — KB NA, OPEs
AR 25 Sy ok B 40 55 7 AR B B i b, Hili 2 & 78
ZMABEN PR, S8 OPEs 78 A28 UL
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HA 85 v 0 i (P 8. 937.5 pglg, IR IDUIFAS 1F #k
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A B 92 30 A AR BRI A A 25 TR L R LY
PEWTT VLA WO FE B ik A - R A BOE Y 4
B IR YAk AT T R A IR R R £ AR R
R SR 2 R AR ORI JE R R AR 3
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' PFAS .OPEs #il di-OPEs ) J7 1%, b H 3R 5 5 {g
RIS A $2 88 T Ty vk FE A
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Ultimate 3000 HPLC = 250 ¥ AH €4 3% {X | Orbi-
trap Exploris™ 240 i i& # ] & 4t ( % [ Thermo
Fisher 2\ 7] ) ; Cleanert M96 A& ¥ £F i Al &b H X
SPE-MO6( "1 [E Agela Wiff JE A ) 3 ¥ U 350 Uk 4
1% Auto R1-Plus( P [ # X 12\ &) ) ; Phree PLR 96
FLH2 (30 mg) #1 Cleanert PWCX 96 fL 4 (30 mg) 1
W Fi o [ Agela € 3¢ 24 Fl s Anavo HMR 96 fL 4R
(20 mg) W A b 50 g K B4 A BR A A .

HEEF 2N (5% 4l , 3¢ [ Thermo Fisher 24
) 5 H R (99%, 26 [# Fluka /A ) ) ; 2818 K (4.5 L, b
U EIRZE KA RAE) s LREE (97%, K [H Alfa

Aesar A H] ) .

29 Ff PFAS #5 ifE it M [R] 2 R BRI A n &= K
Wellington Laboratories, OPEs 5 i M N #7543
5 W A 1% FE Dr. Ehrenstorfer 23 & | fill & K To-
ronto Research Chemicals 72\ &) Fll il & K Welling-
ton Laboratories. 5 ff' di-OPEs #5 #E it & 5 Fft [7]
fii 2% W #5431 3 i & K Toronto Research
Chemicals A Hl . fbEYTHEMIEH WKL,

29 v PFAS IR & 5 ffE6iff 45 W (100 ng/mL) & H]
F L ), & T -20 CHY VKA TR AE . 17 Fh OPEs
1 B A A o 6 4% 9 (1 000 ng/mL) R FH 2% e i, ¥
F-20 THY VKA P H-TE . S Fh di-OPEs (IR & #r i
fiff % W (1 000 ng/mL) K 1 H B FC ], & T -20 THY
URAE HARAT

ML FEAS : 2024 4F R AE 1L 7R U g 1l DX {gkt e
BES D ESRIEER S AR, T
HeB1RBS2023-002,

£ 1 29% PFAS.177# OPEs X 57 di-OPEs HJ{= 2
Table 1 Information of the 29 per- and polyfluoroalkyl substances (PFAS), 17 organophosphate esters (OPEs) and 5 or-

ganophosphate diesters (di-OPEs)

Compound Abbreviation Chinese name Mass labeled standard

Perfluorobutanoic acid PFBA TR C,-PFBA
Perfluoropentanoic acid PFPeA oS A C,-PFBA
Perfluorohexanoic acid PFHxA LR C,-PFHxA
Perfluoroheptanoic acid PFHpA AR C,-PFOA
Perfluorooctanoic acid PFOA L R "C,-PFOA
Perfluorononanoic acid PFNA TR "C,-PFNA
Perfluorodecanoic acid PFDA LRSS "C,-PFDA
Perfluoroundecanoic acid PFUnDA ALk C,-PFUnDA
Perfluorododecanoic acid PFDoDA R bR C,-PFDoDA
Perfluorotridecanoic acid PFTrDA IR =B C,-PFDoDA
Perfluorotetradecanoic acid PFTeDA A9 Pt iR C,-PFDoDA
Perfluorobutane sulfonate PFBS I T e "0,-PFHxS
Perfluoropentane sulfonate PFPeS A RN e Tk iR '*0,-PFHxS
Perfluorohexane sulfonate PFHxS A9 O B hitf iR "*0,-PFHxS
Perfluoroheptane sulfonate PFHpS G5 PRI TR '%0,-PFHxS
Perfluorooctane sulfonate PFOS A BE R iR C,-PFOS
Perfluorononane sulfonate PFNS EX RRSAT C,-PFOS
Perfluorodecane sulfonate PFDS A TS i 1 12 *C,-PFOS
6:2 Chlorinated polyfluoroalkyl ether sulfonic acid 6:2 C1-PFESA 6: 2 G Ak 22 5k ik iR C,-PFOS
8:2 Chlorinated polyfluoroalkyl ether sulfonic acid 8:2 CI-PFESA 8:2 S Ak £ ik ik 12 C,-PFOS
10:2 Chlorinated polyfluoroalkyl ether sulfonic acid 10:2 CI-PFESA 10: 2 5 1k 22 ik ik iR C,-PFOS
6:2 Fluorotelomer sulfonate 6:2 FTS 622 8 TH T W T R "*0,-PFHxS
Perfluorobutylsulphonamide FBSA AT I I '*0,-PFHxS
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Table 1 (Continued)

Compound Abbreviation Chinese name Mass labeled standard
Perfluorohexanesulfonamide FHxSA AR O e il 1 "*0,-PFHxS
Perfluorooctanesulfonamide FOSA A R R Mg C,-PFOS
N-Ethylperfluoro-1-octanesulfonamidoacetic acid N-EtFOSAA N-Z 3 4 - 13 B B [k e 5 2,12 C,-PFDA
N-Methylperfluoro-1-octanesulfonamidoacetic acid N-MeFOSAA  N-W 34 55~ 1 -3 b ik it i 3% 2 1R C,-PFDA
Hexafluoropropylene oxide dimer acid GenX IS IR ST B R AA C,-PFOA
Sodium dodecafluoro-3H-4,8-dioxanonanoate ADONA + TW-3H-4,8-— AL R C,-PFOA
Trimethyl phosphate TMP Wi iR = Mg TMP-d,
Triethyl phosphate TEP iR = £ g TEP-d
Tripropyl phosphate TPrP R =N R TPrP-d,,
Tri-n-butyl phosphate TnBP R = 1E T Hig TnBP-d,,
Tris(2-ethylhexyl) phosphate TEHP Wiz = (2-2 32 %) Bs TEHP-d,,
Tri(2-chloroethyl) phosphate TCEP R = (2-5 &35 ) Tig TCEP-d,,
Tri( 1-chloro-2-propyl) phosphate TCIPP B R = (1-50-2-75 3 ) lik TCIPP-d,,
Tri(1,3-dichloro-2-propyl) phosphate TDCPP R = (1,3-24-2-TN 58 ) g TDCPP-d,
2, 2-Bis (chloromethyl) trimethylene bis (bis (2-chloro- V6 2, 2- X0 (G H 35 ) = 30 HH L X0 TCIPP-d,,
ethyl) phosphate) (R(2-54 258 ) BE R TR )

Tri( 2-butoxyethyl) phosphate TBOEP WEIR = T %A LT TBOEP-d,,
Tri-phenyl phosphate TPHP TR — % R TPHP-d,,
Trimethylphenyl phosphate TMPP W IR = W AR TPHP-d,,
3-Isopropylphenyl diphenyl phosphate 3IPPDPP 3-SR I TR B R TR TPHP-d,
Cresyl diphenyl phosphate CDPP W2 F R R R TPHP-d,
Bis(3-tert-butylphenyl) phenyl phosphate B3tBPPP Tl IR WL (3-8 T LR 38 ) R TPHP-d,
Bis(3-isopropylphenyl) phenyl phosphate B3IPPPP BRIR XL (3-57: T HE AR AL ) K iR TPHP-d,
3-tert-Butylphenyl diphenyl phosphate 3tBPDPP 3-RUT LRI R SL R R TPHP-d,;
Dibutyl phosphate DBP WElE — T Mg DnBP-d,,
Bis(2-ethylhexyl) phosphate BEHP AR S (2-2. 3 0 ) iR BEHP-d,,
Di-phenyl phosphate DPHP R A KR DPHP-d,,
Di-o-tolyl-phosphate BMPP AR 40 B R TR BMPP-d,,
Bis(2-butoxyethy) phosphate BBOEP AT UL 23 ) W1 T BBOEP-d,
1.2 #HmaTaE 1.3 (Y[ &G

W 0LV R DA KRR R IR S S AR RLT L T
4R fi# % , BL Phree PLR 96 fL# (30 mg) , [i] H:
WA 300 pL 1% H Z 2 . 100 pL i 35 FE A
10 wL P F5 1R A ¥ W (PFAS 20 ng/mL, OPEs 100
ng/mL.di-OPEs 100 ng/mL) , # & %1k 5 min DA 7¢
IHRA K 96 FLAURLAE 96 FLARIE R B T, R,
WA R B, P 1) /N EE N I 100 pL 1% R 2
VEME R B BRI G T AE 96 FLICEE AR I .
e 1 ¥ U L 25 ol 4 SCORE e IO VR ok 4 220 T ) L T
Pt E 25 2 100 L, i e J5 5% 7% 2 0A 250 pL 3¢5
P37 1) 2E R /N R AR

1.3.1 &t &%

X PFAS A9 K9 ff F§ Acclaim RSLC 120 C18
WA {5 3% A (100 mmx2.1 mm, 2.2 pm, % H
Thermo Fisher 24 7)) #E47 4% i 70 25 4E i 35 C L0
HH A I HEE, WA B 8 5 mmol/L Z iR # 2% nr
VW W 0.35 mL/min; B UE R 0~1
min, 95%B; 1~3 min, 95%B~30%B;3~9 min, 30%B~
1%B; 9~10 min, 1%B; 10~10.1 min, 1%B~95%B;
10.1~13 min,95%B,

X OPEs i &6 Wl 41 FH i) £ 1% A 3 sl A AT TR
TH S5 PFAS MR . B PE B )T : 0~1 min,
90%B~60%B; 1~3 min, 60%B~10%B; 3~3.1 min,
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10%B~0B;3.1~8.1 min,0B;8.1~8.6 min, 0B~90%B ;
8.6~14 min, 90%B.,

X} di-OPEs (1) k& i f#f ] Acquity UPLC BEH
C18 ¥ A8 €6 3% A (100 mmX2.1 mm, 1.7 pm, 3
Waters 23 F)) #E47HE i 40 85, AR 35 CL i 3h 4 A
KWL, WA B A 5 mmol/L 2R B 28 WA W 5 I
A 0.35 mL/min, B BB FEJF : 0~1 min, 90%B~
60%B; 1~3 min, 60%B~10%B; 3~3.1 min, 10%B~
0B;3.1~8.1 min, 0B; 8.1~8.6 min, 0B~90% B; 8.6~
14 min, 90%B,

1.3.2 Jrig &t

B IR R I AR L g 25 B R (H-ESTD |, 8 1 1%
A8 I B Ol 320 C L, 55 kiR EE 350 C 3 PFAS Al di-
OPEs ¥ B Wt % i JE N 3.4 kV( & 7 #3X) ; OPEs
BB M RN 2.3 kVOIE B TR0 s 8N
45 Arb; B B 10 Arb. B SR 4 4 5 R
A 128 8 RO 1) — 2% 3 H 5 5X (full mass-data
dependent scans, Full MS/ddMS?) J5 =%, , R & H #»
f6& W00 m/z 5 BB L B sz 70.0~
1 050.0,RF Lens & 80%, —Z% Fi i 4 #1524 120 000,
A 2l 1 45 7 1 H 45 2 ¥ %4 (automatic gain control
target, AGC target) N 1x10°; B HER A 15
000, AGC target 4 1x10°; /5 fiE Al 4 fif 5 (HCD)AlE
1 fE 4 20% .40% . 60%.

1.4 BRERIESHREEH

T A SRR RS2 I 3 R vl R o Y A
X JC 12 A 1 SR S 8 R 2 R R R )
15 min 75 VE . FE 5 AT B R 10 SRR o
2 AR TS RE DU DU R A B T R R RT BE ST A
(75 G o N BRIE X B AR 5 AT 5 L ALER G
DB, B 12 ASFE S I — A5 3 W (2 ng/mL) fE R
JEAERE, LUK DU AR A5 5 B, 45 0 4 0 o 25 4R
5 SR A 22 KT £20% , D) 23 7 22 ) A v it 2%
{#i § Anavo Ghost peak-Trapper(50 mmx2.1 mm,
Jb 5 g RS RL A BR S R ) Y WA B A 2 PR AR TS
B 12 BRI — S DL MRS S

2 HRSUR

2.1 EEERAERIERE

96 FL B B4 Jig MR 19 32 22 4 T 2 Bk 0l VR il 3
M EABENG , B A P H R R A [ R
DL K SEORL 5 5 X6 A AU A 1Y 25 BRSOR A T AN ] o
AW FE 5y 9 % T Cleanert PWCX 96 fL # (30

mg) .Phree PLR 96 L. (30 mg) fll Anavo HMR 96
LA (20 mg)3 Ff 96 FLAZ X ML 1 PFAS .OPEs i
di-OPEs [y A5 |l i %, 45 S WL 1E 1, fii A] Clean-
ert PWCX 96 fL #it . Phree PLR 96 fL #it fl Anavo
HMR 96 fLARH, M TE 60.0%~130.0% 1) H #5 1k
B WPBCR SR 39 Bl 42 FhOR 31 FP L A5G e B
B Ak A5 4 IS 238 35 3] AT 42 57 Y R AR B 2 19 96 L
o ffi [ Cleanert PWCX 96 fLAR AT, 7 i FH #1411
1SR AE T 60.0%, 15 Ff B AR 4 09 A0 X A5 1 f 22
(RSD)FE 25.0% LA I ; 1M 7£ ffi 1] Phree PLR 96 fL 4}
ALA 4 F0 H bR Y)Y 1 b KT 60.0% (TMPP
3IPPDPP .CDPP 3tBPDPP),2 F H¥r# ) RSD 7£
25.0% LA I (TnBP il DPHP) . [A M Fo AT e & vk £
Phree PLR 96 fL #t (30 mg) ¥ 17 IfiL 75 #f /& /4 /i
AbH
2.2 BEIAMEREMMLAL

EN A ONE AR RS e PO WE R A 7/ R
WK ik —de i A 1% W R 206 FE I A LTE 5 W
B ik e i A 5 AR FEINA 1% H R 2 -
Je B BRI AN J7 AR ), 70 IR A S ## B S min, 1F
JEWCHE VGV, T FH 1% TR & B o 0k 26 ORE | Wi 4
PR VE R o b [l i3 25 B UL 11 2, FH O i —
H 45 9 19 i ks =1 0K S 44.7%~155.5%, RSD A
2.2%~29.2%; i FH J5 5 — B A5 40 09 A0 A =i R
20.4%~147.2%, RSD N 3.5%~49.6%. K |-, J7 i
ZRREEA Iy B — , Bl A X T PFOA (U7 —
RSD i 25.4%, 77 ¥ — RSD N 49.6%) #il PFOS (77
%— RSD Ny 13.2%, J7 ¥ — RSD N 24.4%) iX I Ff
TEME ) ZAAENY R C A R BAESE R
B A CAERRE R SA W R,
AL RE I IR AR PR R T A T, Bk, AT
L) — AT AR T AR 3
2.3 ER%A
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Fig.1 Recoveries of (a) PFAS, (b) OPEs and di-OPEs using three different 96-wellplates (n=4)
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Fig.2 Recoveries of (a) PFAS, (b) OPEs and di-OPEs using two different pretreatment methods (n=4)
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Table 2 Linear equations, linear ranges, correlation coefficients (R?) and method detection limits (MDLs) of PFAS, OPEs

and di-OPEs
Compound Linear equation Linear range/(ng/mL) R’ MDL/(ng/mL)
PFBA y=0.5282-0.0123 0.1-50 0.991 0.0802
PFPeA y=0.7072-0.000841 0.1-50 0.991 0.0540
PFHxA y=0.5822-0.00150 0.05-50 0.996 0.0130
PFHpA y=0.418x+0.000301 0.05-50 0.993 0.00990
PFOA y=0.5752-0.00126 0.05-50 0.999 0.000120
PFNA y=0.05562-0.000519 0.2-50 0.998 0.130
PFDA y=0.5792-0.00345 0.1-50 0.997 0.077
PFUnDA y=0.562x+0.00175 0.2-50 0.995 0.160
PFDoDA y=0.5702-0.00146 0.05-50 0.998 0.0290
PFTrDA y=0.5142+0.000577 0.05-50 0.997 0.0450
PFTeDA y=0.4242-0.00457 0.05-50 0.994 0.0190

PFBS y=0.6442-0.00139 0.05-50 0.998 0.00500
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Table 2 (Continued)

Compound Linear equation Linear range/(ng/mL) R’ MDL/(ng/mL)
PFPeS y=0.6502+0.000313 0.05-50 0.998 0.00240
PFHxS y=0.662x+0.00259 0.05-50 0.998 0.0130
PFHpS y=0.648x+0.00172 0.05-50 0.999 0.00740
PFOS y=0.5782-0.00222 0.05-50 0.999 0.00270
PFNS y=0.5422-0.00373 0.05-50 0.998 0.00460
PFDS y=0.5102-0.00198 0.2-50 0.998 0.140

6:2 ClI-PFESA y=0.432x-0.000948 0.1-50 0.995 0.0670
8:2 CI-PFESA y=0.3602-0.00246 0.05-50 0.998 0.00570
10:2 CI-PFESA y=0.296x-0.00150 0.2-50 0.995 0.190
6:2 FTS y=0.0782x+0.000669 0.05-50 0.993 0.00390
FBSA y=0.6002-0.00198 0.05-50 0.999 0.0110
FHxSA y=0.6022-0.000426 0.05-50 0.998 0.0060
FOSA y=0.4952-0.000975 0.05-50 0.996 0.0120
N-EtFOSAA y=0.1702-0.00548 0.2-50 0.995 0.130
N-MeFOSAA y=0.174x-0.00444 0.05-50 0.996 0.0180
GenX y=0.01532-0.00109 0.1-50 0.991 0.274
ADONA y=0.7042-0.00190 0.05-50 0.996 0.00580
TMP y=0.585x-0.935 0.2-20 0.995 0.190
TEP y=0.07702-0.00810 0.2-20 0.991 0.130
TPrP y=0.08152x-0.00465 0.5-20 0.992 0.250
TnBP y=0.09742-0.00133 0.05-20 0.999 0.0310
TEHP y=0.1122-0.00134 0.05-20 0.999 0.0260
TCEP y=0.1222-0.000211 0.05-20 0.999 0.0440
TCIPP y=0.1052-0.0133 0.5-20 0.999 0.240
TDCPP y=0.07712-0.0105 0.2-20 0.998 0.200
Vo6 y=0.0366x-0.00183 0.05-20 0.998 0.0170
TBOEP y=0.1592-0.00203 0.05-20 0.996 0.0110
TPHP y=0.1892-0.000595 0.05-20 0.999 0.0110
TMPP y=0.187x2-0.00116 0.05-20 0.999 0.0170
3IPPDPP y=0.1392-0.000926 0.05-20 0.999 0.0150
CDPP y=0.04952x-0.00171 0.05-20 0.998 0.0370
B3tBPPP y=0.1312-0.00171 0.05-20 0.999 0.0190
B3IPPPP y=0.1502-0.00254 0.05-20 0.998 0.0170
3tBPDPP y=0.1352-0.000247 0.05-20 0.999 0.0320
DBP y=0.2072-0.00663 0.2-20 0.995 0.140
BEHP y=0.1122-0.000163 0.5-20 0.993 0.220
DPHP y=0.123x-0.00508 0.5-20 0.992 0.210
BMPP y=0.1042-0.00208 0.05-20 0.996 0.0270
BBOEP y=0.0692-0.00273 0.05-20 0.993 0.0120

y: peak area ratio of the target compound to its corresponding internal standard; x: mass concentration, ng/mL.
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TRA PRIV W, 5 = 4N 4 ng/mL PFAS | 10 ng/mL
OPEs #1 10 ng/mL di-OPEs [ 184 b5 A W, 17K
VR E 4 ATATRE S .

SEHL L3S —AUInAR ISR 45.9%~126.8%,
RSD A 1.2%~28.5%, 55 — 40 /il A5 [B] 45 K 2y 48.0%-~
147.8%,RSD N 2.2%~22.1%; &5 = 26 i 4 [l e 3%y
60.3%~143.3% ,RSD # 1.3%~29.0%; X T GenX,
F MDL % # (0.274 ng/mL) , K 1L 7E 0.2 ng/mL {97
T AT JE vk 4G GenX Y % B A g % . PFBA.,
PFOA .PFNA .PFHxS FI PFOS 7 5 ¥ 41 ki K SF R
L2 [ R Al i A B 5 (139.7%~279.8%) o FRATT o0 Hr
AR 3 2 BRI B A R 1 LV A R v R (R
WIORF iR PFAS 925 FLIMTE ) o FEULARIE T, B8/
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I 3R 25 E B Ak R b g B RO, DT T TR
ORI A S5 . 24 PFAS Jidr /K V47 = 4 ng/mL
B 5% =20, BRAS IS MR 2 Fe 5 9 PROA(166.1%) 41, H:
AR ISR IS AR 28 T 42 1 (60.3%~119.7%)
H RSD & 1.4%~26.5%. JL4 PFOA (1 ol it 3|5
T3 v, AEL X R PN B 178 & X6 [l IR TE 7 (82.7% ) , 3%
B BT R A SRR W 5 . 5 — 41 TEHP [LJICR %
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LB AR RN BV R 22 A 56 . DL 45 SR E
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Table 3 Spiked recoveries of PFAS, OPEs, and di-OPEs in human serum at three levels (n=4)

Low Medium High
Compound
Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%
PFBA 105.6 16.4 139.7 5.2 85.3 2.4
PFPeA 120.9 5.5 125.7 5.8 87.4 2.6
PFHxA 104.1 3.6 130.5 2.9 85.1 4.0
PFHpA 99.0 11.1 121.2 7.5 75.3 3.6
PFOA 279.8 14.6 156.4 25.2 166.1 18.8
PFNA 162.2 16.8 147.8 21.7 90.2 1.9
PFDA 118.6 15.3 118.5 13.0 90.7 6.5
PFUnDA 125.2 12.5 119.2 9.4 83.3 2.4
PFDoDA 106.3 7.4 114.8 8.7 77.6 5.1
PFTrDA 121.4 12 109.7 8.4 89.3 2.8
PFTeDA 90.7 13.1 64.4 12.7 70.3 5.0
PFBS 96.2 3.6 112.0 7.1 84.4 1.4
PFPeS 104.9 5.5 108.7 5.4 83.3 2.9
PFHxS 163.8 3.5 131.8 9.0 93.4 4.8
PFHpS 104.0 4.9 121.2 7.5 87.2 4.1
PFOS 188.8 28.5 145.0 13.2 105.8 2.4
PFNS 108.9 6.3 117.6 2.2 84.1 2.7
PFDS 101.9 4.8 112.1 5.4 87.8 7.3
6:2 CI-PFESA 169.0 7.4 122.8 5.0 94.4 5.4
8:2 CI-PFESA 106.4 4.9 110.8 5.1 85.7 5.6
10:2 CI-PFESA 99.4 5.4 100.3 3.9 115.3 8.6
6:2 FTS 104.6 2.1 122.8 5.0 119.7 7.3
FBSA 74.9 14.8 76.7 10.1 60.3 3.3
FHxSA 45.9 12.2 78.2 17.9 63.4 2.2
FOSA 56.8 21.4 73.3 3.9 61.2 15.4
N-EtFOSAA 94.0 1.2 147.8 10.4 82.6 15.1
N-MeFOSAA 91.2 4.1 131.5 8.1 78.9 17.0
GenX 95.8 22.1 73.7 26.5
ADONA 76.2 3.1 60.0 18.4 69.8 1.6
TMP 98.1 12.0 112.5 8.6 143.3 25.1




- 774 - t i %44t
*3 (&)
Table 3 (Continued)
Low Medium High
Compound
Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%
TEP 84.3 9.5 117.3 16.2 127.3 11.1
TPrP 79.5 3.2 89.5 13.1 108.7 3.1
TnBP 75.2 3.2 103.2 21.3 110.2 29.0
TEHP 93.9 24.6 105.1 10.6 159.3 4.3
TCEP 108.9 10.6 112.6 5.8 118.8 1.4
TCIPP 116.7 3.4 105.2 15.8 115.4 7.2
TDCPP 90.2 4.2 82.4 14.2 101.2 8.3
Vo 126.8 8.5 81.6 14.9 126.4 9.4
TBOEP 86.0 5.1 101.3 16.2 97.8 4.1
TPHP 97.8 11.3 105.1 10.6 119.0 1.3
TMPP 92.3 7.8 54.3 7.3 82.1 8.9
3IPPDPP 87.8 7.8 49.9 13.0 85.7 5.4
CDPP 88.8 4.0 57.9 13.7 106.3 10.7
B3tBPPP 95.6 9.6 77.6 9.7 104.6 5.8
B3IPPP 93.8 9.4 73.9 5.9 107.8 4.9
3tBPDPP 92.0 6.0 48.0 6.7 86.8 9.1
DBP 110.9 18.5 113.9 3.6 127.2 5.2
BEHP 86.5 4.6 121.4 2.9 118.5 7.4
DPHP 102.8 3.9 83.0 11.4 121.6 4.0
BMPP 92.9 13.2 108.2 9.9 119.9 2.7
BBOEP 105.6 15.1 107.3 20.3 110.3 2.8

Low spiked level: 0.2 ng/mL PFAS, 0.5 ng/mL OPEs, di-OPEs; medium spiked level: 2 ng/mL PFAS, 5 ng/mL OPEs, di-OPEs; high

spiked level: 4 ng/mL PFAS, 10 ng/mL OPEs, di-OPEs.
2.6 EERERBKT

8T A J5 ¥ 6 S B I TE A 3 AT 43 A, 15 A
A LT AL 5 P 29 Bl PFAS Bl 6.71~379 ng/mL,
H 7 & 54 22.9 ng/mL. PFHxA PFHpA PFOA .,
PFNA. PFDA. PFUnDA. PFDoDA. PFTrDA,
PFBS. PFHxS, PFHpS. PFOS. 6:2 CI-PFESA,
FHxSA J¢ FOSA [ & % & T 60.0%. I
PFOA 1 {i; &% & & 8.96 ng/mL, PFOS 1 {ii & & N
4.07 ng/mL, X —%5H 5 NHANES 194t i1 45 5% —
", 17 # OPEs &L & &4 0.015 0~10.5 ng/mL,

Wil 2.81 ng/mL. KR AT 60.0% 11L&
Y12 TEP . TnBP Hl TPHP, H: rf' TnBP {3 & & &
B, 0 0.538 ng/mL. AHALAY , A8 TR I AL A A I 3
th 3 ) OPEs 1 & TnBP*, K iif 76 3% i % 4F
N BE I3 PR I A9 OPEs 3= % oy TCIPP Al
TPHP' ', H T AN [A) Hiy X BF 855 f4 5% i , A AR oL 3
' OPEs M & i AFFE 22 5. 5 Fl di-OPEs i 2 % i
5 <MDL~0.443 ng/mL, H i %% # & 0.015 0 ng/mL,
H v BBOEP 1y £ i % & T 50.0%. H & 45 R
W4,

*4 AkmiE+H PFAS.OPEs & di-OPEsH&E
Table 4 PFAS, OPEs and di-OPEs contents in the human serum

Content range/ Median content/

Content range/ Median content/

Compound (ng/mL) (ng/mL) DF/% Compound (ng/mL) (ng/mL) DF/%
PFBA <MDL-0.210 <MDL 13.3 GenX <MDL <MDL 0
PFPeA <MDL <MDL 0 ADONA <MDL <MDL 0
PFHxA <MDL-0.109 0.0160 60.0 TMP <MDL <MDL 0
PFHpA <MDL-0.172 0.0280 73.3 TEP <MDL-7.34 0.315 60.0
PFOA 2.28-357 8.96 100.0 TPrP <MDL <MDL 0
PFNA 0.365-2.93 0.694 100.0 TnBP <MDL-5.29 0.538 86.7
PFDA 0.223-1.11 0.356 100.0 TEHP <MDL <MDL 0
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Table 4 (Continued)
Compound Content range/ Median content/ DF/% Compound Content range/ Median content/ DF/%
(ng/mL) (ng/mL) (ng/mL) (ng/mL)
PFUnDA 0.210-1.76 0.459 100.0 N-MeFOSAA <MDL <MDL 0
PFDoDA <MDL-0.147 0.0360 66.7 TCEP <MDL-0.269 <MDL 40.0
PFTrDA <MDL-0.468 0.0840 80.0 TCIPP <MDL-4.04 <MDL 46.7
PFTeDA <MDL <MDL 0 TDCPP <MDL-1.09 <MDL 6.7
PFBS <MDL-0.0640 0.0120 66.7 Vé6 <MDL <MDL 0
PFPeS <MDL-0.0110 <MDL 33.3 TBOEP <MDL-1.04 <MDL 33.3
PFHxS 0.155-4.30 1.58 100.0 TPHP <MDL-0.113 0.0170 66.7
PFHpS 0.0180-0.281 0.0900 100.0 TMPP <MDL <MDL 0
PFOS 1.53-9.04 4.07 100.0 3IPPDPP <MDL <MDL 0
PFNS <MDL <MDL 0 CDPP <MDL <MDL 0
PFDS <MDL <MDL 0 B3tBPPP <MDL <MDL 0
6:2 CI-PFESA 0.307-3.50 0.781 100.0 B3IPPPP <MDL <MDL 0
8:2 C1-PFESA <MDL-0.0190 <MDL 13.3 3tBPDPP <MDL <MDL 0
10:2 CI-PFESA <MDL <MDL 0 DBP <MDL-0.150 <MDL 6.7
6:2 FTS <MDL <MDL 0 BEHP <MDL <MDL 0
FBSA <MDL-0.0220 <MDL 20.0 DPHP <MDL <MDL 0
FHxSA <MDL-0.0410 0.0210 66.7 BMPP <MDL <MDL 0
FOSA <MDL-0.0850 0.0220 73.3 BBOEP <MDL-0.293 0.0150 53.3
N-EtFOSAA <MDL <MDL 0
> PFAS 6.71-379 22.9
> OPEs 0.0150-10.5 2.81
> di-OPEs <MDL-0.443 0.0150

DF: detection frequency.
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