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Fast determination of per- and polyfluoroalkyl substances in
human serum by cold-induced phase separation coupled with
liquid chromatography-tandem mass spectrometry
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Abstract: Per- and polyfluoroalkyl substances (PFASs) are a large group of synthetic chemicals
that have been widely used in various industrial and commercial products owing to their unique
physicochemical properties. However, accumulating evidence suggests that PFASs are persistent,
transmissive over long distances, bioaccumulative, and toxic; consequently, their adverse effects
on ecosystems and humans is of widespread concern. Serum is the most commonly used human

matrix for assessing internal exposure to environmental pollutants, and several analytical methods
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have been developed to measure PFASs in sera. Current methods are generally fast, convenient,
and robust; however, their pretreatment steps require large amounts of organic solvents and
materials, such as solid-phase extraction cartridges and/or sorbents. In this study, a novel and low-
cost analytical method based on cold-induced phase separation (CIPS) strategy was developed for
the simultaneous determination of 31 legacy and emerging PFASs in serum. The core mechanism
and distinctive feature of CIPS involves cooling an acetonitrile-water (ACN-water) mixture at a low
temperature to produce two clear-cut layers: one with a high ACN proportion (the ACN layer) and
an aqueous layer (water layer). Certain chemicals are significantly enriched in the ACN layer during
cooling; at the same time, impurities, especially water-soluble impurities, remain in the aqueous
layer. CIPS only requires the temperature to be varied, and no external impurities are introduced
during pretreatment, which dramatically reduces material costs and avoids new impurities from
intervening. Our method involves the following procedure: serum was drawn accurately (0.2 mL)
into a 1.5 mL Eppendorf (EP) tube, 2 ng of each isotopically labeled internal standard was added,
the mixture is vortexed, and 350 wL of ACN was added, followed by vortexing and ultrasonic
extraction. Subsequently, 450 wL of water is added to adjust the volume proportion of ACN to 35%
(the volume percentage of ACN in the total solution). The protein at the bottom of the tube was
collected following centrifugation at 15 000 r/min for 10 min, and the supernatant was transferred
to a 1 mL syringe. The syringe was frozen in a —20 C refrigerator for 1 h to obtain the two layers,
after which the upper layer (approximately 80-100 wL) containing ACN and the target compounds
was finally transferred to a glass vial for instrumental analysis. Liquid chromatography coupled with
triple quadrupole mass spectrometry augmented with electrospray ionization (LC-ESI-MS/MS) was
used to quantify the PFASs. The analytes were separated using a C18 column, with methanol and
2 mmol/L of ammonium formate-H,0 used as mobile phases. Linearities, limits of detection (LODs)
and, limits of quantification (LOQs), recoveries, precisions, and matrix effects were determined
under the optimal conditions. The LODs and LOQs of PFASs in serum were 0.01-25 and 0.03-83
pg/mL, respectively. Under two spiked levels, namely 5 ng/mL and 25 ng/mL, average recoveries
ranged between 60.5% and 129.6%, with relative standard deviations (RSDs) of less than 22.8%. Under
5 pg/mL as LOD spiked level, average recoveries ranged between 61.6% and 199.1%, with RSDs<29.4%.
While matrix-effect testing revealed slightly enhanced signals, the use of isotopically labeled internal
standards compensated for these effects. Real samples were subsequently analyzed, with 50 human
serum samples collected in first trimester of pregnancy women living in the Shunyi District, Beijing.
Nine PFASs exhibited high detection frequencies (>80%), which suggests that PFASs are ubiquitous
in the population. The median and mean levels of 3, PFASs (sum of 31 PFASs) in serum were 21.8
and 22.9 ng/mL, respectively, and the range was 0.456-73.9 ng/mL. Both legacy and emerging PFASs
were detected at high frequencies and contamination levels, which suggests that they are widely
used. In summary, the method developed in this study is fast, sensitive, and solvent- and material-
efficient; it is also very linear and highly accurate, and exhibits satisfactory extraction recovery and

enrichment factors; hence, it is suitable for surveying large populations as well as for use in
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environmental epidemiology.
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UltiMate 3000 %! =5 24 W AH €4 38% { . TSQ Altis
Quantum Ultra = 5 PY # #T 5 3% 1% ( 3& [E Thermo
Fisher Scientific /A & ) ;5430 R #Y =5 304 7R B0 AL
(% E Eppendorf Al ),
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1.2 #AAraE

& MR 50 pg/pL M NARIE & TAEW 40 pL T
1.5 mL 2508, ZUR0W T R RS A
200 pL I35 A S IE IR HESR Y 1 min; A 350 uL &
Ji , PRI ER % 1 min, Bl 5 8 A5 A B 20 min; A
4li7K 450 pL, W HE 30 s J57E 15 000 r/min T .0 10
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Rec.=(CxV)/(CxV) (D
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Table1 Retention times and MS parameters of the 31 per- and polyfluoroalkyl substances (PFASs) and 9 internal standards

No. Compound Chinese name RT/min P"recursor .Product CE/eV RE/ IS
ion (m/z) ion (m/z) v
| perfluorobutyric acid (PFBA) TR 3.77 213.1 169.0° 10 30 "“C,-PFBA
180.8 10
182.8 17
5 perfluorobutanesulfonate (PFBS) T B R 6.02 298.9 80.0" 33 103 '0,-PFHxS
99.0 30
218.9 23
3 sodium 1H,1H,2H,2H-perfluorohexane 1H,1H,2H,2H-2HC 4% 6.65 327.0 80.4 28 77 "C,-PFBA
sulfonate(4:2) (4:2FTS) T TR N 286.9 25
306.9" 20
4  Dperfluorohexanoic acid (PFHxA) RO R 6.78 312.9 119.1 21 30 "C,-PFHxA
269.0" 10
295.2 17
5 perfluoropentanesulfonic acid (PFPeS) 4> 5 ¥ ik 6.9 349.1 80.0° 35 105 '*0,-PFHxS
99.0 32
119.0 33
6  hexafluoropropylene oxide dimer SRR E N e — R R 6.93 285.0 119.0 29 62 “C,-PFHxA
acid (HFPO-DA) 169.0° 10
185.0 19
7 perfluorobutane sulfonamide (FBSA)  4x §jl T e i ot ¢ 6.99 298.0 78.0° 25 70 "“C,-PFOA
119.0 19
218.8 19
8 perfluoroheptanoic acid (PHHpA) 4P B R 7.46 362.9 169.0 17 32 '"0,-PFHxS
281.1 17
319.0° 10
9 sodium dodecafluoro-3H-4,8-dioxa-  + —.%(-3H-4,8- "% N# 7.48 377.0 85.0 29 38 C,-PFOA
nonanoate (NaDONA) R 251.0° 10
358.9 10
1o dodecafluoro-3H-4,8-dioxanonane so- + —Ji-3H-4,8- "X T 7.53 376.7 250.9° 10 40 "C,-PFOA
dium salt (DONA) il
11 perfluorohexanesulfonate (PFHxS) 4R O e il iR 7.53 399.1 80.0° 23 112 '0,-PFHxS
99.0 37

319.0 35
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Table 1 (Continued)
No. Compound Chinese name RT/min Fi’sic(uyzs/(;l; iz;o(d”liz) CE/eV R\I;/ IS
12 perfluorohexyl ethyl vinyl ether sul- 49 C 3t Z 47 3 ik fiff iR 7.92 427.0 292.9 34 94 C,-PFOA
fonic acid (6:2FTS) 386.9 29
406.8" 23
13 perfluorooctanoic acid (PFOA) LR 7.99 413.1 169.0 17 39 "C,-PFOA
219.0 16
369.0° 10
14 perfluoroheptanesulfonic acid (PFHpS) 4 i B ot il i 8.01 448.9 80.0° 38 127 C,-PFOA
99.0 38
169.0 33
15 perfluorohexane sulfonamide 4G J i P 1 8.29 398.0 78.0° 28 91 '"C,-PFOS
(FHxSA) 169.0 27
377.9 21
16 perfluorononanoic acid (PFNA) SR TR 8.41 462.8 219.0 16 42 "C,-PFNA
269.0 17
419.0° 10
17 perfluorooctanesulfonate (PFOS) 4 G T ik 1R 8.41 498.9 80.0° 41 109 "“C,-PFOS
99.0 40
230.0 40
18  6:2 chlorinated polyfluorinated ether 6:2 %8418 22 ke 5L BER 8.62 531.0 351.0° 26 97 "C,-PFDA
sulfonate (6/2F-53B) i8N
19 8:2 fluorotelomer thioether amido 82 JUAR ot i kI i il 8.72 527.0 392.9 38 110 "C,-PFDA
sulfonate (8:2FTS) [izEN 486.8 33
506.8" 27
20 perfluorodecanoic acid (PFDA) IR 8.73 513.0 219.0 18 45 "C,-PFDA
269.0 18
469.0° 10
21 perfluorononanoic acid (PFNS) I B R 8.76 549.1 80.0° 43 125 “C,-PFDA
98.9 42
119.0 43
22 N-methyl perfluorooctanesulfonamide N-H15E4> 5 7 b sk 1k i 8.89 570.0 418.9° 20 86 ""C,-PFNA
(N-MeFOSAA) 482.7 16
511.9 21
23 N-ethyl perfluorooctane sulfonamido N-Z & R-ELiMEIE M 9.03 584.0 418.9" 20 75 C,-PFOA
acetic acid (N-EtFOSAA) LR 482.9 16
525.9 20
24 perfluoroundecanoic acid (PFUdA) &5 — 9.06 563.1 219.0 18 50 C,-PFUdA
269.0 18
519.0° 10
25  perfluorodecanesulfonate (PFDS) 4 GBS T i TR 9.06 598.9 80.0° 47 175 "C,-PFUdA
99.0 45
26 perfluorooctane sulfonamide (FOSA) 4= % 2 k¢ filf ik Jii 9.08 498.0 78.0° 30 105 '*0,-PFHxS
429.7 13
477.9 25
27  ll-chloroperfluoro-3-oxaundecane- -8 3-8+ — 9.16 631.0 35.2 46 93 °C,-PFDoA
sulfonic acid (11CI-PF30UDS) e -1 - iR 450.9" 29
468.9 23
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Table 1 (Continued)
No. Compound Chinese name RT/min Fi’(:ic(uyzs/; iz;o(d;z) CE/eV R\I;/ IS
28  8:2 chlorinated polyfluorinated ether  8:2 %84t £2 Ji J Ik ik Tt 9.20 630.9 450.9 28 122 “C,-PFOS
sulfonic acid (8/2F-53B) [i783N 549.0 16
29 perfluorododecanoic acid (PFDoA) 2R TR 9.32 613.1 319.0 18 56 "C,-PFDoA
530.9 15
569.0° 10
30 perfluorotridecanoic acid (PFTrDA) 4% =% 9.56 663.1 318.9 19 59 “C,-PFDoA
369.0 19
619.0° 10
31 perfluorotetradecanoic acid 29T IR 9.76 713.0 318.9 20 62 "C,-PFDoA
(PFTeDA) 630.9 17
669.0° 10
32 perfluoro-n-(1,2,3,4-"C,)butanoic ~ "“C,-2 9 T 3.77 217.0 19.2 55 30
acid ("*C,-PFBA) 157.1 17
172.1° 10
33 perfluoro-n-(1,2-"C,) hexanoic acid ~ "C,-& M 6.71 315.0 91.0 14 35
("*C,-PFHxA) 119.4 22
270.0° 10
34 sodiumperfluro-1-hexane('*0,)sulfo-  "*0,-4 i C HElH R 7.53 403.0 84.0° 36 158
nate ("*0,-PFHxS) 103.0 35
168.9 31
35 perfluoro-n-(1,2,3,4-"°C,)octanoic ~ "C,- 2R 7.94 417.0 172.1 18 37
acid (°C,-PFOA) 318.8 11
372.0° 10
36 perfluoro-n-(1,2,3,4,5-"C,)nona- PO TR 8.36 468.0 172.1 19 41
noic acid (”C,-PFNA) 2188 17
422.8" 10
37 perfluoro-n-(1,2,3,4-°C,)octanesul-  "*C,-4=J 3 b ik 2 8.36 503.0 80.0" 41 100
fonate ("*C,-PFOS) 99.0 41
111.0 27
38  perfluoro-n-(1,2-"C,)decanoic acid ~ "C,-&H 5 R 8.7 515.1 219.2 18 51
(C,-PFDA) 269.4 13
470.0° 12
39 perfluoro-n-(1,2-"C,)undecanoic BC, 2T R 9.02 565.3 269.4 18 42
acid ("*C,-PFUdA) 319.3 18
520.1° 10
40  perfluoro-n-(1,2-°C,)dodecanoic PO, M 9.32 615.0 319.3 18 53
acid ("*C,-PFDoA) 369.3 18
570.0° 10

2

2.1

7R RN DD ES = e 7/ - S S 2 f ey

ZR5

IR S T SRR AE

il FH 4% PFASs A ifi: ¥ W AT A 4140, B 2 4% H

RT: retention time; CE: collision energy; RF: radio frequency; IS: internal standard; * quantitative ion.

WYy — X 2 B B RN & D T T
H F#84> PFASs JUH 2 M 2 5L &9 v KA i
R ATV AR R R R e 7/ PE S R AN (&7
R 5 AR T ) B4 2= R B el , B OR B (R
O W) 7 AF I ) RN, 25 B A el e 2 AR 3 A%
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JE AL S 2R R RS AR Y A SR R AT AL L 1 31
il PFASs i KR b S8 55 25 Hoak 3] d5 A4 0w 1z, 31
I B BRI B 800 26 1, IR A A ME VR 0 BB T
Wi I E 1R
2.2 HEESETAIEEEHMRK
2.2.1 CIPS #7432 2 B4 A

CIPS RijAb B R E 4y 3 B, WM HA
BILVES 300 A7 T T [ VR A BB IR U . DI T
AR A R ) A M B A L, 2 e A B T
VR A SE G h L AE A M PFASs 1Y [ B A 58 A7 A%
DUUEIF G B OB R E T EA ., R
I 2 O I A GE B K LR Y G AR WP i E
B (P T I3 FE AR B4 A K, TR B SE 58 0.2 mL i
WA 0.2 mL /K)o 55 = A5 & 76 30 B BE A )
TARBHESFHOE . 5 =42 CIPS Y 4R FF1E
HR O SRR A 1 2 - KR A P R T
AT A4 B Y 1% 205 2 R K 2 FE A1 43 8 2 72 v R e
EMeBEEERLNEZ, A B2 50 HE K%
PEZR B R B AE K Z . MO B G S 2 AT B 43 L
AT WRORE €8 35 - T 3E 3 T
2.2.2 Mo B EE R O A AR A

TEVR VRIS A o B A b IR O 7 B
(49 LG 2 52 M o DU ) DS 38 R e B R B E 2R
A O R REAR, 6 2R 24508 TR

R R AR B O LB R M =R R A
Oy ICIE K R AR S AR AR LUK A LT 1 R AL
Yy, 8k 66 2R M AR AL i (10 ng/mL) 5990 & PR R
A WG ] . FE4ERR I (0.2 mL) -2 K IR A
SRBUR 1 mL A HT4R T 5 s BT A 28 #K
M IRF IR R AR G LU T PFASs 19 42 R AL
HmISR . SEa AoUL SR B 2 2 L (2 G AR o
WEARTEAY HE ) AR T 30% Bif A 43 B 0 L 2 2 T 24
N Fe ik v (T 70%) ¥ S 2 Z AR RS K,
AN F A5 D0 1) a5 4 R AR 1) 2 1 A9 1 4 3
30%~70%. BHEJGIRZE T LNE I 35% T2 70%
B 4% R A 1) e B R BRI AR IR SR (WL IR 2) o frfs
PFASs 1) & % R bl 45 20 te i i b T35 2 80 8 2%
()RR (& 2a) , JLHIE RS LB 35% - T131 40%
BF AR R BOR B IR B 35 50% LA BE B 24 20 He ]
FEHITE 35% B PFASs fig A7 &b & 46 2 S NE )2, 1M
Bl NG E B TV, N 2 R R K R BO AR
Wy B 0 25 B, N TR A A RS T . AR R
Ml ok A (K 2b) , Bl & NG He il i BTt K
PFASs(PFBA .PFBS .PFHXA .PFPeS . PFHxS .PFOA .
PFOS. 8/2F-53B, PFNA, PFUdA . PFDS, PFDoA ,
PFDA %5 ) () [ R Y978 100% 2o 47 HICRI 2N A8 5, 6l
3 B4k & W) S LN AR W) AEAE 43 B i B e e O
e anfel 2 4k, S Re R e s LR O G2 . AT
A3 IITEAR 20 191 (35%~40% ) T ELA ety [l i

1.5x106

200000 2

£ 1000004
1x10°+
T 7 T

5%10°

Siginal intensity

Siginal intensity

8.0 8.5 9.0 9.5 10.0
t/min

E1 31FPFASstrARR(Sng/mL)WEABFREIZE

Fig.1 Total ion chromatogram of the

31 PFASs (5 ng/mL) in the standard solution

Sequence number of each peak match to the ordinal in Table 1.
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2 AHBEE SN L r 3G A AR 22 ik 4346 FBSA.
6/2F-53B . N-MeFOSAA . N-EtFOSAA . PFTeDA .
11CI-PF30UDS 45, Zi5 7% 1& , il 2 K7 PFASs
4 U B DU A, AS F 9 o S 4 0 Ve R 5 A 0
1) NG He iR 35% , BRI W 06 8 350 wL, K
650 wL,
2.2.3 AR R IRE e B

bR T QN He A, v VR 75 T U B RIS (i) s £ 5% i)
AHAY B8 o 3 IC IR T AR E A0 4 55, 24 2 b ) 42 1
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Fig. 2

(a) Enrichment factors and (b) extraction recoveries of PFASs under various acetonitrile proportions (n=5)
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Table 2 Regression equations, correlation coefficients (R?), LODs, LOQs and recoveries (n=5) of the 31 PFASs

) ) ) LOD/ LOQ/ 5 pg/mL 5 ng/mL 25 ng/mL
Analyte Regression equation R
(pg/mL)  (pg/mL) Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%
PFBA y=0.82482+0.0211 0.9996 25 33 67.8 27.1 96.6 13.4 85.4 1.8
PFBS y=1.65182-0.0060 0.9995 0.019 0.06 61.7 10.7 109.6 11.5 98.9 0.7
4:2FTS y=0.41762+0.0071  0.9998 0.01 0.03 100.1 16.5 91.8 3.6 88.5 1.4
PFHxA y=1.15252-0.0107  0.9996 6.3 21 140.3 7.2 109.1 9.6 80.8 1.5
PFPeS ¥=1.00982+0.0083  0.9999 0.21 0.7 125.7 7.6 91.7 17.4 78.2 0.3
HFPO-DA ¥=0.09572+0.0014  0.9981 0.39 1.30 91.1 23.1 106.9 18.2 99.8 2.2
FBSA ¥=0.63532-0.0123  0.9998 0.21 0.7 72.8 29.4 105.6 13.1 97.2 1.7
PFHpA y=4.34092-0.0443  0.9994 2.6 8.7 103.2 6.7 85.5 16.8 90.9 4.8
NaDONA ¥=1.59392-0.0098  0.9999 0.83 2.77 102.6 3.2 79.1 13.1 90.1 5.5
PFHxS ¥=0.81232+0.0063  0.9999 1.3 4.33 139.3 21.6 95.3 14.5 88.7 0.6
6:2FTS ¥=0.29762+0.0038  0.9999 0.01 0.03 120.7 25.8 119.4 11.9 92.7 5.3
PFOA ¥=0.65522+0.0035  0.9999 3.3 11 195.4 19.5 92.5 13.6 96.9 4.6
PFHpS ¥=0.26502+0.0007  0.9999 0.03 0.1 86.2 7.8 90.8 12.9 119.3 1.8
FHxSA ¥=1.96262-0.0120  0.9997 0.58 1.93 62.3 12.9 94.5 9.4 38.8 0.9
PFOS y=1.25702+0.0090 0.9997 0.97 3.23 199.1 5.4 115.1 7.0 78.6 0.9
8/2F-53B y=11.21702-0.0721  0.9997 0.19 0.63 163.8 10.7 92.2 9.7 85.3 7.5
PFNA ¥=1.20582-0.0163  0.9993 2.2 7.33 150.4 16.4 96.1 11.6 79.3 0.9
6/2F-53B ¥=2.90252-0.0283  0.9999 0.57 1.9 163.8 10.7 91.0 15.5 86.5 4.9
8:2FTS y=0.3688x+0.0007 0.9998 0.095 0.32 110.3 9.8 118.3 11.6 96.3 0.5
PFNS y=0.17772+0.0020  0.9998 0.01 0.03 150.4 16.4 96.8 14.4 76.2 0.1
N-MeFOSAA ¥=0.33152-0.0027 0.9994 0.88 2.93 106.5 5.9 109.7 11.7 129.6 5.9
N-EtFOSAA ¥=0.23302-0.0009  0.9997 0.23 0.77 143.9 16.9 95.8 22.2 106.1 2.4
PFUdA ¥=0.72962+0.0019  0.9999 0.6 2 177.7 7.3 94.5 22.8 82.8 1.6
PFDS ¥=0.22902+0.0002  0.9999 0.02 0.07 61.6 6.6 90.5 9.4 79.7 0.6
FOSA ¥=0.51122-0.0085 0.9999 0.28 0.93 102.9 22.9 98.4 12.9 92.2 1.2
PFDoA y=0.67112-0.0032  0.9995 1.3 4.33 96.0 1.2 107.5 11.5 85.3 1.7
PFTrDA ¥=0.64812-0.0021  0.9999 0.53 1.77 95.8 9.9 92.4 12.1 81.5 32
PFDA ¥=0.86682-0.0050  0.9999 0.97 3.23 158.7 14.8 97.0 12.7 81.4 1.0
PFTeDA ¥=0.90042-0.0207  0.9998 0.81 2.7 94.9 1.1 91.8 12.3 86.2 4.7
DONALI ¥=1.50792-0.0097  0.9999 1.7 5.67 98.8 2.8 60.5 5.9 72.5 3.9
11C1-PF30UDS  y=1.5204x-0.0009 0.9999 0.12 0.4 69.2 8.1 80.6 16.8 74.5 0.5

y: peak area ratio of the target to internal standard; x: mass concentration ratio of the target to internal standard.

2.3.2 AR B BCGR 5

DISG A M3 1 s 2 5, 350 8 2 FR (5 pg/mL,
AHEFE H PFASs 9728 5 R ) A% (5 ng/mL) fil &
(25 ng/mL)3 A Ids 7K F-JF & b o5 (% 2) .
5 58 1 BRIAR B e b, 2% 166 9 01 34 A a1
i E K 61.6%~199.1%, RSD<29.4%., #7r1b&W .,

il PFOA il PFOS, #£ # AR /Y b &2 32 il 3 Al
R AE M AR TY 505 Y TR 5, S B0 AR
W A 7 o T S 2B B PFASs, f4] 4l PFDS | 8/2F-
53B Fil N-EtFOSAA, B T & A X B (14 [F] 67 2 N,
SHEOM R 1R O = SR AR o E IR A (e
I, A1 A W 07 B AR EDICR 53 90 R 60.5%~
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119.6%(RSD<22.8%) Fll 72.5%~129.6%(RSD<7.5%) .
T [0 s S g 45 R 3 WA AR 5 2 B BT [l iR
HURE % B
24 ERMKE

AR AL P gk AR b ] AR ) R R B AR R
FIURE 17 55 8 43 4% o 5k e v Jy =Bk 251 (R Bk A7
() — 26 7% BT ATS A AT BE TR BT 43 A o 4 ] S 0 A
Ty 7 o SRy VA R AL PR S ARAF 2% 5 H AR
SR R, AR 5 A ST A4 A B 9k o I 3 R A
HEAT AT AL PR, ARAT A (S T W o B AR o T AR IR 4
S T B A5 FE 5V R R B o LAk B0 AR ] A
i 7K - il 2 5 JBT G T Y R 3K 700 A 9 VS WO AT
LC-MS/MS 7 o DA 3 Joi DG it 35 Y A1 590 A o 1 T
Hh & o 0 Ay e TR B LU VP A R BT ARON . i LB <0.5 BY
>1.5 Fon 5 TN R Z0 A B Ry G 2 o
AT T AR TE 5 ng/mL Al 50 ng/mL 7 4>
TNbR 7K SR fh 35 J5 R R, 45 HE S R A I AR R A%
PFASs #J 52 B H %5 55 (1 J ot 38 5 250 0 (L 1 [
1.1~1.5) o {FFifi 25 13 00 40 V4 32 1) R AI L 6 I &0 1
PR SRR B T 3 R S 0N PR A% I RS e T
S R E N G VI R i G S T L
AR NR KSR A5 D e B3 AR ) [e) b 0 4%
JoT 5 g JF AR AR DRI ARR MR BE AR VR 4 i ) 32
S e iR A I A O R G AR 9 I A=
AR H PR R S5 AN T G A R B AR SO R B 4
() L RN, (B AE PFASs B K b i 8 [ 67 26 Y
s B il T AR SR b AN A] 2>
2.5 ZERHERUE

O sl 50 5 3% B 22 ] PFASs 2 5 ] I 3 5%
Wi i A A K & S TR U R B A R RS A 2 3
PFASs # &KV, MEFF R ARERATI A9 . A
WFFEAE I E S i 7k e T 22 0 22 R (<22 13
JA) M A AR 50 43 (3£ 3) . A7 24 F PFASs 7 Il 15
TR R AE 30% DL b, o 9 FlRS: H R AE 80% LA
o R H R E W PFASs (9 A BE 2 55 3% i 47 1E , 7]
I JIG L AT G ) B - B A% 6 7% B8 T PFASs. LI
PFASs & Fl & & W (E 5 B H 40 21.8 F1 22.9
ng/mL, &% E YL F N 0.456~73.9 ng/mL. il 7% & &
K% v B AR 9K /2 PFHXS . PFPeS . PFOA #l PFOS
AL 55 PFASs, B &8 43 84 8% AR & 1 6/2F-53B
6:2FTS i HA 1R &5 A A R A& &, R H ar il
Y bAEG R R PFASs Y4748 KRl A4, A
THF 2 50 TRV fEE R LR, AN 25 2240

®3 ZEZREHMBEFPFASsHEE
Table 3 Contents of PFASs in serum collected in first tri-
mester of pregnancy women

Compound DE% Contents/(ng/mL)

Median Mean Max

PFBA 46 - 0.146 1.27
PFBS 90 0.115 0.114 0.315
4:2FTS 72 0.247 0.843 5.17
PFHxA 76 0.008 0.089 0.523
PFPeS 88 3.1 3.84 14.0
HFPO-DA 36 - 0.058 0.31
FBSA 4 - 0.001 0.002
PFHpA 38 - 0.014 0.168
NaDONA 48 - 0.003 0.029
PFHxS 90 5.63 5.35 15.7
6:2FTS 64 1.25 2.99 57.7
PFOA 68 1.54 2.18 12.3
PFHpS 88 0.09 0.09 0.237
FHxSA 8 - 0.001 0.008
PFOS 90 3.73 4.28 12.6
8/2F-53B 26 - 0.002 0.003
PFNA 90 0.491 0.52 1.53
6/2F-53B 90 1.09 1.30 7.71
8:2FTS 12 - 0.049 1.21
PFNS 88 0.031 0.030 0.091
N-MeFOSAA 32 - 0.004 0.033
N-EtFOSAA 6 - 0.001 0.031
PFUdA 78 0.272 0.329 1.32
PFDS 90 0.026 0.029 0.126
FOSA 14 - 0.001 0.015
PFDoA 64 0.02 0.032 0.15
PFTrDA 32 - 0.026 0.151
PFDA 66 0.289 0.524 3.17
PFTeDA 36 - 0.005 0.059
11C1-PF30UDS 8 - 0.003 0.064
DONA 34 - 0.005 0.047
S, PFASs 218 229 73.9

DF': detecting frequency. -: no median value due to low de-

tecting frequency (<50%).

AWETEEE TV R 5 AR B R SE G WA (&
- R IR B L S T L Hh 2 PFASs [ IR Ab
5 E B TR o IOT TR R A TR, WA R
A LU R KRB, O B B 0 HE A MRS
JE T T R AR ) 9 28 5
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