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Abstract  Perfluoro and polyfluoroalkyl substances ( PFASs) are known for their ecological toxicity, long-range mobility, and
propensity for bioaccumulation through the food chain within aquatic environments. As the exposure risks of PFASs in water
environments continue to escalate, the development of PFASs detection techniques has become a focal point for researchers. This study
has refined the pre-treatment conditions for the enrichment of water samples using solid-phase extraction and the extraction of sediment
samples using an ultrasonic oscillation-extraction method. Additionally, it has optimized the separation and identification conditions for
liquid chromatography and triple quadrupole mass spectrometry, integrating an ultra-high-performance liquid chromatography-tandem
mass spectrometry ( UHPLC-MS/MS) detection method suitable for the quantification of 19 types of PFASs in environmental water and

sediment matrices. Experimental results indicated that the recovery rates of 19 PFASs at low, medium, and high concentrations in the
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aqueous phase and sediment are 60.2% to 120. 0%, 74.3% to 114. 2%, and 65. 4% to 107. 2%, respectively, with relative standard
deviations (RSD) of 2. 1% to 12. 1%, 4.5% to 11. 7%, and 4.3% to 9. 8%, respectively. In the sediment, the recovery rates of 19
PFASs at the three concentrations of low, medium, and high were 80. 3% to 124. 1%, 89.9% to 104.3%, and 95. 1% to 105. 7%,
with RSD values of 5. 0% to 14.3%, 3. 1% to 10. 9%, and 2. 6% to 9. 9%, respectively. The PFASs in both the aqueous phase and
sediment exhibited good linearity within a certain range, with method detection limits of 0.2 ng/L to 0.5 ng/L and 0.1 ng/g to 0.6

ng/g, and method quantification limits of 0. 8 to 2. 0 ng/L and 0. 4 to 2. 5 ng/g. This method has a simple pretreatment process, good

methodological indicators, and is suitable for high-throughput detection of PFASs in various types of water quality and sediment.

Keywords perfluoro and polyfluoroalkyl substances ( PFASs)
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ng/L 0. 02 ng/L' Bl bl AR, B S7 5
PREE FLIE ] T4 28K BURTUAR Y h PFASs 14 )
PRI EE Y HTA S A TR B RO
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£1 PFASs[5E
Tab. 1 Information of PFASs

wEYw 43 Fa CAS

4% T R ( perfluorobutanoic acid, PFBA) C,HF,0, 375-22-4

4 95% R ( perfluoropentanoic acid, PFPeA) C5HF,0, 2706-90-3

429 C R ( perfluorohexanoic acid, PFHxA) C¢HF,,0, 307-24-4

42 JRER ( perfluoroheptanoic acid, PFHpA) C,HF 50, 375-85-9

PFOA CgHF 50, 335-67-1

42 T-1% ( perfluorononanoic acid, PFNA) CyHF};0, 375-95-1

435 ( perfluorodecanoic acid, PFDA) CyoHF 40, 335-76-2

29+ —5ERR ( perfluoroundecanoic acid, PFUdA) C,,HF,, 0, 2058-94-8

298+ i B2 ( perfluorododecanoic acid, PFDoA) €, HF,; 0, 307-55-1
L8+ = HEE ( perfluorotridecanoic acid, PFTrDA) Cy3HF 550, 72629-94-8

SR PURERE ( perfluorotetradecanoic acid, PFTeDA) C,HF,;0, 376-06-7

S G BERE R ( perfluorodecane sulfonic acid, PFDS) C,HF,S0, 2806-15-7

PFOS CHF 3804 1763-23-1

L9 O BERE R ( perfluorohexane sulfonic acid, PFHxS) C3HF ;50,4 355-46-4

25T BHERER ( perfluorobutane sulfonic acid, PFBS) CHF,, S0, 375-73-5
1H,1H,2H , 2H- 4% C e hifi B2 84 ( sodium 1H, 1H,2H , 2H-perfluoro-1-hexanesulfonate, 4 :2 FTS) C¢HsFy04S-Na 27619-93-8
IH,1H,2H,2H- 250 E 2 ( 1H, 1H,2H, 2H-perfluorooctane sulfonic acid, 6:2 FTS) CsHsF ;058 2761997-2

e R I 7 oA » .

N-f %_%ﬂﬂmﬁﬁiiiii? (N]\:\/rlr::;tgys];:;ﬂuorooclanesulfonam|d0 G HFNO,S 715531
N- 2, -2 F B BERE L 2 % ( N-ethyl perfluorooctanesulfonamidoacetic G HyF N0, 2001506

Acid, N-EtFOSAA)
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TEL 10 min B EIEWEER E 15 mL iR HE
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1 mL, 568 ZPERE 2 mlL /N, UKAR ¥ 451 B AL
RIS
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c=(cw x V)/m (1)
Hop e——0TB P ) BT 0 ng/ g
cy— DU TR, e/ L
V—E A, mL;
m—TFR

i, e,

1.3 {UEB&EH
1.3.1 WA s

TR 261 . 6 4% Waters ACQUITY UPLC HSS T3
(50 mmx2. 1 mm, 1.7 pwm) @iEAE | FEREAFREE A
10 L, #F 3 A1 AR 53 B 3 5 40 °C A 0.2
mL/min, i3I A R shAH B 4358 5 mmol/L £
PR —/K I IRRN 8 = 2 HIE- M (IRRLLL ) B Uk
AR an3E 2 Fiow
1.3.2 = PUAT S &k

SR FH W5 55 r, 25 R B0 B8 1 A 22 i i
( MRM) B=CA I 5 A A B8 A i i %, £ i Fa g
AR KB RN 2.5 kV, BT IR %
BN 120 °C 5 B S R 1 R 500 °C, DA SR
TR 5 B s ) SRR L33 R S BE 99, 999% 11 A
LRV 800 L/h M50 L/h; R < M 4l i
99. 999% MR <., Wi iE A 0.20 mL/min, 165 ()
FEis S5 BNk 3 iR,
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Tab.2 Mobile Phase Elution Gradient

%3 19 ' PFASs it &3k

it ]/ min A B
0 65% 35%
1 50% 50%
6 30% 70%
7 10% 90%
8.5 10% 90%
8.51 65% 35%
10 65% 35%

1.4 tRAEHKSTH

FH K (FRFREE R 12 1) % 2 000 ng/mL FY
T v pHh 2 25 Y S R 50. 00 g/ L A I T Hh 1]
i W, B 0. 5~ 50. 00 we/L bRl R 51, L)
H bR A2 2 125 7 X 08 T B G AR B | s o V5 VR
AR bR, AR AE TAE M2,
1.5 REERHSHRERIE

SRyt | AR T S, 7R R e v ke e
R LM (PTRE) BB, A BT8R F Ao 45 %
VI RFEM IR PTFE A0, RV DU fif fef FH FF
YRR AN S B BT PFASs ELA B KM 45 5 78
g LaR A, FEERERT A S - K (R L
9 ¢ 1) PhYEHERERS I /0 HERE 5% B 1l BRI 1R 25
2 R
2.1 HHRAEBFEHEM
2,101 US[A] A AR BN 52 0

M T 4% PFASs FlJH 4% PFASs 43 M i i) 2%
5, VA HLB Fll WAX [EAHZE BUIME X A5 PFASs
FRPERERAF] A SO %22 T HLB Fil WAX PR Ff
[ AHZE I VXS PFASs 115 48 IR

EIFRI WAX [EAHAEU XS 19 F PFASs (1)
EWCETE 64% ~ 118% , HLB [ AHZEI/NEXT 19 Fh
PFASs [ B EE50E N 8% ~113%, HLB DR AL 43 XF
st PFASs WCBHE %55, M43 HLB 76 &
% PFASs PR30 22 . MIELZ T, WAX [ A A% BUR:
TUBHRS v IE L fnf U T 1 WR R BR 5 40 85 PFASs
AEAEE AR A B 1R A S 7 A ELVE 6 15
PFASs il 4 Fh Z 5L YHE WAX AU L 14
BRPEFRARCAr, P, T A R0 & S Sl AL e
TEFE WAX [EAHAC U IMEAE R A 2E US4, HLB
FWAX [ AHAE O [DSCRXT & 1 7R,

Tab.3 19 Mass Spectrometry Parameters of PFASs

o ﬂ@ﬂjﬁﬂ‘rﬂ/ — HEFLHL R/ Rl AR/

min s %

PFBA 3.10 213/125 14 12

213/169 * 14 10

PFPeA 4.71 263/141 14 10

263/219* 14 10

PFHxA 6. 04 313/119 14 20

313/269 * 14 10

PFHpA 7.34 363/169 14 18

363/319" 14 10

PFOA 8. 54 413/169 14 18

413/369 * 14 10

PFNA 9.47 463/169 16 20

463/419 " 16 10

PFDA 9.91 513/169 16 26

513/469 " 16 10

PFUJA 10. 19 563/169 16 26

563/519 16 11

PFDoA 10. 94 713/169 16 34

713/669 * 16 12

PFTrDA 10. 07 813/169 30 34

813/769 * 30 12

PFTeDA 10. 31 913/169 20 34

913/869 * 20 15

PFDS 10. 19 599,80 70 50

599,99 * 70 34

PFOS 9.55 499/80 60 32

499/99 * 60 30

PFHxS 7.62 399/80 60 32

399/99 * 60 30

PFBS 5.13 299/80 45 30

299/99 * 45 28

N-MeFOSAA 10. 43 570/169 20 35

570/419* 20 20

N-EtFOSAA 10. 61 584/169 20 35

583/483 " 20 15

6:2 FTS 9.27 427/80 20 30

427/407" 20 25

4:2 FTS 6. 66 327/81 20 30

327/307* 20 30

o " FREREET
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B 1 HLB WAX [EFIAIRE RN L
Fig. 1 Comparison of Recovery Rates between HLB

and WAX Solid-Phase Extraction

2. 1.2 US[E] R B ) 5

LT RME M 20 min A 30 min XF 19
i PFASs [R50, 25 B 75 8O R 84T
{HHE75 20 min 5 30 min % PFASs {1932 5 RCR &2
M5 /0N, BB A 20 min BEAS IR /D A BRI [R] , $2 55 4b B
ROR H L, 2 24 75 1) (8] 24 20 min,, 7 )R] X
PFASs FEHGSCR XS L an &l 2 firw

2 AR PFASs 42 BT H
Fig.2 Comparison of Effects of Extraction
Different Ultrasound Times on PFASs

2. 1.3 URIA]PE B R

AR, X T HEE O IECBE 0. 1% % K-
Pt 0. 5% 27K - H B | 19 %2 7K - H B S i BUIR o) %
19 Ff PFASs £ BURKC S 1 5 i, 25 £ 0, SR
0. 5% 27K —H EEAE SRy B IO W sF [l Ae e A e 1 L

b FBERL, F I A — 22 R 1) R K BE RS 5 TR
Y%t PFASs B RAT R, Rk P B4 8 FRERE 5 0L
T2 10 £ FL Ao & 2B AH VR R 328 T 58 i TR A )
PFASs FYWZ 5  $2 75 PFASs BUHRBUSCR . A
ZEARVPE OGRS TSR L A&l 3 B

3 A[FFRBGAE R IR X L
Fig. 3 Comparison of Recovery Rates of Different

Elution Extraction Solutions

2.2 AREREZEZRITERNT

AW HEEE T 0,2.5.10,20 mmol/L AN
YT ) vk FE PR B KV R PFASs 143 BSRIUCR .
GEIRRY], BRI A RE RS 42 = % B AR L& i
ST ERR 5 ~20 mmol/L W) I B VR B 1 £ TR &L T
HAn b &Y 0 2RO 22 80,02 mmol/L B 43
B 22 . AR SCHEHE 5 mmol/ L L FREG K i AR
S B , A Rk O T PR JC LR v B A R T Ok
FETH i, SR 5 3 3 O Ak U Sl AR 4R R TR
WZEF, 15 min NPT SEEL 19 Rl PRASs 1950 55,
HAREAWTE 0.2 .5 mmol/L I 4 € 35 1] 43 591l 40 14
4(a) K 4(b) K 4(e) i,
2.3 FAEKHRMEESR

5 TG B R B R 2 BEAR S 5T 2 R B
W 53 B O A EHI T BCOR B W) (HY 168—
2020) , %25 FKEE S L 1 ng/L, DURRWIRE S L) 0. 5
ng/g (UL PFTeDA (PFTrDA (PFDoA #1 PFUdA
LA 1 ng/g) #EATI0RR, FFEAT 7 UOFEATINE , Ty kA
BRI (2)

My, =t(n-1, 0.99) xS (2)
Horbr o —5
n—FE i H B
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Bl 4 19 F PFASs 7EA [ Z BB I T 1) (it 1]

Fig. 4  Chromatograms of 19 PFASs under Different Concentrations of Ammonium Acetate

S——IbR B 25 S ERE A b T
T2 .
DL 4 554G BRAE M s e B, 19 Bl B AR LA P 7E
e ML B N AR OC R 50 =0. 995, A J5 4G 19 Fh H
FrAb B W bR T AR 42 DL R A R B
k4 PR,
2.4 FHEFEMH
SR FH SR AR T AR IR S i 1) 7 =X 2 4 i o
BN PFASs [RISCER A 5200 | B AR AE 5 P47
il 7 453, XS B AR TR R 4 A8 5 .25 .50
ng/L F15 .25 50 ng/g fREISRLS , SEBRAKFE FhAs:
i PFOA , PFBA , PFHpA () B 2 ¥ 5 43 9 hy 2.3,
1.8 1. 1 ng/L, ULFRHY 46 11 (1) PFOA | PFBA 119 5T
PO 1.1.0. 8 ng/g. FRIROLALIS HORE  TiAL 35
Dy AR PRI AR, b g K 3 AR SR BRI

o AR LR R 60. 2% ~ 120. 0% 74, 3% ~
114.2% .65. 4% ~ 107. 2% , F X bR fE A 2% (RSD ) 4
2.1%~12. 1% 4. 5% ~11. 7% 4. 3% ~9. 8%, VLA
P 3 Ak BE 43 00 AR rh | 0 0 b TET R
80.3% ~ 124.1% . 89.9% ~ 104.3% . 95.1% ~
105.7% , RSD N 5.0% ~ 14.3% . 3.1% ~ 10.9% .
2. 6% ~9. 9% , M5 5 L IR B ACE T2k, A
[ BE A b [T SR &2 RSD 4k 5 iz .
2.5 ELEREFERST

FIFHOLAC IS AT AL 385 3260 ST 7K R AR Ak
ATHTANER 4 B AL S5 A A0 25 R XA i A T G
W, 25 53R, s K rh L4 6 A 2L &9, K
Kith Z b G, Hdh 4s 5 i st PFASs A1 1 Fil
KB PFASs, BT R B2 730 1.1 ~ 34.8 ng/L Al
6.3~36.0 ng/L, JURPHAGH 3 Tl HE PFASs Al
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R4 KFPIYIF 19 B PFASs MbRiERTZE K BRI RR

Tab.4 Standard Curves, Detection and Quantification Limits of 19 PFASs in Water and Sediments

K TR
e £ 4431 B
Y4 bt 2k (pgeL™) TR REL Kzt R/ SE B/ Kz H R/ E B/
i (ng-L7") (ng-L7") (ng-g™) (ng-g™)

PFOS y=102. 58x—47.71 1~50 0. 996 0.25 1.0 0.4 1.6

PFTeDA y=94.90x-70. 13 2~50 0. 996 0.50 2.0 0.6 2.5

PFTrDA y=198. 06x—94. 65 1~50 0.997 0.25 1.0 0.5 2.0

PFDoA ¥=291. 08x-65. 56 1~50 0. 996 0.25 1.0 0.5 2.0

PFDS y=241. 6x-70. 75 1~50 0. 996 0.30 0.9 0.1 0.4

PFUdA y=335.6x-73.31 1~50 0.997 0.20 0.8 0.5 2.0

PFDA y=456.96x-152. 57 1~50 0.998 0.20 0.8 0.1 0.4

PFNA y=419. 81x—153.78 1~50 0. 998 0.20 0.8 0.1 0.4

PFOA y=276.53x+45. 24 1~50 0.998 0.20 0.8 0.2 0.8

PFHxS y=231.42x-10. 45 1~50 0.997 0.20 0.8 0.1 0.4

PFHpA y=237.43x-78.6 1~50 0.999 0.20 0.8 0.2 0.8

PFHxA y=183.10x—113.92 1~50 0.998 0.20 0.8 0.2 0.8

PFBS y=124.56x-58. 87 1~50 0.998 0.20 0.8 0.1 0.4

PFPeA y=152.55x-61. 68 1~50 0.998 0.20 0.8 0.1 0.4

PFBA y=95. 64x+201. 15 1~50 0. 995 0.20 0.8 0.1 0.4

N-EtFOSAA y=45.71x-3. 41 1~50 0.998 0.20 0.8 0.1 0.4

N-MeFOSAA ¥=100. 78x-36. 27 1~50 0.998 0.20 0.8 0.1 0.4

6:2 FTS y=22.58x-20. 22 1~50 0.997 0.20 0.8 0.1 0.4

4:2 FTS y=23.40x-16. 83 1~50 0.997 0.20 0.8 0.1 0.4

RS HFACHPURRYIA R E BRI A BOH 5 i
Tab.5 Standard Recovery Rates and Precision of Surface Water and Sediments under Different Concentrations
HiFIK TLRY)

Y4 5 ng/L 25 ng/LL 50 ng/L 5ng/g 25 ng/g 50 ng/g
MR RS [POR KPR RICR ORWE BleR O OREE PR OREE FleR O WEE
PFOS 105. 2% 3.8% 98. 7% 5.2% 103. 7% 4.3% 114.5% 14.3%  103.2% 4.5% 99. 8% 2.6%
PFTeDA 60. 2% 10. 9% 75. 4% 7.4% 65. 4% 9.5% 80. 3% 13.2%  102.3% 8.4% 103. 1% 8. 7%
PFTrDA 65. 4% 11. 2% 74.3% 8.7% 74. 9% 8. 0% 105. 7% 5.3% 98. 4% 6. 4% 100. 4% 4.9%
PFDoA 78. 8% 12. 1% 75.2% 10. 6% 75.2% 9.8% 83.4% 10. 1% 97.2% 5.9% 98. 4% 7. 4%
PFDS 90. 6% 6.3% 89.3% 9. 0% 97.3% 7.2% 88.2% 7. 6% 93.2% 4.7% 97. 8% 6. 5%
PFUdA 87.5% 5.9% 92. 1% 11. 7% 89. 5% 8. 9% 99. 5% 5.8% 89. 9% 7. 1% 95. 1% 4. 4%
PFDA 98.3% 3. 4% 95.8% 4.5% 98. 4% 5.9% 104. 5% 6.2% 97.5% 3.1% 99. 7% 7.8%
PFNA 99. 9% 2.1% 98. 4% 6.2% 96. 2% 5. 4% 110.3%  7.5% 101.3%  5.9% 100.3%  6.1%
PFOA 120. 0% 8.3% 114.2% 11.3%  106. 7% 6.9% 124.1% 12.1%  104.3% 9. 9% 105. 7% 6. 4%
PFHxS 117. 5% 7.6% 108. 5% 5.4% 105. 6% 8. 1% 96. 3% 5.0% 98. 4% 6.1% 101. 2% 5.9%
PFHpA 113.8%  8.9% 100.4%  4.8% 107.2%  6.3% 118.8% 10.0%  97.6% 9.3% 95.2% 4.7%
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19 Fh 2/ Z IR A E Y
(££5R5)
ok YUY
L) 5 ng/L 25 ng/LL 50 ng/L 5ng/g 25 ng/g 50 ng/g
FlR ORI WCR OREE FeR OREE ROR ORISR ReR ORI FR R
PFHxA 106. 4% 7.3% 105. 9% 9.5% 100. 3% 7.5% 107. 9% 8.5% 99. 4% 10. 9% 104. 6% 7.1%
PFBS 101. 6% 2.3% 105. 1% 8. 1% 103. 4% 7.6% 108. 4% 6. 9% 102. 5% 5.6% 98. 4% 3.1%
PFPeA 99.3% 5.6% 97. 4% 7. 6% 102. 1% 6. 9% 99.3% 8.4% 103. 4% 6.9% 100. 3% 5.9%
PFBA 89. 7% 9.5 95. 6% 8. 7% 93. 4% 5.4% 120. 1% 9.8% 102. 1% 8. 4% 104. 2% 9.9%
N-EtFOSAA  98.2% 6. 7% 98. 7% 6.5% 100. 8% 8.5% 90. 2% 10. 1% 96. 7% 5.8% 95. 1% 7.5%
N-MeFOSAA  99.8% 7.5% 100. 5% 7.3% 97. 4% 3. 8% 97. 4% 7.2% 98. 4% 10. 1% 97. 8% 4.2%
6:2 FTS 103. 1% 4. 2% 99.2% 6. 8% 95. 4% 5.2% 103. 5% 5.2% 101. 3% 7. 6% 100. 8% 6.5%
4:2 FTS 101. 6% 6.5% 98.9% 8. 9% 98.3% 3.9% 92. 1% 6. 0% 96. 5% 5.8% 97.5% 6.2%
1 K BE PFASs, JRE 705N 0.6 ~54.3 ng/g 1 3 Z5ip

2.8~27.2 ng/g, KEEILG Y PFOA 1 RKH EZ 1Y
PFASs,3 Fli 4 4% PFASs F #4145 PFHpA . PFHxA |
PFBA, EIZKAIVTA Y Hks 19 PFASs 2 Fiifk
g 6 Fin,

=6 KPP PFASs WREE

Tab.6 Concentrations of PFASs in Water and Sediments

Yym s FR WK/ (ng-L7) YR/ (ng-g™")
PFOS ND ND
PFTeDA ND ND
PFT:DA ND ND
PFDoA ND ND
PFDS ND ND
PFUdA ND ND
PFDA ND ND
PFNA ND ND
PFOA 6.3~36.0 2.8~27.2
PFHxS ND ND
PFHpA 5.3~7.5 0.9~9.4
PFHxA 2.0~4.3 0.6~8.4
PFBS 1.1~34.8 ND
PFPeA 1.6~9.1 ND
PFBA 4.0~33.1 7.9~54.3
N-EtFOSAA ND ND
N-MeFOSAA ND ND
6:2 FTS ND ND
4:2 FTS ND ND

T “ND” R AR

AR SCHEST. T A e ASOBURE € - = R DO AT T
B FRASC ] sk 300 52 A AR AR v 19 Ff PFASs 595
2 EEAB T,

(1) PRAL AR 2R 25, BE I WAX [ AH 2 HUFE
FIF K -HBE(RBU B0 0. 1%) | H B B 4tk
AL, 2K W B (AR 400CR 0.5%) BRI, AR =
TR KA1 1) ERE 1 oL, H
%2 mL #EFE/NHL, 19 Bl PFASs (4 B Ky 64% ~
118%,

(2) PeAbB 7 s ] B IO 2% 1 B o i 254
FEFTE] S 20 min, BEBOR A 20K - FEE (RFLA 500
0.5%) , 1HtZ N 80% ~120% , 5 mmol/L 1E i 5l
AH,15 min PUERATSE L 19 A& Y000 73 2, O Hoiig
A5 3 m HLAE I RAFIEIE

() AT PEA I R r KT 0.995, /KAl
TURY R AR R 4 0. 20 ~0. 50 ng/L #10.1~0.5
ng/g, E RPN K 0.8~2.0 ng/L F10.4~2.5 ng/g,
KH5.25.50 ng/L B bR IR R 60.2% ~
120. 0% .74. 3% ~ 114. 2% .65. 4% ~ 107. 2% ,RSD 4%
WK 2. 1% ~12.1% 4. 5% ~ 11. 7% 4. 3% ~ 9. 8%,
PRI 3 A B 430k 5.25.50 ng/g HNAR [H]
W 43 5 K 80.3% ~ 124.1% . 89. 9% ~ 104. 3% |
95.1% ~ 105.7%, RSD 4% % K 5.0% ~ 14.3% .
3.1%~10.9% 2. 6%~9. 9%

ATy AR B i R A
AR AR TR Y b PFASs 1Y (=i A6
W, ] R K FNTER A PFASs BRI 42 44k w25 25040 #r
F-BORJy 2 il
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