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TE: MA KL RS FIREEY (PFAS) 694 S A R, 7R A SRBERIRI P i2htH,
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T SCF, A AR R F BRI R A28 2 USSR AL A ) BT T TS S TR BRI AR A A

a4

LRMZ R HALEY) (PFAS) 2 —K AN TA
BRI ALIRAL G, L5451 R B K 1 ) b e
G (C, ~ Crg) TR PERRIRSE | RSN ' .
C—F HE m AR AR E, X R AL A B vtk
FE MR, Bk, P, PUi5 55 RArRetEmpl) 2 i H
TRE T A T AR 2 . Ti%ki
G PR B b B T AR T R o A
Ffi e O s 4 (Cy ~ Cl) IR ZHAL S Y
B (A0 1H, 1H, 2H, 2H-2 R LehffR 6 : 2 FTS.
9- G A TH-3-T- A FLME RN F-53B(6-2). 49 (2-H 3
3-SR GenX 45) ZHIZXRAANIH S o ARRIT SR
K45 PFAS(>C,) 7, ik 2650 . HhE PFAS K #0%
PR 7 I 1A T 22 300 S R > o B R A 5 1 AR ) R AR
P, FLAE KPR PR R i, B2 (e fl bk (&7
HEE K R Ay PRAS 19 1 B0 AR ©50 ) Hys Y
fIE 52 2 25 A AR I, FLRAE Y PFAS EZALHE
25 TR (PFBA), 4% T J:6 2 (PFBS)., 4 3
TR (PFHxS). 4= % ¢ F iR (PFOS) Ml 42 3 R
(PFOA) % J fiE Flvpée A 1100 33 AT g 5 LA A
S WK A T 2R BRI A i B K A ¢ T L Chen
b L1200 30 PR 747 960 725 S50 WK K T PAS 15 4
1) 85.7%, Hirft PFBA J& K 4 % 5 i AL & 1)
(100%), H: K& PFOS. £ #ILIE (PFPeA). & C
2 (PFHxA) 1 PFHxS, ¥ Hi K53 5iH 90.9% . 72.7% .
54.5% F1 54.5%., —SffF5R R, B N AR KR Hb
T K A B R EE T A B AR (10 GenXL 61 2
FTS &) BAG HH 3R SR FEANK T 5, Rk 80E ng/L &
B ng/L B HEREE KU AR 2. TE 2009 4E
2019 4= F1 2022 4, [ bR 2 2198 J5 % PFOS. PFOA
F1 PFHxS M HAR R A O TR ATEA LIS S
TR R RN 2 ) Eep 1) 2002 4R, BPA A Y
TR KA BEES h, PFBS i GenX 1Y 42 4 [ {4341
47 2000ng/L 1 10ng/L " * 1 [I4E, w [ %A 3 1T
JKH ) PFOA ., PFOS (135 (= FLVF7K P43l /2 80ng/L.
40ng/L. 2024 4 4 J1, £[E EPA 45 ih T PFAS 7EiX
FHZK W3 0 2 2% (E 11, H+h PFOS Fl PFOA ¥4
4ng/L, PFNA ., PFHxS fl GenX #J°/ 10ng/L. XF H
TR ) WA S AR R IR A PFAS R 4% A B
IR BT ATUR AT 5T R

K FIRES KA PRAS BRI bR, B PR 3
A EPA 537.1., EPA 533, EPA 8327, 1SO 25101 #01
ASTM D7979-20 4%, 45 th T IRH/K . HU R 7K HigeoK
F5 2K G B AN [ A2 PFAS 53 idi. h
] R A A bR (A T AR K AR TG 56 2% 2 8

#B4> A ALY FE R ) (GB/T 5750.8—2023). 17k A5 #E
CORJTT 4280 SR R A 4 T i S LR 2R 5 []
S R T AVRUAR €00 3% - = E DUARFT B 3% 32k )(HD 1333—
2023) DL K Hl 5 bR R B 17 Fp 4 54k & 9 00
T RO AR 235 HR K T3 2 )(DB32/T 4004—2021) 4%,
51 A ST BT X I 55 KRR v 2 i v R R
PFAS [F]25 K60 i) [ AR vk ARk, DL A
#E R R ASTM D7979-20 4b, i b 3 15 J2 7 AH A€ B
(SPE)¥% . SPE ¥ BRI o i A% 450 e 4GB Al ik
100 ~ 500 1) & e T ik AR, HILH AR R
PEARZS A B, #E A B B 5 s f . e
Wk Ve AE 22420 B8, AN RE i Ak B ] K R
40min % 2h; FAE L TR E B BN ARG 05 S25
1f A Sy PR A ML RN (Rl 2 4 PFAS) Fl5E
Y5 YA [, 3 S PR 2R 2 5 ) B 2 o Al 4 SR Y
HEWIPE. EFT, 52T PFAS BLHEHERE M BT 58 308
8D, A TR A HEREARFRGE B A 5 ~ 20uL, HAG
FIR 3534 =5 F 20ng/L. ASTM D7979-20 ¥y i J7 5%
FHRE 5 PEE 1 VR B B b A (E R AR
30uL), EARFAEARFA BT e ot (R AR Sl B 1
— A5, PECLIRE RIS H R (10ng/L), XE LA 2 3
BeAk R IR /R B PFAS BURIMTE R . LA, ik
KRG R TR R L AR R R U R A G A
PR 28 X6 0 BT 435 SR 8 5 W, 7 S B g FH H A7 A — 32 )
FRAE . B 3715 YW ia 3 T AR IR AR E, BB K
A b vh i K PEAS R oRS v W 75 5K H 25
1Y), #E PFAS (R 7 vk v, 68 S A0 A €633 - 5
B B L (UPLC-MS/MS) WF 5t 8 %, ¥ i FR il IR =
0.01ng/L, E.#9¢) 1z H TR I /K 2155 vh IR &2 PFAS.
[K 1, FEl 4% UPLC-MS/MS JF & %6 rh 85 K i 1 PFAS
1) L HE TR RE PR 3 AT 07 3, AN X BT 43 B 5 ik
KRR A A7, T HA B TSR R iz 2 o
A ERHORE T W, FLA EE A S

A SCHUE S AR S5 A 4 2 — 2 P T
PRF (FRH LAY SuL 86K 2 S0uL)., Gk & id pdm)
1o 8 FRT SRR 1 A0 S S B S R, Sl FH T IRBE K
TR CETR KK R K e ROK ARG 15 7K) HR
4 P EE SOBTR PRFAS 19 KRR B e A R A
T, SR EREE WA XU PPA P AL T 5 i B AR S 4

1 LR
1.1 3%
T 1 A5V A 7 - R O B 3 IR FH A (ACQUITY
UPLC Xevo TQ-S): Bt Hi 1§ 25 B 25 Y (ESI) 1 50uL
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2025 4%

FE PR 4 JCd SEFE (Isolator Column, 2.1mmx
50mm), {4 3% #% & Acquity UPLC BEH Cig (2.1mmx
100mm, 1.7um). 2832 E Waters 23 F 77 i

1.2 BRI 32

18 Ff HARY: 2% TR (PFBA, MK, 99.0%);
RN (PFPeA, MRIA, 98.0%); 4% C\ R (PFHXA,
AR, 98.0%); 4= F B2 (PFHpA, [E1A, 98.0%); 429
FIR (PFOA, [E1K, 97.8%); 45 TR (PFNA, [k,
96.5%); 4 ZE R 4N (PFDA, &4, 98.0%); 429 T 3t
T2 (PFBS, A&, 99.0%); 49 . &R (PFHXS, i)
1A, 99.0%); 4= 9 B L6 % (PFHpS, 14, 96.6%); 4=
FOE IR (PFOS, [E14, 98.0%); 4% (2-H 3-3-%4
RO R)(GenX, WiAE, 98.7%); 4 9.-2, 5-— F 5L-3, 6-
TRAARTER (HFPO-TA, WA, 91.3%); 4, 8- 48 74 -
3H-4 9 - (ADONA, 100mg/L, ZJi%); 1H, 1H, 2H,
2H-% . et B2 (6 : 2 FTS, 100mg/L, F fi); 1H,
1H, 2H, 2H-4 25 it R (8 : 2 FTS, 100mg/L, H i%);
9- 4 T -3-T- A FL MR 47 (F-53B(6-2), 50mg/L, H
fist); 29 T A SRR 4N (OBS, 95.8%).

8 Fh & AL & N bR IR AR (2R T R -1,
EROMR-"C,. ERFM-"C,. EHTIR-"C,. 2
FEIR-1C, . AT O BEREFR BA- 50, AT b R -
BCOU E N 2mg/L, ¥k HBE; 1H, 1H, 2H, 2H-
SRS BEREFREN-C,, HEBE R S0mg/L, 17 Ry F

DL [ S R R A R A

HIfE (LC-MS %%, ¥ £ =99.9%, 3% [E Fisher 2%
H)); LIREE (LC-MS 24, 1 =99.0%, L4550
BHE A A BR A W) ); S5 FHAK Ry atiK
1.3 FIHLfeseRgit

BRPFIIEAE: 43 BB 100% 7K . 1% FEE-ZK FI
10% HEE-7K 45 500mL TR AR NEHL T, A 50ng
(1) PFAS prifidty, FCl B R 100ng/L FFE SR -
BT 4C TR, 48T 1, 3.5, 10, 14 fil 24d J5
AW 1mL, JILA 0.05ng Whx, IRS)EINK. LRk &
XF RERE AL, BIR A RIAE S (0d). #5253 TR 2%
P ORAEAIRIR R A SRR R A S (1) T

AR = % % 100%

W2 [ff 4 = 100% — [l % (1)
K €, 4 - A7 J5 FE i PFAS ¥R B2 (ng/L);
C, HXFHERE 5L PFAS WRJE (ng/L).

Ak 0 R 4D 7 1+ 4 3] T o) R L FFRE-K (1 s L
VIvy, BEE-7K (129, V/V) FlK BOFRAETE K (10mL,
— 600 —

lpg/L)o it AN mIb BT e =t e 2% (FCS 4L
W 1) FEAT I E, AR RIE Y 0.5mL B,
e 1.0mL T RVEHEFE S, A 0.05ng WFRTE
SRR (R B A O BB A A AR S X B
PFAS Mk AR (2) 115
i&ﬁée%:(l—%)xloO% (2)

1
K . G0 i U8 5 FE AL PFAS 9 W B2 (ng/L);
C, AARBATELUERN FBAE v PFAS AOWREE (ng/L).

F1 SERHXSHER
Table 1 Parameter information of the related filters.

JEAE BT (IRA% 13mmx

0.22um, Fk ) 5 AR
L Y2 RC B ZESLRRHL TR A
F LN PES  LIBLRESIRHE A R A
RN PTFE  AUMNEME R g 38 b A B ]
RETYE% MCE VI S A BART R A
NYL-1 RSB A5 FR A
NYL-2 MR E R e A F
et NYL-3  KEITHRE LA A PR A A
NYL-4 LR (P AIRAHE
NYL-5 RIIEE sSAE P HAA PR ]

HEREVE T A A BE w1 T 7 Bl R AR I AR R
(0% W, 10% HEE-/K . 20% HEE-7K | 30% HIEE-/K
40% WEE-/K . 50% HBE-/K 1 100% F ) R4 00K,
R4 21 i g DA TR R ) AR AL LA

HERE IR T ) 52 00: 43 I AE B 58 (GL) FIER TN
Jis (PP) WU A4 5 A HERE /NI R, L 10% H 7K Ry
W5, BC IR BE ly 100ng/L 1 PFAS FRUEIRR (N FR
4 50ng/L), B T 4°C T RAFARIEFE (1. 3.5, 10
A1 14d) J5 43 Bl Ar i, OBk A=K (1) 3
gz
1.4 FEMRSRES TS

FEf R H T A0S S is Kb B, 36 4 %
FEA, AEK T AT K2 0.5m AbR4E 1L AL TAR A
RWNKHR (PP) N, T in A 100mL HEE, % 2] J5 i
JEARAT o« P LI H— MR 2% (PP) UK FE
2mL, £& 0.22um i JE 4§ (RC ¥4 5) i 3 5, B 1mL
THERE/IN (PP) Hh, IILA IR (SOng/L), £
1.5 Eis- B btk

o3 5 WA A AR 2R 2 v T IR
(2mmol/L, pH 8), i shAH B A I EEE; A6 B PR AR 251 I
22, ik 0.2mL/min, A1 40°C, HEAE & SOuL. i
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T SCF, A KPR PR A 0 2 R B W T T TR IS MR B AR AL

a4

i SR PSS MBS (ESI). 15 50 T4 T
72 S Wil (MRM). 85 T-URIRLEE 450°C, W25 iy

2orfe C RES A A | BB (ng/L); C, M AR IE
M2 A BT RE A TP 413 i PIVRIE (ng/L); C, A H
FESh Ly i BOHREE (ng/L); 1.1 WAE S BOH B4k

JE-4500V, iS50 L 3.
- _, \ 1.6 SRR bl
KA WbREE i, FEam St Rl ) 1 TiTA J%Hﬂ i . .
€= (CoCx L1 (3) ARG S 4 o P AR R LA BR PRAS
o e 55 TG, ACRSRE ¢ 77 1 40 SR JH A= W1 4 PEEK 45
. TR & BB A WA I, [ BT N2% PFC Isolator
2 BRERBER _
$E R A¥ (Isolator Column, 3€ [E Waters 2y ) , SKU:
Table 2 Procedure of gradient elution.
S ; — = 186004476), AT 4040 54 H7 40 585 (1554 B )
VMR [ e AGKIER B(H %)
(tmin) (aL/min) %) %) §>MM%%A@%ﬁEWﬁ%KHwW$%%W$
0.0 02 90 10 BE ok 2h VAL, BERE R G805 T AR P A R e R
0.3 0.2 90 10
9.0 0.2 10 90 6 £t75 El bl (10% Eﬁ@?—) ﬁi’“’ﬁﬁﬁﬂ!ﬂtﬁnnﬁ
12.0 0.2 10 90
170 02 0 1o 1>(%§$§ . 5 R = AT 7@ R
723 18 Rl PFAS Ml 8 RPNFRIIRIE S EL
Table 3 The mass spectrometry parameters of 18 PFAS and 8 internal standards (ISs).
U BB T FET iR R HEFLERE -
[B] R 7 (IS
PFCA s B TFR i) (i) ) ) WHR (S)
1 LE T PFBA 2129 168971719 2 8 C,-PFBA
2 SRR PFPeA 262.9 219°/69 24 7 13C,-PFHXA
3 LR PFHxA 312.9 269'/119 13 8/10 1C,-PFHxA
4 AP BER PFHpA 3629  3197/168.9 30 9/16 %0,-PFHxS
5 TR PFOA 413 369°/169 18 10/19 3C,-PFOA
6 LETMH PFNA 463 419'/169 21 10/21 C;-PFNA
7 LB PFDA 512.9 469'/219 2 8/16 "C,-PFDA
o e BEEF FETF R LR -
7]\ 71N IS
PFSA s B TFR ) 2 ) ) Mz (IS)
8 S PR T RERERR PFBS 298.9 79.9/98.9 22 24/28 13C,-PFHXA
9 Lo LR PFHxS 398.9 79.9'/98.9 20 35/35 "%0,-PFHxS
10 AR B PFHpS 449 807/99 65 70/100 *C,-PFOA
11 (e ATy PFOS 499 997/30 2 40/42 "°C,-PFOS
S B il {5 L : I .
PFAS Bt s Yo HET FET AR LR Yok 1S)
(m/z) (m/z) (%) V)
12 LA (2-HHE-3- AL T D) GenX 285 169'/119 20 25025 C,-PFHXA
13 A2, 5- T3, 6- TR HFPO-TA 185 119° 8 10 C,-PFDA
14 4, 8- " Ze-3H- 2R TR ADONA 377 251°/85 8 10/25 "%0,-PFHxS
15 1H, 1H, 2H, 2H-4 5 FLehif iR 6 : 2FTS 427 407"/81 3 20/25 3C,-8 : 2 FTS
16 1H, 1H, 2H, 2H-4J B ik iR 8 : 2 FTS 527 507"/81 10 22/35 3C,-8 : 2 FTS
17 9- S A JH-3- T A SR R F-53B (6-2) 531 3517/83 35 25/22 BCy-8 : 2FTS
18 ST AR OBS 603 172'/108 10 35/60 PC,-8 : 2FTS
- e e BB T FET ER R HEFLHE
i (IS Ta] R
AHR (IS) L1 YLLK () () W) W)
1 2R T]R-"C, C,-PFBA 217 172° 14 10
2 EHCIR-"C, C,-PFHxA 315 27077119 14 10/20
3 EHER-"C, 13C,-PFOA 417 372°/169 14 10/18
4 EHTMR-"Cs BC;-PFNA 468 4237/169 16 10/20
5 EHFEMR-"C, 13C,-PFDA 515 47077169 16 10/22
6 SR bER A0, 1%0,-PFHXS 403 84°/103 56 32/30
7 SRR RN C, 13¢C,-PFOS 503 80°/99 60 30/28
8 IH, 1H, 2H, 2H-2 5@ 4-"C,  °C,-8 : 2 FTS 529 81" 6 28

R
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2025 4%

)37 28 BRI EA T RIS s 1F DA R 245 SR 1 e 1
Iy

2 SRS
2.1 TR
2.1.1 PFAS FESh RS

IEEKEEH PFAS BT e — AR 24 240 3R
TR, W PR SR AR L AEAE . TAR BRI AT AR IR
T IEEK R T PFAS 8 5 4b TIR & (ng/L) #2268
R (pg/L) KT, BN R #0 AT R 52 M I 2 245 2R 11
WERRYE . BT, PREE KRR 1 SR 4 S B H R
(PP) 55 75 %5 i 3R £ 05 (HDPE) 25 %%, 1 77 T B 1t 1%
N 4~ 6°CORI) Bi—20°C M), 1H5ETHE AL R4 5
(IRIFSE 1 A WL R G dRAE . T ARRIEE PFAS A 5]

JKYEANE], 40 PFBA [ logK.,,, 9 2.14, iR 1.37g/L,

PFDA [ logK,, 4 6.15, % ff AU °H 0.008mg/L,
I EEE PFAS 5 5L T BN 55 , /KRR sk A o e,
M AE PFAS W5 W T 28 ki /K 2 18T, 38 AR B4
2 T 0K DU A A AL, 5000 200 25 SE A A7 5 A % FL AR
FEVERISEIR . I, AR R G HE ST 18 F PFAS
TE 100% KAK R PR AR EPE (B 1), S5 R,
14 F PFAS 7£ 24d WEENE R 47 (IMIICE 85% L 1),
I PFOS. F-53B(6-2). 8 : 2 FTS #11 OBS % 4 ff{fa
SEPERE, 1d NIRRT R > 10%, Fifi B[] 28R4 2%
SREFLEIEIN . A3 B SRR AT e DU R 38 A ik
fig B HkEE A, BRI R B K 1, B0
FRFRE A T B A R R R R 2 WAL B -
P 25 SR AT R, 3 B2 43 0 IS A T AR R A B AN
SPE & Hr ] F P S 22 Y I e SR AR, L R A )
T IS PRI FE

1T PFAS 76 H B A i BE v T ZE K R i
fift B, FLBE# PFAS BE K A9 38 n, H 7 B 1 % 57
(A PP A BT AR R s 1) L Rk, 7R
SRAEBKAERL G, ST RN A— R e i B T, 1T
A RE /> PFAS PRI B 1 sl 42k o H TR LG
FHEEXT PFAS FE i DRAFRCR BT

A GBI S B i R FE 45, il 1] 500mL
FRBEH RIS [E] HL A5 F (0%, 1% F1 10%) VE A7
7], ZGPEAE T PFOS. F-53B(6-2). 8 : 2 FTS Al
OBS PUFP AR ot s PR AR AL an 1] 2 R . 43
Mra SR, BB Il — @ B2 1325 PFAS
PR AR E M . Y H B S EM 03 in 2 10% BT,
PFOS Hl F-53B(6-2) 7E 14d /N 4 1% [ 22 ¥ 4% T 5%,
Ifii 8 : 2 FTS Hl OBS 7 5d P A4 W B R 35 I AE 10%
— 602 —

PLPN, BV AR SRR E MEER, 27 A % IR B SRR A
FRAE b F EEES 0 04 AT 45 B X KRR AL 1)
SO, B LA 10% H AR SRR SR 350), 1Z 2 A
AMLBEA R AEFF B A5 73 A e M, 8 m] Ry HoAh
PFAS IKFEI RS AR S 2%
2.1.2  JEMEX; PFAS Fa e M iy

FETRAH (1% - T 3% 43 B v, B A PSR ol
0.2um FLAZUERETIE . SR, C A W5 R
(143 Y T B Ao R B P s IR i HARE S Y
MsEERPE T L ARBESEHE 18 Bl B bR PFAS $5H
fie A %5 M 43 & =28 (PFCA. PFSA 1 PFAS # L
i) RCPEA RO HAS e s, 255N IE 3 TR .

3BT 3 AL, AN [R)A 5k g BN — 2 PFAS
()B4 O A A B 3 22 5, FLIR]— 3 DR R AE AN [
VTR & P S U R AN TR . e AR &R
Bk NYL-2 A1 NYL-4 &), oAy b F 2o 38 i i) = 2%
PFAS EH35 4 RIGME T 20%, FIZIK R T A
o3 B ) R RS A ARG B /N o (AR R Y R, T
AR ZH e e (NYL) i 38 B 26 30 22 5 0 g, 7]
REVR T O g M 2% i L PR AR Q4 7™ TS 40%
il o PR, ZESE BRI 75 % AN R] S R A NYL a3 38
PR T 77 A% s 6 R0 G 4

Bt 2 7K AH LU A5 P AN DRI T 125, A () A o 2ok 38 S e
=28 PFAS W V-390 2k 8 34 52 B i I v 1) e 3
NYL M3 b Ft ol 3, HAE 90% KARIR &, =
2% PFAS [V #1812k &35 3 85% LA I, NYL-2 I
NYL-4 (- F 3445 25 R 35 100%, £ NYL ¥ i A 1E
FHF = 7KAH PFAS # 5 i il B8 AL B . AHXT T NYL
1M 7, PES. PTFE F1 MCE #1 i X} PFAS [ I B 458
4 BART 40%, {E%F PFSA 1 PFAS #05h ie Sk:
W B, 35 80% DL b MILZ R, AL 4R
(RC) ¥ LRI A, X =2 PFAS A T34 2 R 1
FEilAE 209% LAY, Horp PECA B 34 401 2k R A% T
PFSA FIFRA AR b, 3 -5 1 o T2 1 o 114 /K 2
ZERA K XFP2EFATREHT RC MR A /D K
WePE LA 080 T 5 PFAS BYSSEVER, [FI 1 5)
() 22 LA Rt A T AR S e B -
HRIE T PFAS FEAN[GIAE BT 114 W BFFHIL ] £ 435 i L A
HAER. BKAER . BOOAER . B 58 AT A%
o NYL 22 h BRI A, M 1 ) Pk i 2 A ]
5 PFAS %) F JE-F Al O JEF1E i 4, A e T
HA—E MK E, H5 PFAS HmREE =L 5 KA
BRI R PFAS (5> — 100 BF5e e
Je JEXt PFOA Hl PFOS YW [t 52 & Langmuir $ %,
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80 ]
SN S
E 40_ E
20 |F
OIIIIIIIIIIIIIIIIII
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a4

0.50% ~ 9.87%, 5 EPA Method 537.1 3K (70% ~
130%) XLt FBIA T EA RAF AR BE RS 2 L,
H PFAS # L /i (I ADONA, HFPO-TA) 5 4 4
PFAS [m] i %6 Jg & 3 22 &, mI s 2 7K AR 18 F
PFAS B4r#Hrig K.
2.3 JiIERIE R PR IE
2.3.1 AEKEE PFAS (9704

LR TR R AL BE 7 355 PRAS A6 I BE Y52
i, AR5 20 R AR AL JG B9 B R vR 5 OR R
17 P25k G RN E o RO AR 15 R B BT )
(DB32/T 4004—2021) &2 1) [& A1 26 B i (SPE), Xf
WA TG KARBR) 4 A RAE AU KT T X
O30T, SR S, MESE R B R © 7 Akt
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PFOA. PFNA Fll PFDA, 7E T A R AL S A K,
We TR 0.9 ~ 105ng/L; @ 3 il 42 9 bt JiE fiff iR
(PFSA), f14% PFBS. PFHxS il PFOS, & Jif 1l [Fl &
ND~134ng/L; @ PFAS B X i ki th A X1 4870, PFOS
AR F-53B(6-2) 16 T A R A A R i (1.1 ~
12.5ng/L), 8 : 2 FTS 7E W~ RAE SR (3.5ng/L 1
7.0ng/L). J7ikH#EF: D SPE ¥ (DB32/T 4004—
2021) B EH ALV B i ) R, EHAE T
R IR TR R o A T U 5 T B B R VR X TR R
BE = ol 5 BRI Y B LA RS @ BT
AR A T VA R BR AR i, R S 0 S 2 R
X i 22 59 <<20%, £ G R UETTE AT REEER, RN
TUWREE & T 10ng/L BYRESL, HAZH LS SPE I 7E
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PO THRE ) KR LT, B RE L R AR L 3

F 6 AFTITEME PFAS S50 LE

e TEKEE PEAS P 230 sh A5 2 73z e i 1207
P TTE% LRSI T35 6. 4533, SPE 4%
BV R B EARA R HHBR (0.1 ~ 0.3ng/L), HAE
K (G A3 SPE R&4E, 30 ~ 45min/FESh) . BASTE
A AR R R R PR BR B JCIR ER A . AR,
BT AL D RO AT SRR, 7 AT AR | S il
RN A Ty L 2A B 53k HE
3 PR RE AR L, AT A AR R A R A A ]
i, T8 i DAL EREAARTR (S0uL) FMHT 448, (A4S H R
iKF] 0.7 ~ 7.8ng/L, B i T Hb T 7K Fi b 3R K S5
VR SE R )RR AT L S A 3 e 1 PR g
R RABE (7% o 0 o O A 4 L HRR T R, X T
<0.7ng/L W #BIR 40 B o5 R /K S5 2 24 L 5, SPE
A EA AT AR

5 REhH HAR BT BETR

Table 5 Quantitative results of target analytes in the samples.

WSEAH (ng/L)

s PFAS
WA hes s RREG 26 R34 R 48
1 PFBA 10.6(9.9) 19.6(19.0) 103(114) 35.1(31.5)
2 PFPeA 8.5(7.1)  9.5(8.2) 182(17.8) 82.0(90.0)
3 PFBS  79.8(76.3) 59.8(62.4) 65.1(69.7) 134(128)
4 PFHXA  25.1(28.4) 32.2(36.4) 38.0(39.7) 54.1(52.7)
5 PFHpA  26.8(23.1) 13.1(11.7) 23.4(22.4) 20.4(22.0)
6 PFHxS 57(5.1)  7.1(6.8)  7.2(68)  7.6(7.1)
7 PFOA 74(70)  7.8(7.5)  8.0(7.7)  14.6(13.7)
8 PFOS 2022) ND@0.7) 4745  4.2(3.8)
9 PFNA  80.5(85.4) 89.6(87.8) 95.3(92.8) 105(100)
10 PFDA 0.9(0.8)  0.9(0.8)  3.4(3.1)  7.9(7.5)
11 F-53B(6-2) 1.1 1.1 1.6 125
12 PFHpS ND ND ND ND
13 6:2FTS ND ND ND ND
14 8 : 2 FTS ND ND 7.0 3.5
15 OBS ND ND ND ND
16  ADONA ND ND ND ND
17 HFPO-TA ND ND ND ND
18 GenX ND ND ND ND

H: ND ZORWBEMTR I 455 g ks KB 17 Frasd
AP = RBORE (R B TS ) (DB32/T 4004—2021)
KH SPE JrikilE 4 52 .

Table 6 Comparison of analytical results of PFAS with different methods.

St B AL i ﬁﬁ ‘Lz';*””‘ PRI MM ’fij ! ;& S50
17 # PFAS 2k [ 3)-SPE, BSARLT 4k i 5 HPLC-MS/MS 30 ~45min (K£5)  0.1~03 [27]
16 ff' PFAS HiELuE 5 UPLC-MS/MS <5min (i) 60~1070 [28]
12 ff' PFAS B g, RN 20 HPLC-MS/MS <5min (i) 20~50 [29]
25 il PFAS B g, RN 5 UPLC-MS/MS <5min (i) 60~200 [30]
18 ' PFAS  URINERY TG Pt U8, ml PR 2T 2 R g 50 UPLC-MS/MS <5min (Ffah) 0.7~7.8 AT
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R, ARG N IAEE KA PRAS B i A $ it T
1o U DR T 5, TR Ry JE S AR AR T T R R
5238

Analytical Methods and Optimization of Pretreatment Processes for Short-
and Medium-Chain and Novel Perfluoro/Polyfluoroalkyl Substances in
Water

JI Yiping'*, WANG Weihua'?, SONG Zhou'*"
CAO Ben®

(1. Hubei Key Laboratory of Resources and Eco-Environmental Geology, Wuhan 430034, China;
2. Hubei Geological Experimental Testing Center, Wuhan 430034, China;
3. Hubei Huaxiang Geological Environment Testing Technology Co., Ltd., Wuhan 430000, China)

, YANG Jie*, ZHOU Yuqi*, ZHAO Xiran®,

HIGHLIGHTS

(1) The addition of 10% methanol can weaken the adsorption of PFAS on the bottle wall and significantly improve
the preservation stability of 18 kinds of PFAS (recovery rate >90% within 5 days).

(2) The adsorption of PFAS by the five types of filtration membranes in four different solvent systems varies. The
regenerated cellulose membrane is the optimal choice in the 10% methanol aqueous solution system (adsorption
loss <15%).

(3) The direct injection method eliminates the need for sample transfer or distribution, minimizing loss rates.

Additionally, utilizing a large injection volume of 50uL ensures the sensitivity of the sample analysis.

ABSTRACT: With the production and use of long-chain per- and polyfluoroalkyl substances (PFAS) being
restricted, short- and medium-chain as well as new alternative PFAS have been widely detected in water
environments, and their ecological and health risks have drawn urgent attention. However, the current detection
standard system is still not perfect. Traditional solid-phase extraction (SPE) technology has the advantages of a low
detection limit and strong anti-interference ability, but it has disadvantages such as long-time consumption, high cost
and easy contamination in practical application. Here, a method for the determination of 18 trace short- and medium-
chain (ng/L level) and new PFAS in environmental water, including 7 perfluorocarboxylic acids, 4 perfluorosulfonic
— 608 —


http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn

54 T SCF, A AR R F BRI R A28 2 USSR AL A ) BT T TS S TR BRI AR A A 5 44 %

acids and 7 new alternatives, by ultra-high performance liquid chromatography-tandem mass spectrometry (UPLC-
MS/MS) was established by direct injection after filtration. The effects of sample protectants, filter membranes,
injection solvents and injection bottle materials were systematically investigated. The results showed that the
addition of 10% methanol could significantly improve the stability of the sample. The adsorption behavior of five
filter membranes (regenerated cellulose, polyethersulfone, polytetrafluoroethylene, mixed cellulose and nylon) in 4
solvent systems was studied. It was found that the nylon membrane had the highest adsorption rate (above 90%) in
pure water and 10% methanol-water solution system, while the regenerated cellulose membrane had the lowest
adsorption rate, making it the best filter membrane for this method. For the large volume injection of this method
(50uL), 10% methanol-water solution was the ideal injection solvent, and polypropylene injection bottles had the
best storage effect. This method has the following advantages: (1) It is simple and fast, with direct injection after
filtration, no solid-phase extraction and concentration process, and the sample pretreatment time for a single sample
is less than 5min, which has more than 10 times the efficiency of the traditional SPE pretreatment method; (2) It is
low-cost, reducing solvent consumption and the use of solid-phase extraction columns and other consumables;
(3) Since the sample pretreatment only involves filtration, it not only reduces the possible loss links but also
significantly reduces the risk of contamination. This method can be applied to the rapid monitoring of trace PFAS in
environmental water, especially suitable for large-scale environmentally targeted screening and emergency
monitoring scenarios. However, for PFAS samples with concentrations lower than 0.7ng/L, the quantitative
accuracy is challenged due to the limitation of instrument sensitivity.

KEY WORDS: large volume; direct injection method; PFAS; adsorption loss rate; sample protectant; ultra-high
performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS)

Sk 2025, 44(9): 1-11.

(1] BE#AR, LBk, s, 4. s KA BE R 4 R Cheng Z Y, Liu Y N, Qu G B, et al. Optimization of an
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