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Abstract [ Objective] A new method for simultaneous determination of 15 perfluorinated compounds in water is established by
online solid-phase extraction-ultra-high performance liquid chromatography-tandem quadrupole mass spectrometry (online SPE-LC/MS/
MS). [ Methods| After simple pretreatment, the water samples were subjected to online SPE and enriched on a WAX column,
followed by direct elution onto a C18 analytical column for gradient elution. Detection was performed under the dynamic multiple
reaction monitoring mode of the mass spectrometer, and quantification was achieved using the internal standard method. This enabled
rapid detection of 15 perfluorinated compounds in water. The linearity range, detection limits, limits of quantitation, and precision of
this method were investigated. [ Results]  The results indicated that the 15 target perfluorinated compounds exhibited good linearity
within the mass concentration range of 4 ng/L to 400 ng/L, with correlation coefficients (r) exceeding 0.999. The limits of detection
ranged from 0. 6 ng/L to 2.4 ng/L, while the limits of quantification ranged from 2.4 ng/L to 9.6 ng/L. Meanwhile, six different
types of syringe filters ( regenerated cellulose membrane, nylon membrane, glass fiber membrane, mixed cellulose ester membrane,
polyethersulfone membrane, and acetate fiber membrane) were selected for comparison of recovery rates. The results showed that the
glass fiber membrane was the most effective, more suitable for water sample filtration in this method. Representative effluent and
corresponding source water were selected for determination of spiked recovery rates at high, medium and low concentrations, with

spiked recovery rates of the two types of water samples ranging from 71. 8% to 122.2%. [ Conclusion] Compared with conventional

[WRBAHE] 2024-05-15
[EEMEH] XB(1993— ), 5, Wi, B9 A K B, E-mail : 1757710025@ qq. com,

— 192 —



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 44 ,No. 1,2025
January 25th, 2025

offline solid-phase extraction methods, this method has advantages such as requiring less water sample volume and simpler pretreatment

processes, providing a new approach for detecting perfluorinated compounds in water .
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Performance Liquid Chromatography
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Water Samples through Different Filter Materials
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Tab.5 Linear Equations, Correlation Coefficients, Method Detection Limits, and Quantification Limits

for 15 Perfluorinated Compounds

& W R LM r HER R (ng-L7Y) ALY (ng L")
PFBA y=0.076 4x + 0.008 0 0.999 8 2.1 8.4
PFPeA y=0.050 1x + 0.019 0 0.999 6 2.4 9.6
PFBS y=0.362 0x + 0.000 6 0.999 8 0.6 2.4
PFHxA y=0.086 6x + 0.015 7 0.999 8 2.1 8.4
PFHpA y=0.053 6x + 0.009 4 0.999 8 2.3 9.2
PFHxS y=0.256 6x + 0.000 2 0.999 9 2.0 8.0
PFOA y=0.066 5x + 0.006 0 0.999 9 1.6 6.4
PFNA y=0.052 1x + 0.000 5 0.999 9 2.2 8.8
PFOS y=0.191 4x + 0. 000 7 0.999 9 1.2 4.8
PFDA y=0.045 3x + 0.000 7 0.999 8 2.3 9.2
PFUnDA y=0.061 7x — 0.002 6 0.999 1 1.7 6.8
PFDS y=0.100 2x + 0.000 1 0.999 9 1.6 6.4
PFDoDA y=0.079 5x — 0.001 2 0.999 8 2.4 9.6
PFTDA y=0.064 5x + 0.001 8 0.999 4 2.0 8.0
PFTDA y=0.012 62x + 0. 000 2 0.999 8 2.2 8.8

TE AR RE T y S X R WA (#5200 5 AR AW TR B LR ) |, <7 S FAR AL & W Y Bt v 22

SEILRM 15 Fh kA Y B vk 2l 4 ~ 400
ng/L I JE R RAF, r BIKF 0. 999 ; 4% HEAE i 43
B4 20 38, LB v B2 Ol 10. 0 ng/L IR it
117 UOFATINAE , 0 5 J7 35 Ikt BR A = PR, 15
F BAsE &P 10 FP EPRIRE SR BETE 3~5 1%
THE 9 7 A HH B AR5 BB Y 5 14 F E AR RE i vk
JEAE 1~ 10 {515 H B I vk i BR A YE BBL , ir A
HARIRE S B 241/ T 20 A58 H A 5 B H BR
T JE PR A58 W 0 4 7 s s T e B R = UT) (Y
168—2020) [ff 5% A HXT T2 455 HARM 538
PR BRI S ISR . 15 Rl AL A W A
FRK 0.6~2.4 ng/L; i PRI E N 4 ERH IR,
4 2.4~9.6 ng/L, %5 HERLE WK 1 BR M e i R
S5 5 PN,

2.5 SEBRIKFEMNAREIH R

T HCT b DX — &b ) AR R K B R g T K
ATAR AU A A [ el 2 o 25 SR AE 7K IR K R
i PFPeA \PFBS Fil PFHxA , 7E ] 7KK i PFPeA |
PFHxA ; 55 B KR fin A o1 5 Wk B2 5391 2 20,100 ng/
L 1300 ng/L, KK H 15 Fi 4 5840 & 9 19 A% e
BE AR (20 ng/L) ML N 77. 2% ~117. 8% , Tk
FETNAR (100 ng/L) IR H 71. 8% ~ 105. 6%, 1=
W INFR (300 ng/L) IR Ky 89. 1% ~ 122. 2% ;
K 15 Fhae AR A W AV BE N AR (20 ng/
L) [BISCRN 72, 6% ~ 109. 5% , ¥ BE bR (100
ng/L) B KN 77.4% ~ 121. 1%, 15 e BE I #x
(300 ng/L) A Ky 81. 6% ~ 121. 7% , H A% 4%
m#E 6 .£7 PR,
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Tab. 6 Standard Recovery Rates of Perfluorinated

Compounds in Raw Water

S T ——
HFx B . . V&S
(ng-L7) (ng-L7) (ng-L7)

PFBA ND 20 21.5 107. 4%

ND 100 84.8 84. 8%

ND 300 279.6 93.2%

PFPeA 27.3 20 43.6 81.4%
27.3 100 118. 8 91. 5%

27.3 300 301.3 91.3%

PFBS 2.7 20 19.4 83.7%
2.7 100 86.7 84. 0%

2.7 300 304.7 100. 7%

PFHxA 22.3 20 37.7 77.2%
22.3 100 101.7 79. 5%

22.3 300 306. 0 94. 6%

PFHpA ND 20 21.5 107. 6%
ND 100 91.8 91. 8%

ND 300 308. 1 102. 7%

PFHxS ND 20 23.6 117. 8%
ND 100 105.6 105. 6%

ND 300 296. 4 98. 8%

PFOA ND 20 15.9 79. 4%
ND 100 71.8 71. 8%

ND 300 267. 4 89. 1%

PFNA ND 20 16.2 80. 8%
ND 100 82.3 82.3%

ND 300 316. 1 105. 4%

PFOS ND 20 19.2 96. 2%
ND 100 88.4 88. 4%

ND 300 318.3 106. 1%

PFDA ND 20 16.9 84. 5%
ND 100 84.5 84.5%

ND 300 326.2 108. 7%

PFUnDA ND 20 0.0 112.5%
ND 100 94.0 94. 0%

ND 300 366. 5 122.2%

PFDS ND 20 16.5 82. 6%
ND 100 95.3 95.3%

ND 300 333.8 111.3%

£23%6)
44 ’, ’ L e
(ng-L7) (ng-L7) (ng-L7)

PFDoDA ND 20 18.1 90. 5%
ND 100 95.4 95.4%

ND 300 309. 8 103. 3%

PFTrDA ND 20 18.6 92. 8%
ND 100 92.1 92. 1%

ND 300 333.9 111. 3%

PFTDA ND 20 16.7 83.4%
ND 100 96.5 96. 5%

ND 300 347.6 115. 9%

4 ND FRARKH, FF,

R7 KRS YRR RTR

Tab.7 Standard Recovery Rates of Perfluorinated

Compounds in Finished Water

= N
A S . Lo R
(ng-L7) (ng-L7) (ng-L7)

PFBA ND 20 20.7 103.3%

ND 100 87.1 87. 1%
ND 300 286. 8 95. 6%
PFPeA 17.4 20 37.6 101. 0%
17.4 100 99.8 82.4%
17. 4 300 262.3 81. 6%
PFBS ND 20 18. 1 90. 6%
ND 100 87.2 87.2%
ND 300 292.4 97. 5%
PFHxA 19.2 20 37.4 91. 0%
19.2 100 99. 4 80.2%
19.2 300 286. 6 89. 1%
PFHpA ND 20 19. 4 96. 9%
ND 100 88.5 88. 5%
ND 300 296.9 99. 0%
PFHxS ND 20 16. 8 83.9%
ND 100 121. 1 121. 1%
ND 300 302.3 100. 8%
PFOA ND 20 15.5 77.7%
ND 100 77.4 77. 4%
ND 300 267.3 89. 1%
PFNA ND 20 15.5 77. 7%
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(BL3R7)

e $§£ﬁ m];f g/ﬁ ii“g/ﬁ Ty

i / / L i
(gl (ngel) (ngl)

ND 100 81.9 81.9%
ND 300 306. 1 102. 0%
PFOS ND 20 19.2 96. 1%
ND 100 87.5 87.5%
ND 300 317.5 105. 8%
PFDA ND 20 14.6 72. 6%
ND 100 84.1 84. 0%
ND 300 347.3 115. 7%
PFUnDA ND 20 0.0 109. 5%
ND 100 119.2 119. 2%
ND 300 395.0 121. 7%
PFDS ND 20 14. 8 73.9%
ND 100 94.4 94. 4%
ND 300 346.2 115. 4%
PFDoDA ND 20 17.9 89.2%
ND 100 90. 2 90. 1%
ND 300 322.7 107. 6%
PFTrDA ND 20 17.8 88. 8%
ND 100 93.9 93.9%
ND 300 329.7 109. 9%
PFTDA ND 20 17.7 88.4%
ND 100 90. 7 90. 7%
ND 300 356. 1 118. 7%
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