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Determination of Perfluorinated Compounds in Drinking Water Using Online
Solid-phase Extraction Coupled with UHPLC-MS/MS
WU Bin, HAO Yifei, SU Yuliang, SHEN Huidong, LIAN Zigi, CAO Jiayao,
HAN Guohang, FANG Li
(Zhuhai Water Environment Holdings Group Ltd., Zhuhai 519020, China)

Abstract: A method for the simultaneous analysis of 15 perfluorinated compounds (PFCs) in
drinking water and source water was developed using online solid-phase extraction coupled with ultra-
performance liquid chromatography tandem mass spectrometry (UHPLC-MS/MS). A 5 mL sample was
enriched, purified, and eluted online using an HLB solid-phase extraction column, followed by
quantitative analysis via UHPLC-MS/MS. The 15 perfluorinated compounds exhibited excellent linear
relationships within the concentration range of 1-200 ng/L. All correlation coefficients exceeded 0.99.
The detection limits of the methods ranged from 1.04 ng/L to 3.37 ng/L., and the spike recoveries were
between 84.7% and 114.0%. This method is characterized by simple operation, high sensitivity, high
recovery, excellent reproducibility, a short analysis time, and solvent conservation. The detection of
drinking water and surface water in a city in Guangdong Province demonstrated that this method could be

effectively applied to the detection and analysis of PFCs in both domestic drinking water and source water.
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Tab.1 Gradient setting of online SPE mobile phase

ol ey . Wi shAH & /%

Fisf 8] /min i &=/ (mL/min) A 5 C 5
0 2.00 100 0 0 0
0.5 2.00 100 0 0 0
3.5 0.01 100 0 0 0
4.5 2.00 0 0 0 100
7.5 2.00 100 0 0 0

13.0 2.00 100 0 0 0
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Tab.2 Gradient setting of chromatographic mobile

e vae  yde — N owimt s o NSNS hase
IKVEWE, SN HE B, Sl 25 s KRR 9 40 °C. (B 3 P
s _ N . bk 1%
R FEE T8 12 2 % A ll/min | Wt/ (mL/min) A‘W*H Bk :
vy NG T e ST 1 1
JoT 1% A5 A - PR R SR HH R 55 B B - 8 X 0 0.1 80 20
(ESI) ; BN LT 0 1.0 kV; JE IR BE K 150 °C 5 i 4.0 0.1 80 20
VRTINS A 600 °C 3 VAR SR 1000 Lih. ‘9‘; 8: ?g ;g
JE Bl H RS LA R i R A T S B N 13.1 0.4 80 20
3R, 14.0 0.4 80 20
*3 PFCsHIRIZS#
Tab.3 Mass spectrum parameters for PFCs
IiH FE T (mlz) FET (mlz) HEFLHLE/V il 5 FEL B e V B
219.0% 10 9
ST 263.1 ESI”
SHUR 263.1 10 3
119.0% 20 17
LR 313.0 ESI”
AEm 269.0 20 8
169.0% 25 15
R 363.0 ESI”
B 319.0 25 9
169.0% 22 21
R 413.0 ESI”
A 369.0 22 10
218.9 20 16
RTIR 462.8 ESI”
B 419.0% 20 10
219.0 20 18
ISR 513.0 EST
469.0% 20 11
80.0% 53 27
T T e R 298.8 ESI”
99.0 53 25
79.9 30 35
O B TR 399.0 ESI”
i 99.0% 30 0
79.8 65 35
IR PR R 448.8 98.9 59 31 ESI
118.9% 59 31
79.9% 70 43
BIRERER TR 499.0 ESI”
AL 98.9 70 43
80.0% 70 90
B EETR 599.0 ESI”
99.0 70 80
519.0% 25 10
A —R 562.8 ESI®
562.8 25 2
269.0% 20 17
o [ N 612.9 ESI”
wt 569.0 21 8
168.9% 20 17
R+ =R 662.9 ESI”
M 369.0 20 10
169.0% 20 18
251 R 713.0 ESI”
268.9 20 13
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Fig.1 Normalized standard ion chromatograms of 15 PFCs
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Tab.4 Linear regression equations, correlation coefficients and detection limits of 15 PFCs
g PREAES ] /min | ZetESEFEl/ (ng/L) Sk ml )= 7 A FMFR/(ng/L) | MHRRE(R)

A HLIR 6.76 1~200 y=3 430.22x+1 946.88 1.49 0.999 7
2RO 6.68 1~200 y=5 189.64x-2 527.82 2.50 0.999 4
AR 7.02 1~200 y=6 143.75x+3 898.59 1.80 0.999 3
AR 7.39 1~200 y=5911.07x+4 861.19 1.64 0.999 0
IR TR 7.80 1~200 y=4 789.88x+2 110.90 1.43 0.998 9
ISR 8.23 1~200 y=3706.77x+1 247.38 1.71 0.999 1
A5 T BERE R 6.82 1~200 y=1916.97x+181.86 1.04 0.998 6
2O Bl R 7.44 1~200 y=1727.64x+392.97 3.15 0.998 6
B Vo i 7.84 1~200 y=1762.68x+896.46 3.37 0.996 5
ATRE B TR 8.26 1~200 y=1398.46x+142.52 2.96 0.997 7
LSS R 9.04 1~200 y=376.29x—60.66 1.44 0.999 0
A —R 8.70 1~200 y=2 396.55x~70.86 1.23 0.999 0
R AR 9.05 1~200 y=2 337.68x+214.94 2.19 0.999 6
A=W 9.59 1~200 y=169.66x-32.36 2.95 0.999 2
o g Ut 10.53 1~200 y=70.98x+397.43 1.91 0.998 9
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Tab.5 Spike recoveries and relative standard

deviations of actual water samples %
5iH HK Ik

M= | RSD W= | RSD

R 101.5 1.77 103.0 3.60
RO 92.9 4.79 96.5 5.80
RSB 93.4 5.68 89.3 4.20
R 101.2 4.84 110.0 6.60
R 94.8 9.91 114.0 4.00
E RS 97.0 3.69 99.3 2.70
ST IR R 99.0 221 95.1 2.70
A9 O e R 86.9 6.16 103.0 4.60
AT R 84.7 12.36 108.0 4.20
Koy e AT 95.0 7.22 106.0 4.90
SRS T Iy 95.9 3.05 101.0 2.10
AR 97.5 0.64 94.8 6.60
oy | L7y 100.2 1.25 95.4 6.20
R =R 99.1 1.70 92.8 6.70
AR DURR 99.9 2.60 96.7 2.70
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Tab.6 Survey results of major PFCs in actual

water samples in Guangdong Province ng/LL
— LR EYIRSE
. BRI | BREELHR | SRR
GB 5749—2022 <80 <40
X R4 BAAIEE
b - T 5
SCHRI4IERAK | 1.0~53.4 R th 250 AH i
SRS PR
“EE%T*‘ 0.67~16.11 Rt [231~1057

ZME SR A TR R L 55 Sk [ 4 )4 H 1 1 3
AR —F 5 10 4 36 ot i T R 4 S0 IR O G 1 5 D
SCHR 4] —B, J5 2275 s BR s B W o (A 16 K
FHAK A HRUEY (GB 5749—2022) fif 5% A HH V1R
Y BRAE A 80 ng/L, 4= F = ot fif 1R 1) BR A 40 ng/L,

AR HR v B AR DAL FBRAEL
3 4iE

SR FH A 25 1 AH A B — 8 15 R0 335 — B B
Tk, X AR TG AR FH 7K Bk K R 1S Fl PRCs 4TI
T %A B AR R R UE L meR
1o IR G A BT R N 20 R AR R AT BB
T 7K PRCs B9 WM R 22 o SRR 7R b IX B g
K BOK MR KRR S BT T 15 i PRCs I ARG, A6
AR, 5 SCER AR A A G DL AR — 2, 4
TR Joe i 2 R 4 N R ) ARG 1S 150 5 SR o i
AN B, AR N A T e R R 1) ARG H VA B 341G
T E FAREAH SRR
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