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Abstract [ Objective] In this paper, a fast approach for the simultaneous determination of three chlorophenol chemicals (2,4-
dichorophenol, 2,4 ,6-trichlorphenol and pentachlorophenol) in drinking water and source water is developed by using an online solid
phase extraction (online SPE) system connected with ultra performance liquid chromatography-tandem uliraviolet detector ( UPLC-
TUV). [ Methods] After simple filtration of the water samples, only 5 mL of the samples were taken for directly detection. The
samples were concentrated and purified in turn by switching the six-way valve of the online solid phase extraction device and using
Oasis HLB Direct Connect HP (20 pwm,2. 1 mm X 30 mm) as online SPE extraction column, and separated on an ACQUITY UPLC
HSS T3 column (1.7 pm,2.1 mm x 50 mm), with 0.05% acetic acid and 9 : 1 mixture of acetonitrile/methanol as the elution
solvents for the online SPE and the liquid phase chromatography mobile phase for gradient elution. The samples were detected by TUV.
[ Results| The separation effects and linearity in 0.50—10.00 pg/L of three chlorophenol chemicals were good, in which the
correlation coefficients (r) were no less than 0. 998, the lower limits of determination were in the range from 0.40 pg/L to 0. 56 pg/L,

which met the relevant standard limits for raw water and drinking water in China. The spiked recovery rate for source water and drinking

[WeREEHEA] 2025-08-19
[MEHERA] PR (1992— ), TR, =2 FEK BT AR S G )58 %6 T8, Email : 1197295006@ qq. com,
[BEEE] R, B TR, 322K AR BAS Y55 % TAE , Email :270983692@ qq. com,

— 188 —



WK R
WATER PURIFICATION TECHNOLOGY

Vol. 45,No. 1,2026
January 25th, 2026

water at different concentrations were in the range of 80.4%-117% (n=6). And the relative standard deviations were in the range of

0.6%-9.9% (n=6). [ Conclusion |

This method has high sensitivity, accuracy and precision, and meets the requirements of

national standards. In addition, the total time for pretreatment and instrumental analysis is within 15 minutes comparing with the

traditional solid-phase extraction method. The SPE column can be reused. The method has the characteristics of short detection time,

low cost and more environmental friendliness, which is suitable for the fast determination of three chlorophenol chemicals in source

water and drinking water.

Keywords chlorophenols online solid phase extraction (online SPE)
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Fig. 1 Automatic Online SPE Instrument Device
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Tab.3 Detection Wavelengths and Retention Times of
Different Substances

51 2,4~ A 2,4,6- =41 T
K4/ nm 295 295 305
LR B B ] /min 6. 68 6.93 7.35

Tab. 1 LC Separate Conditions ( Binary Solvent Pump)

i fi)./ i/ BRI
min (mL-min™") A B ES
Initial 0. 400 95. 0% 5.0% Initial
3.80 0.010 95. 0% 5.0% 11
4.10 0. 400 95. 0% 5.0% 11
7.00 0. 400 5.0% 95. 0% 6
9.00 0. 400 5.0% 95. 0% 6
9.50 0. 400 95. 0% 5.0% 6

11. 00 0. 400 95. 0% 5.0% 6
60. 00 0. 000 95. 0% 5.0% 11

T2 A AR 0. 05% LK 5 B AN 90% LI +10% MBI 5 I8 AT

[8]28 11. 00 min;6 M EEARL ;11 2% kB ] OB AR 4k

*2 BEBEIBEZFGF(NLTEFE)
Tab.2 LC Separate Conditions ( Quadruple Solvent Pump)

I} fi/ Wi/

min  (mL-min™")

PR

B ¢ Ttz

Initial 2. 000 100.0% 0.0 0.0 0.0 Initial

0.50 2.000 0.0 95.0% 50% 0.0 11
3. 80 0.010 0.0 95.0% 50% 0.0 11
4.10 2.000 0.0 0.0 0.0 100.0% 11
7.00 2.000  100.0% 0.0 0.0 0.0 11
60.00  0.000  100.0% 0.0 0.0 0.0 11
TE A A RBAK B HIH 0. 05% 2R K ; C 1R 90% 2% +10% H
BV D AR L e 1 R H I PR | IE SRR
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Tab.4 Detection Limit Results of the Target Substances

KM ZE 3/ (pg-L7")

Hbr 5
1 2 3 4 5 6 7
2,4- A% 0.588 0. 594 0. 549 0. 534 0. 485 0. 600 0. 526
2,4,6- =S 0. 530 0. 580 0.577 0. 596 0. 569 0. 587 0. 488
AR 0.599 0.593 0.599 0. 566 0.514 0.598 0. 584
x5 BRMURNREHZINGHRERFR
Tab.5 Standard Curve and Detection Limits of the Target Substances
HAr9 bRt £& r R (g L) WE TR/ (ug L")
2,4- " y = 262.544x-16. 360 7 0.999 1 0.14 0.56
2,4,6- =4 y = 313.711x + 9. 111 33 0.998 0.13 0.52
FA B y = 146.431x-12. 948 9 0.999 5 0. 098 0.40
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Tab. 6 Standard Precision and Recovery Rate of Actual
Water Samples

. ENid5
R gﬁ BWIE, RSD ik
(pg-L™h

2,4-T"4 My B4k N.D. 2.4%~5.9% 91.0%~111%
KK N.D. 3.4%~8.2% 88.9%~111%

WK 017 5.1%~7.2%  83.6% ~105%

HRAK N.D.  4.2%~4.4% 90.5%~106%
2,4,6-=FB #Baik N.D. 3.0%~3.4%  104%~114%
KFAK  0.23  2.2%~7.9% 93.4%~116%

K N.D. 7.3%~8.3%  84.2%~106%

BRIk 0.22 0.6%~8.3% 97.8%~111%

FA ek N.D. 2.1%~3.8%  102%~112%
KFK 042 2.0%~8.7% 89.2%~117%

WK 029 6.19%~9.9% 85.8%~111%
BWK  0.42  2.8%~3.6% 80.4%~87.8%

LN D R AEKEH
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Tab.7 Comparative Analysis of Different Methods
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(HJ 676—2013) (HJ 744—2015) (CI/T 141—2018) i P
(T/GAIA 005—2020)
i e R KUK KK Rk K A TETS MR OK R K AETE TS SRR RHOK ORIk R K
KOk E K KTl K Pk
B/ (pg-L™h)  0.098~0. 14 1.1~1.2 0.1~0.2 0.21~0.97
W5E TR (pg-17") 0.40~0.56 4.4~4.8 0.4~0.8 0.27~0. 54 0.84~3.88
i 0.6%~9.9% 1.3%~14.5% " 2.3%~9.2%"* 4.8%~11% 0.5%~10.9% *
W BE 80. 4% ~117% 65.9%~113.3%* 85. 4% ~105% 93.9%~100%  80.0%~118%
AR A T L TELL SPE-RAHM AAH (035 - &AM R I SRS B I BB, A% TR 3 43, A VRORE (0335 B I B R A, A
AL, s dE 2% AR AL g K v 4 K& e B
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R H A2 T R B] 5 & fifi A %, SPE A 1l
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Tk SPE L HL P AEAG AR 3 ML, 45 Ik, $5 A a
3 i<
TR 5 mL 500 mL 250 mL 1 000 mL 10 L
AR SRR 15 min LGN BUNF L BN L 5 min
" AT E N RSD,
3 &£ Mg T IR, LA, %07 7E 4 SPE 4 0T LI & i

(1) ASCRHC &1 S FE L SPE-UPLC-
TUV $% & @57 7K AR 3 Fh G By 254k A 9 i A
D5k TR E FBR M 0.40~0.56 pe/L, [BICR
9 80. 4% ~117% ,RSD "N 0. 6% ~9. 9% , i /& Fe [E b
HEEIR

(2) %071k A Sh AL RE B =, FF ik i R AT 141,
ToTF TR 22N AL B 45 R ARG I B AR 1)
ik B R &1
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B AU R EK (A LC-MS/MS %4
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