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Rapid determination of five antipyretic analgesics in surface
water by online solid phase extraction and ultra-high perfor-
mance liquid chromatography-tandem mass spectrometry
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Abstract: Antipyretic analgesics are typical pharmaceutical and personal care products (PPCPs)
that are widely used in our daily life because they relieve fever and pain, and have anti-inflammatory
and anti-rheumatic properties. These drugs inhibit the synthesis and release of prostaglandins (PGs)
in the neurons of the anterior hypothalamus and exert therapeutic effects as a consequence.

However, these drugs are relatively commonly misused and abused, often owing to a lack of proper
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medication guidance. As a result, these drugs enter the environment via various pathways, including
wastewater treatment plants, agricultural runoff, and improper disposal, thereby posing potential
threats to human health and ecosystems. The presence of these contaminants in surface water has
become an environmental safety concern that necessitates the development of rapid, accurate, and
high-throughput analysis methods. In this study, an analytical method was established for the
determination of five antipyretic analgesics (ibuprofen, aminophenazone, antipyrine, phenacetin,
and naproxen ). The developed method is based on online solid phase extraction coupled with ultra-
high performance liquid chromatography-tandem mass spectrometry (online SPE-UHPLC-MS/MS) ,
which provides a high degree of automation and efficiency. Water samples were collected and filtered
through 0.2-pm regenerated cellulose (RC) filter membranes, after which Na,EDTA and an internal
standard were added. An aliquot (0.9 mL) of each sample was injected into the online SPE system
using an automatic sampler. Samples were first adsorbed on a PLRP-S online SPE column, washed
with 0.05% formic acid aqueous solution, and finally gradient-eluted with a mobile phase composed
of 0.2 mmol/L ammonium fluoride solution and methanol-acetonitrile (1:1, v/v). Analytes were
separated on a ZORBAX Eclipse Plus C18 column, detected by multiple reaction monitoring with
electrospray ionization in both positive- and negative-ion modes, and quantified using the internal-
standard method.The five antipyretic analgesics were effectively separated under the optimized
experimental conditions and showed good linearities within their respective concentration ranges,
with correlation coefficients (r) greater than 0.998. The method detection limits (MDLs) ranged from
0.05 to 0.20 ng/L, and the method quantification limits (MQLs) ranged from 0.20 to 0.80 ng/L. The
five antipyretic analgesics exhibited average recoveries of between 64.2% and 112%, with relative
standard deviations (RSDs, n=6) of 2.06%-8.99% at low, medium, and high spiked levels. Fur-
thermore, the method was successfully used to analyze water samples from the Hangzhou section
of the Qiantang River, in which four target compounds were detected, with antipyrine found to have
the highest mass concentration. This newly developed method features a high degree of automation,
facilitates the injection of large volumes, and enables online enrichment, purification, and quan-
titative analysis in an integrated process, with minimal operational errors, high repeatability, and
high sensitivity. The developed method shortens sample-analysis times, is more cost-effective, and
meets the needs of large-scale sample testing, as it requires only 15 min to completely determine
a sample, thereby significantly improving detection efficiency. Overall, the method features low
detection limits, analyzes rapidly, and is easy to operate; hence it is suitable for rapid risk screening
and the quantitative determination of antipyretic analgesics in surface water.

Key words: online solid phase extraction (online SPE) ; ultra-high performance liquid
chromatography-tandem mass spectrometry (UHPLC-MS/MS) ; antipyretic analgesics; surface

water
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Table 1 Gradient elution conditions of online solid phase
extraction (online SPE)

Time/min  Flow rate/(mL/min)  ¢( A )/% o(B)/%
0 0.40 100 0
0.25 1.00 100 0
4.00 1.00 100 0
5.00 1.00 0 100
10.00 1.00 0 100
10.01 1.00 100 0
13.00 1.00 100 0
15.00 0.40 100 0

A: 0.05% (v/v) formic acid aqueous solution; B: methanol-
acetonitrile (1:1, v/v).

1.3.2 &K1

4,3 ¥ : ZORBAX Eclipse Plus C18 3% 41 (100
mmx3.0 mm, 1.8 wm, 3% [F Agilent 23 ) ) ; 304 A
0.2 mmoV/L F AL & /K% W s i sh A B b H - 2 B
(1:1,vA) ;7 0.3 mL/min; F:3E 40 T, 6 e AR
J¥ :0~4.0 min, 10%B ;4.0~7.0 min, 10%B~55%B ; 7.0~
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12.0 min, 55%B~95%B; 12.0~14.0 min, 95%B; 14.0~
14.1 min,95%B~10%B;14.1~15.0 min, 10%B .
1.3.3 Fi &1t
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TR 1.5 kV, SE WM S50 2,
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Table 2 Retention times and MS parameters of the target compounds

Compound R'etenti?n Precursor ion Product ions Fragmentor/V Colli'sion Tonization mode
time/min (m/z) (m/z) energies/eV
Ibuprofen (IBU) 12.181 205.0 161.1° 83 5,5 ESI”
Atipyrine (ANT) 7.822 189.0 77.0°, 147.0 90 30, 20 ESI
Aminophenazone (APZ) 8.189 232.0 113.0°, 111.0 100 12, 10 ESI*
Phenacetin (PCT) 8.797 180.1 65.1", 110.0 118 55, 40 EST”
Naproxen (NPX) 10.729 229.0 169.0", 185.0 23 36, 2 ESI”
Ibuprofen-D, (IBU-D,) 12.166 208.0 164.1° 85 5,5 ESI”

* Quantitative ion.
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Fig. 2 Chromatograms of the target compounds under dif-
ferent aqueous phases
Organic phase: methanol-acetonitrile (1:1, v/v).
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Fig.3 Effect of different filter membranes on the recover-

ies of the target compounds (n=3)
RC: regenerated cellulose; PVDF: polyvinylidene fluoride;
PTFE: polytetrafluoroethylene; PES: polyethersulfone; GHP:
polypropylene.
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ferent rinsing solvents
FA: formic acid.
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(y), W TAEMZ . R 0T 168-2020 A FR , %
MDL=t,,_, 400 %S T 57 K HBR , 4 £ MDL 55
FEERMQL)"Y, 45 REW, Hisfb AW e Lk
Bl PN 26 1 5 3 ar , S A OC R B (r) Sl 0.998 5~
0.999 6, 5 Ff fift #4 B9 25 ) 1) MDL 2l 0.05~0.20
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Table 3 Linear ranges, regression equations, correlation coefficients (), MDLs, and MQLs of the target compounds

ng/L,MQL % 0.20~0.80 ng/L, %5 5 L% 3.

Compound Linear range/(ng/L) Regression equation r MDL/(ng/L) MQL/(ng/L)
IBU 1.0-100 y=1.48x+0.32 0.9985 0.20 0.80
ANT 0.5-100 y=3.53x-0.13 0.9995 0.05 0.20
APZ 0.5-100 y=10.892-0.75 0.9996 0.09 0.36
PCT 0.5-100 y=4.8520-0.17 0.9995 0.11 0.44
NPX 0.5-100 y=2.102-0.15 0.9989 0.05 0.20

y: ratio of peak area of analyte to internal standard; x: ratio of mass concentration of analyte to internal standard.

242 ERERREEE

DA B 1 2 KRR P R 65 oS H R Ak A
AR E W 45 2.0.10.0 Fi1 50.0 ng/L 3 KRy
BHAEAE &, R A 7K RE AT IS 6 IR 1 HE ST 11
J5 5 HEAT S, v 5 L [ 05 R RN A X AR o e 22
(RSD), L 25 WL 36 4. 2530 WoR, 3 A bk F
T H bk & W6 I R 5 i E 86.0%~103%.,
69.1%~103% . 64.2%~112% 1 Bl PN , #H X A 7 f 22 43
WITE 2.98%~6.58% .2.17%~8.99% .2.06%~4.54% U [l
P, D7 15 1Y [T 03 RS %% BE AT B TR 2 R oK
F 4 BHRUAWE 3K FHT AR ER AR HE (n=6)

Table 4 Recoveries and RSDs of the target compounds at
three spiked levels (n=6)

Compound Added/(ng/L) Recovery/% RSD/%
IBU 2.0 86.0 4.87
10.0 103 8.99
50.0 112 2.06
ANT 2.0 93.5 6.58
10.0 100 5.62
50.0 89.4 4.07
APZ 2.0 90.1 4.30
10.0 74.1 3.61
50.0 70.8 2.77
PCT 2.0 103 2.98
10.0 69.1 2.17
50.0 64.2 4.08
NPX 2.0 98.8 5.76
10.0 89.9 4.21
50.0 103 4.54

2.5 XERHE&RSW

I FH A 7 3 o 8 YA BE 6 A WE T A A K
B v i VRO 25 W0 10 & R E AT AR N, AN S TR LS
Foft fiff AU 245 90 1 K R 5 B8 ND~16.3 ng/L, 6 {7
JKRE LA 4 Folff BRI 25 4, G PR A A
1R IR R AR, TE S O KRR TR R 5 A3 L AR
FE 6 3 K FE R AR F 7 2R B . PRI ok i 3R
IR il AR 25 W 1 s G T L EE AR, i 75 4Ltk
TG G T IR A, U0 S8 PR B K BT R AR 2R A EE & 4

F 5 SERROKEER S AR A SIR LS M A T 2 R

Table 5 Detection results of the five antipyretic analge-

sics in actual water samples ng/L

Sample No. IBU ANT APZ PCT NPX

1 ND 5.0 ND ND ND

2 ND 0.4 ND ND 1.1

3 ND 1.4 ND 0.5 2.4

4 ND ND ND ND ND

5 ND 16.3 ND 0.4 1.6

6 2.0 13.7 ND ND 2.4

ND: not detected.
3 i

ARG 7 T A 4 I A AR - s 2R 13 -
HR I 5T DR 00 M SR OK TR 5 Rl ik R R 25 W Y
Trik e ZITIE BT R BRI, RS =, A
PEbF o 5 G0 1A A8 BOTIE AR L, B T BT Y
i Ak PR PR A B B9 R AR L 20 BT [A)E, 15 min
RIVAT S8 B — A A Y 20 A I R BE A% 6 R Ak AR
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