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Determination of eight sulfonamide antibiotics in water by
magnetic solid-phase extraction-ultra performance liquid
chromatography-tandem mass spectrometry based on covalent
organic framework materials
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Abstract: Sulfonamide antibiotics (SAs) are artificially synthesized antibiotics, which have been
widely used in the medical industry and animal husbandry because of their broad antibacterial
property. Unfortunately, SAs can be metabolized by humans or animals and enter the environment
through surface runoff, posing threats to environmental ecology and human health. Therefore, it
is crucial to develop simple, rapid, highly efficient, and sensitive analytical methods for detecting
SAs in water. Sample pretreatment is important for the extraction and enrichment of pollutants from
environmental water. Magnetic solid-phase extraction (MSPE) is a new sample pretreatment method,
which uses magnetic materials as adsorbents dispersed in solution, and rapid separation can be
achieved by the aid of external magnets. Because of its advantages of short enrichment time, less

organic solvent consumption, and easy separation of adsorbents, MSPE has attracted much
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attention. The key to MSPE is the preparation of highly selective magnetic adsorbents. Covalent
organic frameworks (COFs) have the advantages of large surface, chemical and thermal stability,
tunable porous structure, low density and easy functionalization. Therefore, a sample pretreatment
method combining MSPE and COF for the analysis of SAs in complex matrices is very promising.
The contents of SAs in environmental water are low, ultra performance liquid chromatography-
tandem mass spectrometry (UPLC-MS/MS) has high sensitivity and accuracy. In this paper, the
magnetic COF material Fe;0,@TpDT was prepared by in-situ synthesis method, which was used
as an MSPE adsorbent for the adsorption and enrichment of eight SAs in environmental waters.
Based on the 7 -7 conjugation, hydrogen bonding, electrostatic interaction and molecular size effect
between Fe,0,@TpDT and SAs, in combination with UPLC-MS/MS, this study established a new
method for the determination of eight SAs in environmental water samples. The successful synthesis
of Fe,0,@TpDT was confirmed using scanning electron microscopy (SEM), Fourier transform
infrared spectroscopy (FT-IR), X-ray diffraction (XRD) , surface area analyzer and X-ray photo-
electron spectroscopy (XPS) spectrum. To obtain the optimal extraction efficiency, the extraction
conditions (dosage of material, pH of water sample, extraction time) and elution conditions (type
and volume of elution solvent, elution time) were systematically investigated. The optimization
results show that the Fe;O0.,@TpDT adsorbent can completely adsorb the target compounds within
6 min. After elution with 1 mL of methanol for 2 min, the target compounds can be fully desorbed.
The target compound were separated on an ACQUITY UPLC BEH C18 column (100 mmx2.1 mm,
1.7 pm) and gradient elution was carried out with methanol-0.1% formic acid solution as the mobile
phase. Multiple reaction monitoring (MRM) was conducted in the positive electrospray ionization
mode and the ion source temperature and ion source voltage were set to 500 C and 5 kV,
respectively. Under the optimal extraction conditions, the enrichment factors (EFs) of Fe,0,@TpDT
for eight SAs were 39-48. The methodological verification results indicated that the eight SAs had
good linear relationships ( correlation coefficients (77)>0.992 6), and the limits of detection (LODs)
and quantification (LOQs) were 0.80-3.44 ng/L and 2.66—11.47 ng/L, respectively. The spiked recovery
tests were conducted at three spiked levels (50, 500 and 800 ng/L) in blank water samples (tap water
plant effluent). The recoveries of the eight SAs were 73.0%—112.9%, and the intra- and inter-day
precisions were 4.4%-12.5% and 8.7%—-19.2%, respectively. Finally, this method was successfully
applied to the determination of eight SAs in environmental water samples (tap water plant effluent,
reservoir water and seawater). The results showed that no SAs were detected in tap water plant
effluent, three SAs were detected in the reservoir water, and one SA was detected in the seawater.
At three spiked levels (50, 500 and 800 ng/L), the recoveries of eight SAs in reservoir water and
seawater were 55.0%—-100.9%, and the relative standard deviations (RSDs) were 1.3%—14.0%. This
method is simple to operate, has a short extraction time, and has good accuracy and precision,
providing technical support for the enrichment detection of SAs in environmental water samples.
Key words: covalent organic framework materials; magnetic solid-phase extraction (MSPE) ;
ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) ; sulfon-

amide antibiotics (SAs); environmental water
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Table 1 Retention times and MS parameters of the eight sulfonamide antibiotics (SAs)

Analyte t,/min Precursor ion (m/z) Product ions (m/z) DP/V CEs/eV
Sulfamerazine (SMI) 2.53 265.1 156.0", 171.9 74 25, 24
Sulfadimidine (SMZ) 2.80 279.1 185.9", 155.9 70 24, 24
Sulfamethoxypyridazine (SMP) 2.92 280.8 156.17, 126.1 70 24, 26
Sulfachloropyridazine (SCP) 3.15 285.0 156.1", 126.1 70 24, 26
Sulfamethoxazole (SMX) 3.23 254.1 108.2", 155.6 80 23, 38
Sulfamonomethoxine (SMM ) 3.35 281.1 156.1", 214.6 74 23,23
Sulfisoxazole (SIZ) 3.42 267.8 155.9%, 113.0 65 19, 22
Sulfabenzamide (SB) 3.68 277.0 155.9%, 108.0 63 19, 34

DP: declustering potential; CEs: collision energies; * quantitative ion.
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Fig.1 SEM images of (a) Fe,O, and (b) Fe,0,@TpDT
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Fig. 6 Extracted ion chromatogram (EIC) of the eight SAs

Peak identifications: 1. SMI; 2. SMZ; 3. SMP; 4. SCP; 5.
SMX; 6. SMM; 7 SIZ; 8. SB.
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Table 2 Matrix effects (MEs) of the eight SAs

MEs/%
Analyte Water treatment Reservoir
plant effluent water Seawater
SMM 12.3 20.2 38.1
SMZ 18.4 26.3 44.0
SB 16.3 24.1 38.9
SMP 22.5 29.5 46.7
SMX 11.0 19.6 34.5
SCP 26.7 33.3 45.9
SMI 26.0 33.8 44.9
SIZ 16.0 24.4 39.3

2.5 FAEFWIE
251 LR E BHRMEER

FH 3 Fhas KRR (K T 7K K R K TR 7K ) 366
T ) 2 51 R (4.10.20,50,200, 500, 800,
1 000 ng/L) R HLK AL | 200 i Ab BRI LA
LS5 o B R R A B (v, ng/L) U6 T ARl 96 AR BR
(y) il bR 2. 45 R %W, SMM . SMZ.SB #1
SMP 7£ 4~1 000 ng/L J5 [l N BAH RIF& X R,
SMX .SCP #l SMI 7£ 10~1 000 ng/L i [ P} B A7 B
U By 2Pk 5 2, SIZ 7E 20~1 000 ng/L {5 [ N B A B
IR OC & A OC R B (1) 120.992 6, 8 Fl SAs
)k i BR (LOD, S/N=3) filsE & fR (LOQ, S/N=10) 53
WA 0.80~3.44 ng/L Fll 2.66~11.47 ng/L., LL/K) 7K
SET A, A OCH I DL 2 3.
252 FEREFHEE

25 H KRR R T K s in ik b s 3 4ok
(50,500 1 800 ng/L) iR & br e T ARV W, #E 47
JAR SR 56, T3 bR LSR5 AN bR K- 1 d

£3 SHSAsHLMER AU E HXRB RERMESR
Table 3 Linear ranges, linear equations, correlation coef-
ficients (r?), LODs and LOQs of the eight SAs”

Linear
X X ) LOD/ LOQ/
Analyte range/ Linear equation r
(ng/L) (ng/L)
(ng/L)

SMM 4-1000 y=52.050-365.80 0.9973  0.80 2.66
SMZ 4-1000 y=93.7020-1259.30  0.9926  0.89 2.97
SB 4-1000 y=135.74x-2434.20 0.9932 1.11 3.71
SMP 4-1000 y=75.4120-533.62 0.9972  1.15 3.82
SMX 10-1000 y=31.902x-255.08 0.9933  1.60 5.34
SCP 10-1000 y=70.46x-728.71 0.9967  1.65 5.49
SMI 10-1000 y=43.77x-742.15

SIZ 20-1000 y=69.10x-1057.20

0.9926  2.68 8.95
0.9946  3.44 11.47

* water treatment plant effluent. y: peak area; x: mass con-
centration, ng/L.

Wl E 6 A AT R, THH O RS R % 2 E
6 d, 315 H RS % B8 45 R W3k 4.
M2 4 Al LUE 1, 8 A SAs (9 45 18] i &
73.0%~112.9%, H N Fl H 8] 5 % B 5 5 4 4.4%~
F4 8T SAsHIMMAREIKZE BN H ERBEE (n=6)

Table 4 Spiked recoveries, intra- and inter-day preci-
sions of the eight SAs (n=6)

Spiked level/ Intra-day Inter-day

Analyte Recovery/%

(ng/L) RSD/% RSD/%

SMM 50 87.1 4.6 8.7
500 85.8 7.7 9.9

800 90.5 8.6 11.3

SMZ 50 86.6 9.0 10.3
500 78.1 9.1 17.8

800 73.0 8.9 15.4

SB 50 79.3 6.0 8.9

500 103.5 8.2 9.4

800 112.9 7.9 8.7

SMP 50 80.3 10.4 13.9
500 84.9 6.9 15.9

800 82.0 12.5 17.0

SMX 50 80.3 8.7 12.5
500 85.0 11.7 9.8

800 88.6 5.6 17.4

SCP 50 86.0 7.6 13.2
500 95.7 8.1 17.2

800 95.6 6.7 13.9

SMI 50 76.0 6.5 11.2
500 74.8 8.6 9.8

800 75.1 4.4 8.7

SIZ 50 93.9 9.4 11.2

500 82.0 8.5 12.3

800 87.7 8.8 19.2
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Table 5 Determination results of the eight SAs in real wa-

ter samples (n=3)

] R 2 M R R AR E LU R A T o 3 ol 4 TR
GB/T 5750.8-2023"7 v 56 F 245 iy S A~ N9 8L iy ) 4%
B 2 DA T 1.4 A5 R Ab B 5 35 i B HLB (5 A0 5 B
FEF Fe;0.@TpDT W i A4 8L, XFE8im T SMILSMX .
SMZ ,SCP (Ji#r 7K F K 500 ng/L) B %5 11K ) 7K
B R AT AE BURCR  L B B A A W B B
[ | 9 JBE sk [ [ i 6, 25 S an 3 6 it , HLB
A WA 5 Fe;0.@TpDT M kX 4 B SAs 11 b
[l g A0 24 {H{fi ] Fe;0.@TpDT 44K} i 5 2 Y 1t
6 FsF 1] AR5 S5 B[] 247 %6 T+ HLB A

R 6 Fe,0,@TpDT Wi+ 415 HLB (E 48 3 BN B9 ZEBUER
Table 6 Extraction effects of Fe,0,@TpDT adsorption ma-
terial and HLB SPE column

Analyte Water treatment Reservoir Seawater/
plant effluent/(ng/L)  water/(ng/L) (ng/L)

SMM ND 8.5 ND
SMZ ND ND ND

SB ND ND ND
SMP ND ND ND
SMX ND 15.9 11.8
SCP ND ND ND
SMI ND 21.3 ND

SIZ ND ND ND

ND: not detected.

Material - Anaigte SO L
HLB SPE SMI 18 12 69.4
column SMX 18 12 84.5
SMZ 18 12 83.3
SCP 18 12 78.4
Fe,0,@TpDT SMI 6 2 74.3
SMX 6 2 86.2
SMZ 6 2 77.4
SCP 6 2 88.5

2.8 SxXBAERER

B i 7 vk 5 A BRI KRR b SAs By RS I 7
LT HE(R T o TR R A T LT 6
min B A] 5 % SAs (14 M B i A 55 OH A SCHR 5 ik A
L, AR5 I W A U A SR, A, 455 UPLC-MS/
MS BEATAR I, AT LA T AR LOD.

RT KFEEXEHTENILR

Table 7 Comparison of this method with literature methods

Material Detection method Matrices Extraction time/min LODs Ref.
DMIPs DSPE-HPLC-UV lake water and seawater 35 0.27-0.64 png/L [34]
ILs@Zr-MOF's DSPE-HPLC-DAD environmental water 10 0.01-0.03 ng/L [35]
TPB-DMTP-COFs SPE-HPLC-MS/MS spring water and pond water >30 0.5-1.0 ng/L [36]
Fe,0,@ZIF-8 MSPE-HPLC-MS/MS drinking water and river water 15 0.06-0.71 pg/L.  [17]
HLB SPE-HPLC-MS/MS environmental water >160 0.1-0.5 wg/L [14]
MIPs MSPE-HPLC-MS/MS environmental water 10 1.4-2.8 ng/L [37]
IL@MGO MSPE-UPLC-MS/MS environmental water 12 0.75-1.47 ng/L [38]
Fe,0,@TpDT MSPE-UPLC-MS/MS water treatment plant effluent, 6 0.8-3.4 ng/L.  this work

reservoir water and seawater

DMIPs: dummy template molecularly imprinted polymers; ILs: imidazole-based ionic liquids; MOFs: metal organic frameworks;

COFs: covalent organic frameworks; TPB: triphenylbenzene; DMTP: dimethoxyterephthaldehyde; ZIF: zeolitic imidazolate frame-

works; MIPs: molecularly imprinted polymers; MGO: magnetic graphene oxide.
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