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Rapid screening and confirmation of 36 sulfonamide and four
tetracycline drugs in aquatic products by ultra performance
liguid chromatography-time-of-flight-mass spectrometry
with pass-through solid-phase extraction
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Abstract: In order to achieve rapid and accurate analysis of sulfonamide and tetracycline drugs in
aquatic products, a universal method for the rapid screening and confirmation of multiple residues
of 36 sulfonamide and four tetracycline drugs was established. The method combined the PRiME
HLB solid-phase extraction (SPE) column with ultra performance liquid chromatography-time-of-
flight-mass spectrometry (UPLC-TOF-MS). Samples were extracted using 80% acetonitrile aqueous
solution ( containing 0.05 mol/L. Na,EDTA). The resultant solution was purified by PRIME HLB SPE

column and then blown to nearly dry with nitrogen. It was redissolved with 5% methanol aqueous
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solution and finally passed through a polytetrafluoroethylene filter membrane. Gradient elution was
carried out using 0.1% formic acid aqueous solution (containing 2 mmol/L. ammonium acetate
solution) and 0.1% formic acid methanol solution as the mobile phases, and scanning was performed
using the information dependent acquisition (IDA) mode of TOF-MS. The rapid screening and
confirmation of the target compounds were achieved through information such as the precise m/z
of the parent ion, retention time, isotope abundance ratio, and comparison with the secondary
daughter-ion spectral library, and quantification is carried out by the external standard method (using
the matrix-matched mixed standard solution ). The UPLC elution program was optimized to achieve
good separation of 17 isomers in seven groups within 13 min. By optimizing the collision energy of
the secondary mass spectrometry, a comprehensive secondary fragment ion mass spectrum is
obtained. Combined with the collected information such as the chemical molecular formula and CAS
number of the compounds, a complete database is established. In addition, the procedures of two
purification columns (PRiME HLB column and HLB column) was compared, and the composition
of the extraction solvent and the type of filter membrane were optimized to obtain the optimal
experimental conditions. The methodological validation results indicated that 36 sulfonamide and
four tetracycline drugs had a good linear relationship within the range of 2-50 pg/L, and the
correlation coefficients were all >0.990 68. Except for sulfanilamide and ambamide, whose LOQs
were 10 pg/kg, the LOQs of the other 38 drugs were all 5 pg/kg. Using grass carp meat, shrimp
meat, scallop meat and mackerel meat as blank matrix samples, at three spiked levels (5, 10 and 20
pg/kg), the recoveries of the 40 drugs were 62.8%-116.4%, and the RSDs were <13.8%. This method
is simple to operate, has good stability and high universality, and can meet the requirements of rapid
screening and confirmation of sulfonamide and tetracycline drugs in aquatic products.

Key words: pass-through solid-phase extraction; ultra performance liquid chromatography-
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Table 1 MS parameters and retention times of the 36 sulfonamide and four tetracycline drugs

Compound CAS No. Molecular formula t/min  Precursorion (m/z) Fragmention (m/z)

Sulfonamide drugs

Ambamide (fifi i i) 138-39-6 N,0, 0.81 187.05358" 170.0276
Sulfaguanidine (fi i ) 57-67-0 C,H N,0,8 1.04 215.05972" 108.0445
Sulfanilamide (73 1% ) 63-74-1 C,H,N,0,8 1.12 173.03793" 108.0446
Sulfacetamide (f# i s it ) 144-80-9 C.H,N,0,8 1.94 215.04849" 108.0444
Sulfadiazine (fiff i % I ) 68-35-9 C,,H,)N,0,8 2.63 251.05972" 156.0116
Sulfisomidine (fifffi¢ — 1 5B E ) 515-64-0 C,H,N,0,S 2.86 279.09102" 124.0868
Sulfathiazole (fif i m: ) 72-14-0 C,H,N,0,S, 3.28 256.02090" 156.0117
Sulfapyridine (fiff f% Nz ) 144-83-2 C, H,N,0,S 3.67 250.06447" 156.0115
Sulfamerazine (fifi i Ff 3 P E ) 127-79-7 C,H,N,0,8 4.07 265.07537 156.0116
Diaveridine ( . Fl 4% & W ) 5355-16-8 C,H,\N,0,8 5.18 261.13460° 245.1028
Dapsone (% 4 8H) 80-08-0 C,H,,N,0,8 5.25 249.06923" 156.0115
Sulfameter (A1 X 42 W E ) 651-06-9 C,H,N,0,S 5.26 281.07029" 156.0119
Sulfamoxole (fiff i I ) 729-99-7 C, H,;N,0,S 5.56 268.07504" 156.0113
Sulfamethizole (fiff [fic 1 WE — W ) 144-82-1 C,H,,N,0,S, 5.63 271.03179" 156.0114
Sulfamethazine (fffi iz — M AL B B ) 57-68-1 C,H, N0, 5.73 279.09102" 92.0495
Trimethoprim ( B 4 2 B I ) 738-70-5 N,0, 5.99 291.14517" 230.1161
Sulfamethoxypyridazine (fif Jii H' 4 ik 1% ) 80-35-3 C N,0,S 6.28 281.07029" 156.0114
Sulfamonomethoxine (fiff i [i] H 4 P&z ) 1220-83-3 C,H,N,0.8 6.66 281.07029" 156.0114
Succinylsulfathiazole (T Fo il it e m: ) 116-43-8 C,H,,N,0,S 6.69 356.03694" 256.0281
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Table 1 (Continued)

Compound CAS No. Molecular formula t/min  Precursorion (m/z) Fragmention (m/z)
Sulfachloropyridazine (fiff [ 51k % ) 80-32-0 C,,H,CIN,0,S 6.73 285.02075" 156.0115
Sulfamethoxazole (fi fii; F EEWE ) 729-99-7 C,H,N,0,S 7.06 254.05939" 156.0116
Ormetoprim ( — 14 1 BN 2 W 1) 6981-18-6 C,;H,N,0, 7.07 275.15025" 259.1187
Sulfamethoxypyrazine (fif iz 1 4L 12 ) 152-47-6 C,H,N,0,8 7.15 281.07029" 108.0445
Sulfatroxazole (il i i b 1) 23256-23-7 C,,H,N,0,S 7.24 268.07504 156.0115
Sulfadoxine (i i 48 — I WA I ) 2447-57-6 C,H,N,0,8 7.54 311.08085" 156.0115
Sulfisoxazole (fiff i 5 Vg ML ) 127-69-5 C,,H,N,0,S 7.63 268.07504" 156.0113
Sulfabenzamide (4 T ik fiff 1 ) 127-71-9 CH,N,0,8 7.93 277.06414" 156.0115
Sulfaethoxypyridazine (fif[f 2, 4% 3 k% ) 963-14-4 C,H,N,0,S 8.22 295.08594" 156.0118
Sulfaphenazole (i %k ) 526-08-9 C,H,N,0,8 8.38 315.09102" 156.0118
Sulfaclozine (fif fi 5 % ) 102-65-8 C,,H,CIN,0,8 8.40 285.02075" 108.0449
Sulfadimethoxine (fiff Jfit 1] — F 4 18 g ) 122-11-2 C,H,N,0,S 8.82 311.08085" 156.0114
Sulfabenz (fiff i % ) 127-77-5 C,H,,N,0,8 8.84 249.06923" 108.0448
Sulfapyrazole (i it ) 852-19-7 C,H,N,0,8 9.08 329.10667" 172.0869
Sulfaquinoxaline (il i v W bk ) 59-40-5 C,,H,N,0,8 9.18 301.07537" 156.0116
Sulfanitran (fiff & fi§ 7% ) 122-16-7 C,H,N,0,S 10.32 336.06487" 294.0560
Sulfasalazine () % fif ML BE ) 599-79-1 C,H N0, 10.54 399.07577" 381.0649
Tetracycline drugs
Tetracycline (PU¥F %) 60-54-8 C,,H,,N,0, 6.81 445.16054 410.1242
Oxytetracycline ( 1% %) 79-57-2 C,,H,,N,0, 7.02 461.15546 426.1188
Chlortetracycline (4% %) 57-62-5 C,,H,,CIN,O, 8.55 479.12157 444.0850
Doxycycline (£ P 3) 564-25-0 C,,H,,N,0, 10.06 445.16054 428.1339

* Quantitative ion.
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Tetracycline drugs

on the average recoveries of the sulfonamide drugs
and the tetracycline drugs (n=3)
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Table 2 Linear ranges, linear equations, correlation coefficients (r?), LODs and LOQs of the 36 sulfonamide and four tet-

racycline drugs

Compound Linear range/(wg/L) Linear equation 7 LOD/(pg/kg) LOQ/(pg/kg)

Sulfonamide drugs

Ambamide 2-50 y=682.62-873.9 0.99752 4 10
Sulfaguanidine 2-50 ¥=6249.720+15732.9 0.99258 2 5
Sulfanilamide 2-50 y=6242x+417.4 0.99551 4 10
Sulfacetamide 2-50 y=3332.50+10498.3 0.99327 2 5
Sulfadiazine 2-50 ¥=10221.32+9601.4 0.99703 2 5
Sulfisomidine 2-50 y=17108.6x+36711.4 0.99621 2 5
Sulfathiazole 2-50 y=7139.4x+9848.6 0.99420 2 5
Sulfapyridine 2-50 y=13354.12+28016.5 0.99447 2 5
Sulfamerazine 2-50 y=14308.3x+14916.8 0.99362 2 5
Diaveridine 2-50 ¥=22863.1x+22903.8 0.99824 2 5
Dapsone 2-50 y=17420.1x+13277.5 0.99068 2 5
Sulfameter 2-50 y=14183.4x+10873.4 0.99435 2 5
Sulfamoxole 2-50 y=12374.0x+14861.1 0.99150 2 5
Sulfamethizole 2-50 Y=6755.9x+8634.3 0.99429 2 5
Sulfamethazine 2-50 y=17003.62+61230.6 0.99166 2 5
Trimethoprim 2-50 y=44349.7x+51203.8 0.99413 2 5
Sulfamethoxypyridazine 2-50 y=18869.3x+4990.4 0.99854 2 5
Sulfamonomethoxine 2-50 y=12809.62+50416.1 0.99088 2 5
Succinylsulfathiazole 2-50 y=2302.90-612.1 0.99684 2 5
Sulfachloropyridazine 2-50 Y=6984.7x+12717.2 0.99103 2 5
Sulfamethoxazole 2-50 y=15187.820+16357.2 0.99538 2 5
Ormetoprim 2-50 ¥=29060.02+25721.8 0.99802 2 5
Sulfamethoxypyrazine 2-50 y=18823.20+8951.0 0.99578 2 5
Sulfatroxazole 2-50 y=15582.42+65771.2 0.99941 2 5
Sulfadoxine 2-50 ¥=29094.82+34826.9 0.99705 2 5
Sulfisoxazole 2-50 y=10712.12+33089.3 0.99364 2 5
Sulfabenzamide 2-50 ¥=13019.02+20705.7 0.99663 2 5
Sulfaethoxypyridazine 2-50 y=19268.20+32275.3 0.99923 2 5
Sulfaphenazole 2-50 y=21574.62+31691.0 0.99801 2 5
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Table 2 (Continued)

Compound Linear range/(g/L) Linear equation 7 LOD/( pg/kg) LOQ/(pg/kg)
Sulfaclozine 2-50 y=5792.8x0+7352.3 0.99396 2 5
Sulfadimethoxine 2-50 y=27287.2x+75266.0 0.99132 2 5
Sulfabenz 2-50 y=273532x+2311.4 0.99569 2 5
Sulfapyrazole 2-50 Yy=33284.90+38752.3 0.99587 2 5
Sulfaquinoxaline 2-50 y=14140.62+19985.4 0.99319 2 5
Sulfanitran 2-50 y=1843.92+1.6 0.99652 2 5
Sulfasalazine 2-50 y=5538.20+2939.4 0.99958 2 5
Tetracycline drugs
Tetracycline 2-50 y=3048.90-358.0 0.99942 2 5
Oxytetracycline 2-50 y=1955.6x+151.8 0.99507 2 5
Chlortetracycline 2-50 y=1630.90+1659.9 0.99602 2 5
Doxycycline 2-50 y=2474.50+2322.8 0.99625 2 5

y: peak area; x: mass concentration, wg/L.
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Table 3 Spiked recoveries and RSDs of the 36 sulfonamide and four tetracycline drugs in three blank sample (scallop

meat, shrimp meat and mackerel meat) matrices (n=6)

%

Scallop meat

Shrimp meat

Mackerel meat

Compound 5 pg/kg 10 pg/kg 20 p.g/kg 5 pg/kg 10 pg/kg 20 p.g/kg 5 ng/kg 10 ng/kg 20 pg/kg
Rec. RSD Rec. RSD Rec. RSD Rec. RSD Rec. RSD Rec. RSD Rec. RSD Rec. RSD Rec. RSD
Sulfonamide drugs
Ambamide / / 96.0 5.5 101.5 6.4 / / 83.0 6.8 722 43 / / 109.5 49 1099 8.2
Sulfaguanidine 788 89 1013 29 926 11.5 805 47 892 72 755 53 851 47 908 4.1 88.1 2.7
Sulfanilamide / / 107.8 3.2 102.6 13.1 / / 108.7 13.1 904 12.0 / / 80.1 9.7 81.8 9.9
Sulfacetamide 869 52 96.1 45 1035 126 744 1.1 868 9.6 71.7 54 81.7 47 820 32 839 22
Sulfadiazine 923 54 935 29 938 79 87.0 1.7 1022 9.1 86.1 4.0 860 43 885 43 868 2.2
Sulfisomidine 88.7 1.6 913 35 87.6 9.1 829 29 982 89 839 52 783 53 8l.1 45 813 3.8
Sulfathiazole 97.1 25 984 44 931 106 788 44 859 103 766 4.6 722 57 74.1 4.1 75.8 5.0
Sulfapyridine 929 2.0 919 37 868 74 862 20 101.0 49 889 35 864 47 885 34 854 1.8
Sulfamerazine 91.8 29 916 48 897 84 89.1 1.5 1033 10.0 874 39 808 4.0 836 39 809 20
Diaveridine 89.9 45 91.1 39 905 81 795 23 897 6.8 765 1.1 69.0 6.6 744 9.0 747 1.6
Dapsone 83.6 47 923 88 893 63 0918 1.6 1057 53 90.2 35 809 38 842 39 821 1.5
Sulfameter 947 25 948 60 918 7.8 968 20 1123 84 964 2.6 81.8 3.6 853 47 844 15
Sulfamoxole 112.5 57 1101 3.7 1055 7.1 96.1 28 1128 63 978 3.8 82.1 43 854 32 831 1.9
Sulfamethizole 87.1 23 900 33 862 7.6 929 27 1092 89 893 42 784 43 805 37 715 1.2
Sulfamethazine 96.6 2.7 952 33 923 55 914 21 101.3 83 847 37 862 5.1 89.1 3.8 872 20
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Table 3 (Continued)
Scallop meat Shrimp meat Mackerel meat
Compound 5 pg/kg 10 pg/kg 20 p.g/kg 5 pg/kg 10 pg/kg 20 p.g/kg 5 pg/kg 10 pg/kg 20 p.g/kg
Rec. RSD Rec. RSD Rec. RSD Rec. RSD Rec. RSD Rec. RSD Rec. RSD Rec. RSD Rec. RSD
Trimethoprim 91.5 45 930 39 922 82 814 23 939 58 800 26 713 66 752 68 763 13
Sulfamethoxy-
L 929 34 921 37 841 63 838 20 990 89 833 27 848 41 882 48 857 1.8
pyridazine
Sulfamonometh-
. 88.7 2.6 890 32 87.1 48 77.1 3.6 936 9.1 821 44 765 39 786 40 749 3.1
oxine
Succinylsulfa-
. 774 63 863 45 790 9.7 764 48 946 10.1 823 3.0 799 63 802 59 788 55
thiazole
Sulfachloropyr-
L 80.7 2.7 852 3.7 824 84 796 35 980 7.8 852 40 765 46 783 44 762 3.4
idazine
Sulfamethoxa-
) 98.3 3.0 91.2 6.0 83.0 9.4 86.4 49 98.0 102 794 52 784 49 819 3.7 777 2.8
zole
Ormetoprim 91.5 1.5 919 3.4 89.0 7.8 74.7 2.8 838 69 721 2.5 634 8.6 69.0 9.1 67.5 3.4
Sulfamethoxy-
. 85.8 2.3 86.4 6.1 823 7.5 78.0 57 962 84 824 49 875 4.0 920 3.5 894 2.4
pyrazine
Sulfatroxazole 100.3 1.5 95.8 42 928 8.4 76.5 5.0 93.1 9.2 776 5.5 787 4.1 832 3.6 79.5 2.2
Sulfadoxine 974 1.2 93.6 5.1 90.8 7.3 759 32 922 105 775 39 845 58 89.1 3.0 86.8 2.2
Sulfisoxazole 96.4 1.6 92.0 4.4 876 7.9 82.4 4.7 101.6 9.0 864 4.4 771 87 79.6 2.6 79.3 1.6
Sulfabenzamide 91.9 3.0 88.7 3.0 86.0 11.0 73.6 89 914 68 772 44 695 85 71.7 1.8 70.1 3.7
Sulfaethoxypyr-
L 101.2 2.6 948 4.2 904 8.5 75.8 55 932 7.8 774 39 799 6.4 83.6 2.4 80.5 1.6
idazine
Sulfaphenazole 102.5 1.2 92.7 49 885 8.3 74.7 39 97.1 87 808 48 79.0 10.0 82.8 3.8 779 4.5
Sulfaclozine 87.7 5.0 85.2 6.1 829 8.0 82.8 10.1 104.0 7.7 90.0 59 753 6.7 81.6 5.9 79.1 2.6
Sulfadimethox-
. 97.1 1.9 94.1 44 893 7.2 769 43 926 85 775 39 783 6.5 8l.1 33 77.6 1.3
ine
Sulfabenz 100.4 5.5 92.1 4.8 834 7.6 90.1 4.8 988 6.2 84.0 3.6 1163 9.6 943 10.3 80.7 6.1
Sulfapyrazole 97.8 1.2 92.5 5.2 88.1 9.9 769 46 935 9.8 7383 39 715 64 737 3.0 72.7 2.9
Sulfaquinoxaline  87.0 2.6 87.8 6.9 843 8.1 88.8 2.8 107.9 7.1 933 42 704 54 730 4.9 709 1.4
Sulfanitran 116.4 8.0 97.9 9.0 93.5 9.3 728 13.8 98.8 13.6 822 134 780 85 819 5.8 835 6.0
Sulfasalazine 99.9 7.3 1127 10.2 96.2 89 99.8 82 108.7 5.8 92.3 39 958 13.6 804 132 71.0 124
Tetracycline drugs
Tetracycline 78.2 3.5 86.1 1.4 855 8.1 71.5 5.8 857 7.4 731 47 714 37 77.0 7.0 745 3.8
Oxytetracycline 94.7 1.7 92.1 49 913 8.8 68.9 7.0 812 6.3 68.0 5.1 71.1 3.4 742 6.7 70.3 3.8
Chlortetracy-
cline 96.0 2.7 90.3 6.1 90.6 8.1 65.1 11.1 77.5 104 67.5 59 719 55 745 2.6 73.6 1.5
1
Doxycycline 854 3.1 92.1 34 923 9.6 66.4 79 865 8.9 70.0 6.8 628 7.2 69.1 5.3 70.6 3.4
Rec.: recovery; /: no value.
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