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Abstract In this study we investigated the effects of the four kinds of derivatization reagents

including fluorescamine o-phthaladehyde fluorescein isothiocyanate isomer and 2 3-naphtha—
lenedicarboxaldehyde. A high performance liquid chromatography with fluorescence detection
method for the rapid determination of 16 sulfonamide residues in beef was developed by using
improved QUEChERS method for sample pretreatment and fluorescamine for online post-column
derivatization. The beef samples were extracted with acetonitrile containing 1% v/v acetic
acid cleaned-up by QUEChERS method injected for online post-column derivatization with flu—
orescamine and then analysed with fluorescence detection. Under the optimized conditions of
QuEChERS and chromatography the 16 sulfonamide residues showed good linearities in the
range of 0. 024-2. 533 mg/L with the correlation coefficients # higher than 0. 992. The limits
of detection of the method were 1. 6 to 8. 2 ug/kg. The average recoveries of the 16 sulfonamide
residues were in the range of 66. 6%—-109. 5% with the relative standard deviations from 0. 9% to
9.9%. The method has the advantages of rapidity simplicity high sensitivity and better purifi—
cation effect. It is suitable for the rapid determination of the sulfonamide residues in beef.
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1525 Waters
2475 PCR2-R050-R015
SSI IKA T25 RV40
IKA TDL-40B
XK80-A
AGI135

Mettler Toledo UPEI40L

o

sulfonamides beef

sulfacetamide

SCM sulfadiazine SDZ .
sulfathiazole STZ . sulfapyridine
SPD | sulfamerazine SMI1 .

sulfameter SMT .
sulfamethazine SM2 | sulfame—
thoxypyridazine SMP . sulfamethox—
azole SMZ . sulfamonome—
thoxine sodium hydrate SMM .
sulfisoxazole SSX . sulfabenzamide

SBZ . sulfaphenazole SPP |
sulfaclozine sodium monohydrate SPZ .
sulfadimethoxine SDM .

sulfaquinoxaline SQZ Dr.
Ehrenstorfer 98% N
OPA 99% Sigma
=95% 2 3-
=99%
Cis 40~63 pm .
PSA 40~63 pm GCB
120 ~400 MgSO,.NaAc
10 mL 700
~750 mg/L 4 C o
16
0.5mL 10 mL
4C o
. 0.2
g/L 8 0.04 g 100
mL 20 mL 80 mL
22 1 mL .1 mL 3g
500 mL NaOH pH 2.4
0.4g 2.5 mL
1920 0.04 g 40 mL
60 mL 150 mL
2 3- 0t 0.04 g2 3-
100 mL 20 mL N

40 mL 40 mL o
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1.2 750 mg.PSA 200 mg.C,25 mg GCB 60 mg 5
5.00 g 4. MgSO, 750 mg.PSA 160 mg.C,; 50 mg GCB
00 g MgSO,.1.5 g NaAc 50 mL 120 mg. 1 ONONG)
10 mL 1% v/v 70% ©)
2 min 4 000 r/min 5 min 80% o
. ®
750 mg MgSO, . MgSO, 750 mg. C; 25 mg.
160 mg PSA.100 mg GCB 25 mg C,, 15 PSA 160 mg GCB 100 mg.
mL 1 min 4 000 r/min 1 4 5 16
5 min Table 1 Recoveries of the 16 sulfonamides by five
1 L 0. 45 groups of the four purifiers
m : pam ° Sulf id Recoveries of sulfonamides/%
1.3 uHonatnide Group (O Group @ Group @ Group @ Group B
1.3.1 SCM 84.6 81.8 84.0 83.6 81.0
Platisil ODS 250 mmx4. 6 mm 5 SDZ S92 BL6 914803 91
STZ 82.6 75.9 87.5 73.5 85.1
pm 36 C 20 pL. SPD 784 754 8.2  79.0 83.2
388 nm 482 nm SM1 76.0 80.4 86.6 89.4 86.9
290 nm SMT 84.5 80.2 90.7 78.7 82.7
SM2 87.9 87.1 95.8 86.5 95.1
396 nm SMP 740 627 81.4 66.5 77.2
280 nm 513 nm 2 3- SMZ 84.6 80.8 87.6 83.2 92.1
388 nm SMM 84.3 77.7 89.1 78.4 85.1
SSX 91.6 86.6 86.7 85.2 87.4
492 nm. 0.3% v/v A SBZ 95.2 93.9 89.6 93.4 96.1
B 0~22 min 20% B~ SPP 76.7 69.7 73.8 69.5 70.7
37%B 22~35 min 37%B~60%B 35~40 min SP dL4ES6 96 S LY
X . ) . . SDM 91.7 91.7 98.9 94.1 92.7
60%B~80%B 40~45 min 80% B~20% B. SQX 101.8 107.2 105.8 110.3 1115

0.7 mL/min.
1.3.2
0. 15 mL/min
50 C
0. 15 mL/min 100 C
0.2 mL/min
100 € 2 3- 0.2
mL/min 100 C.
2
2.1
QuUEChERS
MgSO,.PSA.C,;, GCB
24
5

@O MgSO, 750 mg.PSA 160 mg.C, 25 mg
GCB 60 mg @ MgSO, 750 mg.PSA 200 mg.C,,
50mg GCB 80 mg 3 MgSO, 750 mg.PSA
160 mg.C,, 25 mg GCB 100 mg @ MgSO,

Group D 750 mg MgSO, 160 mg PSA 25 mg C,; and 60
mg GCB. Group @ 750 mg MgSO, 200 mg PSA 50 mg Cq
and 80 mg GCB. Group @ 750 mg MgSO, 160 mg PSA 25
mg C,5 and 100 mg GCB. Group @ 750 mg MgSO, 200 mg
PSA 25 mg C; and 60 mg GCB. Group & 750 mg MgSO,
160 mg PSA 50 mg C,; and 120 mg GCB.
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16
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2.3
OPA 14
26-28
N N 14
2 3- o 4
1 o
50 16
401 3 g, a 490 ~ 495
30 121415 nm 520 ~530 nm
2 204
103 16
0] o
o 2 3-
T T T T
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t/ min
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] c
-200 5
o 400 4
m ] o
600
500 ] 2 16
) g Table 2 Comparison of the response values of the 16
-1000 +———————— —— . sulfonamides derivatized with fluorescamine
0 10 20 30 40 and o-phthaladehyde
50 1/ min i Response values peak areas
] Sulfonamide -
] Fluorescamine o-Phthaladehyde
SCM 52511368 1049273
SDZ 48831304 626997
STZ 82420024 -
SPD 44365472 1038656
SM1 35399688 289673
SMT 48572424 168791
SM2 36060520 282072
R SMP 22791904 69846
t/ min
SMZ 46557816 1708496
1 16 SMM 38368552 1011210
Fig. 1 HPLC chromatograms of the 16 sulfonamides SSX 57520512 300632
with derivatization by different derivatiza- SBZ 41264296 1409222
tion reagents SPP 39086592 643611
a. fluorescamine b. OPA c. fluorescein isothiocyanate iso— ) )
mer d. 2 3-naphthalenedicarboxaldehyde. SPZ 37041848 162704
1.SCM 2.SDZ 3.STZ 4.SPD 5.SMI 6. SMT 7.SM2 8. SDM 37477816 1730743
SMP 9. SMZ 10. SMM 11. SSX 12. SBZ 13. SPP 14. SPZ 5Q7 21885624 -

15. SDM 16. SQZ.

not detected.
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2.4 3
24.1 N S/N=3 10 S/N=10

16 o 3 16
o Y r
X mg/L 0.992
. S/N=3 S/N=10
Table 3 Linear relationships LODs S/N=3 and LOQs S/N=10 of the 16 sulfonamides
Compound Linear range/ mg/L Regression equation Correlation coefficient » LOD/ ng/kg LOQ/ pg/kg
SCM 0.039-0.619 Y=1x10"X+5.6x10° 0.9922 1.7 5.7
SDZ 0.028-0.449 Y=1x10"X-1.3x10* 0.9980 2.1 7.0
STZ 0.049-0.781 Y=1x10"X+5.6x10° 0.9981 1.9 6.3
SPD 0.024-0.379 Y=1x10"X+6.1x10° 0.9999 1.6 5.3
SM1 0.027-0.426 Y=1x10"X+1.2x10° 0.9991 2.0 6.7
SMT 0.050-0.806 Y=7x10"X+1.7x10° 0.9993 3.4 11.3
SM2 0.028-0.444 Y=1x10"X+7.8x10* 0.9998 1.8 6.0
SMP 0.035-0.553 Y=5x10°X+1.7x10° 0.9974 3.7 12.3
SMZ 0.062-1.000 Y=6x10°X+7.8x10* 0.9995 3.6 12.0
SMM 0.054-0.864 Y=5x10°X+1.7x10° 0.9977 3.8 12.7
SSX 0.101-1.613 Y=4x10°X+1.7x10° 0.9998 4.5 15.0
SBZ 0.088-1.409 Y=3x10°X+2.1x10° 0.9984 5.1 17.0
SPP 0.092-1.477 Y=3x10°X+2.6x10° 0.9989 5.5 18.3
SPZ 0.120-1.915 Y=2x10°X+1.9x10° 0.9987 7.5 25.0
SDM 0.098-1.572 Y=3x10°X+1.2x10° 0.9990 5.9 19.7
SQZ 0.158-2.533 Y=1x10°X+7.7x10* 0.9995 8.2 27.2
Y peak area X mass concentration mg/L.
24.2 20
16 15 ] a
10
16 2 .
2 1
0 L N _FA‘___,/-'—'_’
T
L L L B L L L B L B
0 5 10 15 20 25 30 35 40
o 5 ¢t/ min
20
4, 4 3 y ] b
66. 6% ~ 109. 5% RSD ]
0.9% ~9.9% . o0
=] 1
54
o 0
2.5 HN L L I B DL BN B B
0 5 10 15 20 25 30 35 40
#/ min
10 16 2 a b
10 16 Fig. 2 HPLC chromatograms of a a blank beef

sample and b a spiked beef sample
The peak identifications are the same as in Fig. 1.
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4 16 n=5
Table 4 Recoveries and repeatabilities RSDs of the 16 sulfonamides spiked in a blank beef sample n=5
Compound Spiked/ mg/kg Recovery/% RSD/% Compound Spiked/ mg/kg Recovery/% RSD/%
SCM 0.011 71.5 7.3 SMZ 0.024 66.7 6.6
0.057 93.1 5.7 0.096 87.8 8.5
0.119 90.9 5.5 0.210 93.2 7.6
SDZ 0.014 76.4 9.1 SMM 0.025 76.3 9.9
0.070 84.5 6.4 0.102 86.2 5.8
0.147 83.7 8.3 0.221 105.3 8.7
STZ 0.013 67.6 6.0 SSX 0.030 66.6 33
0.063 87.5 8.9 0.090 88.3 5.5
0.134 102.2 9.2 0.236 86.2 5.6
SPD 0.011 88.8 7.4 SBZ 0.034 79.5 5.4
0.053 97.7 4.4 0.102 82.9 6.3
0.113 80.3 7.2 0.268 86.7 6.7
SM1 0.013 85.5 6.8 SPP 0.037 86.9 6.3
0.067 85.8 0.9 0.146 82.1 5.6
0.140 86.7 5.5 0.289 109.5 5.7
SMT 0.023 78.4 5.4 SPZ 0.050 84.2 8.5
0.090 76.7 6.4 0.150 84.8 4.1
0.199 77.7 8.4 0.263 92.0 5.9
SM2 0.012 78.1 9.7 SDM 0.039 72.1 5.2
0.060 101.7 6.2 0.118 67.6 33
0.126 79.6 7.8 0.241 77.4 9.3
SMP 0.025 80.3 6.3 SQZ 0.054 83.4 8.2
0.098 82.8 6.7 0.163 81.3 9.2
0.216 83.8 9.3 0.285 91.7 5.9
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