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Simultaneous determination of 36 kinds of veterinary drug residues in sea
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ABSTRACT: Objective To establish an analytical method for the simultaneous determination of 36 kinds of

veterinary drug residues (including 19 kinds of sulfonamides, 13 kinds of quinolones and 4 kinds of tetracyclines) in
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sea duck eggs by ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods
Sea duck egg samples were extracted with 0.2 mL of 10% potassium ferrocyanide solution and 0.2 mL of 20%
zinc acetate solution, and purified using an Oasis HLB solid-phase extraction column. Separation of the target
analytes was performed on a Waters ACQUITY UPLC BEH C;g column using a gradient elution program. The
mobile phase consisted of 0.1% formic acid aqueous solution and acetonitrile containing 0.1% formic acid data
acquisition for qualitative and quantitative analysis was carried out in the positive electrospray ionization mode
using multiple reaction monitoring, with quantification by the external standard method. Results The linear
correlations of sulfonamides, quinolones and tetracyclines were favorable in the concentration range of 5-250 pg/kg
(r? = 0.9969). The average recoveries ranged from 87.8% to 101.2%, with relative standard deviations of
1.25%-4.53%. The limits of detection and limits of quantitation were 0.05-5.11 pg/kg and 0.18-17.04 pg/kg,
respectively. Conclusion The established method is rapid, simple, sensitive and reliable, and is suitable for the
simultaneous qualitative and quantitative detection of sulfonamide, quinolone and tetracycline veterinary drug
residues in large batches of sea duck eggs.

KEY WORDS: sea duck eggs; ultra performance liquid chromatography-tandem mass spectrometry; sulfonamides;

quinolones; tetracyclines
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Table 1 Information table of different units of sea
duck egg sample

B #ES/A=HIE W5
g AN S A A R A A 2025-05-06 Tl
At 5 Nr A B W] 2025-04-28 T2
i 22 R B AR A 2025-05-10 T3

i G B S A B A 2025-05-13 T4
IV AT B A BR A 2025-05-06 T5
eI i X = b 2025-05-07 T6
b i T v e 2R R B ] 2025-05-19 T7

AN AR A B ] 2025-08-21 T8

JUUE A RT RS RAE] 2025-05-10 T9

J G A i AT PR
B SR AT PR
BRI AR
Al A LR AT R A
AT B A A PRST A A

2025-06-25 T10
2025-08-12 Tl1
2025-08-26 T12
2025-08-24 T13
2025-08-27 T14

JVG R A BRA A 2025-11-12 T15
BRI RE A BR A A 2025-05-05 T16
LI A RA 2025-05-19 T17
G — T B A R A 2025-06-15 T18
G ERESARA 2025-08-22 T19

Ak RISk B A PR F 2025-05-07 T20

1.3 75 &
13,1 Hmaras

FRECH BHRKE 1.00 gOR5H%)+£0.01 @)+ T 10 mL H
FEMRHE LT, A 3 mL MEASEALENE R TUERIE &
B FIRAHREN G, ERTINA 2 mL 208, 70 TR e
2 min, 5000 r/min &> 10 min, & FEHR T 5 — 50 mL
HegRE.oE R, TREMMERA 2 mL JEHEE#
BUPBR—IR, GIFMIR CIEIRBOR, A3 BOR i A
40 mL @malik, WA, A 10%F 8 baiEn: (s
115 g K4Fe(CN)6 *3H,0 {4, FI/KIEEEZ % 1L]0.2 mL,
B, A 20% BB R (PR 239 g C4HgO4Zn + 2H,0

W, FKBMERZ 1 L) 0.2 mL, 1E5, 5000 r/min 5.0
10 min, & W AR IE AT A 2L IO e Al o BOE R
OasisHLB [EAHZEBUH: (150 mg, 6 mL, fdi FHETZ 310 5 mL
FBEA 5 mL ZiKTALEE, (REFHANEIR), FRFERE 2
HE, SEH 5 mL 4K AR AR R, bR 2505 4T
e, #EMH 5 mL 5%H BOKE R TH 00K E, Rl
WV R 32, MRIEZECRE R T4, FEH 2.0 kPa
DL TR T 5 min, FHEFNIRE TRy . 5
FH 10 mL H - 2.8 2,8 - 20K (B 25 mL+ZU R 2.1 50 mL+
2K 2 mL)PEE . ARV, 45 cCRIBRAM T . A
EWOK 40 mL+H B 5 mL+Z % 5 mL+H R 0.05 mL) &
AE 1 mL EEFRE, 14000 t/min 5.0 5 min(GRERT
15°C), £ 0.22 pum A HLEFL ISR I8 5 1E A2 -

1.3.2 A Fiheis TAEER 6 H) &

FREL 6 1325 ke, B0 1.0 g, BT 50 mL &.0%,
B IAGE R G PR, WSS A0 5. 10,
50. 100, 250 pg/kg fEMEZE . MRS . DU RISEW; 5
RER AL EE, R B AL
1.3.3 %785 69 41 &

TR DU PR ZE 2 | RS . s i T S TR RS T VS T
% 1 mL MA, 85, AIPEESRZ 10 mL, 5% 36
FIR A PR HERE & . REHE I 1 mL 36 PR AARMERE &1
W 10 mL Zat)firh, R R EZIL, %5, 1E8 36
FIRAARIE TR . —18 CCLANHlfE, AR 1A .
1.3.4 ARE W &4 &

I BUR AP ME LAERSIE 0.005. 0.010, 0.050,
0.100, 0.250 mL, Zr3llnA 5 (3 24 BOREL Y 23 AR
h, B 45 °CKiE, RARSRKT, A 1 mL 2R (K40 mL+
HEE 5 mL+ZJE 5 mL+H 2 0.05 mL)REEMREY, it
TR 5. 10, 50, 100, 250 pg/L BIESARMER
G| S1~S5 W, ZMFLIERGIUE, B S BOR A (- 5 e 5
TEE .

135 BEH

(O

%4 Waters ACQUITY UPLC BEH Cjg (100 mmx
2.1 mm, 2.7 um); 0.1% B AKERAE MRS A, 0.1%F
TR ZREVE R SAH B, SEATERBEVERE . 0 min & 2 min, A
N 95%% 2 85%; 2 min £ 5 min, A N 85%¥% & 55%; 5 min
£ 7 min, A N 55%%E 5%; 7 min £ 9 min, K& F| 95%,
Wik 0.3 mL/min; AN 3 pl,

Q)T A

B R FH RIS 25 OE H B R A X, 2 o
(multiple reaction monitoring, MRM)#ERREE, LRI &
3 L/min, fNAE$RE 10 L/min, 33 MR 250 °C, B
SR 444 °C, BIE RS IRE 200 °C, AL B
200 °C, T8 A 10 L/min, RS b &aism <.
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PrER R PIE ARG - R R TS E ), AR EL A

BRI AR 0.1% ., 0.2% ., 0.5%, ZEREZKIFIRA
¥R 2. 5. 10 mmol 435l 5 FEE. 0.1%F 1R 2 4 AR
FIAS TR it Sh AR IR 22, 38 20 b 55 4% EE B0 20 4 1 € 33 0 B
JE LT CR BRI N, SRR AR B A .
AR, 0.1%H BRI . 0.1% IR ZE A i s
FHIEAT R B, WA RS A Waters ACQUITY UPLC
BEH Cig 4385, IR A1GIE | W8 SRR A (B 485,
U, #EE 0.1%F BRAKEBCN T A, 0.1%F RGN
BIAH B 36 FpE2h B FRIELE 1,
2.3 FigEEHMHL
HRAE 3 25 HARRRI-E 2 A 2= 254, 437 1.0 mg/L
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Fig.l1 Total ion current diagrams of 36 kinds of veterinary drugs
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Table2 Acquisition parameters of mass spectrometry with multi-response detection mode for the determination of 36 kinds of veterinary drugs

FREIIZH 53 Bl 85 Joi oy b (mvz) F BT faf Fe(mvz) Q1Pre i 22/V Q3Pr i 2&/V filf 4% e &/ V
UIEZS-3 445.1 410.2"/427.2 —23/-22 -30/-12 —21/-14
LHE 479.1 444.2°/154.0 —14/-25 ~16/-16 —27/-22
TEE 461.1 426.2°/443.2 —23/-27 —21/-18 —20/-14

ZIHER 4451 428.2"/410.2 ~17/-23 —21/-29 -19/-21

YR 215.0 156.0"/108.0 -23/-22 —15/-18 -9/-22

it g it g 250.0 156.0"/108.0 —12/-12 —27/-20 —16/-24

i e v 251.0 156.07/92.0 —12/-12 —15/-17 —14/-27

ik e FY I 254.0 156.07/92.0 —28/-18 ~15/-16 ~15/-29

ik e g e 256.0 156.07/92.0 -27/-13 —15/-17 —14/-26

it g FFY g e 265.0 156.07/92.0 ~13/-30 ~16/-17 ~16/-28
it frle — H S5 I e 268.0 156.07/92.0 -19/-10 —16/-18 -13/-27
i fig FH g e 271.0 156.07/92.0 -30/-13 -10/-18 ~14/-25
T e — FR S i 279.0 186.0°/124.0 ~11/-19 -19/-12 ~17/-23
ik e — F e 279.0 186.07/92.0 —14/-11 -20/-18 ~16/-34
7 R R 277.0 156.0"/108.0 —14/-29 —13/-21 ~15/-21
it frg X Y 4 281.0 156.07/92.0 —14/-14 ~15/-18 ~17/-29
itk Jie P Ak g 281.0 156.07/92.0 —20/-14 -28/-17 -17/-29
Bk it frig I e 404.0 256.0°/149.0 -21/-21 ~18/-16 -16/-29

T e [ FR 4 i 281.0 156.07/92.0 —14/-14 —16/-17 —17/-31
Tk e SR I 18 285.0 156.07/92.0 -21/-21 —28/-16 ~14/-29
it e R it nee 315.0 158.07/92.0 -12/-15 ~16/-18 -29/-36
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=28
R BEEF AT H(mvz) TS e (mv2) Q1Pre f2%/V Q3Pr W %/V AR g /v
W iR 262.0 244.0°/216.0 -27/-29 -17/-23 —18/-29
Tk P ) — Y 4 s e 311.0 156.0%/92.0 ~11/-15 ~16/-17 —20/-33
Tt e 408 — FY 4 s 311.0 156.07/92.0 ~11/-15 -15/-16 -21/-32
e R g 262.0 244.0°/202.0 -29/-10 -16/-20 —-20/-32
R A 320.1 302.07/233.0 —22/-24 -20/-16 -23/-23
R AL 321.1 303.0/234.0 ~16/-23 —22/-24 —19/-24
WHYE 332.1 231.17/314.1 —17/-13 —22/-16 —24/-35
D A 334.1 316.17/290.1 ~17/-10 -21/-18 ~23/-20
KRR 352.1 265.17/308.1 ~17/-25 -25/-18 —18/-22
LY TR 358.2 340.2%/96.0 —13/-14 —24/-18 -25/-23
TR 400.2 356.17/299.0 -10/-15 -25/-21 —-20/-29
TR A 386.2 299.17/342.1 -16/-15 —20/-25 —18/-27
587 U 360.2 316.1%/245 —14/-14 —22/-25 —21/-26
AR R 362.1 318.17261.1 ~18/-18 -23/-18 —20/-28

O ERET

24 [EIAFIE. KHRFEE TR

LR 4 €0 335 0 T BRI AB AR (Y) K, b 1 R 41
AR VS T R VR B R R AR AR (X, pg/mL), 2R E R
5~250 pg/mL, 13 EIE 478, 36 Bl 25464 B B vk %
JEEIN, LR =0.9969). PEBLES bR, 1R
IR EE R 36 ARG AR IE TAEV I, % IS REIRE i —
BN RTALFE Ty, (0 SO A5 A5 R EA TN A, A Hh BN
TERIRNAEMR LR 3 580 10 £, 2ilE, 53] 36 fh
B L FRIE S 0.05~5.11 pg/kg, & T IRIEE N

0.18~17.04 pg/kg, Hik R 2R, HIEREE RLF, v
TR BB A Il FLARZERE L2 3,
25 EERFEEE

Hes HaRE 18 43, 1 6 1y, 43 i 4% 20.50.100 pg/kg
3 AN BE B IARAE, # 2.1~2.3 (RTACER 7 ik Fad:m
SFAFHATAL BRI E, 25 RRH, 36 FhE2fE A RIS ik
BEF, BN 87.8%~101.2%, X 47 Ui Ik 2 (relative
standard deviations, RSDs) A 1.25%~4.53%, [B]ir &k 54547,
Ko B AT, W R EOR . L 4.

R3 36 MBEHMEISIE. KWHIRFIEEMR

Table 3 Linear regression models, limit of detection and limit of quantitation of the 36 kinds of target veterinary residues

Ly o 5 R ERR g gy Uy Fohif AR

/(ng/kg)  /(nglkg) /(png/kg)  /(pglkg)
DU Y=8260.550X-27950.23 1.21 4.03 itk i S mA R Y=30385.18X-127070.0 0.34 1.15
SE/E Y=4941.273X-39982.58 4.10 13.68 | TSR ARMAIE  Y¥=62279.51X+82390.81 1.71 5.69
+ER Y=6624.556X-32332.89 0.53 1.76 | WER _HAME  Y=73676.84X-393989.1 0.15 0.51
ZVHRFE Y=16092.28X-17042.24 0.58 1.94 T frEe 2R migmse Y=40292.21X-151635.7 1.97 6.56
Bkl R Y=21786.57X-85585.36 1.21 4.03 T il P 1 s Y=8813.117X-56041.36 1.51 5.05
itk e ik e Y=29083.60X+86165.05 0.32 1.07 W s Y=200621.4X+663208.1 1.60 5.34

T i i e Y=27757.37X+50568.86 0.27 0.90 Gl FH Y=162757.2X-73813.12 4.11 13.70
i fiie F Ime Y=21458.74X-50821.29 0.73 2.42 WD A Y=5523.242X+7849.459 1.63 5.44
it frlg g e Y=37213.32X+12900.57 0.24 0.79 g B Y=78866.76X+790404.5 0.38 1.28
it fre Y s g Y=26263.73%-14469.23 0.27 0.90 RN VD A Y=37566.19%-121665.1 0.05 0.18
T — PP S EME Y=24199.82X-93824.71 0.41 1.38 LR AL Y=80363.68X+197027.3 0.78 2.62
T E I Y=41656.26X-211773.8 0.21 0.70 KRR Y=51655.74X-176886.5 0.25 0.83
7 R fe Y=19800.67X-84611.74 0.64 2.13 By TRU Y=41499.72X+59593.57 1.71 5.70
fith e — WP S WERE  Y=21588.66X+44300.87 5.11 17.04 B 2 Y=56671.13X-173277.9 0.13 0.42
Tt file “FHMERE  Y=51815.23X-84911.10 1.29 430 A Y=61223.34%+59956.38 0.10 0.34
T e ] PR AR BE Y=55943.64X+37656.16 1.54 5.14 RO D R Y=59873.02X-166106.9 0.92 3.06
T A AR Y=25454.34X-128138.5 2.90 9.72 Whivh R Y=11298.87X-24946.25 0.71 2.36
T H AR E Y=50671.86X-9374.611 2.36 7.88 RO R Y=27029.84X-81284.84 0.12 0.41
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Table 4 Average spiked recoveries and precision of 36 kinds of target veterinary drugs
N ] Ik 2 P . EN S

R4y 233 %&5 %ﬁs LS A (ue/ke) Uﬁﬁ RSDs/%
20 89.5 3.54 20 95.7 278
UEZ S 50 91.2 4.12 itk g Sk R 50 95.2 2.35
100 90.5 4.53 100 95.1 245
20 90.2 2.57 20 97.5 3.45
SER 50 91.5 235 it B 405 — 4 g I 50 97.8 3.02
100 92.3 2.05 100 96.9 3.54
20 95.2 3.56 20 99.7 2.78
+H&E 50 95.8 4.05 it Jie ) — Y A i 50 99.1 2.35
100 96.7 3.57 100 99.5 3.12
20 91.5 2.57 20 98.5 2.34
EAIE S 50 92.3 3.52 it g A< T e 50 98.7 2.12
100 91.5 2.75 100 97.8 2.02
20 97.8 1.57 20 98.5 4.02
Tk itk e 50 98.2 1.36 TR g i 1B s 50 97.6 3.57
100 98.5 1.25 100 97.9 3.67
20 98.2 2.03 20 94.7 3.59
T iz it e 50 98.6 1.79 WA iR 50 94.8 3.25
100 98.1 1.98 100 93.9 3.02
20 96.6 2.05 20 97.5 1.25
it g s W 50 96.7 2.35 oL e 50 98.5 1.35
100 97.2 2.17 100 97.2 1.78
20 99.8 3.52 20 96.5 2.57
i e P s 50 99.2 3.12 Wi 2 50 94.3 2.36
100 100.2 2.79 100 95.7 247
20 94.5 4.02 20 943 2.53
it 1z 1B s 50 95.2 3.58 it vb 2 50 94.7 2.57
100 95.7 4.12 100 93.9 3.02
20 96.2 1.23 20 97.8 2.58
itk iz F o g 50 96.8 1.25 BN 50 98.2 3.59
100 97.2 1.02 100 98.1 3.12
20 96.7 2.56 20 95.6 2.67
itk e — PP S g e 50 96.5 2.35 B TR 50 96.2 2.35
100 96.2 2.15 100 95.9 2.37
20 98.7 3.12 20 93.5 3.67
i i FT e el 50 97.9 3.52 KRV 50 93.7 3.25
100 98.5 3.25 100 94.1 3.05
20 100.1 4.02 20 95.7 3.25
7 It fre 50 101.2 432 oy R 50 95.8 3.75
100 99.9 4.15 100 95.1 3.67
20 94.6 2.57 20 96.5 2.58
il i — H S W 50 93.9 2.30 Bt 2 50 96.7 2.35
100 94.5 2.56 100 96.1 2.47
20 93.7 2.35 20 94.5 2.43
it e — F o 50 93.2 2.63 ARV 50 952 2.30
100 93.4 2.78 100 94.9 2.25
20 87.8 2.78 20 97.8 3.02
ik i [V P 4 50 87.9 2.59 AR YD 5 50 97.2 3.15
100 88.2 3.02 100 97.9 3.56
20 91.5 235 20 99.5 3.25
i fiie 420 mp g 50 91.7 2.12 YUE TR 50 99.1 3.75
100 92.0 2.78 100 100.5 3.92
20 97.6 1.25 20 98.9 2.58
ik e Yo P 4 o 50 97.2 1.35 THEV A 50 99.2 2.34
100 97.5 1.78 100 99.5 237
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