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Simultaneous determination of 45 kinds of antibiotics in aquatic vegetables

by high-performance liquid chromatography-triple quadrupole

linear ion trap mass spectrometry
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Abstract: Objective: This study aimed to establish a rapid screen-
ing and confirmation method for the 45 kinds of antibiotics, in-
cluding quinolones, sulfonamides, nitroimidazoles and macrolides
in aquatic vegetable, by ultra-high performance liquid chromatog-
raphy-triple quadrupole-linear ion trap

mass spectrometry

(UPLC-Q-Trap-MS). Methods: The sample was extracted with
acetonitrile containing 0.1% formic acid, then cleaned up with
primary secondary amine (PSA), anhydrous magnesium sulfate
(NazSO4) and Cis. The analytes were detected by UPLC-Q-

Trap-MS in the multiple-reaction monitoring with information-
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dependent acquisition of enhanced product ion (SMRM-IDA-EPD
mode, followed by matching retrieval of a multiple antibiotic da-
tabase. The 45 kinds of antibiotics were confirmed by retention
times and ion pairs through database searching using the EPI li-
brary and quantified by external standard method. Results: All the
antibiotics showed good linearity with correlation coefficients above
0.99 when the concentration falls in the range 1.0~100.0 pg/L. The
limits of detection (LOD) were in the range of 0.3~1.0 pg/kg,
and the limits of quantitation (LOQ) were in the range of 1.0~
3.0 pg/kg. The average recoveries for 45 antibiotics at three
spiked levels ranged from 60.4 % to 121.7% , with relative stand-
ard deviations (RSD) of 0.9% ~10.2%. Conclusion: The method
is rapid, simple and qualitative, and is suitable for the screening.,
confirmation and quantitative detection of the 45 kinds of antibi-
otics residues in aquatic vegetable.

Keywords: triple quadrupole-linear ion trap mass spectrometry;

screening and confirmation; antibiotics; aquatic vegetable
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5 000 r/min &0 5 min, B LR LBEHE R 1 mL B T2
A To7K Na, SO, 50 mg.PSA 20 mg.Cys 20 mg B HF LT
Fr IR BE 2 min. 5 000 r/min 20> 5 min, B 7 WK &
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RAWD gt CIEE T 4, DS a R
BTN T 0 I RN . & 0.5%
R CIERIT & LOVH IR OERR & 0. 1% IR W
Mcllvaine 2% #h 3 & W5 % % . % 0.5 % % 7K 19 Mcllvaine 5%
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Table 1 The mass spectrum parameters of compound
75 oG W 2 Fr PRERE/min BB F O/ FEFOn/z)  EBERE/V #ifEREE/V
1 g e — HY S 6.68 268.1 156.1" ,108.0 60 19,31
2 itk il — HP S5 s g 5.91 279.1 156.1% ,124.1 80 27,30
3 ik Ji W s 4,87 256.1 156.17,108.1 56 21,34
4 it 2 N W 5.08 250.0 156.17 ,184.1 65 24,23
5 it e FFY 4 I 1 6.05 281.1 156.1* ,215.1 75 24,25
6 T fe ) Y 4 I 6.53 281.1 156.1* ,215.1 72 24,25
7 i g FP T e 6.43 254.1 156.1* ,108.1 60 22,33
8 ik e FF g s 5.81 271.1 156.1* ,108.1 20 20,33
9 ik il — R B s 4.61 279.1 156.1% ,124.1 81 27,30
10 i g o Y 40 15 5.72 281.1 156.1* ,215.1 74 24,26
11 ik e FR i vk g 5.29 265.1 156.1* ,172.1 69 23,22
12 ik e I 1.70 215.1 156.1*,108.1 20 20,30
13 itk g 405 — F 4 5 e 6.67 311.1 156.17 ,108.1 83 28,40
14 it iz (1) — FY 4 g 7.53 311.1 156.1* ,108.1 83 28,40
15 it o 1% W 4.57 251.1 156.1* ,108.1 60 22,30
16 itk e Sk 6.32 285.1 156.17,108.1 20 22,36
17 i e 4 I e 7.73 301.1 156.17,108.1 68 22,28
18 BEV A 5.55 370.2 326.1%,269.1 94 27,38
19 it & 5.75 321.2 303.1%,234.1 87 27,31
20 by Ry 6.05 358.2 340.2* ,283.2 90 32,34
21 B R 6.25 396.2 295.2* ,352.1 100 34,26
22 PR B 6.29 400.0 356.0* ,299.2 100 29,43
23 (UE AL 6.45 386.0 342.0* ,299.1 102 27,39
24 GILERY 6.84 393.0 349.2* ,292.2 115 30,35
25 I s 7.71 262.0 244,17 ,216.2 60 22,41
26 BT 8.64 262.0 202.1% ,244.1 70 43,30
27 ARV E 5.72 362.2 318.0" ,261.1 85 28,39
28 PRI AR 5.87 320.2 233.1%,276.1 85 35,25
29 KRV E 6.19 352.2 265.1*,308.1 85 34,25
30 5E Ry 5.72 334.2 290.2* ,233.2 80 26,38
31 Boagih B 6.03 360.2 316.2% ,245.1 105 27,25
32 WV B 5.99 332.2 231.0* ,288.2 36 50,20
33 S TR i e 7.28 170.0 109.2* ,124.0 55 34,25
34 T T Wk s 4.60 201.0 140.0* ,110.2 45 16,25
35 51§ 2 2% I K e 5.74 164.0 118.1%,91.0 56 30,48
36 P il e 4.41 172.2 128.0* ,82.2 48 20,34
37 2 e i mae 3.72 188.1 126.1* ,123.1 55 22,18
38 b 5 Firg s 4.76 142.1 96.1%,81.0 60 22,34
39 S F i DK 5.39 161.9 115.8* ,145.1 54 26,25
40 o HE I F A R s 4.20 158.0 140.0* ,55.1 52 16,24
41 BUBR 8.91 837.6 679.5* ,158.1 50 30,37
42 BIRWE 8.55 916.6 174.0° ,772.5 42 50,47
43 BokE A 7.88 435.6 695.3" ,174.1 70 23,33
44 JAR: S 8.64 734.3 158.2* ,576.3 27 41,30
45 VRS A 8.88 748.5 158.0* ,590.3 38 38,29
Tox RERET,
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il LR 6 R RIS 45 F Ak G 4R BURY R L 5 0
B 20 pg/kg. 4528 WoR LL4E A 0.5 &K
Mellvaine Z% i £ 2 5 4 SR BOR I W RV 2 KR A
WV B A 22 1 W i B AL B W B TR IR AR T 60045
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et 602, ARG R 1, FkikH 0.1% H iR 2 s
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ESN SN B A =l g T L NS S 0 i
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St RE AT A . DA2E R BETL TE 20 pg/kg VR NAK SR
T SRR A X 45 Fh BT AE R U R A o, S5 R
7R s PSA L Cos PIFR IR B 550 0 A 2 10~60 mg B, % H
FrAb & W I R AR 63.5%~117.2% . R HH T L
7K Na, SO, FTEK MgSO, % [l i K i § Wi, & BLTE PSA
I Cs B ERINTE K MgSO, B, W 3 R 2 4k 5 9y B i % H
H 7.5% ~35.3% , ik J& BT M U B AR R RN Bk AR S
Mg B T U I8 H A W8 W B B0 5 78 PSA R Cos RN
Te7K Na, SO, B4 H bR A& 4 Bl il R SR B B, 25 &
2 8 TR S B 24 R 8 PSALCig X TE7K Na, SO, 1)
A& 4358 20,20,50 mg,
2.2 BIEEHmL

it Bl HE TR 2 R A B I B T A RO B 2 e i
Tl 2% Ay TR V9 A 400 JORC 98 8 A o A B R i £ 0 L L
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R R K ¥ WA S T B AH

2.3 Bk EMGM®K

2.3.1 FigESHMmA  EE TR 100 ng/mL %
YRR TAE R 25 R UL 7 pl/min 33 #E A B 1
HATSHNAL 45 Filb & W QL & HEB T ¥ RE K
FIIM+H]T i T8 Tk, & FRAESTH
TFHEAT TGO RE A MR S T gk B A R A
FAEREmAEME T, @i MRM Sk DP fil CE
1B, 1 5 ik 5 R B A KL R AR R 45 FE A
g SHWE 1L,

2.3.2  SMRM-IDA-EPI H#i 8 =0 fy g5 2R I 1w fH
HEAT R BT T B A SR A 12 A A A
W 45 Ffb &4, [l — Bt B B i iy & F i £,
AT 38 T8 AT RE IR O B B A () e G T R 4R B R K
SRR R L, R W TR ARUE B O R e A SR ME
JE RS 9% B3, 76 B0 BE VR DL 4% 00 R AR R B A e 1 4R B e
6], 35 & MRM K I %7 118 (8] 60 s, 347 43 Bt B 8] 4 4
SMRM 7] 47 4 852 2 1 2 0638 0 R 48 s 8k, TRl B, SMRM
£ IDA WS il &k EPT 44, — 200 72 8 7Bt o
WA TR R A R A B B E R
ZEE DUMRFT L3R F SR Lk — 25 5 EPT # 57 (9AR
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Figure 1

Recoveries of the 45 kinds of antibiotics in different solvents
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Figure 2 Multiple reaction monitoring chromatograms of 4 groups of isomers

2.4 BRI

AR E A ERE. EFE ST AT S 1.0~
100.0 pg/L B K& TR M35 WFH VA 70 AR T VA W, 76 1.2 X388
AT I, DA 3k 5T A I e R S 0F L v AR A o il 2 Rt
RIOPM FETRALY . 45 F 0 R 45 Ptk R B 1E AR A [
JEE V18 5 AN, TG v R e P N e L K T 1
B WRUVE DRV E KR A 6 fib i 9177 76 50
B 0N L R RO N 21.3 % ~38.2% . Sy A L
SR 5 ] R 35 S5 DG T S A VA VR ST b o il 4R X ik
BRI AT IE
2.5 FHEZFWIE
2.5.1 K HBRLERRCOQ MEMEWE B4 1.0,
2.0,5.0,10.0,50.0,100.0 pg/L — R 5 IR & bR 5 W 16
1.2 Z 0 TR A8 o A4S 20 4 F 0 T AR A o 8 YA Ve 2% o
PR 2. g5RF 45 Fdi A £HE 1.0~100.0 pg/L 1Y
O VR Y PR P 2R M G R A MG R B K F 0.99, L
3G 10 55 MR ELBR B 45 R AR 2200 46 H BRI SE R,
KRR 0.3~1.0 pg/kg, & EIR KN 1.0~3.0 pg/kg, Hi&

Wk 2,
2.5.2 IR EKEHE  IZEH GER . B NER, R
T3 A Bt VR B KT (o3 5 Dl e SRR A 1,5, 20 %) AR o
VWRIEAT IR E S B AN R AT E 6 kL, S5 R 3k
B 45 P A 2 RIS AE 60.4 % ~121.7 % KX A 4 T
PE4E 0.9% ~10.2% , BAKILFE 2.,
2.6 EEREMRINE

ST I B0 T3 R SR I L 26 1L 2258 3 A4
Ffr 270 HEUK A 85 32 BE B R Y 45 Bhbit A K 5% B8 I 47
BHT. KBS HEWREE L2 bR EESE L1 ALk E B AR A
H A A A YD R R i XU A LR YD A D
WA R 2% B 53 HEVREE R 1 U R b O A R
B w2 B 5 2 1L R 26 A i O A B A R R e b
Fo LLERR AT 1 HE k% 25 v B PR R BE AR S R T
FERE ol EPT 3 (51 5 45 i3 PR F 17 VR, 25 2R DL IRl 3.3 3,
AT S BH AR v 3 55 V0 B OE [ DT i R R 98,554 % 4 A
VC L 2y 98.554 % , - 2 2y 98.554 %6 , AT #ff i %+
i R B A 1

2 OSHAEENEXRAY BHER.EER . OKERANIRERE

Table 2 Correlated coefficient, detection limit, quantification limit, recoveries and relative standard

deviations of the 45 kinds of antibiotics

EASE 9 S I EE =9
. AH i i BR/ ERR/ — — —
=2 SEHE AR bR SR A AR SEHEI AR R
£S48 (pge kg (pgekg D
/% 2/ %% /% 2/ % /% 2%/ %
1 0.998 5 0.3 1.0 102.1~106.4 2.6~3.2 109.0~118.4 2.6~3.3 87.2~100.1 0.9~5.0
2 0.999 5 0.3 1.0 113.2~115.4 0.9~4.6 116.2~120.2 1.7~3.8 95.9~102.8 2.1~4.3
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KEBE REEE—SHR-ENRAESEEBEFHRIEEMNEKERK P 45 MRER

4k 2
PAEE 3 IR 2EE LR
LM Ry AERR —— — —
7 FH (uge kgD (pge kgD SEHmE A BR SERm A bR SEHm AR
/% I 2/ %% #/% T2/ % /% T2/ %

30,9994 0.3 1.0 93.8~99.6  2.2~2.8 105.7~113.0 2.1~3.3 101.7~105.3 1.0~5.8
4 0.9993 0.3 1.0 102.7~107.1 1.8~3.2 112.7~118.0 1.5~6.0  96.8~103.2 1.5~5.2
5 0.9956 0.3 1.0 114.9~118.3 1.9~4.9 116.0~121.3 1.5~5.5 101.8~112.1 1.8~4.7
6 0.9987 0.3 1.0 101.8~103.2 1.9~4.0 110.0~116.9 1.7~4.5  89.1~109.1 1.3~7.2
7 0.997 1 0.3 1.0 107.4~110.2 2.4~4.1 104.9~114.4 2.4~39  96.2~103.1 1.7~4.7
8 0.997 7 0.3 1.0 89.1~95.0  2.8~4.1 101.0~105.5 2.2~7.4  86.7~91.9 1.6~6.6
9 0.997 6 0.5 1.5 91.6~101.3 4.0~8.3  93.8~114.2 2.2~7.1  86.4~94.2  2.4~9.2
10 0.990 1 0.3 1.0 114.0~120.3 2.8~4.4 119.5~121.2 3.7~7.2 116.2~121.7 1.3~6.1
11 0.999 4 0.3 1.0 99.5~105.1 2.1~4.0 108.2~115.8 1.5~4.9 101.9~105.5 2.2~5.2
12 0.9988 1.0 3.0 76.3~97.8  6.0~8.8  68.1~79.3  6.8~9.2  72.2~78.3  4.9~9.8
13 0.998 3 0.3 1.0 106.2~110.0 1.3~2.5 112.6~118.1 2.1~4.8  99.5~105.0 1.3~5.7
14 0.999 5 0.3 1.0 100.8~102.8 0.9~3.3 104.3~108.5 2.2~4.9  96.4~102.2 1.2~2.5
15 0.999 5 0.3 1.0 105.8~112.2 2.0~7.2 108.3~114.9 3.4~7.8  98.2~104.2 2.8~7.4
16 0.997 4 0.3 1.0 102.8~109.7 1.2~2.5 110.6~121.2 2.2~5.4  92.6~97.7  1.8~5.5
17 0.992 5 0.3 1.0 101.8~113.8 2.5~5.1 103.7~121.4 2.5~54  86.2~102.2 0.9~5.6
18 0.999 5 0.3 1.0 64.0~69.1 2.8~4.9  62.2~67.5 1.9~6.2  62.8~68.9 1.8~5.4
19 0.997 6 0.3 1.0 63.0~69.6  3.6~6.8  64.5~69.7 2.9~59  63.2~67.5  3.6~7.9
20 0.999 9 0.3 1.0 67.0~70.6  2.6~6.3  61.1~71.2  2.7~82  65.5~72.0 1.7~8.0
21 0.996 4 0.3 1.0 77.4~78.7  1.3~4.3  68.7~76.4  2.1~4.7  70.7~78.1  2.2~4.1
22 0.999 3 0.3 1.0 85.5~87.8  3.3~3.9  69.2~78.2  2.5~53  70.0~75.8  2.3~5.0
23 0.999 6 0.3 1.0 70.4~71.2  2.9~5.4  65.7~72.2  3.2~7.2  62.2~69.4  5.7~7.8
24 0.999 6 0.3 1.0 72.6~75.1  2.5~4.8  70.0~76.8  1.3~4.8  69.4~750  2.6~5.8
25 0.999 2 0.3 1.0 95.8~97.4  1.8~2.8  85.7~94.7 1.5~4.7  83.1~88.8  1.4~5.8
26 0.998 4 0.3 1.0 91.5~92.4  1.0~1.8  76.9~93.1 2.2~5.0  78.1~84.2  2.4~4.6
27 0.997 5 0.3 1.0 60.4~75.7  3.0~5.6  63.3~70.7 1.9~7.0  66.2~71.8  2.8~6.2
28 0.999 0 0.3 1.0 64.7~73.4  3.0~6.6  63.5~69.9  3.2~85  62.0~659  6.2~7.8
29 0.999 6 0.3 1.0 61.9~67.9  3.2~9.4  62.8~68.9 4.8~7.8  63.9~71.0 2.9~8.5
30 0.9917 0.3 1.0 62.7~66.1  3.9~8.7  66.5~72.1  2.2~9.3  64.1~66.6 1.0~7.5
31 0.9953 0.3 1.0 75.1~83.9  1.3~3.2  68.5~72.1  2.7~9.5  68.3~72.2  1.8~5.0
32 0.9983 0.3 1.0 65.7~70.3 1.5~7.2  63.3~73.5  2.5~7.7  62.5~66.6 4.3~8.8
33 0.999 8 0.3 1.0 101.5~105.3 0.9~2.9 108.2~121.1 2.4~4.2 100.2~106.0 0.9~3.1
34 0.999 4 0.5 1.5 106.4~108.1 1.6~7.3 107.2~114.8 1.7~6.8 101.4~106.6 2.8~7.8
35 0.999 9 0.3 1.0 99.9~102.6 1.6~4.3 100.2~105.6 1.2~5.5  93.5~99.5  1.2~6.6
36 0.999 9 0.3 1.0 96.2~100.4 1.6~5.3  95.5~108.9 1.6~4.2  85.4~92.3  1.8~3.4
37 0.999 8 1.0 3.0 68.3~93.3  4.6~9.0  91.1~105.6 4.5~8.3  65.2~79.0  5.6~9.3
38 0.999 8 0.5 1.5 98.7~104.9 1.3~4.5 101.2~110.0 2.8~6.9  97.0~101.3 0.9~8.3
39 0.999 8 0.5 1.5 101.9~103.4 2.6~6.8  95.8~100.9 2.1~7.6  84.2~87.2  2.5~8.2
40 0.999 6 1.0 3.0 92.0~103.2 3.9~7.8  93.1~102.2 2.2~8.3  81.9~84.7  2.3~9.2
41 0.999 6 0.3 1.0 89.7~92.5  3.0~3.3  89.8~91.7  2.9~4.1  81.4~83.9  2.3~5.2
42 0.994 6 0.3 1.0 69.5~73.6  3.9~9.1  78.2~83.6 4.2~8.6  90.3~105.8 6.8~10.2
43 0.998 9 0.3 1.0 83.3~86.6 2.1~6.8  78.4~82.2 1.9~9.1  79.4~93.5  3.1~7.8
44 0.999 6 0.3 1.0 84.8~89.6  1.7~5.3 102.2~106.9 2.3~5.3  82.1~86.2  2.2~5.5
45 0.999 8 0.3 1.0 85.4~89.1  3.2~5.7  87.4~98.9  2.2~51  77.1~89.1  2.1~4.3
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