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1 ; AXP Auxiliary Pump( ThermoFisher ) ; 3200Qtrap ( AB Sciex ) ; R200
( BUCHI ) ; Vortex Genius3 ( KA ) ;2034 ( Welch
) ; VisiprepTM-DL ( Sepulco ) 6 mL. SPE (
Agilent ) ; Chromatorex C (40 ~75 pm ) ; Cleanert ( CN)
( Silica) ( SCX) ( 45 pm Agela Technologies)
N . N N N N Cla. N
N N N N N N N ( Dr. Ehrenstorfer GmbH) ;
( Fluka ) . ( Sigma ); ( ) o
(HPLC ) ( ) Dikma ; EDTA N
o 1.0 mg/mL 20 C 14
3 o
2.2
0.50 g Cs; CN 0.50 ¢ EDTA 1.00 ¢
6 mL SPE ( )
o SPE 2.5 mL <2.5 mL
SPE ( 3 mL/min ) (40 +1) C
20 mmol /L. - - (5:5:1) 1.0 mL 1.0 min 0.2 pm
2.3 -
2.3.1 A 0.2% B C 20 mmol/L ; CA
20 mmol /L ( 0.4% ) B ( 0.4% ) C o AXP o :
0.50 mL/min (0.70 ~1.30min) .0.20mL/min( 6.50 ~11.00min) . 1: Inspire HILIC ( 100 mm X
2.1 mm 3 pm Dikma ) 2: Spursil C - |
EP(100 mm x2.1 mm 3 pm Dikma ) Table 1 ~ Conditions of valve switching
(T ): Oasis HLB (20 mm x 2.1 mm 25 pm ( ) ( (2
Time Left valve Richt valve Connection state
Waters ) . 130 C. 10 plLo ( min) v & v ( Fig. 2)
- (90: 10 V/V), 0.00 12 12 I
1 ) 1.31 61 12 I
° 6.51 12 12 I
2.3.2 0 172.38 Pa; 11.01 61 12 I
: 34.48 Pa; : 3500 V; 14.01 12 10 l
550 °C; . 344.75 Pa;
: 344.75 Pa; : 2000 V; o ESIT, N 3,
2
Table 2 Mobile phase conditions of left pump and right pump
Left pump Right pump
Time Flow rate A B C Time Flow rate A B C
(' min) ( pL/min) (%) (%) (%) (' min) ( wL/min) (%) (%) (%)
0 300 80 20 0 0 300 5 95 0
1.31 300 80 20 0 1.30 300 5 95 0
3.30 300 40 60 0 1.31 0 10 90 0
6.50 300 40 60 0 6.50 0 10 90 0
6.51 0 5 95 0 6.51 300 10 90 0
11.00 0 5 95 0 11.00 300 10 90 0
11.01 300 5 95 0 11.01 0 15 85 0
11.20 300 5 95 0 14.70 0 15 85 0
11.21 300 0 5 95 14.71 300 15 85 0
12.70 300 0 5 95 18.00 300 60 40 0
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2( Continued to Table 2)
Left pump Right pump
Time Flow rate A B C Time Flow rate A B C
( min) ( wL/min) (%) (%) (%) ( min) ( wL/min) (%) (%) (%)
12.71 300 80 20 0 20. 00 300 60 40 0
14.00 300 40 60 0 20.01 300 0 5 95
20.50 300 0 5 95
20.51 300 5 95
24.00 300 5 95
3 20
Table 3  Parameters of determination for 20 antibiotics
Decluster Precursor  Quantitative Collision Qualitative Collision
No. Compounds potential ion ion energy ion energy Group of LC
(V) (m/z) (m/z) (eV) (m/z) (eV) separation
1 Ceftiofur 40 523.9 241.1 18 285.2 21 1
2 Sulfamethoxypyridazine 50 281.2 156.2 22 108.1 35 1
3 Sulfachloropyridazine 45 285.2 156.2 20 92.1 40 1
4 Chloramphenicol 25 323.0 275.0 19 165.0 33 1
5 Cloxacillin 33 468.0 160.0 22 178.0 38 1
6 Ampicillin 28 350. 1 106.0 23 191.9 20 2
7 Cefalexin 55 348.0 158.0 13 174.0 19 2
8 Enrofloxacin 40 360. 1 316.3 25 245.0 37 2
9 Ciprofloxacin 50 332.1 231.1 46 288.2 24 2
10 Doxycycline 30 445.3 154.2 37 428.3 26 2
11 Oxytetracycline 25 461. 1 154.2 40 426.3 28 2
12 Josamycin 80 828.5 109.1 65 174.3 45 2
13 Tilmicosin 34 435.2 174.2 27 340.0 20 3
14 Spectinomycin 65 333.1 140.0 30 121.9 33 3
15 Streptomycin 160 582.2 263.3 42 246.1 50 3
16 Dihydrostreptomycin 80 584.2 246.1 52 263.4 39 3
17 __Cla 36 450.2 112.2 4 322.2 30 3
Gentamicin Cla
18 Amikacin 32 425.2 163.0 30 264.3 23 3
19 Kanamycin 33 485.2 163.1 32 205.1 30 3
20 Isepamicin 13 285.4 115.2 19 250.3 18 3
20
20 ng/mlL) 1o
50
15
3 o 13 4" 16 18
_ 40+
S
< sk 5 11
= 2 6
= = 4
£ 20 5 12 7= 5,
l_' <
= 10
% s 10 T 20
t(min)
1 20
Fig.1 Total ion current chromatogram of 20 antibiotics
1 ~20 1 (1 =20 Peak numbers are the same as in Table 3)
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3
3.1
( Matrix solid phase dispersion MSPD) C; Cy
17
AGs MSPD (CN) .C EDTA
7 .
45 pm (CN) . (Silica) . (SCX) .Cy EDTA
o EDTA
. SCX  Silica €, EDTA 7 AGs
AGs CN
81.3% ( ) ~98.3% ( ) 78.4% ( ) ~97.0% ( ) o CN
Silica  SCX o
3.2 HILIC
HILIC 18 19 N 25 % 5
% AGs 3 N o
27 ; (
) pH . 1t 1
« ) « ) AGs L
Atlantis HILIC=silica( 100 mm x2.1 mm 3 pum Waters ).
ZICHILIC( 50 mm x2.1 mm 3.5um Merck ) Inspire HILIC( 100 mm x
2.1 mm 3 pm Dikma ) Inspire HILIC 7  AGs o ZICHILIC
pH
ZICHILIC o
3.3
HILIC ~ RP 0 20 5
HILIC 7  AGs Cis 7
AXP 7 o
20 3 (4 5 HILIC
7 HILIC C18 C18 7  AGs
o 2 I 20 HILIC HILIC ;
HILIC AXP 0.70 ~1.30 min 0.5 mL/min
T o M(1.30 ~6.50 min) T
Che . 6.50~11.00 min( 1) 11.01 ~14.00 min( 1)
AXP 0.20 mL/min. 14.00 ~20.00 min( 1) HILIC
3.4
3.4.1 0.2% o

31 32 33
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| P

£ 1 HILIC

Waste Column 1 HILIC

o 11.01 ~11.20 min 0.2% - (5: 95 V/V) T
;7 11.21 ~12.70 min 20 mmol /L, (5: 95 V/V)
;712.71 ~14.00 min 0.2% - 7 o
3.4.2 (0 ~1.30 min) (6.50 ~11.00 min)
T (95% 90%) T
HILIC HILIC
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8 3 o
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Fig.3 MRM chromatogram of standard applying solution for several antibiotics
0.5 1.0 1.5 ( MRL) ( MRL
50 pg/kg ) 25 50 75 wgl/kg3 6
( RSD) 125 pg/ke
72.5% ( ) ~97.2% ( ) 70.1% ( ) ~96.8% ( ) RSD 4.2%
( ) ~8.8%( ) 3.7% ( ) ~9.9% ( ) ;50 pelkg
77.0% ( ) ~102.1%( ) 76.4% ( ) ~98.9% ( ) RSD 2.8%
( ) ~6.9% ( ) 4.0%( ) ~7.8%( ); 75 pelke

82.4%( ) ~104.7%( ) 79.0% ) ~105.8% ( ) RSD 3.6%
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4 20 N

Table 4 Regression equations

limits of detection and limits of quantification of 20 compounds

Correlation coefficient

Linear range

LOD

LOQ

Compounds Regression equation (n (/L) ( nglke) ( nglke)
Ceftiofur y =60. 80x +180.3 0.9976 0.5 ~100 0.30 1.00
Sulfamethoxypyridazine y=134.2x-23.75 0.9989 0.5 ~100 0.35 1.16
Sulfachloropyridazine ¥ =70.28x +41.01 0.9996 2.0 ~100 1.20 3.96
Chloramphenicol y =230.5x +20. 11 0.9990 0.5 ~100 0.30 1.00
Cloxacillin y =318.0x —88.25 0.9981 0.2 ~100 0.12 0.96
Ampicillin y =228. 6x +33.54 0.9993 0.5 ~100 0.30 1.00
Cefalexin y =165.9x -78.67 0.9960 0.5 ~100 0.30 1.00
Enrofloxacin y=334.8x +117.2 0.9998 2.0 ~100 1.10 3.63
Ciprofloxacin y=89.06x +11.74 0.9972 0.2 ~100 0.12 3.96
Doxycycline y =425.0x -61.93 0.9955 5.0 ~100 2.40 7.92
Oxytetracycline y=190.9x +42.61 0.9945 5.0 ~100 2.10 6.93
Josamycin y=447.0x +31.37 0.9988 2.0 ~100 1.08 3.57
Tilmicosin y =60.51x +38.06 0.9993 0.2 ~100 0.10 0.33
Spectinomycin y=308.9x - 12.43 0.9997 0.5 ~100 0.35 1.16
Streptomycin y=114.6x +21.92 0.9977 0.5 ~100 0.33 1.09
Dihydrostreptomycin y=155.7x -44.02 0.9984 0.2 ~100 0.15 0.50
Cla Gentamicin Cla y=186.3x +11.96 0.9986 2.0 ~100 1.20 3.96
Amikacin y=179.0x +51.04 0.9991 2.0 ~100 1.10 3.63
Kanamycin ¥ =96.08x —57.64 0.9995 0.5 ~100 0.35 1.16
Isepamicin y=325.7x -10.25 0.9970 2.0 ~100 1.18 3.90
( ) ~7.2%( ) 4.29%( ) ~8.8%( )
3.6
5 5 5 37.6 pg/ke
MRL( 50 wg/kg) 4,
20000 a X
18000 1061 L
16000 ‘ :ﬁiXt:n-
7 140001 Y 4R CH,
£ 120001 P s
Z lgggg 12.40 Q “U\: NH
o &4 :
= 6000t 600 A ——6\
4000+ 1742 \”-M 01 s 106
349.0
0 2 4 6 8§ 10 12 14 16 18 60 100 140 180 220 260 300 340 380 400
t{min}) m/z
4 (a) (b)
Fig.4 Total ion current chromatogram ( a) and product ion mass spectrogram ( b) of positive
sample
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Simultaneous Determination of Twenty Antibiotics Residues in Dairy Using
Hydrophilic Interaction Chromatography-Reversed Phase Two
Dimensional Liquid Chromatography-T'andem Mass Spectrometry

WANG Lian"'? YANG BiXia> ZHANG Xin-Shen' ZHENG Hong-Guo' RAN LiangJi*
"( National Engineering Laboratory for Clean Technology of Leather Manufacture Chengdu 610065 China)
*( Chengdu Centre for Disease Control and Prevention Chengdu 610041 China)
*( West China School of Public Health ~Sichuan University ~Sichuan Chengdu 610041  China)
*( Thermofisher Scientific ( China) Corporation Shanghai 201203  China)

Abstract A method for the simultaneous determination of residues of 7 classes (20 species) antibiotics
B-actams tetracyclines macrolides aminoglycosides amphenicols quinolones and sulphonamides in dairy
was established by hydrophilic interaction chromatography-reversed phase ( HILIC x RP) two-dimensional

liquid chromatography with tandem mass spectrometric detection. The sample of milk powder or milk was



722 43

extracted by mixed matrix solid phase dispersion with C,; and CN material. The analytes were eluted by
acetonitrile and water and nearly dried with rotary evaporation. Finally the residues were dissolved with
mobile phase and then analyzed. The sample pretreatment conditions chromatographic mobile phase and mass
spectrometric parameters were optimized. Twenty analytes showed good linearity with correlation coefficients of
0.9945 -0.9998. The LODs of milk powder and milk samples were in the range of 0. 10 —2.40 pg/kg at a
S/N of 3 and LOQs were in the range of 0.33 —7.92 pg/kg at a S/N of 10. The recoveries of standard
addition for milk powder and milk samples were 72.5% -97.2% and 70.1% —96.8% at the spiked level of
25 wg/kg and the relative standard deviations were in the ranges of 4. 2% —8.8% and 3. 7% -9.9%
respectively. The proposed method has been applied to the determination of antibiotics residues in actual milk
powder and milk samples.

Keywords Hydrophilic interaction; Two-dimensional liquid chromatography; Antibiotics; Mixed matrix solid

phase dispersion
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