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B E: BEY @7 S0 GI%EE (high-performance liquid chromatography, HPLC)RE Il 2 7K 7 i v U 7
KRR, RN R P 7 3% WA €043 - 58 BE R 3% % (high performance liquid chromatography-tandem mass
spectrometry, HPLC-MS/MS)iE47 E M IE A E EAG I . 3% UL bR BORME . BIAZEBUSSR . @i
SRS BT o FE R AT IR ST MBI, AR AR AT, DAVBOH €8 - 48 G I 5 67 T R A,
(7 o 388 o 2 S8R 20 335 R BB T (SR A 7 PR R B AGrl . G53R DUBRZR IS HARYITE 10~200 ng/mL 3 [ £k
T R AF(>0.999), £ 10, 50, 100 pg/kg 3 N/KTF LA InbR EICSEEE, IR 76.0%~94.5%, FHXIHRAEN 2%
N 3.9%~7.4%, ESCRARETEEA R 5 ng/kg, w0 ROROR €3 IR BTRE A R 1 pg/kg BRI ZOIL
T . e . MR, TSI K DO R 2R
KRR SAORAR G, S ARURAR IS - BRI PUFRER: KT

Determination of tetracyclines residues in aquatic products by high
performance liquid chromatography and high performance liquid
chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of tetracycline’s residues in aquatic products by
high performance liquid chromatography (HPLC) and high performance liquid chromatography-tandem mass
spectrometry (HPLC-MS/MS). Methods The concentration of buffer extract, solid phase extraction column type and
chromatographic condition selection were optimized. The samples were extracted with citric acid buffer, purified with
solid phase extraction column, quantitatively detected by liquid chromatography-ultraviolet detector, and qualitatively
and quantitatively detected by high performance liquid chromatography-tandem mass spectrometry. Results
Tetracycline targets had good linearity in the range of 10-200 ng/mL (+>0.999). With 3 spiked concentrations of 10, 50
and 100 pg/kg, the average recoveries were 76.0%-94.5%, the relative standard deviation were 3.9%-7.4%, the detection
limit of HPLC was 5 g/kg, and the detection limit of HPLC-MS/MS was 1 g/kg. Conclusion The method is simple,
stable and accurate, suitable for the determination of tetracycline residues in aquatic products.
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1 5

WHREAYE T ik AR, QFEMHHR
(tetracycline, TC). 1% # (oxytetracycline, OTC), & &%
(chlorotetracycline, CTC). i J] % % (doxycycline, DOTC)%,
HoX 2RO = R E 5 B A e, sk e
ABAER], MU ZREHUAE Rl 5 A0 M N A 308 I
BIE T g 5k, I B A AL, R EBIPUERCR 1%
KPRV Z I TIRI7 AR sh Py A a2y, 3
UEAESRAN B 2 R AR . A i 22 5k B i T, (R
WESPE R A4y, FRET 2019 4 & A9 E AR IE,
BLE Tt 2R B R KR P R, o dprppy
RR/BRR/ TR SR A AL 200 pg/kg,
i Z IR R IR AT 100 pg/ke.

A1 A A SRR i v DO A 28 288 1 9 T 7
Bz, FEASERGIC e W HHAD . AR gk
VBORH €0 33% - R I v U T, EOR R v T T KL
FEG T A, HLAGE T PUPR 3R 25k B A e, Tovk
25 A BER ngi e e, R EAR R RERE, B
A DU R 2R 28 O vk — A v ROHBURH €8 15 12 A e 44
WORH 35 ER IR BT T o 2 Py i A DR, RsoioR itk
JARAR, HAT AR BARYIERR A E AR, mRoR
ARG R IR BT A HE PRSI, B 0 R A, A AT
if BRI BR8P, TR

AWFEAE GB/T 21311-2007 { Zh4TaHE & U ER 2
FE R B RGN vk OR3-S S/ B 1 5 O
FETER ) U SERN b X R IRCE MR | AR AR R
B kA T AR SR RS L PR T, S T
SE K ity T DU PR 2R S BR B 0 1 SOBOR €5 - 58 MG vk
R RO A i - BRI BT v, LUy DU 3R 3% PR ) 7 48
P A ik

2 MRERE

21 UE5EREF

Agilent1200-API 3200 = 53 V& AH 435 - 5 Bk 5T 35 4%
(Agilent 1200, & ZHERFHL ], API 3200, £E AB
Sciex 4= Y1 AL R F]); PL-602 HL 7K. MS105DU Hy,
TR (FE20 7Y pH [ - FE A 24U (1) A BRA |,
IKA T18 iRHEIR A # (TEE IKA A F]); HY-3 ZIREIR G #5
(LA BRI TR ) LXI-UB R KA 25
DML 2B R ES); TTL-DCIL WA (b 5 [Rl 22 Bk
B R BA R ), Milli-QA10 B4k L2 PHH -5
AR .

22 RFISHR
NG Wl M OER(Eakal, Jbata REEH AR

il

ANHD); LRRER(ETELl, LIBTRL T A AR R FD);
BRI, KA R A=A FRA R, 20K
GHER AP, AR B A RAF); &
ZREV 2R (o Hr Ak, PEBE RN G BR A R, AT
FR (A Wral, RETTRFERART), HR(Ekal, 1
LGS PR A PR 7]); SE56 UK (Milli-QA10 #8246
KHLEI45); 0.22 um JE J 66 JEHR(HH); Bond Elut ENV [#
AHZEEUE (200 mg/3 mL, SEELREREHEATR): AR
S 3 mL HEEA] 3 mL KPALTE, (#4541, Oasis
HLB [FIAHZE B (60 mg/3 mL, RAFIRHA BRA A

+ B RIEEE(94.23%) . ERERIUIR K (96.02%) . &5
RERRER(99.5%) . EhFRTR J) 55 % (98.7%) (1% Dr.Ehrenstorfer
GmbH A #l).

Fepfa, RKUIE . XTURRE SO O R T LR
23 ARSI ECH)
231 RA B

0.2 mol/L MR —HIE R FRIN 28.41 g WA — 4,
JFR/K R, €47 % 1000 mL.

0.1 mol/L FrEFMR¥: FREL 21.01 g FrisiR, FK%
fift, EFE 1000 mL.

Mcllvaine ZE U H: #+ 1 L 0.1 mol/L ¥riEmR AR S
625 mL 0.2 mol/L WM S — ST IR 7, B I NaOH 5
HCI 8 pH=4.0+£0.05.

0.01 mol/L Na,EDTA-Mcllvaine 2% A : #REL6.05 g
Na,EDTA % f# T 1625 mL Mcllvaine 2% HiER 1 -

0.1 mol/L Na,EDTA-Mcllvaine £ & : #REL 60.5 g
Na,EDTA #f# T 1625 mL Mcllvaine 28 MiEW .

5%HEE: 5 mL HEES 95 mL KiR&

YEWLE: 50 mL HEE S 50 mL LR L ERIR A -

0.5 mmol/L ZBREE (T 0.1%F iR): FREL 38.5 mg
ZPREFHAK R, INA 1 mL R, FH/KEZR R 1000 mL.

ERW: B 0.5 mmol/L ZFREE-0.1%F RRIFIK 5 2
PL95:5 I ELBilR A o

0.01 mol/L HFRIFH: 1.26 g HERIFTF 1000 mL 7K .
232 AR ELH

0.1 mg/mL FRIERERIATR: MERIFREUE & AY IR 2R
FRAED) BT, 4350 B EEECR 0.1 mg/mL A5 M % & T
(~18 °C fi#if)o

5 ug/mL TRAARUER R 439 e BUE A i
W W, FH AR BEAL 5 pg/mL (9 b i 5 18]
(~18 °C ff47).

RYNRHE TR 43 3B 0.02. 0.04, 0.1, 0.2,
0.4 mL JRAFRUEME T 10 mL 2890, FHR0 6 H i
SRR B R 10, 20, 50, 100, 200 pg/L Y & 50b8
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HE ARV
24 FWHE
241 HonHl&

AR S LR A VIR 5, R34 A8 48 iR 3 5,
—18 °C BT
242 R

PRI 2 g IWFECREH R 0.01 g), T 50 mL .08,
fIIA 20 mL 0.01 mol/L Na,EDTA-Mcllvaine Z& AT, TR iE
YR2J 1 min, JRVGHRE 10 min, 4200 r/min #5.0> 10 min, fH
PRENRACT IR, WA
243 Fib

# FBROMA B ENV BEAAERGE AR, b
TR LA<3 mL/min 0Y7HGE S FAHEBGE, 78 RiERoE4S
b E, 5% M EEBERE, AR W R AT 5 min,
I )5 FH 3 mL PRI DRI, AR DRI T 10 mL BEIEAE A,
1E 40 °C FUSESRWRT, IMAZHEE 1 mL, i®jE 30 s,
4200 r/min #.0> 10 min, WH_EEHRZ 0.22 pm JEB T IE
BRI, A LI
25 ME
2.5.1 FZOERAEEE

A %FE: Eclipse XDB-C g (150 mmx4.6 mm, 5 pm);
FEWRL: 25 °C; ghkEE: 60 pL; I K: 350 nm; J3H:
1.0 mL/min; JiZhHH: ZFE-HEE-0.01 mol/L VSR, ¥t
JAS B L 1,

1 Eclipse XDB-Cys BiEH#EE 5t AR
Table 1 Gradient elution of Eclipse XDB-C;3 Column

A} 1) /min /% ZIEI% 0.01 mol/L %[i2/%
0 10 13 77
6 10 20 70
10 10 27 63
11 10 13 77
16 10 13 77

2,52 HEORAEE-PBRIR LR

(1) RO s 2 1

{184 22848 Poroshell 120 EC-C g (50 mmx2.1 mm,
2.7 um); FEIAE: ZE(A)-0.5 mmol/L Z R &I\ (&
0.1 %HR)(B), FEEVEMLILE 2; Fik: 0.3 mL/min; AHi:
30 °C; HEFEMARF: 10 L.

% 2 Poroshell 120 EC-C,s BIEH#E KRR
Table 2 Gradient elution of Poroshell 120 EC-C,5 column

B 7] /min A% B/%
0 95 5
3 70 30
5 70 30
5.1 95 5

10 95 5

QBG4

A BB ST IRESTY); Bl 2
[ W5 I (multiple detection mode, MRM); Hi M %5 Hi
(ionspray voltage, IS): 5.5 kV; & T i i & (temperature,
TEM): 600 °C; %54kSJ% J1(ion source gas 1, GS1): 50 psi;
B AE Ji(ion source gas 2, GS2): 40 psi; A AIEN
(curtain gas, CUR): 30 psi; M4 i &FXF . Wis
BT 25 %% B JE (declustering  potential, DP), #vHi J&
(entrance potential, EP). Hlf#&#“ At & (collision energy, CE)
AR % H 1 H K (collision cell exit potential, CXP) WL 3,

®3 RiEEH

Table 3 Mass spectrum parameters

YLFR B TXf(m/z) DP/V  EP/V  CE/V CXP/V
e 445/409.8" 56 45 25 8
445/427 56 45 25 3.2
461.1/425.9" 46 7.5 20 4
OTC
461.1/443.1 46 75 25 8
479.1/443.9% 36 6.5 25 5
CTC
479.1/461.8 36 6.5 23 8
445.2/428%* 45 7.0 23 6.7
DOTC
445.2/154.1 45 7.0 41 2.6

VO R AT
3 RSO

3.1 ZMEEURREMRK

FREC 12 SBHPERESS 2.00 g, A 5 pg/mL RSP HER
W, MRS TR EE A 51 100 pg/kg, E 0.5 hJE, e
AINbRAE S I —4H, ITA 20 mL, 0.1 mol/L Na,EDTA-
Mcllvaine 28 AR, HAM 6 NEESAE N —4H, A 20 mL
0.01 mol/L Na,EDTA-Mcllvaine 5% M& W, i 2.4.2 F12.4.3
TR, WA R E, 2 A5 R E Ik R
81.5%~94.0%Z [H], WK 4, TR EMZER . b ididh
K 0.1 mol/L Na,EDTA-Mcllvaine 2% Mg gk T2, A<
WFFEREAS 10 5, RIRERT3RAS RAFAY IR

R4 TRERACEZFHGTEHEWELLR(0=06)
Table 4 Comparison of average recovery under different
optimization conditions (n=6)

. [E] g 20 (b
R IEN , (
HeJE 100 pg/kg)/%
0.1 mol/L
FWHIRKE  Na,EDTA-Mellvaine 81.9-94.0
etk 0.01 mol/L
Na,EDTA-Mcllvaine 81.5-92.6
_ . 43 2 WHRHL, KA 20 mL
S bR R AR ~ - " 79.5~93.8
ik PRI
20 mL $2HOR 1 R3REL 78.9~94.7
[ AHZE AR Oasis HLB [ AHZE R 81.9~91.5
Hegs Bond Elut ENV [ A A BUkE 81.1~92.1
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3.2 ZMEELRATRRMKK

Buas ERER 2.00 g, A 5 pg/mL IBREHRER T, (#
FEA P HEE N 100 pe/ke, HCE 0.5 h 5, BEINFRFER 4> 2 Ik
120 mL 0.01 mol/L Na,EDTA-Mcllvaine 2% mfis i $2 B,
EARE 50 mL, H—Fh A 20 mL 0.01 mol/L Na,EDTA-
Mcllvaine 2% MV RAREUS, # 2.4.3 Fidtl, 2 Fhorpciel
WCRIGTE 78.9%~94.7%2Z 0], WK 4, WHFMEER, WK
FH— AR, ATl — 2 (AR E], B AR
3.3 [EEZFERAERBILLR

Buas ARER 2.00 g, IIA S pg/mL IBRESHRAERE R, f#
FEM RS 2300 100 pe/kg, E 0.5 h, #2.4.2 #1742
HUs, Bl 6 A nbnee s IBOR LA 1if%/s (31T Oasis
HLB [EAHZERGE:, el emb)a, K S mL 5%F
Bk e, FEen i, BUEMT 5 min, f/5H 10 mL
HE- 1R U TiR=1:9(R R YR, TR 4% 2.4.3 A TR 4R
ER . B 6 MIArAt iR BURAL IR 2.4.3 72K ] Bond
Elut ENV [EAHZEBRS1E, 2 ROk IR B 81.1%~
92.1%2 0], L% 4.

WA RGP PR 24K, AR5
JIr 8 1 () Bond Elut ENV [EIAH A BURE R 36 B BEAL R A 2445 -
TOIREORRYEORL, WP AR AL A P A AR R R R
Pk, ENV HEDRDRIAR K, AISCBlPR AR, AR 5T g A
SR T A BRI AL 3 mL, A5 20 %/ 70% 34, H
b Al s (0] 0 e 2 TR 2400 /0, ARG R0 R B v A [ sl E A
BB F R IR

14000
12000
10000
8000 -
6000 -
4000

2000 . . . JL .

OTC

SR /cps

0 . .
2 3 4 5 6 7 8
H[8]/min

4500
4000 -
3500 +
3000 +
2500
2000
1500 +
1000 +

500+

CTC

SR /cps

2 3 4 5 6 7 8
Hs 1] /min

34 IKREESMAEEER

B 12 AN FgeEsiE, 4rBIinA 20 uL 5 pg/mL IR-AFrifE
VWA 3 mL HEE-Z R ZHE=1:1, Hoh 6 AMHAS R T
wean, Hoh 6 MR TS, WS FN 1 mL E%
WEAR, 0.22 pm JERELIEMHT, AWM. 20 2 Pk
J5 AR ARV OT- Y e B2 4310 97.5 pg/L FH 98.8 pg/L, 45
TR 2 Pyl =Uas mli i SE g ik, (HRSE 2 0Ok IR
ZEURSLE, AT ARAS T A
3.5 BIEEHFEEMRL

GB/T 21317-2007 { sh¥ it & b IR R A 2 5%
PRI v YRR (- I R 1 vk S TR AR (i ) T
PP IRRE 33 - AR R R T 32 0 ) = 9 R Al 8 e A i
ST | v R0 S T AN R IR, (ELVBR I s AR A SR B FH R
2. LR, —BAEUH =R, =R MR, K
K& 3 TRy, TSR m e, 7
Sb, FRCERCK, WIRBSSIE LA 73 B 1, andibis g
PEE S, ATRES AR KIS s, I ARFTE i sh
AT 0.1% H BB =R LR, FBHINA 0.5 mmol/L Z /&
B, RCHEEE Mt T & mIETE, 4 M ib&% MRM i
L 1,

AT B 38 0.01 mol/L HE R 75 - HH -
CIEVE TR, MR 7:1:2 Lo B Ve, )5t
SHEAMBNEBRESIC, HIERETE, iRk BRI
4 Fi B AR REARAT 0 W A R HARELRIETE, B 2 RPUR
KRR EE R OTEE  25 A R R s 65

20000 TC

15000

10000

SR cps

5000 |

A,

8 9
Hsf B /min
14000 -
12000 -
10000 -
8000 -
6000 -
4000

2000 , , ] L

2 3 4 5 6 7 8 9
5[] /min

DOTC

SR /cps

Bl 1 #4EEYH9 MRM 3%
Fig.1 MRM spectra of each compound
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200 pg/L TEEI, £V 22 H AR v B A6 33 04 1 A
LMER R RIS
£ .
5 3.7 HEKHR
= DL 0 (5 M Le S/N=3 SR 7 ikt BR, R b ot vk
PEB PRGN T 25 AR rhll @ (e LY, e mfiE Ay
0 2 4 6 8 10 12 14 PR B, IR S R 6, WAy 20 ARl 52 e R
Tl /min 50 pg/kg!", ABFFE i R B B
#5 EMRHEGBEEEMXAR. RERREER
Table 5 Linear relationship and detection limit quantitative
z limit by the method of HPLC
] KAl AWEIUR HMERN R E(gke)
& TC ¥=0.009274X 0.9993 5
OTC Y=0.008872X 0.9997 5
05 . . . . . . . CTC Y=0.004594X 0.9999 5
0 2 4 6 8 10 12 14 -
I ] /min DOTC ¥Y=0.007933X 0.9997 5
FR6 SVHHEBE-RRFEEEMEXR BEREESR
D Table 6 Linear relationship and detection limit quantitative
? . cC 0 limit by the method of LC-MS/MS
cC Z: E st et =yt AHR R AL Gt R (ug/kg)
TC Y=1440X-0.000117 0.9994 1
4" 6 8 1‘0 1'2 1'4 OTC Y=964X+0.00081 0.9995 1
I [i]/min CTC Y=372X-0.000173 0.9995 1
DOTC Y=1620X+0.00697 0.9992 1

T a FRERI(S0 pg/L); b 25 AR ; ¢ JINAREESL (10 pe/kg)o
2 RHEEIEE

Fig.2  Liquid chromatograms of samples

3.6 ZMTEE

MRAE 2.3.2 JrILBCH IR R R IR R, 216 1
REAFF AT, IR eI b 4% BRIk B S
MR X, A DUPR R HARYIIERI BN IALAR Y 22l bn i T
PEMIZE, F32 A fan® 4 Kk 5, 450K, 78 10~

3.8 [EYERFIEEHE LW

EEASAEAR . KRR XIS A 4 Fib &
YIRIPRHES TR, InbRKSF-43 3128 10, 50, 100 pg/kg, 4
KA 6 A FATAE S, 430 P OAH G54SR AR 25 - FR B
FOESGHEATINE, 45R L 7 fik 8. d LM, MUt m
05 Wb R AE 76.0%~94.5% 2 (6], AR X b v O 22
(relative standard deviation, RSD)YJ7E 10%LLF

R ARG R AR R R 2 SR 45 R (n=6)
Table 7 Results of spiked recovery and precision by the method of HPLC(n=6)
FE IS E /(ng/kg) [ /% SR % RSD/%
10 79.5 85.2 81.3 91 83.2 86.3 84.4 4.8
P fa 50 83.5 92.6 94.3 85.6 84.6 88.8 88.2 5.0
100 84.6 81.6 923 79.1 82.5 78.1 83.0 6.2
10 783 83.2 91.2 85.4 91.1 82.5 85.3 6.0
7R KU 50 83.2 87.6 84.3 93.4 86.3 94.2 88.2 5.3
100 89.3 91.5 79.4 86.5 84.9 923 87.3 5.5
10 79.1 78.6 89.2 84.6 88.4 81.6 83.6 5.5
Xif HF 50 84.2 83 83.9 91.8 93.2 86.5 87.1 5.0
100 84.4 84.3 89.6 92 94.5 79.9 87.5 6.3
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=8 SRR BB A MAREIL RS E LWL R (n=6)
Table 8 Results of spiked recovery and precision by the method of LC-MS/MS (n=6)
FE IS /(ng/kg) B /% S TR %% RSD/%
10 80.5 83.5 80.6 89.5 85.3 83.3 83.8 4.0
UIE [l 50 84.0 94.1 92.5 84.6 81.9 90.6 88.0 5.8
100 84.7 79.5 94.0 80.6 83.5 76.0 83.1 7.4
10 79.2 86.3 92.5 86.9 90.5 81.5 86.2 5.9
7R R 50 84.0 82.9 83.9 94.2 86.1 90.6 87.0 52
100 90.4 89.5 80.5 85.5 87.2 90.5 87.3 4.4
10 81.0 80.4 90.4 86.0 85.6 83.2 84.4 4.4
POEN 50 82.5 89.3 84.5 89.4 90.2 84.0 86.7 3.9
100 86.7 82.6 90.1 89.6 923 81.3 87.1 5.0
4 2% iﬁ chlortetracycline residues in fish [S].
[7] FFE. R ROBOH g 00 5 7K 7 i v DU R 28 28 B A 3 AR B A 4T 0],
T8 5 2% v ERIBOR M BRI | FAHZE BT | Tk

GRRER | s SR RS R R Ik, B T K
il P U BR R 2R R I e A . FEULAR R T T 3R AS
ot BB AS | AT A BT R P S VAR DU K
DU R 2 2% B R R I vk, AR 5k B A Wk B A
10~200 pg/L N RAF, s aigkse iRl 5
ng/kg, T ROBRH RS- FR R BTEA A 1 ng/ke.
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