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Simultaneous determination of chloramphenicol drugs residues in pork by
Captiva EMR-Lipid solid phase extraction combined with high performance
liquid chromatography-tandem mass spectrometry

WANG Dong-Peng, YE Cheng’, LI Xiao-Sha

(Wuhan Customs Technology Center, Wuhan 430050, China)

ABSTRACT: Objective To establish a method for the simultaneous determination of chloramphenicol,
thiamphenicol and florfenicol residues in pork by Captiva EMR-Lipid solid phase extraction-high performance liquid
chromatography-tandem mass spectrometry. Methods The sample was extracted with acetonitrile, purified by Captiva
EMR-Lipid solid phase extraction column, separated by CNW Athena Cs-WP chromatographic column (100 mmx
2.1 mm, 3 pm) with methanol-water as mobile phase, the analyte was determined by electrospray negative ion scanning
mode and multiple reaction monitoring mode with internal standard method for quantification. Results The method
had good linear relationship in the range of 0.5-20.0 ng/mL for chloramphenicol, thiamphenicol and florfenicol (>
0.9975), the limits of detection were 0.10-0.14 pg/kg, the limits of quantification were 0.25-0.47 pg/kg, the average
recoveries were 97.50%—117.00%, and the relative standard deviations were 5.55%-8.93%. Conclusion This method
is simple and fast, stable and reliable, and suitable for the simultaneous determination of chloramphenicol,

thiamphenicol and florfenicol in pork.
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1 MR5ERZE

1.1 MR5RF

WEE . PERRMESRE 100 pg/mL, Rk
TRIREE LRI BRI AT, SBRJE HFRES (M 100 pg/mL,
Jb o 3 s ks B A B R, S R UL R bR
(CAP-Ds, #JF 99.6 ng/mL, Jbats ks YR IR F);
HE (g al, sOUB A BRARD); (@il £H
Honeywell A #l); 4R ZTE((Ai%4E, 3£E Thermo Fisher
Scientific /A )); HEREL (%4, f8E CNW AH]); SLE
K Ry A 4l oK (P 5 48 4l K i 3 &R 55 ik 3845 ); Captiva
EMR-Lipid SPE #4575t L Bk A (3 mL/300 mg, JE[H
Agilent Technologies /A Fl).
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B4 mL 3 Captiva EMR-Lipid B AHAE U, Uk
BTN, T 45 ORI AR ZIE T, H 10%H oK E R
ERE 1mL, i 0.22 pm JEHE, it HPLC-MS/MS 43#7.
133 MBLEMHF
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K CNW Athena C3-WP 4i%41:(100 mm=2.1 mm,
3 um); FEHAH A SOK, B O HIEE; A 0.35 mL/min; MEFE
PRFR 10 pL; AL 30 °C; BREEVEBLELT: 0~3.5 min, 30% A;
3.5~5 min, 30% A~80% A; 5~5.5 min, 80% A~30% A;
5.5~12 min, 30% A,
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12 min, 30% A, @&HR . HHER . BEEEMEAHRER
AR 28 AR I B B U L an il 1
2,12 JREEAF e A

BAER . W R FFRE 5 AR MR R
PGS 55 B R, 7 22 S W AR A ARG [R)— R
WA IE B FHM, REH, AE5E. PREEMK
HIC A B FRCT o BT, [R5 e
WIS FIE AR T TRl R — ik B bR
LG YIR T B F . AR ARG SE S5, AR R i
SRR 1,

2.2 APRCIBEZRHIMK
22,1 RIREM6HRAL

HZERER R R . LI 2.8 RV ARG ),
Hitk, AWFRSE2E T HEL, 205, 80%HEE/K . 80%Z &K
MR CBRTEIUSER, 250 %M, FEEA 80% F Fk i
B R 22, BEBURVEM HE LGS B, IR, 5 80%
FBE KA G, 80% 2 7K $8 ROV V2 bt BE AR AT, (LT8R A 7
MG, AR IR BRI gL, HRA
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Table 1 Mass spectrum parameters of 3 kinds of chloramphenicol drugs

&Y BB T (mlz) FBF(mlz) KRRV NEEACIIAY

152.0° -22

) 257.0 -19
AER 320.9 -87

176.0 -22

194.0 -18

118.9° _45

- 184.9 -28
FREH 355.8 _84

218.8 -15

151.8 -22

184.9° -31

&R 354.0 290.0 -85 -16

239.9 -20

N 261.9" -16
AEZTAFNENbR 325.9 -100

157.0 -26

o AE B TR
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Fig.l Extracted ion chromatograms of chloramphenicol drugs
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EMR-Lipid #fbAETo75 HFEA HLE R, [FIRHURKEESE A
SRIVRTE 8 min PN RIAT I Sk AR ACIORE, 2 fh et B[R]
W R . HC-Cog Fll LC-Cg [AHZE U 7E LA i 77 2206
LA, K T L, H Cg X HARYHA —
SEM R, 2 EIBCR A

2.3 FEFHEER

231 ZKMHEEBRAHR
il 0.5, 1.0, 2.0, 5.0, 10.0, 20.0 ng/mL #5ifE TAF

WAHERESY MY, DATEREMR B (X, ng/mL) AR AL R, WETHIAN Yo
YARBRZ AR AE LR, TR AR OC R DA
(/M)A 3 TSR A 10 43 B34 i BR (limit of
detection, LOD)AIE & B (limit of quantification, LOQ), %%
N 2 FrR, 3 FZEYIAE 0.5~20.0 ng/mL Y Fl N A RLAT
LM R, MERRE »> 09975, K H A 0.10~
0.14 pg/kg, EHRN 0.25~0.47 pg/kg, AT LA M FE A AT
AP EER . IR RN JE 5 ik B R K

®2 3MEBERAHYHEESE. BXRY. RHRMESR

Table 2 Regression equations, correlation coefficients, limits of detection and limits of quantification of 3 kinds of chloramphenicol drugs

EY EEpF IR EL(r) G BR/(ng/ke) 7B wBR/(ng/ke)

RER Y=0.241X+0.0049 0.9997 0.10 0.25
FEER ¥=0.106X+0.0748 0.9975 0.10 0.33
WRJeH Y=0.145X+0.0452 0.9996 0.14 0.47

232 Mgk

e 1.3.2 BUR ikl & ane b, HERLAE 0~4 °CF IR
TE, A9F 00 40 12, 24 h ERESM I, 1A 43I T A
B4 AH X 5 7 i 22 (relative standard deviations, RSDs) (n=6).
M &G R, SIS b, EEE . HIE R R
HFIEFUE MR RSDs 7350 1.87%. 2.67%. 3.04%, Ui
WIS T 0~4 °CTFRAF, 7E 24 h WEEARRRE, T
K H H R A TR
233 WKEFAEEE

e 132 TR ik, 4ralin g A s s in 0.1, 0.2,
1.0 pg/kg MIBRESIR AR, 217 3 KPR MRS,
FMREELIE 6 K. 45HRWNE 3 iR, AEE. BN
BRMFRICH M EBCR R 97.50%~117.00%, 1%
BEH 5.55%~8.93%, i HH 1% 5 12 N 3R FURS %5 B R AT o

R3 IMAYERAERPHEHEEERNBEEEER(=06)
Table 3 Average recoveries and precisions results of 3 kinds of
drugs in pork (n=6)

k&Y IARRE (ng/kg)  FHEIECRY% RS %
0.1 106.33 8.93
AHER 0.2 100.83 6.41
1.0 110.67 8.14
0.1 117.00 6.94
R 0.2 97.50 7.83
1.0 107.35 5.55
0.1 112.17 8.52
AR H 0.2 104.42 7.22
1.0 109.88 6.24

234 ZIRAESRE) R
KA EREI T ST B 10 A RAER, BT
BRI ARGHEEE . FIMEZEMFORE%

3 Fw5itie

WG UCR A Captiva EMR-Lipid AT 25 4wk
WA - FR B A T THE AR P s R WIE R
AR Z R 7, LA IR, R PB4 Captiva
EMR-Lipid #:fk, 7T LA 80K BRI B8 1 5 409,
AR T R, AT ARG . O IE T
WAL . WRPEFIVENE S A A TR, A6 e TR A Ak B S [ A
HHURFITERE, BRI, MR R, HAEEFR
[l RO 2 B, S5 SRR v, AT LA 2 1 N A A
AR FE . IR RR)E 5 24P 5% 5 A I 4 Hr 1 755K o

SE Mk

(1] PN, A, REEE, S5, WORHBTIE s RIS A R Py rh SR At 28
KAR[T]. FrEhBIFSE 5 TT &, 2019, 40(5): 186-190.

SHU SS, MI Q, YANG CX, et al. Simultaneous determination of
chloramphenicol and dexamethasone residues in pork by liquid phase
mass spectrometry [J]. Food Res Dev, 2019, 40(5): 186—190.

[2] HHIE. QUECHERS 453 VU (5 ARG 1 1.4 17 i 00 R A 2 SR

SEERS 7 MACEZIRED]. B RTERNAAR, 2020, 11(6):
1821-1826.
HUANG MH. Simultaneous determination of fipronil, chloramphenicol
and other 7 kinds of pesticide and veterinary drug residues in eggs by
liquid chromatography tandem mass spectrometry with QUEChERS [J]. J
Food Saf Qual, 2020, 11(6): 1821-1826.

3] AlACKTTR. rhhe N RILFIE LA ER G4 250 S sy ik
Ak Y 25 5 e Ho b 4k & 9 35 B [EB/OL]. [2020-01-06]. http://
www.moa.gov.cn/gk/tzgg 1/gg/202001/t20200106_6334375.htm  [2021
-09-25].



55 19 9] FAME, 2 Captiva EMR-Lipid [FARZEIES & AR G- RO G RIS 2 55 Y vh S i s R 2 i i

7665

[4]

[3]

(6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

Ministry of Agriculture and Rural Areas. Ministry of Agriculture and Rural
Affairs of the People’s Republic of China No.250 list of banned drugs and
other compounds in food animals [EB/OL]. [2020-01-06]. http://www.
moa.gov.cn/gk/tzgg 1/gg/202001/t20200106_6334375.htm [2021-09-25].
ThARLL, RN, Bl &b S R 22 Ak B AN 7 R
JE[I]. AZRHFEE, 2016, 30(7): 35-38.

MA YH, LI ZG, CHEN C. An overview on analytical methods for the
multiresidue detection of chloramphenicols in food products [J]. Meat Res,
2016, 30(7): 35-38.

JIAN N, LI R, LI J, et al. Simple, efficient, and eco-friendly sample
preparation for simultaneous
chloramphenicol in meat [J]. J Sep Sci, 2019, 42(16): 2696-2705.
DOGAN YN, PAMUK S, GURLER Z. Chloramphenicol and sulfonamide

determination of paracetamol and

residues in sea bream (Sparus aurata) and sea bass (Dicentrarchus labrax)
fish from aquaculture farm [J]. Environ Sci Pollut Res, 2020, 27(33):
41248-41252.

SRANE. SR T R [T 0 S L h B R e AR | S %
CUR M AR ] Al FBHE 5k %, 2020, (9): 79-81.

ZHANG CH. Simultaneous determination of clenbuterol, ractopamine and
chloramphenicol in animal tissues
spectrometry [J]. Enterp Sci Technol Dev, 2020, (9): 79-81.

BT, ECE, BAEK, & AR E K M P R s R IR
RHEEIEED]. B G 2R, 2018, 9(23): 6216-6220.
GUO J, WANG WL, ZHAO QD, et al. Uncertainty evaluation for the

by gas chromatography-mass

determination of chloramphenicol residue in aquatic products by gas
chromatography [J]. J Food Saf Qual, 2018, 9(23): 6216-6220.

BRI, THAT, sReEtl, SF R ARG G- RIS R DI E 5% A
WERLBARB ). &M E R TR, 2019, 10Q4):
8268-8272.

LU CS, MA L, ZHANG XB, et al. Determination of chloramphenicol
residues in pork by ultra performance liquid chromatography-tandem mass
spectrometry [J]. J Food Saf Qual, 2019, 10(24): 8268-8272.

TR, BHE T, SR, AF BETBARR . WO R G R BT
KT, PI5E AT, 2020, 46(5): 11-13.

SU Y, LI YN, GUO LY, et al. Detection of chloramphenicol and
methamphenicol residues in eggs by liquid chromatography and mass
spectrometry [J]. Inner Mongolia Petrochem Ind, 2020, 46(5): 11-13.
R, B, AFELL AT R AR R LC-MS/MS YU ETT
B[] AR TR, 2019, (4): 60-62.

LI Q, WANG YK, WU JH. Rapid determination of chloramphenicol
residues in milk by LC-MS-MS [J]. Food Eng, 2019, (4): 60-62.

SR, =GP AT IR TR DR K 7 sh 26 ek i S R ).
M2, 2019, 31(5): 57-59.

GUO XG. Fast determination of chloramphenicol residues in canned
aquatic animals by HPLC-MS/MS [J]. Strait Pharm J, 2019, 31(5): 57-59.
ZEIETE, JAZS. QEChERS $HUS Rl iR (035 v w25 v 1 o G i
06 T DR A 0 £ i T S R B Ak B RED). ) AR BT, 2020,
47(18): 162-163.

LI ZY, ZHOU J. Quick determination of chloramphenicols residues in
foods by QUuEChERS extraction and high performance liquid
chromatography-mass/mass spectrometry [J]. Guangdong Chem Ind, 2020,
47(18): 162-163.

SNIEGOCKI T, SELL B, GIERGIEL M, et al. QUEChERS and HPLC

[15]

[16]

[17]

(18]

[19]

[21]

[22]

(23]

[24]

-MS/MS combination for the determination of chloramphenicol in twenty
two different matrices [J]. Molecules, 2019, 24(3): 384.

LIU HY, LIN SL, FUH MR. Determination of chloramphenicol,
thiamphenicol and florfenicol in milk and honey using modified
QuEChERS extraction coupled with polymeric monolith-based capillary
liquid chromatography tandem mass spectrometry [J]. Talanta, 2016, 150:
233-239.

THIRAR, GLGIR, AR, AR A0 IV - RSO H R B o 4
PR R ETLE T, 2020, 48(3): 52-55.

MA XN, LIANG ZJ, LI Y. Determination of chloramphnicol in milk by
SPE-ultra performance liquid chromatography/triple qudrupole tandem
mass spectrometry [J]. China Dairy Ind, 2020, 48(3): 52-55.

WA, SHE, AL, 55 oA - SO - A B TS
TN RE AR H 3 PSR ASAN 1 MR ISR R (1] ARl 24k,
2020, 36(1): 69-74.

SU YZ, LI YM, ZHOU J, et al. Dispersive micro-solid phase extraction
combined with high performance liquid chromatography-tandem mass
spectrometry for determination of 3 chloramphenicols and 11 hormones
residue in water samples [J]. J Anal Sci, 2020, 36(1): 69-74.

M, SR, EAE, S EAHAR IR BORAH (3% BT Ik R
D e e WER . FIERAR P NERRRAD]. TEE
AR 2N, 2018, 28(1): 22-25.

XIAO GJ, CAI CH, WANG S, et al. Simultaneous determination of
metronidazole, chloramphenicol, thiamphenicol and florfenicol residues in
honey by solid-phase extraction coupled with high performance liquid
chromatography-tandem mass spectrometry [J]. Chin J Health Lab
Technol, 2018, 28(1): 22-25.

LI J, GONG J, YUAN H, et al. Determination of chloramphenicol,
thiamphenicol and florfenicol in chinese gelatin medicines using
dispersive solid-phase extraction coupled with ultra high-performance
liquid chromatography-mass spectrometry [J]. J Chromatogr Sci, 2020,
58(5): 471-476.

LIAN Z, WANG J. Selective detection of chloramphenicol based on
molecularly imprinted solid-phase extraction in seawater from Jiaozhou
bay, China [J]. Mar Pollut Bull, 2018, 133: 750-755.

ZHANG Z, WU Y, LI X, et al. Multi-class method for the determination
of nitroimidazoles, nitrofurans, and chloramphenicol in chicken muscle
and egg by dispersive-solid phase extraction and ultra-high performance
liquid chromatography-tandem mass spectrometry [J]. Food Chem, 2017,
217: 182-190.

RIZZO S, RUSSO M, LABRA M,

et al. Determination of

chloramphenicol in honey using salting-out assisted liquid-liquid
extraction coupled with liquid chromatography-tandem mass spectrometry
and validation according to 2002/657 European Commission Decision [J].
Molecules, 2020, 25(15): 3481.

WANG B, PANG M, ZHAO X, et al. Development and comparison of
liquid-liquid extraction and accelerated solvent extraction methods for
quantitative analysis of chloramphenicol, thiamphenicol, florfenicol, and
florfenicol amine in poultry eggs [J]. J Mass Spectrom, 2019, 54(6):
488-494.

PR, #TI, £87. QUEChERS EMR-Lipid i AR%54 LC-QTOF
PRI 5 0 UE IR AR EL P 2G5k (). L EL A Tlk, 2018, 46(4):
57-60.



7666

B dn 2 4 R R I A 4R

12

[25

[26

[27

[28

[29

]

ZHANG FY, JIANG WE, WANG XQ. Rapid screening and confirmation
of veterinary drug residues in milk by QUuEChERS EMR-Lipid technology
and LC-Q-TOF/MS [J]. Chin Dairy Ind, 2018, 46(4): 57-60.

W, BFEM, M, %, QUEChERS EMR-Lipid # R 45 &
LC/MS/MS BUdtiite SHER A 55 FE2h5R R[], i TARHY,
2019, 40(11): 270-276, 283.

HUANG ZW, MIN YH, DU G, et al. Rapid screening and confirmation of
55 kinds of veterinary drug residues in pork by QUuEChERS EMR-Lipid
technology and LC/MS/MS [J]. Sci Technol Food Ind, 2019, 40(11):
270-276, 283.

5, AU, B, 2. QUEChERS EMR-Lipid-LC/MS/MS i 5E 8 Fir
-ZARBSFI]. B ABTIEEITR, 2016, 37(9): 178-182.

LI L, LI HC, GAO J, et al. Determination of 8 kinds of S-agonists by
QuEChERS EMR-Lipid-LC/MS/MS [J]. Food Res Dev, 2016, 37(9):
178-182.

ARCE-LOPEZ B, LIZARRAGA E, FLORES-FLORES M, et al.
Development and validation of a methodology based on Captiva
EMR-lipid clean-up and LC-MS/MS analysis for the simultaneous
determination of mycotoxins in human plasma [J]. Talanta, 2020, 206:
120193.

YANG S, LUO Y, MU L, et al. Risk screening of mycotoxins and their
derivatives in dairy products using a stable isotope dilution assay and
LC-MS/MS [J]. J Sep Sci, 2021, 44(4): 782-792.

BT, ARG, TKIE, 4. QUECHERS- i 3BUAR (i - Fp g B vk
[FIEHIERE A P A& R . R e AR B )]. i 2m
HAGI AR, 2020, 11(12): 4121-4126.

ZHAO HJ, YANG QML, ZHANG Y, et al. Simultaneous determination of
chloramphenicol, florfenicol
QuEChERS-high performance
spectrometry [J]. J Food Saf Qual, 2020, 11(12): 4121-4126.

and pentachlorophenol in pork by

liquid chromatography-tandem mass

[30] MIPCHE, V5, FL, &5 He i RS AR AL B S 0B (- ik

ST (R I S AR P I A B R AR K] ' RE, 2017,
38(24): 241-246.

KE QQ, LI SY, ZHOU F, et al. Simultancous determination of
chloramphenicol and erythromycin residues in aquatic products by high
performance liquid chromatography-tandem mass spectrometry with Oasis
PRIME HLB solid phase extraction cleanup [J]. Food Sci, 2017, 38(24):
241-246.

B1] X, ETER, MR, & ZE 0B E - k- sk

2 RIHE S IR iR 6 Bl R KRR RS G I A R IR
[7]. ai, 2014, 32(6): 640-646.

WANG Q, WANG GM, XI CX, et al. Simultaneous determination of 6
kinds of zeranols and chloramphenicol in foodstuffs of animal origin by
combination immunoaffinity column clean-up and liquid chromatography-

tandem mass spectrometry [J]. Chin J Chromatogr, 2014, 32(6): 640-646.

fE& &

IR, WL, TEMRFEREY
SHSRBREWN.
E-mail: 1808124001@qq.com

Mo, SRIREM, TEMRFE
RAERBRESHERN.
E-mail: yechenghust@163.com



