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Determination of florfenicol and its metabolite residues in honey by liquid
chromatography-tandem mass spectrometry

CUI Yue", LIU Mo-Yi, CAO Dong, CHEN Yue-Xi

(Center for Disease Control and Prevention of Haidian District, Beijing 100094, China)

ABSTRACT: Objective To establish a method for determination of florfenicol and its metabolite florfenicol amine
in honey by liquid chromatography-tandem mass spectrometry. Methods The samples were extracted with
ammoniated ethyl acetate, and cleaned with DPC-2 SPE column. The target analytes were separated on a Poroshell
120 EC-Cig column with gradient elution using a mobile phase consisting acetonitrile and 10 mmol/L ammonium
acetate solution. The samples were determined by mass spectrometry with electrospray ion source in the positive and
negative mode, monitored by the multiple reaction monitoring mode, and then quantified by the matrix matching of
internal standard calibration. Results Florfenicol had a good linear relationship at 0.2-30 pg/L, and the correlation
coefficient was greater than 0.999. The limits of detection were 0.05 pg/kg, the recoveries were 85.5%—-116.3%, and
the relative standard deviations were less than 10%. The florfenicol amine had a good linear relationship at 1-
30 pg/L, and the correlation coefficient was greater than 0.999. The limits of detection were 0.3 pg/kg, the recoveries
were 85.6%—113.5%, and the relative standard deviations were less than 10%. Conclusion The method is rapid,
sensitive and accurate, and suitable for the determination of florfenicol and its metabolites in honey.
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LA O RS Uy o A TR S i 00 R
B EEEN O AR GRS R A W
TR IR A R 2 S R TR K sh LA 4R
SRR, (045 v R 2 25 58 B ek R I A e, T
JEXT AR YRR e B R s i . STk, AT LE
TR AR it T Ah 3 5 A 1 IO i A 1 S I e B h R e
2 B LA RIS e, SR P2k R C BRHRIURE &, 38
1t DPC-2 [EAHAEBUHEE ek, DA A e rh 3R Je 2%
TR JE 5 e 2 Wk B 1) Wa s b DR v B 1) A BT ik

1 MR5ERE

1.1 FE5EHF

1290 8 #8525 I M €3 -6460 — T DU T A8 16 i35 X
(K Agilent 22 #]); 2-16PK & 3 12 VR B5.0 WL (12 15 Sigma
ZvH]); MS3 A HEdR % 4 (TEE IKA 24 F]); TTL-DCIA MK
AL R 2R & AT BR A ) o

bR E Y B WK JE % (florfenicol, FF)r #E I W
(100 mg/L, HEZEF], Al F 4 7™ & BT it 5 B 55
0); FAJE % - Ds(florfenicol- Dy, FF- D3)b HE W, UK
JE& % B (florfenicol amine, FFA)FRIERR . TR JE % fi -
D;(florfenicol- Dy amine, FFA- D3)FR#EE (100 mg/L, H
B, RERTRIERHE A BR A A,

HEE. 0. ZRCHE. IECk(figal, SEE Sigma

N, BOKALGAE) . AR . LR (5 Bl (1 25 5 A
2R AT B2 wl); DPC-2 AR A HURE (FEZ¥ 4 12 mL, il
R PR D) SE Kl Milli-Q 4K .

1.2 LHWFE

1.2.1  AFEIER IS

53 RS BUTEAR JE 25 o 1 VR SR 8 25 B s 1 VS i
I mL F 100 mL A&+, HPFERZZE, B
Je 25 FIE AR e 25 e Tt Uk B2 192 1000 pg/L MIFR IR 257,
—20 °CUKFHRAT

HE RS BUR-S FRUERE W 10 mL & 50 mL 25,
H 10% B KIS RE R B2, BN e % MR e %
i Jo B VA B X8R 200 pe/L MRS AR E TAEW, I FHBLRD

53 BB IR JE 75 - D3 RV A FUR JE 5 - Ds bn
WEVAW 1 mL F 100 mL &b, AW BEAEZ0E, mi
MR E % - Dy MIFAREH - D; B4 1000 pg
IL (4 P 558, —20 CCURAR FPRAT

HER AL BUR A N bR % £ 10 mL £ 50 mL &=,
A 10% KIS ERZZE, BRI E % - D; fldH
HJe % - Dy BT BE Y Ol 200 pg/L M AAR TAEWR, I
FHELALD .

FEIR A B E TAEBR T Z 5 -10 mmol/L Z PR 5 1% T
(10:90, V:V)Fi Bl 0.2~30 pg/L ¥ S5 1 R NR A Ar e T A
W, PFRIREE R 10 png/L, I FHBLRL .

1.22 #onara e

(V)i ke 5

W BER LS S IWRE SR LR I e 505 A 25 b
BORESS, FDERE S E T AR 60 cCHIK IS IR, FREhh
SiELE, BEA), MR B RS

()1

FREGARE 4 gCR5 71 = 0.01 g)F 50 mL HIEER N IR}
BEET, IMATRS MRS TAER (200 pg/L) 100 pL, FI
A 4 mL 4% AW, TRFIRS), A 10 mL 5% %41k
Z R Z 4R 10 min, 6000 r/min, 4 °CE5.0> 4 min, H4EB
FWEWTF 50 mL B0 BLA 10 mL 5% @kl
BRE R, 4 LR T EELEP, 50 CAANR
T, A 10 mL 90% ZJE /K%, #=¥% 2 min, 6000 r/min
Bl 4 min, BUT 2B 10 mL fRigk,

(3)4tik

B AL WM A DPC-2 [EAHAEBRUA: v, 4210k
5 mL Ui, R IR T AE 40 CCOKVR S P AR &
0.1 mL 24, HZHE-10 mmol/L ZFREE M (10:90, V:V)
ERZE 1 mL, 3022 um JERG, BB @3- BB R
53 HT
1.2.3 Al & 3E- 8 PR 5 A4

(D)W a3 251

i % K Poroshell 120 EC-Cj3 (3 mmx100 mm,
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2.7 um); FEE: 40 °C; Fii#E: 0.3 mL/min; #FFEE: 10 pL;
WEIAH: A N2, B N 10 mmol/L ZERERIAWR; WA (i
HhREVEIR AR 0~2.0 min, 90% B; 2.0~6.0 min, 90%~25% B;
6.0~8.0 min, 25%~10% B; 8.0~8.5 min, 10%~90% B;
8.5~11.0 min, 90% B,

Q)i 5%

BT %S 2 7 (electron spray ionization, ESI),
E/ s F U, A 2 R0 D (multiple
reaction monitoring, MRM); W25 HiH: 3000 V; #5010
10 L/min; THSIRE: 300 °C; FAL#8 /% J7: 40 psi.
124 #RiH

i AR A B BE 1 2 SR A =R ()T 5

X:CxVx1000 )
mx1000
A X P R 5k B i, pe/kg; ¢ Sl bRAERTZR

RN B R R P TR I BRI, /L V ONRRRUR
ZOERMHR, mL;  m OISR WO R IR R B, g

2 HER5SH
21 BEFHMUL

KA R R Poroshell 120 EC-C g #:(3 mmx 100 mm,
2.7 pm). FURJE 0 R AL SRR T 00 B, R e
75 g3 H R FHBR YR W S AH AT 208, TR AP InA 2 2
B, ATLMEBEE ARG Y e, Bem REUE . AR L
T E A IR B 0 R Bl W - £ B PP AR A 2l AR X
I HT ) B ARG ORI RS, 45 R R W R
10 mmol/L ZFREEV M- LN A in shAR 25 F A i, i
TR o AR 2 25 e e RR M Vi W Hh DA B B A AE
15 LA HLAH S 3036 8 T8 A, S BT AR 58 58 4 X
M A5 70N, PRI AR O 3 A Hh A ILAR 2 4 L B8], R
FEAR PR Ay 0] SR AT BRAR 0 20 B ROR, AR S
FIEILE 1,
22 FRiEFEHMRIK
SRR B AR E E N N 2 FhNAR AR ER
WRTT T A 100 pg/L VR AR EVE TR, 78S 55 1 E/ 51 143
R T AT U0, AR A A 0 OR B B ] A G/ B
TUIHH ISR 5.0 min, G —R S, A4
L EMEBHNE B EHITILA, e &+, RE0a
T B TR BB F AT ZRBTRE 30T, X hli e AR e S T
SR T, EECGEEEET 2 MR EE R

TR JEE MR JE 5 M Wkt 22 AR K, i T 3RS B
TR R EMARE, ARERA T HEAEZAZE . S0 EPERS T, AR BT AR IR 1.
TIHEH WD,
8000
7000
6000
% 5000 FACH M
ES
’ﬂ: 4000 W }E’%-D3
H 3000
:E[Q
2000
1000 BRI
] e
1 2 3 4 6 7 8 9 10 11
LR BA [ /min
Bl 1 AR HE pg/L), FAEE MG ng/L). FAJEH-Dy(10 pg/L) . FAJE # M- Ds (10 pg/L) BB Tl
Fig.1 Total ion chromatogram of florfenicol, florfenicol amine, florfenicol- D; and florfenicol- D; amine
1 B8FEE. aXEER. 8FRE-D;MBEAKEER-D; RESH
Table 1 Chromatogram parameters of florfenicol, florfenicol amine, florfenicol- D3 and florfenicol- D3 amine
& HIAES F(mlz) FEF(mlz) TR R/ V Rl REfE/V B
e e *336 5
kR il
FARIEHE (FF) 356 185 120 15 l
Ja— *185 20
~ ~ il
F e -Ds (FF-Ds) 359 119 100 20 il
*
FRJEE M (FFA) 248.1 ﬁi? 100 ;2 iE
A ) *233 10
= l% Iz _
S Je F i-D; (FFA-D;3) 251 130 100 2 iE
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SR B MR B B R R TRk A, I
WA EEA R OB R CEREA IR, L om
R BUSCR e o AMR I FUR 8 25 B £ Btk 4+
PERET AR, NI A5k 20k 2/ Z B N
PRI . e rh BT R Sy v TR IR, T
DT, F AL 218 20 TR B TR — M St e B AR oK
e, 2 pE B AR BN AT AR KA R HLAR
(53 2, A5 000 4 5 A2 A5 AILAR PP i 3 BL S 22, DA 38 in
LR R B IR, AT FOBAR F 390 RO I A R,
FAAK . 4%FACENERORT 10% S A0 AR V16053 531 1 ik e
BERE S, BRI AR 6 (AR Sh, B AR SN EURE R
4 g, HIMATRAARE TAEWR (200 pg/L) 100 pL, $REHCFIE
A JE M 5E FL A 2 Fb A R (e, 25 SRR 2, DU 2
B RLK . A%FAEE R 10% 50 kAR 1
14y e B P EUOR JE 5 R (E 22 BN K, L 4% S Ak
VES YRV fifk 11 W i v U JE 5 e 1) ) 7 A B v, TR O
ATy e RR A% E AN RO R B AR b . AR R
R S BRI s A B BT A HLER R S5 2 o, R
FHK, BRI TR BRI 2 1k, BRBGEARK
Wanla R O REE %, B0 RBREARERIEY, 1L
g 2 T4 . 28 AR ZE TRORE ek =PI DA BE A 4%
BRI AT WIS F K N TR, R R e
JH () B 8 o AR I 50 ] — M S s AR B (PR ME VR TN 2 pg/kg)
ZIRBUS 43 938 1 MCS F1 DPC-2 [E A0 # BUk: ek Jm I 2
tegz 2 Ak A R, DL 2, MK LA
DPC-2 [ AH 2 BUH Ak J5 1R i 32 IO 962 JE 25 e )&
B 114 Zi% U BR S 0s /b, SR 2 2 e 1 g g B R L L
DPC-2 /MR —FhidE o X i B AL UL, R R IR
R, AR B ORUE SRR JE 25 A1 AR JE 2 e [ B A
G T LC-Si A8 BIAHAE BUNME T 235 4k . Bk . DR
SERB A BRI ARG R TR R I 1 5
FZS U B RE AL IR 1.2.2 BYRTAL BT 3T 45 25 2R bR
W, FZN5-10 mmol/L ZFREZH W (10:90, V:V)FI4S H 3
O Y A T 8 o T 4 R 40 R AT I, R RN
(matrix effect, ME)ME=( & i i £& &} 2 / ¥ Ui #h £k &}
F)x100%HE 1T 115, 15 309 528 JE 25 FOR JE % ik 3%
TR 43 A T6%F 60%, & I RN BH S5 o A9 5 B R
FARRE [ R AR 1T LU RS IE AR S 3R B R 58 42
P, HCTH R BT
24 FEMSZMSEE RIG LR

SR JE VR EAE 0.2~30 pg/L 38 Bl (R 24 T s ke
J 0.1~15 pg/kg), TAJEH MW ELE 1~30 pg/L TEHEIN
(RS TR B 0.5~15 pg/kg), WFRERE N 10 pg/L,
PLE 58 6 1 N bR A e T AR B A (Y) 6 A oE 3R 4 vk

BE(X, pg/L)#EATEIHSHT, S5RFTY 2 Fifb &gt X
FRIF, M REBIRT 0.999. L) 3 £5 15 M L
EARTT BB A H BR (limit of detection, LOD), LA 10 {515
W8 LA 78 AR 7 1 19 7 5 BR (limit of quantitation, LOQ). i
HEIREZRKE R A 0.05 pg/kg, EHEFRHN 0.2 pgkeg R
e F e ks R K 0.3 pne/kg, BN 1 png/kg, Ik
W R .

®R2 ARBTBBOERPAREZMEAXCERLN
M 57 {BL(n=6)
Table 2 response values of florfenicol and florfenicol amine in
samples dissolved in different solvents (n=6)

EY BARE  WREERE
A (FF) (FFA)
(EREEY 987~1114  1788~1911
afizk
AR AR D 22 /% 5.0 2.7
{55 1108~1248  3208~3439
4% E AL
FHXFBRAE 22 /% 5.1 2.6
{550 983~1107  2207~2488
10%5 1k
A BR U D 22/ % 4.6 4.0

2.5 [EIERKIEEE LW

FE2S FURE S HR IR o AR 3 VR AR RV, A
AMINAREE S ESE AT 6 WE, SR 3. R
85.5%~116.3%, MIXHRHEMRZE N 0.8%~5.4%, FHIAI L
% 3 8 R B A 22 <10%),  HERf L LT
2.6 SEPRAESEN

SRFA DT 50 BRI s ae i EA TR, SR e
5 K ARG o 7B 2R B T AR A R F 9 2 9
IC 7 MR JE 5 e (1 T fs B S A T, ilF— 2B 0 UE 7
P ER I

3 & i

AT 5T FE SE T VB AH € 3T - B 1K T i 7 A I e 2 o
e AR Y ik vk, RAA O R TR
B, @i DPC-2 [EAHAE BT Ak, S KRR T 3
T SRR 2 N AR AT ROCH A T TR b IR R 58
S 3 BT H I E OE 67 1 U 22 S A T AR 2 i
LT R JE R RUR JE 5 e i Rl B 5 o AR Oy ik R A
W EEERG, A PR AR S L A L A KUK
LR, E T 0 2 T UK e % S AR i 2 4 5k B8
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Fig.2 Comparison of purification effects between MCS and DPC-2 solid phase extraction columns

R3 FEXRERERGFINEME SRR, EEER. BEEN=06)
Table 3 Linear regression results, recoveries, and precisions of florfenicol and florfenicol amine (n=6)
({aze] bz A(ug/kg) /% R 4 G 22 /% et LEPSE 54

0.2 93.3~103.1 4.7

IR JE % (FF) 0.5 85.5~97.9 5.4 Y=0.211148X-0.097773 0.9997
2.0 104.2~116.3 2.1
1.0 85.6~93.5 3.6

FRJEH NG (FFA) 2.0 105.4~113.5 2.3 Y=0.160178X-0.021028 0.9995
10 102.6~104.2 0.8
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