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W OE: BRI OB (05 - R I T I R BRI S K R RS A R AR R HINE R
FORJEH RACH YRR E H R B ik, FE KRR A OB, ECLERRIRIS, #E Capcell Pak ADME
(100 mmx2.1 mm, 2.7 pm) & ERE B8, SRAZ RN MR, DIEEE-DS MR e % He-D3 R T E &t
Mg, R FAHEE 05~25.0 ng/mL WHENLMECR RIF(>0.999), HIEER . FUREH MFURE S KA
5.0~250.0 ng/mL JEE AL R RAF(>0.998), Jriku bRy 0.1~1.0 pg/kg, &R 0.2~2.0 ng/kg. # %
FIRIKEH 0.2,1.0 F1 10.0 pg/ke I, [EICE A 82.5%~104.0%, FIXTAREMR 2ZTE 2.2%~11.8%Z [6]; 24 HI R
TR, BRRZMEREZ LR IMAFEH 2.0, 10.0 71 100.0 pe/kg B, FEICEK K 80.9%~102.0%, HIXTFx i
TWZETE 0.8%~8.4%Z [0l L& %y ik P . e . A, FERH TR0 4 FhBtrem s 25k
FA G
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Simultaneous determination of 4 kinds of amidol antibiotics residues in
aquatic products by ultra performance liquid chromatography-tandem
mass spectrometry
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ABSTRACT: Objective To establish a method for the simultaneous determination of chloramphenicol,
thiamphenicol, florfenicol and florfenicol amine residues in aquatic products by ultra performance liquid
chromatography-tandem mass spectrometry. Methods The aquatic samples were extracted with acetonitrile,
degreased with n-hexane, and separated on a Capcell Pak ADME (100 mmx2.1 mm, 2.7 m) chromatographic column,
the multi-reaction monitoring mode was adopted for the quantitative determination with chloramphenicol-D5 and
florfenicol amine-D3 as internal standards. Results The linear relationship of chloramphenicol was good in the

range of 0.5-25.0 ng/mL (+>0.999), and that of thiamphenicol, florfenicol and florfenicol amine were good in the
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range of 5.0-250.0 ng/mL (#>0.998). The limits of detection were 0.1-1.0 pg/kg, and the limits of quantitative were

0.2-2.0 pg/kg, the recoveries were 82.5%—-104.0% and the relative standard deviations were 2.2%—11.8% when

chloramphenicol was added at 0.2, 1.0, and 10.0 pg/kg, respectively; when the addition levels of thiamphenicol,

florfenicol, and florfenicol amine were 2.0, 10.0, and 100.0 pg/kg, the recoveries were 80.9%—-102.0%, and the

relative standard deviations were 0.8%—8.4%. Conclusion This method is rapid, simple, accurate and low in cost,

and is suitable for the determination of the residues of 4 kinds of amidol antibiotics residues in aquatic products.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; aquatic products; amidol

antibiotics; metabolite
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BERLRE Y IR B E R LA R, & REEEIR
IR R TRIT & & L AT s PRI 1) iE PR R,
T % 40 $5 & B % (chloramphenicol, CAP) . H W & &
(thiamphenicol, TAP). Ji4Je % (florfenicol, FF), [ CAP £
FEORT A AR M S fEE, CHREZEREEA
TR, TAP FI FF Z#08 0 CAP R,
FF 1E IR N A Z RS, (R LA FF FIECR e %
J¥z(florfenicol amine, FFA)ITEAEAE, B UL FEZ M E
FF (k555 Y00 FF Fl FFA Z 1> GB 31650—201 &
S A FEGARME S PR 2 R AR R R A ) UE TAP e
A e 4% BE PR B (maximum residue limit, MRL)4 50 pg/kg,
FF(LA FF fil FFA Z fiit)fE s MRL 2y 1000 pg/kg.

ENANC T BB R i %, F2
AR S AR i (gas chromatography-mass spectrometry,
GC-MS)>) | sl (a2 AT | iR -2k
BT AR - BRI 2 (liquid chromatography-tandem
mass spectrometry, LC-MS/MS)!113 | ik fpie M4 (1
RZARIE S 2 Fhal 3 FhEIREE 258 . LC-MS/MS 741
U R LT DL B I e R 2 e R
O F T, (RIS FFA 55 CAP TAP I FF [A)ifIl5E
GEIEAZ, WA, ARAMESEN, 4. 5
R JFREN . g2 . R AE AT AR Pl T
GC-MS LI E K™ fh o CAP, TAP. FF Fl FFA £5%
Bk, BRI, BBiRent, Rt Ao
7T ] PR R [R] IR G K b CAPL TAP, FF JH:
Y FFA 558 B 0% 55 808 AH €633 - 5 I5C T 33 72 (ultra
performance liquid chromatography-tandem mass spectrometry,
UPLC-MS/MS),

AR5 S AEH . —Fh UPLC-MS/MS 2 [] I 72 7K 7
S e BT R CAP, TAP. FF XAV FFA 1907
%, RABENS 7 SRR T X s L A A T i B 4
WIBE L IEURL B FEAE 01 74 B, RS ANTR B 4L 52 2% [ AH
ZEEEA, BVATR B ARy . SRR S A2 TR
AR PEACI =) FRA AP . MER AT, 4T . Bk

RS K P i P RS 2 AR B R B
1 #R57EE

1.1 MR5RF

BRI BT CAP  TAP FF(4LFEE Y8 99% LA 1) .CAP-DS
(100 mg/L)(f#]% Dr. Ehrenstorfer 23 )); FFA(ZEE 99.3%,
i Witega /A Fl); FFA-D3(ZERE 99.6%, Jbat @ik A 4
PHCA R R JOKBRRREN (o3BT 28, CHRE S 1 1k B A
el ZoKOGrHrat, )NFERAL AR ), Hig . 2
ROWE. . IECki(fikal) . H IR (i 2l Filg &
JERM A BR A F]); HEE(Fi%4E, 3¢ Fisher Chemical
3] eI K R AR R Al K R G
1.2 UE5EE

ACQUITY UPLC I-Class/Xevo TQ-XS W AH {43 -H I
T 3% A (T OFOME 5 OB R, 36 E Waters 2 ] );
AutoEVA-20Plus 4= F sl R Rk 45 (L (B FHE R IR A B2
F]); Neofuge 18R & A 7R 5. O HL(TT HEA: 9 B 7 B 7
i BRAA FD); WH-3 SR IR TR A (X (A 2 e (e A PR
Z3H]); Multi Reax 28 TATEIR G (TEE Heidolph /A H]);
DT-1002A HF R AR IEAL B A PR 7).
1.3 WHE
13.01 A7 ls ik o B

Ay WIVERFRIGE £ CAP. TAP. FF 1 FFA FRifEY 5
FH R ) 200.0 wg/mL B BARRFR HERE B . 2 B vE
Wi — & & CAP. TAP. FF fll FFA WIARMERE 45 1A,
F A B R BV A 1.0 ug/mL (CAP)MI 10.0 ug/mL
(TAP. FF 1 FFA)RIRAFRUEBIEIR, T 4 °CT#ER
o 01 FH TR 8 5 2 R Ryl VR B TR S A o ARV T
CAP-D5 il FFA-D3 435 i FH B e il e st & vk i > 10.0 0
100.0 pg/mL [ N ARARAERS IR, PP BEC i e CAP-D5
100.0 ng/mL F1 FFA-D3 4 1.0 pg/mL AR A N brbrifE T4E
a3

B 7 i TR A B ARV WORTE & N AR AR o A
VT, 28 SRRV R R IRC 1 B CAP vk B 0.5,
1.0, 2.5, 10.0. 25.0 ng/mL, TAP. FF. FFA VN
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5.0, 10.0, 25.0, 100.0. 250.0 ng/mL 1) Z& 53R A5 BAR
W, & CAP-D5 N#5 2.5 ng/mL(fE} CAP. TAP. FF [y
¥5), & FFA-D3 PAR 25.0 ng/mL(fE N FFA 45).
132 HERELHHE

. SRRSO A DDA K= Tidg, sk, . N
BE, BUNLRZERTEE04, YIBLE 4 om DUT, BUABFEE(LZE
VIR A5 A g, MR RSk 2558, BT &4 i A Bt
FEA BRI 1 5T LR JBE -
133 HRRRFEK

WEGRFRILE | BF/K P 5 5.00 gCRE#3) 0.01 g) T 50 mL
BT, IMATRA WERFRHE TAER B 50 uL, IR,
INAFREGK (D10 mL 282 288, 0.5 mL Z/K; @10 mL &
), FEIIA 5 g JCKBREREN, 7 BPHE5T ke e IO
AL T2 RIEREA I LL 2000 v/min WHEYRYS 10 min,
B IEF LML 5000 m/min B0 5 min, $ LIEREBRE
50 mL BEF IV 1, RIATRE HRBOR Q10 mL Z 1R 2.1,
0.5 mL 2/K; @10 mL ZHE)EERM—K, &3 LERT
PR T, 40 )CFASKT, M2 mL 10%H - /KR
(VW) IRE, A% 5 mL B0 H, INA 2 mL IES 4,
WHERA, 5000 r/min 2.0 5 min, BT EH AT 0.22 pm 7§
JE, £ UPLC-MS/MS il .
134 @&#5%t

35414 Capeell Pak ADME f3#%41(100 mmx2.1 mm,
2.7 pm); H: 0.4 mL/min; A1 40 °C; #EER 2 uL; Hish
A0 B N HEE, FBIAH A N 0.05%F2-2.5 mmol/L F R %k
W, BEREPEME: 0~1.5 min, 98% A; 1.5~2.0 mim, 98%~50% A;
2.0~3.0 min, 50%~30% A; 3.0~4.5 min, 30%~10% A; 4.5~
4.6 min, 10%~98% A, 4.6~6.0 min, 98% A,
1.3.5 JRig&tt

F, % 2% F, B9 (electrospray ionization, EST); 22 5 i Wil
(multiple reaction monitoring, MRM) T i ; 4l & i J% :

3.0 kV, BTFFIRE: 150 °C, BEFIS(N)IRE: 300 °C,
WA RS : 800 L/h, HEFLAIE: 150 L/h, i<k
(Ar): 1.5 L/h, 4 FIBEREEBEZEPTA: R MRM S50 1,

2 HR55%

2.1 USEEHFSMK
2,11 FREFA ek

CAP. TAP. FF. CAP-D5 7£ ESI A5 T# F kAT
By 7234, 5B [M-H] HES> T8 T 0. FFA,
FFA-D3 7& ESI IF & FE 0T #7882, 153
[MH+H] WS F 8 F 0 o X b T3 F R RS S50k
1k, SJRRBGE PR . 20 THNG T8 AR
BT, HhFEEEE R, REERITN S e S8R
TFo SRH MRM B BB S A: Rl T, &10h
¥ MRM RIS EULE 1,
2,12 &gkt

SCHkHE R B E 3 & 7 i L & & CAP. TAP. FF
B AR FRA 1 )7 1R C g it 3 s 102 (R FFA
WPk, 16 C g Al FALRMSS, 5228l At
%% F ACQUITY UPLC BEH C g KEAHT 7K i i ik st
25 K AR, [RIRER B FFA (#8425, XS AL 2
Fior e o SRR AL A B A AR ACQUITY
UPLC HSS T3 ajtl, FFA ff B BA M, B SIE
HH 2R ST AU b o3, R R A i Ak DL R B A
I3 XIEA 2SR B HILIC S8 KAE ikl 404K i
o FFA, 45 TEAF45 85, FFA (REEBIRIRT 2 min, {Hi%
Ty TR AR R o A R B 241 . AF TR F T e AR
H 5 B FR A A — 2 B K PE Y Capeell Pak ADME 4 Ml
FLAERE, FER R T B A R W A A Bk, RIAT k3
%} CAP. TAP. FF R LAY FFA MHuE 455

®1 EBERERXZAYE MRM FHESH

Table 1 MRM mass spectral parameters of amide alcohols

EY {4 84 1 18] /min P BEB T (miz) F T (mlz) HEFLHL R/ V i REH/eV
151.9% 8 18
CAP 3.43 ESI(-) 321.12
257.0 8 10
184.92* 6 20
TAP 2.89 ESI(-) 354.01
289.97 6 12
185.0* 8 18
FF 3.09 ESI(-) 356.0
336.0 8 8
130.2% 8 16
FFA 2.26 ESI(+) 247.95
230.0 8 12
CAP-D5 3.42 ESI(-) 326.0 157.0 8 16
FFA-D3 2.25 ESI(+) 250.95 233.0 30 14
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ARG L
ZIRBNCNEVEMRE S8, AR TR FFA 1R
B, HREMEA Y s F R, B ok K-V R R i
SHARBBE VR, B £ B TR A W e T 0 R B AR A
4, 1B FFA 1 FFA-D3 B 2%, HAREARE . KA Tm
A 5 mmol/L HR#%)5, FFA I FFA-D3 {§ B 5m, ikl
ARAE B TE AT 36 FE o 4RSE 1R KA P IA 0.1%FF iR, FFA
Fl FFA-D3 fg43 2% HARBLAY & F @ik, Sy T e
AP B, R 0.05%H BR-2.5 mmol/L H iR
B WO A A, AR 45 H R 345 BT 1 16T
Fm (e, HARRRRE. M, F2he P EEA 0.05%
H#%2-2.5 mmol/L R VAR T shARBE FE DRI, 76 5%
47, CAP, TAP. FF fl FFA 7E Capcell Pak ADME {41
FE I REA% 50 B 18] D9 9290 (0 3% o0 8, U HRAES) Z 2 T

2.13

YL FFA SHMILm 42 i/ L RM A, i 1
IR
2.2 REUAFIRDEEE

I R TEXT CAP, TAP I FF H3RBUN L
w2190 GB/T 20756—2006 (T & shPILAL . HFEAIAK ™
T EER . HIERMBEORE SRR e WAHE
T -HR DR T ) R — SRR E R B — 2 EUK I SR
B A SR BUGR SR BUK P2 5 Y CAP . TAP I FFISY), 2, Jif
AL AT i it Z2 BE W 3R I, RIS AT VLTE & 1, E T
KT it R 2 B i P 2 B B, GB/T 22338—2008
(IR i S 22 Ak BRI ) A — S Sk
B R RE R EUK A R CAP . TAP FlI
FFU3 1618191 i 4% FF iS4 FFA 55 CAP. TAP,

< 100 | FFAD3 < 100 CAP-D5
i mlz 250.95>233.0 = mlz 326.0>157.0
M 50 = 50
® R
Z o Z o
00 05 1.0 gﬁ‘z.o . 25 30 35 10 15 20 25 3.0 15 40
5% B8 15} 8] /min (R /min
¥ 100 | FFA 100 b
= s 247 955230 h 2 CAP l
\] 14 LS| . T O~ LIV j:=a)
moo50 = 50 m/z 321.12>257.0
® ®
Z o Z ot
00 05 10 15 20 25 30 35 1.0 1.5 2.0 2.5 3.0 35 4.0
£ B8 5} ] /min £ ER 15} [B] /min
x 100 | FFA < 100 |
i mlz 247.95>130.2 = CAP
50 | w50 [ mz32112>1519
" ®
g o Z o+t
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 1.0 15 2.0 25 3.0 3.5 4.0
A% B2 B} 18] /min AR 6B B frnin
°\\° 100 + FF °\\° 100 TAP
25| mz3560>3360 2o | mz35401>28097
o B
E ot 2 ot
00 05 10 15 20 25 30 35 1.0 15 2.0 2.5 3.0 35 40
3 B7 15} /] /min {5 E8 s} [B] /min
§ 100 [ FF § 100 + TAP
2 5 [ mz35601850 [\ B ] mz3s401>18492
= il
B ool Iy B
Z 5 2 of NN | WU
00 05 10 15 20 25 30 35 1.0 1.5 2.0 2.5 3.0 35 4.0
{54 Bt 8] /min -3 Bt 8] /min
Bl 1 2510 0.2 ng/kg CAP, 2 pg/kg TAP ., FF Fl FEA MFRAE N B F 3% -
Fig.l Ion chromatograms of blank bighead carp spiked with 0.2 pg/kg CAP, 2 pug/kg TAP, FF and FFA
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FF [l i b A7 SR IOR I G IS T 5t il 4 1012 (R
K F T A ZE B2 (solid phase extraction, SPE)HbLAE M,
LA/ FFA 7€ Cip i B RS S E0W & T3, R FIE
CUGERR IR AL AR R B L PR, AN F 83 R FLIE O bE R
BRACER SPE ik /K7 B il FFAIS®S) JEF Capeell Pak
ADME (O3S R AEAGA ) R A7 H OR B8 5y B R T, ASHi
R IECLEBRIEEL, AHHRT LR EE-20K . NG
2 FRECGAR T X AR R, S5 R 2 Fhigs
T ER IR e B2 bt 2k 2R R A 2 B AR AT S5 4 v el i %,

A FFA
. 100 b oy
p m/z 247.95>230
#
B
B
z

10 15 20 25

3.0

AHRTSREE /%

ARXT R /%

K W% O TR O R 45 4 B A8 SR, ARV 4 Je T AR
%, W R O TRRBUR R 2 IR .

AR EE T LR OFR-20K . HE 2 FhiEHe
BT AL R 2% o BARYD A BT (52 mm, R B 2 Fhis R4
T CAP. TAP Fl FF ZEATCA T T4, 1 FFA M T
K, Srbrit Gy sz SE e 24 4, AIE 2 ATRUE H,
LR TR FFA 2 B 75t m/z 247.95>130.2 Hirlg
JE A BRI 2 g . 25558, e CIEMERI
Sl

B

100 F FFA
FFA
miz 247.95>230
50 -
0
00 05 10 15 20 25 30
3 B4 Bs} 1R] /min
FFA
100 |
FFA
mlz 247.95>130.2
00 05 10 15 20 25 30
£ ER 15} 5] /min

H: A LR OERIREG B, ZHEHRIL

00
3 £8 it &) /min
] 100 [ .
S miz 247.955130.2
gt
w50 |
=
B
0
00 05 10 15 20 25 30
{2 £8 i [ /min
& 2

ANFERBUE T FFA 1B @ik R

Fig.2 Ion chromatograms of FFA under different extraction solvents

2.3 EFRMMN

K it PR BRI U7 25 35 S5 A T 3 S 2 X AR
PRI S 7 R RN SN AR SR FH SR iR P A T
IR TR T8 2 RIS (8 B8O (LA 6 AT
W), d5HaE 3 FR, BAMEAYITE 2 P Iiei R
IR I RIVER, (2257850 #AAF BT CAP . TAP
H1 FF A0GIREASE, WXt FFA $MfI40E, TREm T FRA Mk
SR, PRICIIRE S T WA AR R R L oy, AR
T FRA BB FARSCR . TR, SERRAGHI A5 SR FHE T VT
BCAREEVA VR T2 S A3, o — )y TS A 5 R (0 3 A (ol
TR 5 DR AR P R B o TP
FAERNZMTEE, RHRSEER
P HEARI T W RS SR T, A RANIR A L
FRUEES BT U E AR AL FR(X, ng/mL) . LA B AR4-5 AR
WETEFRZ L R IAEAR(Y), bRk, R2RMCRE. @
TR A IBR S IR 52 At R B, 43501 MR LK

24

FET 3 FYEME LR TET 10 X R IARIR BEVE R 5 A
FRAIE PR, 455035 2. CAP £ 0.5~25.0 ng/mL Y [F Lk
KFRRAFHEREL >0.999), TAP, FF KA FFA 7
5.0~250.0 ng/mL i FEINZMOC R RAF(FHIC RS >0.998); Jr
B AAS R (limits of detection, LODs) Ay 0.1~1.0 ng/kg,
& i BR(limits of quantity, LOQs) A 0.2~2.0 pg/kg.

O&if-Z 1 m -2 R

m UR-Z 5% = XTUR-Z R TR

FFA

TAPV FF
o
3 AT 9 JE R (1=3)

Fig.3 Matrix effects of different extraction solvents (n=3)
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2.5 FHAERKESBEE

TE2S EARE b PR IR & bR LRV W, AR &
PRERDAEMR. . & 3 DKE, BNRIIKFEE 6 4
B, [FIEEZS FIXTRE, TR 3 8 RO % A o i 22
(relative standard deviations, RSDs), £55%: L% 3, CAP 7E

0.2, 1.0, 10.0 pg/kg WHKEET, B 82.5%~104.0%,
FHX PR ER 22 2.2%~11.8%; TAP, FF, FFA £ 2.0, 10.0.,
100.0 pg/kg TANHKEE T, MIERR 80.9%~102.0%, HHXIHR
HEW 254 0.8%~8.4%. Jy EEM LR . EIMERAF, &
FATAG b 4 R e e AR 22 0l .

2 BEREEAYMEYTISTE. BXEH(). LODs 1 LOQs

Table 2 Regression equations, correlation coefficients (r), LODs and LOQs of amide alcohols

R st/ EVEY:¥ FHICRE(r) LODs/(pg/kg) LOQs/(ng/kg)
CAP ¥Y=0.999842X+0.161122 0.9991 0.1 0.2
TAP Y=0.683335X+3.96543 0.9988 0.2 0.5
i
FF Y=3.58072X+7.07778 0.9984 0.2 0.5
FFA Y=2.22958X+5.12784 0.9998 1.0 2.0
CAP Y=2.03002X+0.174721 0.9999 0.1 0.2
TAP Y=1.38126X+5.48332 0.9996 0.2 0.5
i 411
FF Y=7.04723X+3.03865 0.9997 0.2 0.5
FFA Y=1.12105X+2.37733 0.9998 1.0 2.0
CAP Y=1.12105X+2.37733 0.9996 0.1 0.2
TAP Y=1.66188X+1.92462 0.9995 0.2 0.5
POEN
FF Y=8.49195X-14.625 0.9995 0.2 0.5
FFA Y=1.04991X+3.50179 0.9997 1.0 2.0
R3  ERREZAAMTEK ™R R INAREIYLZEF] RSDs £5 5% (n=6)
Table 3 Recovery rates and RSDs of aminoalcohols in aquatic products (n=6)
A fiifa POLN
EY AR/ (ng/kg)
15 2/% RSDs/% [l 2/% RSDs/% [l 3R /% RSDs/%
0.2 86.4 11.8 82.5 7.1 92.7 11.3
CAP 1.0 103.0 2.9 933 22 91.4 52
10.0 104.0 2.8 96.7 2.2 96.4 33
2.0 94.0 8.4 93.0 4.6 93.4 32
TAP 10.0 99.6 5.6 95.8 2.5 94.6 4.7
100.0 99.4 5.1 98.7 0.8 97.9 2.1
2.0 90.4 3.0 97.2 2.9 80.9 2.0
FF 10.0 102.0 43 98.1 1.9 98.5 1.5
100.0 102.0 4.9 98.6 1.0 97.7 1.9
2.0 95.7 1.7 98.6 1.6 84.8 2.2
FFA 10.0 98.1 2.0 92.6 1.5 94.8 2.3
100.0 97.6 1.9 90.3 1.5 92.7 1.6
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2.6 SEFREEMRINE

FIFIZ DT B0 B DU &K =TT 20 A, BF
K77k CAP. TAP. FF RAU¥) FFA #-470%E, 45
CAP Al TAP £ A FE M PR KTH, 1 AR5 ARG H A
Y FFA, iR 3.05 ng/kg, 1AM RIBSAG: 8 FF R AR
FFA, FF &1 (LA FF 1 FFA Z F13) N 17.5 ng/kg, YRR
b, Hi/NFH MRL (1000 pg/kg)o

3 HFit5iTie

AW 2 @R AR RN AL, R IR R A 3
GRS FBE BRIV, UL, #2571 DL I 3R IO, IEC ke
ik, DA RGeS OB 6 REAE HEA T 20 5, 8 R OB R 1 -
FRER SIS (RIS 430 CAP. TAP. FF IR ™4
FFA BRE W7k, FFREAT T ORERAE . %07 AT 2 A
WAL, FRA RERSARGF ML S A0 5000 B, Tk Em 2 4f L R
ROy | PR B ARAAR, Oy B R S K
il R IBE R e A 3R AU I AR B R AIE T— AT SE Ry . ]
BAEPERR Y T ik

SE MR
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