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Abstract

A method for the determination of chloramphenicol, florfenicol and pentachlorophenol in animal
food was developed by liquid chromatography tandem mass spectrometry; under the condition of
chromatography and mass spectrometry, the three targets were analyzed and quantified in the
negative ion mode of MRM. Through the results and discussion, the three targets had good linear-
ity and good correlation coefficient in their respective concentration range in different substrates,
the average recoveries ranged from 64.0% to 105.8%, and the relative standard deviation (RSD)
was 0.96% to 7.10; the detection limit was 0.3~3 pg/kg, and the limit of quantification was 1 ~10
png/kg. The method is simple, rapid and reliable. It is very suitable for rapid screening and quan-
titative determination of large quantities of samples.
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1. 5|

FENYIR A& HERN TAES, ATHFERNKErEFOSAEER. WPNERM LA, 4
REIR, ESNYIEE S =R A A . S R T I R R R TG R [1], T
NEREFIRARL), WX UM A F D RS R I A Th 2 N, ESh IR N R B R,
ANdEEHE, RBHFANERIARSE. EEJUFERNSAkREMmaT, E8UFEEgRERHEAER. £
AN S PR R e % . K, B, R, AR AR T S R S LA A R 1R
AERERIE 3~4% i A5[2]. TEAFEZFIHIX XS 3 PP & fh b IR T s iile, &5
7. WA AR AT A . 5RO 2 AEA R AR AT A R PR 2 R E

HATzhiE e & &5 WG R AT 255 B 1 e A8 77 F B B ek, mak
WA RE VR (HPLC 7%) [3] [4]. AR ERER(GC v%) [5] [6] [7]. WA (s 5 BE i 1%L (HPLC-MS/MS )
[6]-[1115%, RUAH €0 al o 5T 1252 H A REAE AR I s X T LM oL (1) = A AR 70, W8 ISR 254 i i b 2
TNE B BORABGE, FAHAEGE[11]-[15], QUECHhERS (quick, easy, cheap, effective, rugged and safe)
WE[16] [17]. PRVRVAE B D R, [ A A B AR I v, B 5 S [ 248 1 37 284 i 7 1R T R
QUEChERS ETEIT A R B W 7E S5k TAEH S RINH, Cig FIEA RUFBRIGRE ST, HRE XM E, 152
PR BT R RN 2R B B AR . CABEFRI,  — S5 A e 8 8 B A TR P P e e FH SR AR
BT T AHR,  BrAs AN R B ARSI . I A G 5 Y A o 2 B W B R (EMR) VE A — Ff i B 1
BEFR, SR FHARIR R BB L TR B AR R C5 K DA B EE, REE A SO0 M B 7 2500, KK BRI
st (R 5T RU 82 [18] o

A E BRI 77 2R AN [ R AL B AR, BT 6 it b &R 28 A0 R B 2= (100 5 SR 2 IS $2 L,
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IECkedl, Hid LC RESAE 5 BV, T 2 i LB BL o MAX BT dt)e, K46, &5
Ja LU, BRI AR I IR B, R A g, SR AR AR A 77 R AR R R S, (E R
LA A2 AL EAE dh g, HHE AR TARRCR A A AT £ T LRER, HERIX 3 F AR
5§ 25 0 1 AR AR S, PEFUARALL, ARy B DL Gl e BB B i B AR %, B QUECHERS
456 EMR WRRI(E AT AR BT %, dSr—FRe R IE s IR & b | R RTINER . LEBN
R J5 32, REVSHERGE PEAIE | 3 MU, JFREVS T A NI (AL AAS U A, e d il s, & &
KACEFE AL ARSI ISR & i P AG IA, JERT, RRSESRE ORI SO 5, TE UL RT AL B R
B, e ulG e R &, Gk rh, Bl ah, JFB SRR KIS0 A SCHR A AR
JHERENG A BITIIRRCR . H AT QUEChERS £ 85 388 TN (1 U N2 FH B804 ) 2 T A, B4 AR T 1
TER I 255 B A S 43— o (K 2

2. SCIGERSY
2.1. FENH{/E5RN

1) {UHRECE : AB4500 i RRAH i iR i B AL ESI ¥, 2 E AB AF]; CP512 IR, &
N 0.01 g, BB AR (E3) A PR A 5] 5 IR HENR % % : Multi Reax 7, 4[] #1i /K % (Heidolph) A 7], SIGMA
3K15 AL, EIWRAL, KS-300El 48 EIE e, (i s y 2 bEe i T FAE

2) WAVFEM: AER. WHRER. &AW . ®&ERTRFEMZENRFRHEYR . R RE R R
FNAR(ZEEE R T 99.0%, Jb5tiz S RA Bl ). 485256 Bt HY AR A RL 0 2 S 06 % 4 — R, 3L
R R SR BN, AR RO T SR BB N A, AT
BB T B AR BRI B R iR R R AR AR )\ i b G iR (Cre) 1 2 —
i -N-TR JERE HE AL RE RS (PSA) s EHFRUAR N 40 um~60 um, ASeIGFT FFES SR 2. STk B H %
KL B0 FE il o

3) MEEWBMES: oAk ERIES R AR S Kb G R, H R EEE M E 2 2 50.00
mL 2SI, AR &R > 500 pg/mL, —18°CHRAF.

4) MARAIECE : KSR XA LA 1.00 mL, U HAE 2 10.00 mL bRAEAE (500 pg/mL)
TR — 100 mL &, R JEH 50% HEKIEHUE S, 1931585 R M TLEE 5.00 ng/mL, 58 FIAE =R
50.0 pg/mL VB & AR R -

5) ZRERMECE : FH 25 FORE S J5 RR BRI 1) AN [RIVR B R A (R B bl TR, b & E R H
%%y 0.5 ng/mL, 1.00 ng/mL, 2.00 ng/mL, 5.00 ng/mL, 10.0 ng/mL, % #1525 ng/mL, 10.0 ng/mL,
20.0 ng/mL, 50.0 ng/mL, 100 ng/mL.

6) WARIIELH]: 7 JlHE B AR R Ds WARFI A A = D AR 1 mg, BT 100 mL &)+,
IR BV R T AR R 20 P, IO SR R Ds AR AN 35 D3 10.0 pg/mL BV -G, HERRTREL 1.00 mL
BT 100.0 mL FEIF, HWERBERZIEE, #RA5, H 1.00 ng/mL (FRHER R, BRI TR R
HOIIN 100 pl AFRIEWR, PIARER 4 EA 10.0 ng/mL.

7) EEWW: RAINRFESL, AR RERE, AT VA

2.2, (BT IEEGE

221 BiEEHt
itk v Agilent EclipsePlus-Cig #£(2.1 mm x 100 mm, 1.8 um), #zhiM: A: /K, B: ZHE, BRELE
Jii 02 1. Jii#: 0.250 mL/min, ¥/ : 30°C, #EFEE: 5puL.
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Table 1. Gradient elution conditions

=1 BERBEN

B 7] (min) A % B #H/%
0 70 30
3 30 70
4 10 95
6 10 95
6.1 70 30
9 30 30

222, FRik&H
BYR: WIS FIRESD; B TIRME: TR Kyt 2 RN TII(MRM);
BAEHIE: 40KkV; ZE(N2)EF7: 50 psi; TE(N2)HESE: 350°C; T (N2)#: 10 L/min,
2% 2,

Table 2. Triple quadrupole ion pairs and related voltage parameter settings

F2 ZENRFSFHREXBEESHIRESR

RS LIRS BEE T (m/z) FEF(m/z) DP (V) CE (V)

. 321 257 -69 -22

1 AER .
321 152 -69 -17
- . 356 336 -84 -14

2 SRR R .
356 185 -84 -26
268.7 268.7 —64 -10
- 266.9 266.9 —64 -10
8 SR 264.6 264.6 —64 ~10
262.7 262.7" —-64 -10
4 ABERNIR 326 157 -69 24
5 FFINE R NAR 359 339 -84 -14

W CNERTHT
23. ZWPR

2.3.1. AL

FREL 2 g (MERAZE 0.05 g)Ff At T 50 mL B0, HERIINNIR S AR 100 uL, BIZIRE 2 min, A
15 mL 1% IR Z 5, #E A $2 L 10 min, #RJ5 8000 r/min 250 3 min, B _EiER T % — 50 mL &0
B, N 1 g EMR WZBHF, i€ 1 min, #RJ5 8000 r/min &0 3 min, HX_EEWCE N 2 g EALBIRITEK
W, #R¥%IE%5) 100s, #RJ5 8000 r/min B.0r 1 min, W& FIHWAE 40°C F AR EIE T, A 1 mL
1% PR ZIEE %, Wk 30s, i 0.22 um AHLIEMR FHL.

232. EEBRZE

AT i R R A A PRI AT o R AR 2 5 AT iR AT e |, R SR AR AR R A 2R R R A
bR, TEEERHAMREAT €8, FERPFINKRERA RN, DB 3T E B S0 R,
LI ARINERTAC IS, FEREIMANZ BRI 20 ng/mL R G AR, I 5 8 W HITK 20 ng/mL VR4
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PRBHEAT LEE, A RRW], QR ATHEEE R, AR 0.70 <M < 1.0, WHIA T VAR RT
AL B REAT R PR IREE RN, REWSIRAT SEAER 1) E B4R

3. &R511i8
3.1. GRS

SR i h ORI TR SRS R R rT NI B FLACHL R S AR, O
JREZ, EESHMEN . EEF. BB 705, 4R RRFENIRIERR19], — &R LT H AR
M. 3 FRAYIRE TR SN, ST AU AR T AR OB WEE. A5 1%H IR
i, 19% IR I 5 MO BUER L 3. o 1% R LS /ESREL 3 Ff A AR BOREAF, WlE. 41
LB 1%H R TR BOR L BGE M, SAEVR L, CRRBORTU AR K AR A 20% /A4, LN
SRR T H SR 2 2R 9 R 2 250 S, (ELR S SR IDURE ot 0 o 1) LS A BOR K s, R
R i B L S I DL TR R B TR U, LRUTR I 200 TK, FERRAL AT T HAL N L
TR WA T0K, B AN SCIRIEN] AR I 1% IR 48, LS SRR L4l 2.1
i 1 60%. 4 ZNE VRN BRIBGA A RE BT S B AN S B 2 L 0 N R A SR IR o RIE A SES6 R AT 1%
HR LA A SR8 I SR B  »

Table 3. Comparison of recovery rates of five extractants in different matrices

& 3. AN[EIE B AR B R AL 4R

25 R FF 1% F IR 2 1% FF TR FA i
& FE S
[ /%

i 85.2 87.3 80.2 90.6 73.3
HAEER

XA 92.3 94.3 82.6 98.3 74.3

Y 80.3 92.3 85.2 85.5 78.3

AFNER

X R 95.3 90.3 84.2 88.2 71.2

W 20.2 22.3 21.1 85.1 65.1
T

X A 25.1 25.2 18.1 85.5 68.2

3.2. BLEHML
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Figure 1. Comparison of spiked recovery rates of three purification agents in pig liver

B 1. 3ERTh 3 MU IR AR Y R B EE R

ARSI I INAR AR HELL | Crg, EMR, PSA, 1X 3 M I AR ALBOR . 45 REH]: EXSIA
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G RN Cigr EMR, PSA HREER| LB HIFALRCR, [AISRAE 90% LA E, (ERAEE AT S i1 & &
FIRER T, EMR 6T R BLF A RURIZHE T Cog M PSA, Jy 1 S 7 AN [F) 5 S5 (v AL R, AR S gs;
W EMR R NASLIRHIFAL . O T RE— PR T ARGIRFCECR, 705 B T 4E 20 ng/L IR
BAREE R TR IN EMR 1~5 g, 58588 I 1 g EMR JEASREIH & AT IEERE S ik . it AR S0 A
Wi A 1 g EMR IR I N R S A . BAR I 1o

3.3. EiEEHHK

3 M H ARV S SN T SRV S, ARSI R A A 75 %8 7 Agilent EclipsePlus-Cyg £
(2.1 mm x 100 mm, 1.8 pm), Hypersil GOLD Cy5 (100 mm x 2.0 mm, 1.9 um)#! Agilent ZORBAX SB-C5 (2.1
x 100 mm, 1.8 pm) 3 Ffr (A 1) 73 B ROR , K IW 3 Mol T8 RE 70 5t H AR, IR1G 0 S (g 1], Agilent
EclipsePlus-Cqg 1 1) H A4 HH U IS [R) B 4G, TS 2IN (R 1 FE 25 R& . 164 [ Agilent EclipsePlus-Cyg £ {51
FEAE N Bkt

ARSI T K. CHEK. CIF O W QIR EHE S S 1S TR aEE R, 258/ K
W, O - IR OISR, W RILE AR R EEAREE, 7 AR ELF, WA &, 25 & 31
AR TR )88, 306 9% U 7K e T A S 56 1) 4 B 5K

3.4. FREFHHL

JRAE S A ROPEAL 25 RS BUAS R AR O TERE LA AT (GRS FRIIR S 20 F AR AR Wi 5™ A B K (K 5
N T SREIHTHRBUZ, 5 3 PR & bR BORRE K 200 ng/mL BRI, AT 0.1 mL/min 9K H
PRYIEN B 5 B T I AER AR RIS, B AL 1 RN AR S Y 25 7 s AR fE e
fill 3 R e G B AR AR A L, BARS B 2.
35 &MEE. EEF5E. KHRMEER

P2 F 2 BV — AR EE, Zethlbn il AR 2k, DUE BT 3 A5 LA 10 {250 7y
T RE T ke PR e B PR, JlId 2 4 RTLAE B 3 FhGMIE & B ARMEVE I N ARG R % > 0.995 DL E,
MR R, KPR, EER, BN 4, R 2 PR ) 5 2

Table 4. Retention time, regression equation, correlation coefficient, linear range, detection limit (LOD) and quantification
limit (LOQ) of three drugs
4. 3 MZAYMRERIE. EYF5TE. HXARK. LMEE. KRHR(LOD)REER(LOQ)

2R e | i HH PR SERR

waEm T B[] LeMERR YE R (hg/mL) (uke) (wzke)

AHmR 3.91 y =0.06907x + 0.01521 0.99965 0.5~10 0.3 1
HTRER 3.69 y =0.00518x + 0.01342 0.99933 5~100 3 10

HEAW 4.86 y = 1.54266¢€°x + 2.31266¢° 0.99883 0.5~10 0.3 1

3.6. 73R EMTR NG B AIE

IEHUAE S AN [F) 5 o M A IR DT VE AT IR, 23 AT = KPS IR S M A [ Wi,
Hodr, A=A S R I [EISCE 90.4%~105.8%, RSD A 3.39%~5.49%, % H KA Z 1 [H1i R 80.0%~99.8%,
RSD A 1.10%~3.60%, TS HIEINCE 64.0%~84.4%, RSD N 3.10%~7.10%, ¥&H 5% %1 Ak
91.4%~102.3% [H], RSD 4 0.96%~2.36%, 3 i % (2 83.9%~100.4%, RSD A 1.90%~3.60%,
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TLEB A AWK 64.0~81.5%, RSD 4 3.10%~7.10%; HAKWE 5, % 6.

Table 5. Recovery rates and relative standard deviations of three drugs in beef (n = 6)

= 5. 4t 3 IR B R ERZE (N = 6)

BR BFNER T
@ e Il ) RSD whno W |k P RSD whnoo el P RSD
I3 & x ke % i 18 K EIlle % = 18 K EIle %
mg/kg  mg/kg % Ko mg/kg  mg/kg % ) mg/kg  mg/kg % Y
0.478 95.6 4321 864 0.363 72.6
0.452 90.4 4,247 849 0.422 84.4
0.498 99.6 4327 86.5 0.400 80.0
0.5 96.9 5.49 5.0 85.7 256 0.50 77.6 7.10
0.468 93.6 4,088 81.8 0.383 76.6
0.529 105.8 4332 86.6 0.410 82.0
0.482 96.4 4406 88.1 0.351 70.2
2.513 102.3 22.6 80.0 1.869 64.0
2.454 98.9 23.1 82.8 1.907 76.3
2.389 95.6 22.8 81.7 1.723 68.9
2.5 976 4.19 25.0 815 1.10 2.5 71.7 6.53
2.531 101.2 23.1 81.5 1.774 71.0
2.418 96.7 234 81.6 1.879 75.1
2.279 91.1 22.3 81.9 1.868 74.7
4.806 96.1 49.9 99.8 3.883 77.7
4,961 99.2 46.2 92.4 3.703 74.1
4,655 93.1 46.3 92.6 3.669 73.4
5.0 985 3.39 50.0 93.8 3.60 5.0 74.8 3.10
5.05 101 47.8 95.6 3.880 77.6
4,96 99.2 45.2 90.4 3.600 72.0
5.109 102.2 46.1 92.2 3.712 74.2
Table 6. Recovery rates and relative standard deviations of three drugs in pig liver (n = 6)
Fz 6. JERT 3 MZEMAR R ERFAET AR ERE( = 6)
AEE BHNER TLE
wm e Ey P RSD wm e E 7] RSD s W g P RSD
BOfn R EK TGC R i F EMC o0 B @ ® EK Ty
mg/kg  mg/kg % K mg/kg  mg/kg % 20 mg/kg  mg/kg % K
0.478 95.6 4.323 86.5 0.374 748
0.478 95.6 4197 83.9 0.407 814
0.464 92.8 4.378 87.6 0.344 68.8
0.5 93.5 1.87 5.0 86.6 1.90 0.50 742 7.7
0.468 93.6 4.362 87.2 0.383 76.6
0.461 92.2 4,293 85.9 0.336 67.2
0.457 91.4 4.437 88.7 0.383 76.6
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Continued
2.558 102.3 22.8 91.2 1.600 64.0
2.454 98.1 23.1 92.4 2.009 804
2.402 96.1 24.2 96.8 1894 758
25 99.3 236 250 945 4.85 25 737 927
251 100.4 25.1 100.4 1.714 68.6
2441 976 22.1 88.4 1798 719
2524 1011 245 98.0 2.038 815
4917 983 45.6 99.8 4016 803
4920 984 47.1 92.4 4069 814
4.950 99.0 50.6 92.6 3.938 787
5.0 4997 999 990 096 50.0 454 95.6 938 360 5.0 3056 791 775 6.32
4.903 98.1 46.4 90.4 3875 775
5.020 100.4 46.1 92.2 3.393 679
3.7. FEERY

TP T2 A RE SR AR R i (88 R B &I (14 2), B RO, A AR T BOA BRI T,
FI e £ 3% P15 T TE 400 -

12000
10000
8000 —
6000 —
4000

2000

-l T T T T T T T T T T T T T
-1 0 1 2 3 4 5 6 7 8

H: WNEBE R TER . SR EEMAER.
Figure 2. Standard extraction ion chromatography
E 2. fRElRRETeiEE

4. HEE

ARSCHFFE N 2ok TP IR B 3 R AR B 4h, 78 R 50 T v S ) i b 3 5 P 45 7 i
B SIZA6 3 () R AL B AL FERE B, AR R EE T S0 A M H AR S, ACBs B4 4 1F,
¥oe H W TAEM TSR, XA EkE GB3168.20-2022, GB23200.92-2016 HEAT HVEMALFIG B, AsSzigs:
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LT LCIMS JEDUE I E S IR & dh b 3 FhZg B AT, 8 1% IR AE 0 b5 $REGH)
F EMR W74k, 7 50 TR R AT S PR E B 0T, RS2 B AU il 1 o SR SRR, R I 5E B
PR e i F R R R SR L AM A R, AT AT ER R R, IR, BleRE . A5
Tk TR RIS, BOA X TS AR TR EAT IAE AT S P [T YAC 3 RIAN ] 22 Ji i oK
TG B RO AR5, RE A AT P [T, BT LU 21 K 21 T 5 AR X S =R
A REVN AN TS AR IEATAS I o
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