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Research Progress on Residue Detection of Methods of
Fluoroquinolones and Amphenicols in Animal-derived Foods
Based on Liquid Chromatographic and Liquid
Chromatographic Mass Spectrometry

GUAN Fanxun'?, GAO Pengfei'?, TANG Yayun"?, LIU Shuyu?, ZHU Yali'?, XIE Kaizhou"*"

(1.College of Animal Science and Technology, Yangzhou University, Yangzhou 225009, China;
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Abstract: Fluoroquinolones and amphenicols are widely used as broad-spectrum and high-efficiency antibiotics in livestock
and poultry production, but excessive drug residues frequently occur. Liquid chromatographic and liquid chromatographic
mass spectrometry are the primary methods to detect the fluoroquinolones and amphenicols. According to the current
domestic standard, these two veterinary drug residues can only be detected in milk simultaneously, and there are few reports
in other matrices. Therefore, it is urgent to establish and optimize the simultaneous detection methods of fluoroquinolones
and amphenicols in different matrices. This paper summarizes four standard pretreatment techniques such as liquid-liquid

extraction, solid-phase extraction, QUEChERS method and accelerated solvent extraction, and discusses the application of
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hotspot nanomaterial adsorbent in detail. From the perspective of chromatography and chromatography mass spectrometry,

the effects of different matrix conditions, instrument conditions and liquid phase conditions on the performance parameters

of the method are summarized and discussed to provide a reference for the detection and supervision of veterinary drug

residues in animal-derived foods.

Key words: fluoroquinolones; amphenicols; sample pretreatment; liquid chromatography; liquid chromatography mass

spectrometry

RS2 258 (fluoroquinolone, FQs) J& T28
— . PO 25 25 ) (quinolones, QNs) o JJE T
B3I ABEINT QNs BYRRE M, (15 20 8135 & M 1Y
58 T EH AR, SRR YE T PUB S . B 0R T YU
Mo FBAN, FRERIVE VLA T FQs S5 HAthdid:
HIEANSAFAEZ L 251 . (ERFFE &I, FQs £k ik
JIUBEMT L DA S pi 284540 547 A BN AT 15 % 1 2 BIAE
FAU, [k, 28 FE A 5L 24 0 W B A BHUR) R RN 245 5
BRI R FQs Afdi R,

Pk B IR 2 24 ), N 44 G B 2R 25 2454 (chloram-
phenicols, CAPs), J&H&Em R A I —J8 7 i5Ht
BR2A, X5 22 [QRAPE R B PE B A i EA . (AR
W IR T A B, SR S PO A a2 1 45
ZMRERIWVEFY, O EE IR E 25 . R
7% 2 (thiamphenicol, TAP) Fll 55 2 JE % (florfenicol,
FF) 2 a& H Y, X B ¥R I3eii 1T 7 B
AR, Kb T EH &R EERIVERY, (BRI E
B AR A BE PRI IG FEE

VRAH (LR RN T FH v B RS . R
5 ML O, FEZS AR Ty T R )T,
X PRS- 2558 BRI 045 T T . ERARFREANRR R
FYXTIX PRS- 25 10 e K ok BR PR 38 (maximum residue
limit, MRL) #F47 T BB E T, {H X P IS A 24 5% B
FABRILG EEEAS . AL T BE R g g s s
SRS 2021 4F 7 A = 2022 4F 7 A KA EZRKE L
S WEHR SR, EHFE B AL FQs 5 CAPs A5
A HIHEUE GBI AN B A% S HER B —21, L HAEE &R
X PRS2 AN S ASFE R B R HE R BT 69.8%,
A1 A R s A P T AR AN X P IS S 2, Bl
B A E SRR E R AR ETEE T, SRS i B2 s
BEWAEARNWIEZ, BRYGHA L. \ESH  HE
I 2 2 R B A T i UL

HET, FQs S5 2s . PUPREE IS | igFEpRmp 45
251 2 5% B8 Rl B R 2 A3 21 N RN E SR TE,
{H FQs 5 CAPs 1y [F BRI 7 v 20 et A i 3E, itk
AT AT S8 8 P IS B 25 E S R A B g [E]
B A v 2 H AT AR R [n] R, AR SCLRIR T 3R
43k FQs 5 CAPs #7888 IR T AT AR 77k DL S iR
ARSI BB IR MBI T R, BAARISIAR T 99Kbt
Feb g S 7R B B S L, A5 T FQs 5 CAPs £5K
TR BRI S5 A S EE R, LARH A S & b
E230 2 A Rl 2SR S = S oy e 2 57 toe S 1

1 HRETCIERR

A9 i BT ALh P B 24 B B AT AN AT 2D iy 22 R
AR L ETAL PR A §8 S 2 B AR RN 58 4l iR
BUE PRE S AR AE LR, 235 H AR% 0 2 i i1
Y, REARAS I g i P, DRk ande] plegt B s s 58 il
I3 Zr e i h Z2 R B2 5 B I FR . b S R AR SRR
AR TS FN BT R AU R i [P 8, H UL 2 5% B
AT Ak Ty 2 60 5 VR 2K B (liquid-liquid extraction,
LLE) . [#EAH#<HX (solid-phase extraction, SPE) . Qu-
EChERS( quick, easy, cheap, effective, rugged, safe)
J5 1 AN 77 25 B (accelerated solvent extraction,
ASE)%%,
1.1 REZER

LLE J& F| 4% 2H 53 75 AN AH 28 55 579 vh 3 it B AN
[7], WK: H AR PR 5 5T 4355 L R i R AL 217
o CHESFEAPLEREBOHVERLIBGH, Hadk e F
I XS RER - 2R B A A AR A IO P BUSCR o BRFAEHR
FNGR, TR R T B e 1) 45 2H e /K AR A HLAE
R, U2 LLE J5iErEss 8N % . Barreto
SO SRR A X AR BORGHA TAL B, N2t &

AR AR AT RIS W R R R A AL

SESHARR L A R AE R 9 Bl FQs ZREE,
PRIEVSCER A 79%~115%, RSD K 2.6%~15.4%. Xiao
SENT L 0.2% AL BRI E N AL B, h AR
71,200 C 54 F, &2 CAP, TAP, FF i
T JEF e (florfenicol amine, FFA) AT I FLIKAE
B, FEAS xR 2k 86.8%~101.5%, RSD /)T
7.7%, PEBCECREBGS . W AR A A TSI 4k
MIMIGE i — I TN BREE A, BT A AR A RS AL
VAT, IR THARUEA T iy T

A3 R R A AR R (dispersive liquid-liquid micr-
oextraction, DLLME ) J& Rezaee £ 2 HY 19— Fh &
AHMFEIAE A . DLLME RO#AERFRANIE 1 iR, 76
FESR R T I AFEBGAI S80GSR ool e
JH, ZEBGR K ARAS 2353 )2, M2 B ZEIBGR]  53
FIRIRE SR = I ZL IR . B LI .05, R
FHERNAE NS Z 250, B n] SCE % H AR 328
SRS A, ARG DA N (T A AR A i
W HEOE, BN K AR RN AR BGR) 22 A i 422 fink 2 1 A,
PN = T 2R . PINISAE" LS IR E R A
GRSk H DLLME $2 O & W5 FQs ZR L hibr [l
ISCRTE 83.9%~98.8%, RSD 4 4.6%~5.4%. AHETH
HRAHLEEH, B FRAART inag a3 0, Hof )™ Ral ity
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JHHT 5. Karami-Osbooa £33 5k H] DLLME #&Hu4-
Wirh CAP F1 FF 2R 8, Gl X FL & B, 24 0.4 mL 44
5 FAYESTHIGRIET, FTAs AR 5 =, S 69.1%~79.4%,
RSD /NT* 15%, &, S/ S O F v A AL
FUFTHFR, LS D BR, & 21T LLE Jrikmk et
o
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Fig.1 Flow chart of liquid-liquid microextraction
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ANEL, TR AR A L B 53 25 HH R Y RITAL BT
o GURABHE LIATEGN KGN i) 5T Dy A 4%
RN ITA AL, PROHG AR L L AR 24
NP BT A4 A, TR R AR A HR, JCH e E
[F AH#£ HX (micro-solid phase extraction, MSPE ) 1] ¢
R0, BHA AL B R W R a3, Ra ARk B
R FE RS . MSPE U ETRARUNE 2 PR,
PGP BRI AR SR, R E B0 H bR
FEOTEEE T AR B A D F0E 7 A S BRE PE  B TR R
TIN5 25, SRS PGS BRI R B AR DA
F VR ok, AGERS I oA . MSPE #54E fa] 58,
AT SPE A, A Bty sinl LIxT 3
PRI o B, © ST 2L LRSS B At FQs 5%
BA 10 s AL FEZAR S b 3R]
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Fig.2 Flow chart of magnetic solid phase extraction

ARG BRFRIAR L, @i Kbl s g R AL,
TSRS T BRI RERE, JE5R T X B AR fR L EE
71, Bagheri 85U MG @E M T 4E A SR MIAEZL A T
FEA W FQs 5L B, 48 W AH (035 5B 1K 5T 1 (liquid
chromatography-tandem mass spectrometry, LC-MS/
MS)MFSE OFL . 2N ¥b A (ciprofloxacin, CIP) | #59R
b & (norfloxacin, NOR) {4610 BR (limit of detection,
LOD) 4324 0.012, 0.009, 0.016 ng/mL, 8] § Z=7E
95%~105%, RSD /INT* 5%, HIFA ML B HADL AL 5
YT HAE o 35 S B RRAE KB RHRT H A4

RS vEgh &, WIS T R A3k BT A R Ak
Huang 857 JLF — B R [RIAT4E 180 CAPs 3% 85
) DNA J&4, HIVE T AR REMEE B, H45 & HPLC-
DAD 552K [ffF7IX% CAP. TAP Fil FF AU FITZEHL
EAYHI N 2.82, 2.56 F 2.72 ng/g, 3+ HIUFH] T H
X ES A IR IS AR R SR B, AN ST HRXT Hr
PRSI . B34 Hh CAP. TAP #1 FF 19 IR
(limit of quantification, LOQ) & 0.40~0.55 ng/mL,
R 2 BB ) AN s i B A AR AR AR E ) T 53 2 1)
[EIR}, BEAZSE R BARMIRI & SEEF . teAh, “hekts
Rl E Rew mE R, AR TSR mAs . He 560
TR T —Fh ARG 88 W 57145 G HPLC
SEAAL WGHILA L, WP 7 Pl FQs #% B4 AN 5 1k,
It HAEW] Tz i i I B 7 (>6800 ng) | 1= 5
L HTF(68~79 fif) Fm THE L (>40 ¥K), Iris Il
J7 82.4%~108.5%, RSD M 1.6%~3.4%. & T &
MRS, BN A PIHEZLN | BRI EG0 F1
53T BRI B G P ARG KA BB I 8 Y F FQs
5 CAPs ZRERM h, IFHBAS T AFEM 53 BEROR
1.3 QuEChERS

QuEChERS J5¥F 2003 4E 56 Anastassiades
L2 R R AR AL FE AH FE B (dispersive solid-
phase extraction, DSPE) JitAil b 72 7 AU RGAN IR J5 ¥ o
QuEChERS ik Em RN Kl 3 R, i )s
PR R BOMEL AT RS, I Al S AH 26 IO 3,
DA B 571 5 4R 22 502 B AR, il S 2
S5 Hrd oy s, Binl ik s b sicR . iR 4s Bird
PIASTE], Xob iz Jip Ak B AR v (e A A SR B 57 . R
AP R R A P2 . TSR pYik
& I, Lehotay™ $2 H 0% 2 BR AN 2% wh £k R AS Fil SCHk
[24] $& S ATASEBR EN S v ER WA Sl 28 [ AN KR B 11
BRUETT L, B pH 4EFRAE S 2240, 0] LI 2485 1k H R
Py EL B RIS, Ot A i 2 SR = AR
FRTT R A o

N N N O .
L BB
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LG < T — ik
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o7 Ny v ¥ v v

wve VoV Mo,
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A Gy @ W BERAE Wb

P13 QuEChERS JyitffEiiAe &l
Fig.3 Flow chart of QUEChERS
M 965 751 2H A 19 18 4 B 32 ¢ 3 #1] QUECHhERS J7
B AR, B A R RS E AR N-I RS
i (primary secondary amine, PSA) . | /\%E3E A b
(C,g) A st (graphitized carbon black, GCB)
S ghEELPEPT L 50 mg PSA Fl 100mg NH, 75 Ak
FEFl, FHFHEECA D 6 Fh FQs 3R B, T4 BIRCR
A 88.2%~106.2%, RSD /NT+ 10%, MEAff L 15 & PR
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R LR . Liu 8500 BT AS R BRI 2H G %) 2 25
i b CAP. TAP. FF 5% 8 [FIBCRAGFE N, fe 2
KEHINA 0.35 g C,q BTN 0.5 g Z-Sep W57
i, EReR =, YT 90%, H P RSD KT 9.1%
(n=3), HIA] RSD BHETF 8.7%(n=3). “KbrEMEN
— T B B, P LA T QuEChERS Jrik. H
H R, IR i 22 JRi B T /K SR e v AR 25 i L B
FERMFR AR, T sh it e rh 25k i
I ) 4B 5 Ry 2 L
1.4 IMEAFIZER

IR I 75 2 BSR4 v A TR I R ) ok
BRI RS B AR 1 A S FEIGOR . BLPY
SEBU FERT AL BR R, SE ) ASE JREBUK =M 10
Fh FQs, TiJE BEHT /] MSPE #4744k, 4525 T 85.0
EAIEU R/ S B U i NN (o7 TR =W 4 il =1 N1 7 [ =
47 81.6%~105.8%, RSD Ky 4.2%~13.6%. Wang 2532
X JH ASE 5715, 7E 80 °C. 1500 psi £ F , {8 FH
1 B S IR AR B BRI TAP. FF il FFA 5% 85, Jir
AR A 90.31%~107.79%, RSD A 1.46%~3.4%.,
F AR [EIRE R AR TRRE AR o S e E s g2 e, {5
ANFETF LLE " Fr s n SR 2L B AR, ASE J7
2 H IR L PRVERE . EmEELS, AT 293
P[RSR BRI D A AR 250 i sEml . 258 FTR, 30
YRR P FQs 5 CAPs 3R B R [AIAE S R AT
B BRS e, LR 1,

F 1 FWIEEE ST FQs 5 CAPs 5k B RFIRE i
bR AR LA
Table 1 Comparison of advantages and disadvantages of
different sample pretreatment methods for FQs and
CAPs residues in animal food

P AbFE T 1 Pt B

— I LRI e R,
WL (“HXLLE j"?lt/ﬁ:j:_"{i, LY%IETJ$ TFEX;&%HEE
PRI e g TEELIE, T

DLLME IR G, SREA SN T -

" FHLERIEA, T AL B, AT

HPRIRSPE ki, iR BRI
BRI TR, RRIE, N
MSPE R, arteng g PRI BATS

IAAAEIASE [ SRR RS, A BRI AT
QuEChERS BMERA, PRI D, PEBUL R R Bl

JOE TS, SRIBCSCR AT

2 REREE
21 SNEREEIEEX

WiAH 1% 7% (liquid chromatography, LC)J& A
WAE R T SIAR B (i, 207 a4 . RS
FEMEZE L RO T RE B E T SRR
ji% (high performance liquid chromatography, HPLC)
TEWAH ISR HE_ LN BT e AR, Ly ikinish
AHAB A [T A2 AR ™ AR B R R, CRUETR SIAH LIS E BO AL
TR E ik B (i R ST, ANideems 1o BRes.

1 O 213 FH RS I 2 A A A7 R 27 A
#% (diode array detector, DAD) | %5 4 I Wiz A6 ) &%
(ultraviolet detector, UVD) | 2& Y4 I #5 ( fluoresc-
ence detector, FLD) . HLEUL2E &SGR ES (electrog-
enerated chemiluminescence, ECL )%,

C, s ARCTEATAEA TH) 53 B, 2 st
LA PRI R, SR TS HRUR RN AR 5 55 20 55, 75
T FQs 5 CAPs 5% B8 iy AH s A i . (HAE T
HAth CAPs, FFA MePEHRSHR, 75 C g (i E F LR
A Tal, IFANRE B S H AL CAPs 47 [RIAH . i
BB LGN A AR B IR 4 5 FFA
Az IEESARAE B X0, DR S AE i g /K A, 2845
BIRCR, # FF 1 FFA S54¢ 5 th B ZH 53 58 4253 T o
Granja %54 %] HPLC-UVD X1 A FF % BE 3647
TIE, B FF 885 AL FEA, LIRSl & A A
P, IFH LC-MS/MS iZ )5 1 B HERA PEEAT T 56Tk .
ZERL IR, FF (Y CCa M 840 ng/kg, CCB A 879 pg/kg.

TEGBIAE I ESE B, SIEEAVRIEED IR . IO
JE/ NIRRT R HE BTV E RO iS5 A I X P24 ) 5% R
HANUAH. FQs J& TMMALG), B sk . 26
SREFIA RS S pH A BAECHR, il W ST7E/KAH
AR . BRSSPI, AYERFRE S AE TR sAH T Y
L EDIRZS, B9 FQs Ayl VAR, $2& i A I 7 1 2R
. Choi Z509) DIWERR (pH3) - Z S VE R AL shAH, R A
HPLC-FLD X} 3% . X% L A v ¥b $i7 ¢ & (saraflox-
acin, SAR) &k B FEATAG I, frfS LOD 435124 1.1 F1
1.7 pg/kge Moema ZEP L 0.1% HH g /K (pH2.74) -
ZHEVE A LB AR F HPLC-DAD 45X 4
FQs ) LOD & 5~19 pg/kg, LOQ & 23~62 ng/kg,
[ 3 A 83%~102%. Li 2507 #3117 —Fp & i fa
FE M Ru(bpy)3®" ECL £, B+ Ru(bpy) 3> &%
FELRR R 1T, A SRS T A SE AR S LA SR R T IR

2% v (pH5.4) / ZEAE R e shAH, MAS 2R 5 v 4 Fp
FQs ] LOD & 0.006~0.02 ug/mL. %5—J5 1, kA
WA L [ ARG FE FIL FEA 5% B3 ), 38 3 2
PRUEFLSHAH AR TERS, DIBASS FFA IS L.
22 BEHEHEEeIEE

A = W AH £81% 1 (ultra performance liquid
chromatography, UPLC)¥E HPLC 24t I, 3@ i ydi />
FERRIAR | BT R T . R e RABUEE R &%
SESLISHAR, 2455 T ST A, U T
i, BT ST ARE

UPLC m4EREXIIL T HPLC, S T iF—204%
1= TR B UERE, XRE S RTAL ER A BRI T &, LA
VAR S R TR X AG I S5 SR A2 0 .- Aufartova &5l i
T il B A S B AH AL H S 4, SR UPLC-FLD X
A FE S 5 Rl FQs 58 B UEA TR, TS LOD Ky
0.5~6 ng/kg, MK H N 87.9%~111.5%, F-H4i% 71
SRR TS BRI v o AREREAEN dr T
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— P ASE-UPLC-FLD J5 {5 X154 Al H FF F1 FFA %%
FA U TR, TS LOD 43324 3.3 #1 1.2 pg/kg, LOD
53R 4.7 F1 10.6 ng/kg, A HARPIEIEELE S min
PRSI 281), R CHE i T A%

REFFH FQs 5 CAPs %% B8 FUROFE (1 A6 )
FTEMERES B b W3R 2 FnEk 3. T 3EE. AT
AbFE DT WA SR L IR ISR, 45 IR
LOD. LOQ FIFIZRAFAERRSr 2653 . HHFR 2 FI5k 3
"] %1, DAD F1 FLD J7 %/ LOD 1 LOQ ik /= F
UVD #k. DAD Kl g8 8% 58 UVD Kl #5848 Lk,
AEA LS HI A5 L 01 52 A NS T £, e Py T B e
o B CAP T ZATiAEAN, HAZG M #R BAT 2 e,
AT LA BT U EA I, BT L FLD A& 3% & 4k mv
TR ER BB AN 2 b, AT, 84T FLD
I LIRS FQs 5 CAPs % B8 OAHCFRIE .

RRER AL
JE g AT IR R Y S Ak, A T R ST RS
) B 14 BT b, S AR R SR AE X 4
AT A AT i . AR (- BRI BT R A S
TSRS EOR, 7R AL BT T S G T
B MEFITE BT, TR B2 B A 5 RIS U T 2 S
Ha, 1% 25 B 1 P (electrospray ionization, EST) J&
LC-MS H i BeAs i & IR, IEGEAT a2 sk iy
PSS e B IR P FE B8 S 1, BTSN #s A 22
W Wi AL 2 (multiple reaction monitoring, MRM)
XA B AT W, AT IS BN FQs 5 CAPs
FRE W H M. BT, A S IR HRE R
CAP. TAP F FF 75 75 T & TR #E47 a4,
FFA fEM B TR NS i, FFEIES FECT
BEAT 443 . Alechaga 25555 SR ] UPLC-MS/MS il

3

2 OANFFEFH FQs 5% B MR i A I vk S 80 Lk
Table 2 Comparison of performance parameters of liquid chromatography detection methods for FQs in different matrices
R 2ty ik ] Loﬁfj”ﬂfkg) Loiﬁiig) ECE() ik
A 6FQs XTeg%I:Anfn%‘?;i?nr)nmx ZHE-0.1% K (pH2.74)  5-19 23-62 83~102  LC-DADPY
AR 7FQs ijagirlnfn'fgzsr?l;“mx 0.5% T k-2 1% 0.10~026  032~085  688~120 HPLC-DAD™
44y OF Léh?M’ P ad;;or‘:ni;j‘(;‘ﬁn?mx 25K (1:9,vAv) 1523 50~7.5  87.2~106.1 LC-UVD"
i NO%I(I?FL» (lsoVnil::Xsi?E;%gum) Zﬂ%%@;%fé%%ﬁ%ﬁk 2.65-3.65  8.82~12.16  69.3~102.8 HPLC-UVD!*
WLROBBAR1SFQs 25%?;?:);45.? ﬁn(i_,?ﬁm) Eﬁgﬁﬁﬂi ?n(lzyfﬁé{ggf 3 10 70.6~111.1  HPLC-UVD™
FEHTAIIK NOR ( ;Zi:‘;sj?onﬁiysc& ) Ziiig’gﬁiﬂ%%ga 6 77.4~97.1 UPLC-UVD"!
kT we T 0 0% 999 LoD
%Hﬁwﬁf & 5FQs (Zl%rg?jﬁ%s;??“iﬁ Eﬁ%{;ﬁﬁﬁ%{ﬁ?* 0.056~0.64  0.187~2.134  87.2~110.6 HPLC-FLD'*
EEEAIK SFQs Thermo C4(250 mm> 0.5% Rk I 0.14-0.61  039~L.1  80.1~119 HPLC-FLD"!

4.6 mm, 5 pm)

1 BV & (enrofloxacin, ENR) . %57 /2 (ofloxacin, OFL) .
DFLX) . —# b A (difloxacin, DIF) .

#3210 2 (lomefloxacin, LOM) | 559070 & (pefloxacin, PEF), ik ) A2 (danofloxacin,

# 3 ARREIEFTH CAPs 5% B8 B WO (A i RES RO Lo

Table 3 Comparison of performance parameters of liquid chromatography detection methods for CAPs in different matrices

- s o LoRUITERS FE PR -
. %Q‘ S 2 Bl &EIC 3
E95 1 7 R T s LODs(pg/kg) LOOs(ugkg) IR (%) Tk
0.01 mol/L NaH,PO,, 0.005
A FF, FFA, TAP Heiegargxlrf (2 5(:nn)lmX mol/L+ he RN A0.1% =2 0.5~1.5 2~5 78.5~88.7  HPLC-FLD™
O/, > K -2 i (6832, viv)
Acquity UPLC BEH  0.005 mol/L NaH,PO,, 0.003 mol/L
BE TAP, FF, FFA C4(2.1 mmx100 mm, 1.7 + FeIEMIREATO0.05% =20 1.8~4.9 4.3~11.7 77.2~102  UPLC-FLDP!
pm) (pH5.3+0.1)-215(64:36, v/v)
WE  FF,CAP,TAp __ XTemaMSCy LIk (15, viv) 20 69.5-99.8  HPLC-DAD'
(250 mmx*4.6 mm, 5 pm)
WAL AR FF, CAP, TAp | \vaters Symmetry Cyg 2k 1020 81.0~102.9 HPLC-UVD
(250 mmx4.6 mm, 5 pm)
I FF, CAP, TAP . VoMUSIIXBP Cig 7K (401 60, v/v) 68278  227-927  80.6-96.7 HPLC-UVD™

(250 mmx4.6 mm, 5 pm)
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E SN IETEE S T CAPs ZR B, TREAUXT b T R[]
pH B FIEFEAEXT FEA YIS IR BE B[] il s,
L pH iy 5 AT, fil 2R RE- O AT e Se B ek HL
HRIIES, JIFS CCa M 0.1~121 pg/kg, CCA M 0.2~
138 ng/kgo

SRy G I S 435 R A2 B L BT TPk ek BB BH A
G, WRBTIR 7 AT 23 o) AR AT A 37 s | dE
[FS7 2R P BRAY B BTG X 78 52, Xu S50
SR R A B 70 ARG EE- 245 5% B B B B30, F R
Fa S8 R R AR IC AR IEAE A B BT T P8 20y
FQs HARME T HE5R, Bl KL BT8O0 FE{IK %) 88.4%~
94.6%, JIr 445 B K 2 88.6%~118.3%, RSD /s T
12.0%. Xie 2557 DL d5-CAP HPARY, K LC-ESI-
MS/MS X341 CAP, TAP, FF F1 FFA &8, i
5 LOD & 0.04~0.5 pg/kg. LOQ & 0.1~1.5 pg/kg.
{H R 2R AR IR AR HR BRAE, [RALZR AR % B
B, OIS AR 25 e 22, LB ITAST HE R A L
LR

1R PEAR BT BEMEA ST L A A it v 25 1 Sy
PR BT i 5, IS H MBS i 53 A E H s
G, ANTFEEARET R 58 B 255 BE 1Y
ME . PAER, % FQs 5 CAPs #& B 9 AH (03
153 PR BT IE 7 i HGE 4 D, Rocha 850°% LEHE T AH
[F] 554 = 25 PUA AT BT §3% (triple quadrupole tandem
mass spectrometry, QqQ/MS) FlI K47 [8] B {i% (time
of flight mass spectrometry, TOF/MS) il 5& R & LA
FUE RS S v FQs R EE OAGIIN 25 2R . 45 1R, 7
FEHLJT I, TOF/MS 5 QqQ/MS AH FE, Jo ik 35 22 57
TEEPET I, TOF/MS AT LS E A ra) ) v e e P
i fr, IXJ& QqQ/MS FIrAREAH LY . Xu FEPO R ]
= PURR LM 25 B BT 1% (quadrupole-linear ion trap
tandem mass spectrometry, Qtrap/MS ) £l &2 2w 3L i

1 9 b FQs %85, 45 LODs Fl1 LOQs 435125 0.5 Fl
1.5 pg/ke, {8 T MRM-IDA-EPI 09 3 B X, 7
MRM #1472 & 19 [F) B, 34 58 25 7 99 4% (enhanced
production scan, EPT) ] #&{L T it i2 AR S 19 — 2%
SRR, MITE—E0IN FQs BILFAE, $i w52 2R b
Hh B R A P e PERE T o

ANFFEFRF FQs 5 CAPs %% 88 1 JFHBE FH A
TIETERES B LR ILER 4 Fn3k 5. ik 4 fiik 5
AT, PSSR AT LU FH FP K A E R sl
IKAH, BE A FR R AT LU 4ERERE S A i s AH Hh i E Btk
5, P BRSO, TR AR AHER SIS
FEH FF Pt B 5N Y CAP. TAP. FF 5%
ma S A IHIVER . 5340, M ONERITE CAPs 7% B A
I shAHET, FFA ZE SR 908 88 i TRl i Jd,
HABERZA A 8455, LR YRR 45509 3
BB HAE . WOREB 51 LOD Hl LOQ ik
FLRAR RS AR — T g, HLREXT o 2 3L fd il 2
SR A BT RN 2, 45 VR REIRAS S N
AR, PRIy ey =X 5 e A e . B AT, B
A SR TER S FQs 55 CAPs &% 54 [RI A AG )
iSSP IN P Rr e l= L
4 INEERE

Afe ity T AL L B 2 R B AT 3 DG T L FR YT,
THL AR sl SR B 422 5 i) A I B4 oA e D R AR
MSPE. DLLME. ASE 3 EMETFSKE FQs 5 CAPs
HREA AR TRTAR R ks, S il e TR . R | 22
il F I AAE D 3, LIRS S 2 UOR, bS5
IR, WAAPLIEFIEH . BEAh, X8y ik ml DIAH
2545, ORI EA TR, St — 2D ke i i el
R ORI 3% T R I ARSI 125 e 15 24 5 A AGr
W) ST B, BHA T VR &, A A SR s R
RERAEST, IE M A shik . SIRRFIZ 5k B A )

R4 RI[RIHEGTH GRS 24 4 5k BR GRS HIAGLIN 7 1 ME RE S A LA

Table 4 Comparison of performance parameters of LC-MS/MS detection methods for FQs in different matrices

R 25y ik L Lomieke) Lomtune Jrik
HEAE LRI WS 15FQs, 1QN Syyggg;iyféfﬂf Lf,:?A 02%@?9%2%%%%% 0.01~1.93 0.03-4.23 65~109  LC-MS/MS
T 6FQs (I‘Z)aﬁﬁfzz‘;’ﬁr’y&;) ﬁ(sg;;ﬁi&f?fg%g%ﬁ«? 2.7-6.7 8.9~22.1 66.0-972  LC-MS/MS'“
A A Ngl\l}f’{f)g;’ XTe{rS%ernigs(i;‘)nmx 0.1%H k-2 i 63~126 76-152 90~111  LC-MS/MS!
o P o T 0s 0s LCMSAS
LR CH;’IgI;R’ (15 OAriiff;.)ﬁ(?ni’Cs'sum ) 7o %TE?EE,?@%?(%@& 0.02~0.08 0.05~0.25 83.9-98.7  LC-MS/MS™
B 7FQs ﬁgg‘;ﬁﬁi‘;‘z‘ E;Eetze’é ﬁr'rj) 0_5%£E%§£J;§§gi%ﬁa 0.0010~0.0028 0.0033~0.059  74.5~116 ng/’l\%lg[‘m
ior s gg}i,Dsﬁ{ é‘iﬁfﬁﬂﬁfﬁﬁl Erlrf) 0.1% P 7K - - 2. 1 <25 95~102 M%?l\%[(sj[_”]
*% g%%ﬁglﬁ 6FQs éﬁ“;*jﬁjﬁgffm?‘f? Eﬁf) 0.2%H ik - 2.l 0.012~0.06 0.04~0.2 84.5~110.7 M%Z\E[(s:[m
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Table 5 Comparison of performance parameters of LC-MS/MS detection methods for CAPs in different matrices
. . Fioalll]ieS FEHERR ;
=N 2k B b= (g 3
JEJTT B/ NI TEhAR LODs(pugkg) LOOs(pglke) M (% ) Fik
WA, TR A Phenomenex Luna C IR/ PR B - PR B KV T
AP’ FF 18 N - - - _ 73]
L ¢ (50 mm2.0 mm, § pm) (5 mmol/L I fi) 0.066~1.646  0.22~5.485 89~107  LC-MS/MS
fif 0 N AR 40 Hypersil Gold PFP B0.1% PR 1) P RV v -
. 0.13, 1.64 - _ (741
WA FF (10 mmx3 mm, 3 um) 0.1% T ik 3 0.29,4.13 89~106  LC-MS/MS
o Phenomenex Aqua C 0.1% P R/K-50.1%F R
UL E|i AP, FF, TAP qua Cpg e - N . 73]
e BHm C (50 mm<2.0 mm, 5.0 pm) T 0.15~125  79.8~920 LC-MS/MS
CAP. TAP. FF Waters XBridge BEH C -
FEYIIN| ‘rra . XB (100 mmx2.1 mm, 2.5 LK 0.015~0.73  0.05~2.45  86.4~108.1 LC-MS/MS'
um)
YR FERLfy  nertsi ODS-4(150 mm 0.1%Z.Fi- 2. 0.5 10 93~104  LC-MS/MS""
2.1 mm, 3 pm )
CNW Athena C,;-WP . HPLC-
% AP, TAP, FF 18 -8 ~ N ~
LA C (100 mm<2.1 mm, 5.0 m) 7K 0.10~0.14 0.25~047  97.5~117.0 ooy
Waters Acquity UPLC HSS
LSS SN CAP, TAP, FF UPLC-
5 AL € p(50 mmx2.1 mm, 1.8 2 - - -
FA. A FEa ! mTtrxn) m K-L I 0.03~150  0.05~5.00 72~120 MS/MS?

J5 18] & J#& . HPLC-FLD F1 UPLC-FLD J& {14 i fili
e GBS B R i UL AR A I 7, PRI EY
YIAR G HAA DO CIER, H FLD 5/ LOD #1 LOQ
{iKF DAD #1 UVD, Nt FLD (AHCHGES 2 . T
AR, (AT BT R I 2 B R s R sk, REXT A 4%
LT P 2 22 5% B JEATMERGINSE , H: LOD Fil LOQ
T8 H L O AR — D RO 9, (AR AT S AR
T RS &= O/ A 2= ST VARG R R T 22 K< T 7/ NS

WA, KA RS, & [ A ZE B S U T —
B ERO PR, FTHRIE A RTAL BT R AT
i, KA ENRE S H AR BEPEESS G, BRI & i
B, JEWAR OISR IR R IFFE RS . (BA TS
BB EEBI . PP UsAS  L MELLRDI AR A Y
[ R0, AR 7 5 -5 PR I 2% -5t A3 1R i 2t
Fio WAL, s i b B2 250 B AR Hbnfes
PRI RE — ER AR (i ER IR B AP E R, (H
B IETE R AR BT I 2% . BT BRI A A
&, WER IAREALI B RIME . B 4Bk 524
B B AR R T A BT N TR 25 258
BRI 2y 1 —Fikadt AR H AT s IR £
W FQs 5 CAPs FYMRUBUIBR O ik i i 2, (H 241
AAIF T 22 A6 v T = E DU AR B3 X5 24 % B A
Mo ABAETEA R EA 5 e o b R N R AU 1 = 20
BB REW Iz s TR 2GR B AU b, R
ST AL SE R M BRI, S RS 435 SR i) i B R S
5, XA H) T IR FE v B2 5 B AN AR, i) e Bk
G BRAYER B bR, T E PR 1 2 B A, RUEE Y B
MhEEA
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