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W OE: BM e SO 3 - B B RS 7% (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS)IlliE &2 & fh b 11 FpMsiti i 5 4 PR R B2 ik F3E WA FISERM
% Mcllvaine-Na,EDTA 22 MR FEH, 7% MRNIATRUTIEE 1, HLB H:id ik, M2 254 % F 10 mmol/L Z
PREE(F 0.1%H IR, V:V)5 BT SIAR, POFRREZGYIRA] 0.1% M IR S LI i shAf . 2 R RI25 ) 1R
Z N IR I, bR R, R 15 MR ZGSRIETE 0.1~50.0 pg/L VR G IR A M R AT, AHOCHREL
YIRTF 0.9927, Kt FRA 0.05~0.20 png/kg, T EIEN 60.6%~117.9%, FXTFRUEMR2E A 0.51%~15.3% 2K
SRS A TN 2B T 2016~2018 ARG A AN AL il v s v -5 DU PR BR B, RGN 28 R i £ 4 4
¥8 % (international foundation for science, IFS)PEA, A RS A FIXG & H B #EAZE IFS HEHA B4 0.00048

0.000097 pg/(kg-bw-d), PUFFZE I IFS HMES 514 0.00073 . 0.00098 pg/(kg-bw-d), BI/NT 1, PR HME S 2%
LA . 53 207 L BORE A RTAL BEAT LSS R UTIE R 1, iR, BEREIRJE BN B, & TR
HEAE B A ME VAT S U PR AR 2 5 R e PR

KW B OB - TE TR, MR, DUPRER, XS XSH; FALR AR

Determination of quinolones and tetracycline residues in poultry food
by isotope internal standard-ultra performance liquid
chromatography-tandem mass spectrometry

LIU Bo-Lin’, XIE Ji-An, ZHAO Zi-Wei, SHAN Xiao-Mei, WANG Xiu-Li

(Anhui Provincial Center for Disease Control and Prevention, Hefei 230601, China)

ABSTRACT: Objective To establish a method for the determination of 11 quinolones and 4 tetracycline residues
in animal products from poultry by ultra performance liquid chromatography-tandem mass spectrometry
(UPLC-MS/MS). Methods The analysts were extracted from the chicken and egg samples using the
Mcllvaine-Na,EDTA buffer solution. The protein in extract was precipitated by 7% sodium tungstate solution, and
then the extract was purified on the HLB column. The quinolones were detected using the methanol and 10 mmol/L
ammonium acetate (containing 0.1% formic acid, V:V) as the mobile phases. The tetracyclines were detected using
the acetonitrile and 0.1% formic acid (V:V) as the mobile phases. Both types of drugs were monitored by multiple

reactions monitoring mode and quantified by the internal standard method. Results The 15 veterinary drug residues
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had good linearity in the concentration range of 0.1-50.0 pg/L, the correlation coefficients were all greater than

0.9927, the limits of detections were 0.05-0.20 pg/kg, the average recoveries were 60.6%—117.9%, and the relative

standard deviations were 0.51%—15.3%. The established method was used to detect the residues of quinolone and

tetracycline in chicken and egg samples sold in Anhui province from 2016 to 2018. The test results were evaluated by

the international foundation for science (IFS), and it was found that the average IFS of quinolones in chicken and

eggs were 0.00048 and 0.000097 pg/(kgebwed), respectively, and the mean values of tetracycline IFS were 0.00073

and 0.00098 pg/(kgebwed), respectively, which were both less than 1, indicating that their dietary exposure risks were

low. Conclusion This method can completely precipitate the protein, has good purification effect, and can reduce

the influence of matrix effect. It is suitable for the rapid determination of quinolones and tetracycline residues in large

quantities of poultry food.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; quinolones; tetracycline; eggs;

chicken; isotopic internal standard

1 3|

WS T T 5 IO B 2R Sy 7 R K P SR A bR T AR
H, OB MEAMEREREC SR ZRE. BEER
AL LU TR L SIS IR L IR 22 D12 L 6
1 b A 245 99 H1R) (food and drug administration, FDA) 5
W T T 2l R R A e PR R R 2
Yy # K% B8 PR 5 (maximum residue limit, MRLs), FR{H
1 100~1900 pe/ke!™?, 3 E K brfE GB 31650-2019
CRr b e 4 [ GRAR HE £ rh 8 25 J KB B Bk )P eh g
EBENAPBFEDE ., RiEYE . 5 YA, Ui
RMZ P ZFEM MRLs 43525 200, 100, 300, 10, F
100 pg/kg, 77 EMGH N ILMH], MR RELGY) L%
£ SR E MUK MRLs ¥4 200 ng/kg, 3% FH)
MRLs ¥4 400 pg/kg. 2015 4ER0HF 2292 S F45 11
WRWE | BRI E . AR R SR R EY
il B (H SR R, T AT AR IR AT
0 A

G N v D 5 10 B 2R 2 0 e B R DL A R RO
M {8 3% 7% (high performance liquid chromatography,
HPLC)>O | 5 255 3 €5 3% - R 6 J3 3% 95 (high. performance
liquid chromatography-tandem mass spectrometry, HPLC-
MS/MS)T 2 it % 22 5% BRI (0, N T 2R 2
5% B IR EE ARSI 0 3 A 3, AN R 2R S UV ST T TR R AG
WK b o5 2 33 g ak B8 W R 77 15, Turnipseed %
(IFF R 7 8 1ol 0B 20335 R BT T 05 A AT R i 2
R 2y sk B, o 00 5 OV ST T RO €53 - S B R
5 (A 2 A 45 v 7 U ER S AN 14 R A 2E 25 W) 5% B
ey A VOV Sy 7 R T AT 0 33 - S K R 0 [ B
AU R S | A I S AR 2R S D PR R R 2 AR
P o AHIX SRR 5 12 5 [ G bR e B B X B — 2 1)k P

il

PR G D0 B A T A/ v 0 i, e PR AL B, A 2R Y
FEJTTRON B E i MER PR S 7 AP AE — SR R R BRI
SO P S5 B 1% S S A 8 T 38 P AU, i A
TbR v A TAERR 2R, — MOARE 4R )50 2 AR
JIE Y BE AR it o SR TRISL 3R BRI ARG B IR 13X — A,
REARR 1 i o A0 A 2 W), A it 7 A2 BRI A a0 HHLC R 0
FEAEF R AP A5 e, DT (AR U T A 45 SR ofi i ] 441
B A I A R SE AL, AR WFSEOR A Mell vain
e-Na,EDTA ZE iR & &8 8 7, TS 5EHmk R
VERULVER, AR S 2 B R D DTvE Yy, BR Al
W R 4 -2 0T, 7 e 80 R R IR T
(ultra performance liquid chromatography tandem mass
spectrometry, UPLC-MS/MS)[RIAFHEI 11 Fhdsi iS5 4 F
PUBRZRIEHR B AL 7 vk, JR A [R) 80 3R AR A A IE S 5
RONE, BEARFE SRR . b S B rh R i, 2
FITRCE, BT E SR TR E R 2R
VUM RSFY BN E, S IEvE R b Z Rt AE
RO H O I R A | PRBEROAS DN O vk SR

2 MRS

21 UE5EHF

Waters ACQUITY ™ 8 E 80 A (4. 3% % . Waters Xevo
TQ BTt . 8010 G H i HI BT 5 (3¢ [ Waters 24 Hl); Milli-Q
4K 24534 [ Millipore 23 #)); VORTEX Gnius3 JiEiR R
S ER(EE IKA 2.

FRUES: EH U A (ofloxacin, CAS 5: 82419-36-1,
4 95.7%). IR B (pefloxacin, CAS 5 70458-92-3,
4 PF 98.5%) . WP (norfloxacin, CAS 5 70458-96-7,
4l i 99.0%) PR ¥ A& (ciprofloxacin, CAS 5 85721-33-1,
4 FF 94.0%) 1% 25 ) & (lomefloxacin, CAS 5 98079-51-7,
4l B 99.5%) ik 7P & (danofloxacin, CAS 5: 119478-55-6,
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4B 94.0%) . WP (difloxacin, CAS 5 91296-86-5,
ai BF 96.1%) . B ¥ ¥ &2 (enrofloxacin, CAS 5 :
93106-60-6, 4liJE 99.0%). K H ¥ (flumequin, CAS 5
42835-25-6, 4iJF 99.0%). PR (oxolinic acid, CAS 5
14698-29-4, ZliE 98.0%) . b4 Al (sarafloxacin, CAS 5:
91296-87-6¢, ZhifE 97.0%). 1 %2 (oxytetracycline, CAS
5 79-57-2, 4ifE 97.7%). PUIFE (tetracycline, CAS 5
64-75-5, 4iJE 97.1%)(#&[F Dr. Ehrenstorfer A H]); 2 P4k
Z (doxycycline, CAS 2 24390-14-5, 4iJ¥ 99.0%). 4:%%
% (Chlortetracycline, CAS 5: 64-72-2, 4liJF 95.0%)(N%
K TRC A H).

M 7 2 N t& b5 #E 5 : ofloxacin-D3(CAS
1173147-91-5, 4§ B 99.1%) . pefloxacin-D5 (CAS
1228182-51-1, #fi £ 99.0%) . norfloxacin-D5(CAS
1015856-57-1, 4li £ 99.0%) . ciprofloxacin-D8(CAS
1130050-35-9, #fifE 98.2%). lomefloxacin-D5(CAS 5 TG,
4li iF 99.0%) . danofloxacin-D3(CAS 5 1217683-55-0, 4[ifiF
99.5%) . difloxacin-D3(CAS 5 1173021-89-0, 4 99.0%).
oxolinic Acid-D5(CAS 5 1189890-98-9, #liE 99.0%) (1t 5T
H R B R H A BR A Fl); enrofloxacin-D5 (CAS 5 :
1173021-92-5, 4l £ 98.0%) . sarafloxacin-D8(CAS 5 :
1352879-52-7, 4% 99.0%)(f&[E Dr. Ehrenstorfer GmbH /v
#)); flumequine-"C5(CAS 5 1185049-09-5, 4 & 99.0%) .
tetracycline-D6(CAS 5 : Jo, 4fi B 80%) . doxyc
ycline-D3(CAS *5: Jo, 4 80%)(&E R TRC 2 wl);
U-[13C,"°N,]-Oxytetracycline (CAS 5: J&, ¥JEN 2.55
pg/mL, 32 Romer Labs 24H]); B, Wiz, 4. 2K
(faikal, f5E Merck 2NF]); ZREE (%4, 3EE Sigma
o).

2.2 ARECH

Fr v b A A VR 0 TP BB o ) s M % RS 28
PRbn i, R EE G, €5 E 205, Bl sk ek
100 pug/mL FIPRAERE AR, -20 °CRECIRAF

TR A B b P TRD 40 ) o A B A A o i £ TR
10 pL B ZE 10 mL &M, H 5% BEKER(E 0.1%F
R, VR 2218, 1R51, Flig 100 ng/mL AR A AnifE
ol PRI 43 0 R A B R () (57 28 N R A vEE O i 4 TR
10 pL #% % 10 mL £8P, 1 5% BRI (E 0.1%H
PP RE R ZIEE, 05T, Bl 100 ng/mL ATIRA AR H ]
IR, BECELA .

PR UE RS : 43 A MERE A B R TR A fE b
[B]¥ (100 ng/mL)5, 10, 50, 100, 200, 500, 1000, 5000 puL
BZE 10 mL &8P, A 500 pL B WERPEE,
5% BEKIE R (F 0.1%HIR)ERZZIE, Bl 0.05.,
0.1, 0.5, 1.0, 2.0, 5.0, 10.0 55 50.0 pg/L HIARAERH .,

qo dF on J9E

0.1 mol/L #riEMRIA: FREL 21.01 g #riEiR, M4l
KM EZZE 1000 mL, RIfF; 0.2 mol/L BFfR & M
W FREC 2841 g BEERE 4N, MBAIKERITERE
1000 mL, RI5; Mcllvaine Z& M K5 Eik 0.1 mol/L #7145
A %5 1000 mL 5 0.2 mol/L BEFR & 4N 625 mLIE4A,
F 1 mol/L & A Ab4MYA MR pH {H % 4.0+0.5,

0.1 mol/L Mcllvaine-Na,EDTA 2 ik FREL 60.5 ¢ Z,
DY 28R AN i 1625 mL Mcllvaine 22 wpii e, i
Ho R, A
23 ZWHE
23.1 B EHECRADGELE

G M7 W A R S 0 Ak 1 T AR Waters Acquity™
UPLC BEH C g #£(2.1 mmx100 mm, 1.7 pm); #:if: 40 °C;
FEAR R 10 °C; FEREAAN: 10 pL; HE3IAH A: 10 mmol/L
LWRE (& 01%H R, VV); WshA B: H B I
0.3 mL/min; 6 EE Ve 45159 0 ~ 4.5 min, 90% A ~ 60% A;
4.5~7.0 min, 60% A~5% A; 7.0~8.0 min, {f5F 5% A;
8.0 ~ 8.5 min, 5% A ~ 90% A; 8.5 ~ 9.5 min, 1£+5 90% A,

ST DU IR S F: A Waters Acquity™
UPLC HSS T3 #£(2.1 mmx100 mm, 1.8 um); #:if: 40 °C;
FESEIREE 10 °C; BEREIAFR: 10 pL; WA A: 0.1%F iR
KT (AR, VIV); FhAf B: Z; Jii: 0.3 mL/min;
B BE VR 254242 0 ~ 2.0 min, 95% A ~ 80% A; 2.0 ~ 5.0 min,
80% A ~25% A; 5.0 ~ 5.5 min, 25% A ~ 5% A; 5.5 ~ 6.0 min,
{45 5% A; 6.0 ~ 6.5 min, 5% A ~ 95% A; 6.5 ~ 7.5 min, £
$95%A.

232 LN

B RIS T, R ES A=
22 J 7 Wi I (multiple reaction monitoring, MRM); E40% H,
JE: 3.8 kV; BFIEIREE: 150 °C; BIEHIRE: 500 °C;
BRI E: 800 L/h; A< &: 0.13 mL/min. £
PHRET . FET RN AMEEE . LB, 1k 1,
24 HmE

X PR i 8 o T A U AR LIS S R, DY 4 vk A
SHERBRE, W 2 B, BABEASRN, nEEE
Wirie, —HF, —I TR, F-20 °CHRMEF
A7 MM ERIRGHS, BAEERSEN, miE
fERtre, —mAE T8, S—HH TR, F-20 °C4
P RAE

FRI(2+0.01) g IRAIMESL, B 50 mL &0 %, A
SO0 uL B A W FF I fE W (100 ng/mL),
Mcllvaine-Na,EDTA ZZ i 10 mL, JRHEIES), #7510 min,
JEA 'S mL 0.1 mol/L R 7 /MRS, FMA S mL
7Y% IRENIATR, SEIREE 10 min YUITEE [, 10000 r/min &
0> 10 min(iBER 4 °C)o W FIHWA .
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Table 1 Mass spectrometry analysis parameters of 15 quinolones and their isotopic internal standard

GRUE] i B4 B [ /min BB T (m/z) FEF(mlz) i e eV HEFLH RV
ofloxacin-D3 3.73 365.3 261.2" 28 48
ORI A 3.74 362.3 318.37/261.2 20/26 46
pefloxacin-D5 3.79 339.3 238.2/295.3" 26/18 46
Kb A 3.78 334.3 233.2/290.3/316.3" 26/18/22 48
norfloxacin-D5 3.90 3253 281.3/307.37/238.2 18/20/26 50
IR A 3.90 320.3 276.2/302.3°/233.2 18/22/24 50
ciprofloxacin-D8 4.06 340.4 249.2" 26 48
BRI 4.06 332.3 245.2/288.3/314.3" 24/17/20 48
danofloxacin —D3 4.19 361.3 343.37/85.2 24/40 50
IRTRID B 4.20 358.3 340.37/96.1 26/25 44
enrofloxacin-D5 4.21 365.4 2452" 28 44
580 4.21 360.4 316.47/245.2/342.3 20/26/22 44
lomefloxacin-D5 434 3573 270.27/313.3/238.1 26/18/34 52
KEDE 434 3523 265.27/308.3/237.1 24/18/34 52
difloxacin-D3 4.56 403.3 359.47/299.2/385.3 20/30/25 46
WIS R 4.56 400.3 356.47/299.2/382.3 20/28/25 46
sarafloxacin-D8 4.68 3943 350.4/303.3/376.4" 20/30/24 46
YUE N 4.68 386.3 342.3/299.3/368.3" 20/28/22 44
oxolinic Acid-D5 5.65 267.2 249.27/161.1/217.2 20/36/30 34
LR 5.65 262.2 244.2°/216.1 20 /28 34
flumequine-">C; 6.52 265.2 247.17/205.1 18/32 34
8 6.52 262.2 244.2°/202.1/216.1 18/32/30 34
tetracycline-D6 3.40 451.4 416.4 20 36
UEZS- 3.41 445.4 410.37/427.5 18/14 40
doxycycline-D3 3.88 448.5 155.1/431.3 30/20 42
ZVIARE 3.89 4454 428.3" 20 42
U-["*C,,"°N,]J-oxytetracycline 3.25 485.4 449.4 20 38
THR 3.23 461.4 426.37/443.4 22/12 40
R 3.82 479.3 154.1/444.3" 28/22 42

4
T ERE T
HLB /MR A EE, K4 5 mL iGfk. Bas A L
FE, RKFK . 5% BUKER S 5 mL ks, 1. FHEE
6 mL PR Ve, YERE IR A A KT GREER T 40 °C), A
1 mL ZIERIEMRGEINA 50 L FEE, @A 950 uL
0.1%F BR7K)FE A, LIRS it UPLC-MS/MS 1l 5E .
2.5 fNFREIYCERSELS
S BBRELE, SR 50 i MR i 2.0 gCRE 5] 0.01 g)

F 3450 mL &0, 204 1.0, 5.0 f110.0 pg/kg ¥
JEVRIN 15 P2y Wi G hnil, $EI0E R R RE S A b 2
2.6 XU EeE

KBS TE 8 (food security index, IFS)HliiAR e
4B 2016~2018 4B 8 PRI A T TR s A T 28 5 DU R &R
KW Bk X . A IFS i/ T 1B, FoRER 2
Proxk AT a2 A AN A5 IFSTE/NT 1, R
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5l B 24500 7 A 14 KU AL 7 T 1252 B9 -, (BN XURSE
A IFSERT 1, R sk i 254 AL i XU AR £ A 4
KR, AR B AR T

epl = RxF (1
bw

IFs = <F )
Sl xbw

Ao IFS S &k % 458G EDL  H G 2 8% it
ng/(kg-bw-d); R MFE PRI 5% B AR, pg/kg; F
GG TE TR, o/ARMEANH, M 2015 4 (P EE
ROEFR SRR ) U EoR, T 2 R R bR
ANHEHNEYHARN 14.7 g, EH 243 g HIY F {H%
0.0147 kg/ \/H 5 0.0243 keg/ A/H I, SIAFERN 21
4 H A48 A & (acceptable daily intake, ADDE, TH25¥i
ADI {8 2% 3% = & b 8 2 Ji K 5k B8 BR 5 b5 i GB
31650-2019 5 FAO/WHO B i A A (E!"”), by hiyh &
B ADI 24 0~0.3 pg/(kg-bw). BiHVNE A 0~2 pg/(kg-bw).
Wi B 0~11.4 pg/(kg-bw) R MEH 0~30 pg/(kg-bw) .
ZVIHRE N 0~3.0 ng/(kg'bw), 8 R . WHERHHEHEEMW
ADI fE 7 0~30 pg/(kg-bw), Hifpib AL . AR A . KNV
RARBE ADIH. bw A CEATE, kg, 48 SCRBRIEMAR
& 60 kg HHE.,
27 HRAETTIE

Geit o Bk a5 Ret, xHF/N R R LOD Y%,
b SRR T 5 7 1 WHO A BREF L W 2R G2 /42 5
W55 TE Al R R 55 R 2 B i R A K S35 G mT {5 1
S U A T AR HRPO 22

3 RS0

31 BEEHsmL

A3 BCHIHRE N 500 pg/L B9 15 ey bR e, L
20 pL/min MEF S THMTE IE B T T HEF TRk 24T 4,
5 4D DU BR 20 AR 1L RPN TR 254 A I 4 F B
T, BT B R R, Wi T A
4, 155 15 MR F B F A HriE B B AR,
BRI FERE R . TR/ 2 NFEF 4 BIE et
BRUE RS T, AR AL R S R AR, A
Y FALRCR R Bl A, RIS AR RS &N 1
FiR o

SEH ST BEH C g A5 HSS T3 A4} 259 40 55 11
R, DU ERRZGYIE T3 F4r & ROR ily, Ry
BEXEFR, WTE Cig #E b B S &, WERARGE, ] fE
JR R U R G Y 5 T 5 R AR R R B 58 R
B AL W™ A AN W] S B, 4 B S B6 G e ) PR i

TEHERRELG: . W 11 R 2 AE C g FE b R 4K
UF, REWE IR BIELL Sy B, XL 0k ] BEH C g A1 43 H7
Wil 2259, HSS T3 4r#r U £ 2259, LUK EIA R
SREE IS4, ME RS D0 PR ER 22 W Sy R
WITEAL & ¥, WA pH X251 09 43 B 5 15 B 5% i 45
K, LR T 4N -K A EE-K VR k3 2 A B 0
RRUFNME B, LA K KA s i R 5 2 R B 1 S Ak AL
KR -5 mmol/L 2 FR B AE R S A,
WA 2R 25 W g AR RO R, MR, o Ry, fH Y ER
RRIYN AR, RS, 2 5-0.1%H
PR KV TVE R T s AR, AT DA B DU BR R S A B
PEERE I e R . 1S RSP BRI MRM (553
EAE 1R,

3.2 AIRCEBEHAIMMK

SR I 2%, R . B TS 2 R
PEWCEH AR BF, JU AR D 5 8 T E R R R U Ok,
FHEME, Wl A R 233X B 44 T SC ARSI 4K
THWVLIERE EDTA-Mcllvaine 2% i i3RIECE, 2
AR BB, REAFRIVLIEE (1, RBURETE, 4
MTFHik, BEERBOEPIMA 1% )5, RBCE, H
&, AR IR, SR B, 11 i n sz
Wy [ AR G, SR TR TE 82.4% ~ 104.3% 2 [A]12),
PR R K25 R I AR, WHREEXEEZRA
EDTA-Mcllvaine 2% W AE R $2 U, 42 EDTA 28 i
WA SREET M AR E FESmAZWH bR &Y
VW A, e AR RO A R R T I VR, e R
EDTA ZZ s 4R U, 7Bk, shbk & & sh ok itk
— o R IR B e, WS R AR R,
JE S AL R, SBOR AL AR N, R A i
PR B T % P T R AR W B R DLIE R, B T
PIUTTERCR, IFH LT 15 B HARE G 0 1H 03 1 52 )
F S0 2R SR ARG, (R 76 J5 82 HLB ARkt &
W HEE, S EAYEESE HLB B, REgftH,
TRV AR DA ARG i 3 i, AR T ARl T
EDTA M2 BUR, A 7% 8 BRER, o UARIEIT
VEE M, HHRBURAEEE, HAR LA R N bR R,
e, Hofh 2 FrTIE R R AL B AR RS . BTTE R M
B, A — 2 W 3 1 JC ML W] DA 4 (9 3K B 1, il
PUBESE 4 o SCHRIRIE YR A 10%48 M40 5 0.33 mol/L #i
FR VR R ULTEE [, 15 FIREIH 0 BHSCR Ry 80.3%~110%,
GO BT o (AR S & PR R SRR AR VU 3R 2K 258
(1, B AR 4 U BR R e R B I Y, i
0.1 mol/L &k R ¥ W W & A &2 W, WA 58 3k £
0.1 mol/L R RS 7% M MR UL IE E A -

i}
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100

b
& 50
]3@

4

W A%z A2

11

10

I

3.00 3.20 3.40 3.60 3.80 4.00 4.20 4.40 4.60 4.80 5.00 5.20 5.40 5.60 5.80 6.00 6.20 6.40 6.60 6.80 7.00 7.20

100 1 4

z
=50
g

13

15

14,

L

: J

050 1.00 150 2.00 250 3.00

350 4.00 450 500 550 6.00 650 7.00

fist ] /min

L AEVDAL; 20 BEEVD AL 3. DA 4. RNV AL 5. RHEVD AL 6. RUATD AR 7. IKSEVDAL; 8. XUE VP AL 9. VhRiVD AL 10, G
R 11, s 12, 5% 13, UK, 14. &8, 15. ZVHHE,
B 1 MRM BT 15 Fh2GWbn i ik 1 (51

Table 1

33 ERMMAIFEMm
UPLC-MS/MS 43#7 il 22 gh ¥y 51k & S B, $RBOR
JE ST F o BT 0 S A LA B SR s R RN, TTRE
TR R PR I B T RN 15
Tl 2 ) 16 52w, DA BF R 4R RO P R v ),
10.0 ng/mL FIRGARMER W, e HIEmRCh A; LIPIER
WA R, B 10.0 ng/mL ATRA AR A & H
W THIFR g B JE KN (matrix effect, ME/%)=A/Bx 1001,
Horh ME>100% 9 & J5T 38 5 300, ME<100% 9 3 J5T 1 1 2%
BTN 2 B, 1S R i S BOROM AT A, LA
XGRS BE B, SR A B S AN A ST, R
15 A28 ME 2/ T 100%, 938, DI k5L
JFRE, 11 FhEEEZE 25 & 8 R ME BN T 100%,
JFEEFNEH, MUAE, ZVHRESLEEN ME KF
100%, A3 TG sm A N, Fh okl WL, REShEEBCR X H FR
A WIAEAE — 7 (B ST 0 o [R)EF, SR PR JoT DG 75 v o ity
LRI RE R SRR E R R B HAE, Ak ME=[FE % IT
T b vl 2 1) Ak 238/ v i 2 1 AR - 1] 100%, 5 52 (R 37
H AR5 AR i R E T 1k B 0 SR ST AL S,

Chromatograms of fifteen analytes standard solutions in MRM mode

B2 s, S5 T X A 3 TR R AR TR 5 ARk 1 3
JRBON RN RS, IR RT AR H, SRRk i, ik
R, 2FERE5ZVTIREN ME<20%, R 5555000,
AR R AL L T M DUR R ) ME>50%, AR
FEFFON, HARILGYH ME 4 20% ~ 50%2 (8], N
LR R NAR L 2 B, BREBm RN ME R
11.7%, HA4x 14 Fiib-& P89 ME $2/0 T 10%, 55 3R
N, WA R FRE S v S o g T 40 4 TR 2 3 R, 5
FER R AT RIAL BE, PIARIL &, DT FRAR T 4 G 5
JRABON BRI, B R vk B RO v B R Ry
Hrif g
34 ZMXER. HHIR, BEEMERER
TEHBAPERG ZEAE S, I ARRIE R 50 BRIV, e BERE
FIAL PR TR UEAT AR B, ML, DA I 4y e i AR5 )
{32 PIBRIE TR LA DARAR(Y), TR RRIE(X, ng/L)H
BEARAR, ZilbrEfhk, BRILEmITFROLE 2), &5
DHITEAR BE A 0.1~50.0 pg/L A3 FE P 5 L0 TRI AR 5 R4 119
PR, MERB(DIIKT 0.9927, 15 Ry Wi brifEis
W AR S B MRM i E LA 1,
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Fig.2 Matrix effects of isotopic internal standard method and external standard method

VB VA 053 0 S I ) B R A op, 49 B AR R A
FUBBRAC RS, FALIE, LA 3 A5 H (S/N)XT L A i
VR AR 6 HH BR (limit of detection, LOD), 10 /%151 . (S/N)
X JOE B TIAR 1R A b %E B BR (limit of quantitation, LOQ),
FAFIZ T 15 25810 LOD YEFEIN 0.05 ~ 0.20 pg/kg,
LOQ JL [l H 0.15 ~ 0.60 pg/kg.

FEAMLFRES 2292 50 15F1 GB 31650-2019 BREARE
R, B s S S VDL BRI RL L R A
WRIDE, mEXSHZTIRR, MOaAhnesER . LER

HUARRTEXG AT MRLs 32 200 pg/kg, MHEH MRLs
400 pg/kg, 3GAHMEHEEZEZ5H) MRLs 24 10.0~300 pg/kg, H
FRYDRITP R MRLS 4 10.0 pgrkg, FHA S SR EHRIES T
TFRSE, HEAR RS & AR R, PRI
2.0 g(KEHA%] 0.01 g)BAMAS IR SRR, IIINRATRIEAE,
IARACE /3 BK%] 1.0, 5.0 F110.0 ng/kg, MATRE IR
VEWL, HcBERE ST 3 ik HEA TAb 3, EALIE, RN
ACFHEAT 6 YOTATINE . Z55aNR 3 Fiw, PR ISeR
N 60.6%~117.9%, FHXHREIR2ETLER 0.51%~15.3%,

R2 1I5MHAYRKMESE BXRY RHR. EERRERYE

Table 2 Linear equations, correlation coefficients, LODs, LOQs and matrix effects for 15 compounds.

LN/ %%
GRUEY) KL AR FREL Kt BR/(ng/kg) FER MR/ (ug/kg)
XA X8

R A Y=0.3577X+0.00456 0.9995 74.4 49.3 0.05 0.15
By R Y=0.5082X+0.0149 0.9985 84.6 60.7 0.05 0.15
R A Y=0.2118X+0.00359 0.9979 70.3 47.9 0.05 0.15
HNTD A Y=1.828X+0.326 0.9971 71.0 44.7 0.10 0.30
RGP A Y=0.09296X+0.0419 0.9944 84.8 92.2 0.05 0.15
Bk A Y=0.8659X+0.0603 0.9974 88.4 96.0 0.10 0.30
KED A Y=0.2026X+0.0123 0.9992 84.9 32.9 0.05 0.15
IR D A Y=0.1838X-0.00739 0.9989 90.6 60.9 0.05 0.15
HE ORUD:! Y=0.2497X-0.0156 0.9979 80.0 64.7 0.05 0.15

AR Y=0.1423X+0.00660 0.9999 90.2 70.8 0.05 0.15

S g Y=0.1874X+0.01201 0.9999 74.4 472 0.05 0.15

LIEZNS Y=0.5024X+0.0398 0.9993 58.6 144 0.10 0.30
ZVWHER Y=0.2779X+0.0319 0.9927 87.2 103 0.20 0.60

TR Y=0.3579X+0.0400 0.9974 44.6 42.9 0.10 0.30

BER Y=0.1642X+0.0446 0.9962 65.1 106 0.10 0.30
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Table 3 Recoveries and the relative standard deviation of fifteen analysts in the chicken and egg samples(n=6)

Jinkr: 1.0 pg/kg

JnkrE: 5.0 ng/kg fnFr 10.0 pg/kg

FEh 2R GRIUEY]
B &7 RSD/% B/ % RSD/% B/ % RSD/%

E= NI 100.7 4.1 99.3 1.6 101.8 6.1
b A 84.2 6.8 79.8 7.5 78.4 1.0
i A 86.8 11 76.1 9.0 73.7 9.4
WA 67.1 15.3 60.6 7.4 68.3 7.1
KR 97.5 11 93.5 11 92.6 1.9
Rk R 112.3 1.8 109.0 7.9 107.5 3.0
KRR 113.6 7.6 112.3 9.4 115.6 6.1
X MR D A 83.8 3.1 85.4 1.5 96.9 3.7
PRIV R 94.8 8.9 117.8 2.1 100.2 1.9
R 98.9 1.1 108.6 1.6 105.2 2.0
I g 103.8 0.92 116.4 0.51 1113 12
PUIRE 92.6 11 106.6 3.3 100.4 3.0
ZIHRE 89.3 7.4 93.2 3.8 107.3 0.85
T&HE 78.8 6.1 102.3 22 92.2 2.9
SHR 95.6 12.1 97.2 6.7 97.0 22
AR R 98.0 3.4 96.6 1.9 96.8 1.5
R R 97.5 7.0 94.8 11 100.4 4.2
R A 99.8 4.9 95.0 4.4 93.7 55
WA 96.7 7.8 105.5 13 99.7 4.9
Er.y R 100.9 11 110.6 2.9 99.1 4.7
Bk & 96.2 6.8 75.9 13 85.1 5.2
EEDE 91.1 13 83.2 7.5 89.6 6.8
XA WD A 83.8 3.1 85.4 1.5 96.9 3.7
Whivh & 84.9 8.9 117.8 2.1 100.2 1.9
IR 91.6 3.8 98.7 2.9 98.9 3.2
8 e 117.9 1.9 117.3 1.8 110.0 1.1
IIEZN 105.3 2.4 105.3 3.1 101.9 1.6
ZIHER 107.3 0.85 96.0 11 94.8 3.8
THR 83.5 6.5 103.0 6.0 94.3 6.0
SHER 84.0 13 82.1 10 82.7 43

3.5 EPRERESNE

X 2R T 5 A B T R AR BRE S HEA TR, 240
MAGA P EER SRR ARDE. MRV E . Bk
WRSHPES 5 Fidini2s 2y i, K5k
0.833%. 9.58%. 2.50%. 17.1%'5 1.67%; MHH+HEE.
PWIRE, ZWHRRMETR 4 YR EBEHGREH, Bl

FAYHH 13.3%, 14.2%., 45.8%F1 17.9%, 258 g
FER THEDE . AR0E . RYDE . ANVPES
BETh R4 5 MRS 25k 8, K R 4150 1.94%
3.88%. 1.16%. 2.33%5 8.91%; 1 334 M EF +HE .
IR ZARRMERGE, KHRDTIN 4.19%.2.10%.
23.1%H1 2.69%. H:4 GB 31650-2019 [ 5 FR i bRt 5Kl
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TR 2292 SO, RGEPZ VYIRS R R,
P B S HAR IEAR I IR SR UV L BRI A L AR
HUsb 2 4 Mg, BRI EWE R, A R R
FRUER, A 3 O30S AAERL T Z2 PHER SR, 2 A P P R
Wb RS LR R AR, RGP B IR, R
®A45HES,

3.6 BASBETEEFHESMARLAYNER
REKT RN

FEHRA 1 AAE 2 T H B 28R W (EDD IR i

SHEFS), ] 4 53 5 WERRY, RATHEGRANE
FEAE S s AR B EDI Y4512 0.0014 ., 0.00059 g
/(kg-bw-d), EDI I KEAH1 0.154, 0.042 pg/(kg-bw-d),
IFS HI{E 43514 0.00048 . 0.000097 pg/(kg-bw-d), IFS Fx K{H
A58 0.062, 0.0061 pg/(kg-bw-d), TL/NT 1, X 5X0E
FFPUFRZEZR EDI H{ESHA 0.0034, 0.0037 pg/(kg-bw-d),
EDI i KAEST 30 0.109, 0.352 pg/(kg-bw-d), IFS HI{E 535
7 0.00073 ., 0.00098 pg/(kg-bw-d), IFS & KA1 K 0.015,
0.068 pg/(kg-bw-d), ¥/NF 1, Ui BIHEE & R T REEK.

x4 BVEPFEEFLSIFRLXAYMNRNEAERERREEY

Table 4 Residues and IFS of quinolones and tetracyclines in egg samples

- s B - EDI ¥ EDI i KfH IFS #){H IFS f Kl
1594 W ADI/(ng/kg) PRI PR /% I /[ng/(kg-bw-d) /[ug/(kg-bw-d) /[pg/(kg-bw-d) /[ng/(kg-bw-d)
A(ng/kg) Fil /(ne/ke) I(ng/kg) ] 1
BeuwsE 25 - ND~9.34  1.94(5/258)  0.139 0.000056 0.0038 - -
AR A - ND~4.71 3.88 0.148 0.000060 0.0019 - -
(10/258)
wWRPE  2H - ND~21.3  1.16 (3/258)  0.263 0.00011 0.0086 - -
Wb R ZH - ND~38.3 233 (6/258)  0.412 0.00017 0.016 - -
B A 0~2 ND~30.0 8.91(23/258)  0.480 0.00019 0.012 0.000097 0.0061
BRR 400 0~30 ND~24.5  0.0(0/334)  0.211 0.000085 0.0099 0.0000028 0.00033
ZVWEHE KM 0~3 ND~466  22.2(74/334)  7.00 0.0028 0.189 0.00095 0.063
ILIEZS- 400 0~30 ND~9.96  0.0(0/334)  0.142 0.000058 0.0040 0.0000019 0.00013
+THE 400 0~30 ND~367  0.0(0/334)  1.777 0.00072 0.149 0.000024 0.0050
a3t WS 5 1] ND~38.3 - 0.288 0.00059 0.042 0.000097 0.0061
IIEZS- ND~466 - 2.28 0.0037 0.352 0.00098 0.068
T ND™ T A R < RIEFTAEOGHT S, LA TR,
*5 BAPFEEFLSOTFRAANIENELIRERREEY
Table 5 Residues and IFS of quinolones and tetracyclines in chicken samples
B B ADI  SRE{EYE w9 I Ezl'( iiﬁ_d) /[ED/'( F_f{_ﬁa) I ”;(i ﬁibﬁ.d) IFS i KA
lng/ke) /(ng/ke) Fl/(ug/ke) (nglkg) THETEONE BRIV ARSI g hg-bw-d))
R R A - ND~4.47  0.833 (2/240)  0.895 0.00022 0.0011 - -
AR A - ND~98.8  9.58 (23/240)  0.645 0.00016 0.024 - -
WHWAE 100 - ND~21.7 0(0/240) 0.210 0.000051 0.0053 - -
B 100 0~2 ND~508  0.833 (2/240)  3.91 0.00096 0.124 0.00048 0.062
A g 500 0~30  ND~0.377 0(0/240) 0.103 0.000025 0.000092 0.0000008 0.0000031
BER 200 0~30  ND-~88.8 0(0/240) 1.29 0.00032 0.022 0.000011 0.00073
ZVAE 100 0~3 ND~158  1.25 (3/240) 8.41 0.0021 0.039 0.00069 0.013
MLIEZS- 200 0~30  ND~10.3 0(0/240) 0.633 0.00016 0.0025 0.0000052 0.000084
THR 200 0~30  ND~186  0.833(2/240)  3.22 0.00079 0.046 0.000026 0.0015
- 5 i ND~508 - 1.15 0.0014 0.154 0.00048 0.062
PUIRE ND~186 - 3.39 0.0034 0.109 0.00073 0.015
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