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W, R 15 FiMsiT2E2iYE 2.0~500.0 ng/mL JEFEINLMCR BRI, MHXREEIRTF 0.998; KRNy
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Determination of 15 kinds of quinolone residues in aquatic products by
magnetic solid-phase extraction combined with ultra performance liquid
chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish an analytical method for the simultaneous determination of 15 kinds of
quinolone residues in aquatic products by magnetic solid-phase extraction purification technology combined with

ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods Samples were
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extracted with acetonitrile-methanol (80:20, V:V) solution, and the extract was purified and enriched using

Fe;04@ZIF-8 core-shell structured magnetic nanomaterials. The mobile phase consisted of 0.2% formic acid

water and methanol, with gradient elution, and analysis was performed under positive ion mode with electrospray

ionization. Results The 15 kinds of quinolones showed a good linear relationship within the range of 2.0-500.0 ng/mL,

with correlation coefficients all greater than 0.998; the limits of detection were 0.05-0.28 ng/kg, and the limits of

quantitation were 0.16-0.84 pg/kg. At 3 spiked levels, the average recovery ranged from 75.3% to 108.1%, with

relative standard deviations of 1.1%-9.3%. Conclusion This method is simple, rapid and highly sensitive, and the

magnetic materials used exhibit excellent adsorption performance and are reusable, conforming to green

environmental protection principles. It has been successfully applied to the analysis and detection of quinolones in

aquatic products such as grass carp, crucian carp, snakehead, loach, eel, bullfrog and geiwei shrimp.

KEY WORDS: magnetic solid-phase extraction; ultra performance liquid chromatography-tandem mass

spectrometry; quinolones; aquatic products; Fe;O4@ZIF-8
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A]); Milli-Q #4liKHL(3EE Millipore A H]); ACQUITY
UPLC BEH Cjg . i%FE(2.1 mmx100 mm, 1.7 pm)(3EH
Waters A F))o
1.3 FRERRECH

TRAPME AN VERFSE 15 R ERIR A RMER
i, R ERRE /3 BIRCA 0.1 pg/mL #1100 ng/mL
BIRAPRE TAET, BETEEH 4 °CAMF Tl 18 JARAT,
BRI —H .

TRA WARPRUE TR 403 HERR RS HL 3 Rl Arbr i i
Wida, HONEWBE 53 AECAL 10 pg/mL #1100 ng/mL )
RA WP TAER, B FHEH 4 °CH8 i T2 it

£, AR —AH .

R RI) LA 43 B AE 6 B BUR A bR e LR D
TRE ARFRIE TR, T8 0.1%H BRIK AW -FH E(90: 10, V:V)
W R, 2.0, 5.0, 10.0, 20.0. 50.0, 100.0, 200.0.
500.0 ng/mL (A5 RS TARR(NARYI TR, 50.0 ng/mL),
HE UPLC-MS/MS il 5E .
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. BANEE, AT REmKSs, BT & ra
MR E, RAWAIRMABHITS M MELSH, —18 «C
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142 AfSmATA R

FREL S g(Ki 2 0.01 ) 5 T 50 mL R 208
L IMAGE IR A W FRARE LAER, TRHE 1 min, BOLH
H 10 min, JIA 10 mL ZJf-FH BE(80:20, VIV, 1A TE
1 min, 7 10 min, A 1.5 g &4L5H, WIEIR 2 min,
10000 r/min &> 5 min, B2 mL FiEH T 10 mL #5058
Fr TN 30 mg Fe;0,@ZIF-8 ®iVEM B, imEiRE 5 min,
B DEE TR EEE 1 min, FFREEM RIS
R 245 RE FLE OB TS G, 75 I A 1 mL 47Kkt
MR, e 10 s, BTFHENIIRLEEHE 1 min, 375 LIFR.
AIA 2 mL FEL-FR(98:2, V:V)IE, W€ 5 min, BE20 85
J&, WA ETRIE T 40 CKE AR T, MA 1 mL
0.1% 1 R /K W - A (90:10, VIVYE %, 1 0.22 pm JE B %
FLuEME, ft UPLC-MS/MS 73#7 .
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%4 ACQUITY UPLC BEH Cig (2.1 mmx100 mm,
1.7 pm). FBIAH A K 0.2% M WK IE W, B AN B, R
W 0.4 mL/min; A7 40 °C; JEFERE 2.0 uL. BREEVEIBLER T
W3 1.

®1 BERRER

Table 1 Program of gradient elution

Bt ] /min T A/% TSI B/%
0.00 90.00 10.00
1.00 90.00 10.00
3.00 80.00 20.00
6.00 30.00 70.00
7.00 10.00 90.00
8.00 90.00 10.00
9.00 90.00 10.00
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AWFEIET 15 Fh QNs MZEFIHES, SRS 21
TR I 8 A R 22 B W O S A e v e R Ay
Wro W HEALE 5.5 kV DA AR 5 FI8ek; B+
VR E R 550 CCRAGERFBS FAR e 1, AT (R )EN
b 30 psi LAV kLT ABL 1RO MERBI
(IR F134 40 psi, 4351 FH T e 25 AL Al Bt
WA R TR S RO I, SRR N 20.0 ms, DAFSIE
FEANES XA R RO ), R SCR I RAE AU, R
F1%E K 7 mTorr, 15 Ff QNs FYHEAR S SR F 2 FiR .

2 157 QNs HRIESH
Table 2 Mass spectrometry parameters for 15 kinds of QNs
TE
S ew  UEF TET W
(m'2) (M2 BEReV HUE/V

245.1 20

1 NEVRHAR 303.1 80
189.1 25
o 233.1 25

2 Kb © 334.1 80
290.1 20
261.1 25

3 FURIPRE ¢ 362.1 85
318.1% 20
232.1 25

4 fRAEID A © 321.1 80
303.1% 20
s 233.1 18

5 75 N 320.1 80
276.1 20
245.1 23

6 WA ® 332.1 85
288.1% 26
s 245.1 30

7 Bitvb 2 360.1 90
316.1%* 25
340.1%* 19

8 PR A 358.1 90
283.1 22
o 265.1 25

9 BEVE® 352.1 85
308.1%* 20
299.1 30

10 VRV AL 386.1 90
342.1%* 25
245.1%* 21

11 iz 263.1 75
189.1 24
e 104.1 25

12 EIERR ° 233.1 70
159.1* 20
202.1 20

13 oL g 262.1 75
244.1* 15
160.1 25

14 MR ° 262.1 75
216.1% 20
. 269.1 30

15 WU R 370.1 90
326.1%* 25

16 Bitivh B -Ds 365.0 321.0 30 80

17 HHVAE-Dy 340.0 322.0 25 80

18 Wi VP AL-Ds 325.0 307.0 28 80

TE: FARARERE R NARYIBT: a. BIATPA-Ds, b. RNV
-Dg, c. WU -Ds; N ERE T .
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AW SRR A Analyst® 1.7.1 REF 4 LU
MultiQuant™ 3.0.3 #£ I I FUR LS AREIE o 2 R
PBRPREIT 2R, L BRI -5 X R AR U4 TRT AR L (Y) X5
T (X, ng/mL)EA iR/ IR VE I, e RRL P>
0.99 M RMLME R AT, BIALIRHRE SIS 1 WAL 3 4758
B, JyBRIEVCE 3 VREE 11 KPS, TR E e EdE LT
bRl 22 2R, BdiaZ Origin 2024 22 EIH 4 Hr ik
PRAE AR D RT3 o

2 EREHR

2.1 REUBTIRIEE

R ARAR A R IR, A ST i B R AR
S (AR AKCE A 10.0 pgkg), X T 2N, PR, ZE-
FH%(80:20, V:V) . ZJE-7K(80:20, V2V, £ 0.1%H 12)F1 F i
-K(80:20, V2V, 7 0.1%HR)S Flvi WAYARBUA AR o 45
RE 1 R, ZHEHECE R 63.7%~89.2%, X240
QNs [l al, (EXTIEIRAR . 60 s S PR s 2 P 4
B EMmIL . FEST RIS 61.8%~83.6%, HEIHHE
Ysm T 205, nIRED F R ( RVTIEABR S 80%Y. 2
Ji5 - K (80:20, ViV, F 0.1% B R ) M U & N F B
72.3%~91.2%, BRVESCIFA BT 2 #E i, (A5] AK
AR e B 2P LK (80:20, V2V, % 1%HTIR) K45
FIE R 60.5%~91.9%, F-EIEIPCRILT OIERR, HIE
PR, 2 TR E . NE-FEE(80:20, V:VYIRA
HIFRIECR B fl, F¥ImIEEl 75.2%~98.9%, Xf 15
QN [ ISR S5 Ry S FIFRAE . 2 REA ST se B il )
B, T ARG ARG B T R 5 G QN AYVE R AN
FRBUAE T Rk, AWFSE R 20 - B EE(80:20, V)T K
F R EGA T

120 -
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Lt b i AT ¢ 1Y
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Fig.1 Effects of different solvents on the recovery rates of
15 kinds of QNs
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22 HMMBEASEER

ZEET Fe;0,@ZIF-8 BEMEM ELA R (10, 20, 30,
40, 50, 60 mg)Xf 15 Ff QNs [R5 M, 251 2
R, 10 mg BEPEMRHECE H 61.8%~71.3%, 20 mg #
PERS BRI 67.9%~91.2%, 30 mg @A R A i 2
H82.1%~106.9%, 40 mg P A R Wi & K
81.1%~98.1%, 50 mg &4 AL [ i % 82.8%~107.3%,
60 mg BEPEAT R R R 83.5%~107.1%. K# METEA R
R R3sm, BFr bGP RICR 5 BT (AR E 1
s REMEA RN 10 mg 3N ZE 30 mg B, 15 Fp QNs Ay [El
R KR 20.2%~35.8%, o BIETD B ARIE D %
TR R R B K . SRR B =B 30 mg JF,
PR R ICHE ARk, SRR RIS T T,
HARME S P00 BSR4 S A 8, AR
30 mg 1B A T ARG AR & .

110 mg Fe,O0,@ZIF-8
320 mg Fe;0,@ZIF-8
120 - 330 mg Fe,0,@ZIF-8

I:40 mg Fe,0,@ZIF-8
B350 mg Fe,0,@ZIF-8
_ . 360 mg Fe,0,@ZIF-8
100 - ‘
. ﬁﬂ h
80 [
| il A0 o
60
40
20
0 LEEPTRY VR TRRE THRTE TR TR ISR
o R D&H = g 8o

[ /%

%I
E:I

& o I P

2229000000 RRE#D

ZEEEEERERERIDEKRKERR

HHEERREBREDIE &
G W 2R

2 BEMEREHRIREXT 15 Al QNs [N 5200
Fig.2 Effects of magnetic material dosage on the recovery rate of
15 kinds of QNs

2.3 IRFHESEIL

BT AN MR (1, 2, 3. 5. 10, 15 min)Xf
15 i QNs ZEBACRAFZM . 255408 3 iR, 1 min BIJR
7 58.7%~T74.6%, 2 min liltlﬁczj'a 64.3%~90.2%, 3 min [FIi %
H75.1%~93.6%, 5 min [EIIBCR K 80.6%~102.3%, 10 min [E11
ZH 80.3%~102.6%, 15 min R F 81.1%~101.4%, 7E
5min N, BFrGE Y0 RS RES B R IR 4R &, 7
Wl 66.1%E K F 91.2%. T 5 min J5, 4REEHERK IR
BfpEsta), [l R IE B B AR b o U BAREPE M REFE S min B, &
JE LUK SR FEPA . Bk, 2648 5 min 1R SR IR BB 1]

= LR R
100 f o IbE
A SR
pa e
90 + T -
T +E]:l§- /\%
S A
80} *ﬂ%’ﬁ-
= N IRl
= -o-IHh e
70 | RN
¢l
o ]
60 L —ﬁ?(’/"%
50

—_

0 2 4 6 8 10 12 14
W% K1 ] /min
&3 WEBESRIXS 15 Al QNs IR 52

Fig.3 Effects of adsorption time on the recovery rates of
15 kinds of QNs
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24 MRIREHHK

ARG 5E F BT MR A 2 A e ) %) E ARk
BRI, YR T S FRAEFIVE IR, 250k
Ml 2. WE-FER99:1, ViV), HIEE-HIR(98:2, V:V),
FEE-HTR (95:5, V:V) o 5 R AN 4(a) R, FR— IR R AR
ERICHEE . ) IR TR A VR 28 10 A W s 390 (s n
HER). XK ERA B TR QNs SRiMA kL [H] 1Y &
A G, R R R (98:2, VEV)RT A BRAL B 1 B4 i
ORI EICRIEE] T 91.6%. FrlA, HedH -
1%(98:2, V-V A Ji5 ST 55 19 A R 75 711 -

BT AR (1, 2. 5. 6. 8. 10 min)%f HAR
A& [N AR R S5 SR AN TR 4(b) B, R 5 min Bl ]
IR BN R ISR, SRS IE K i (] DR i TR e, o
KA U S min B, BB S ED# TR A BCERE S min
VB Ry AR AW s ]

25 FERFIEN
251 LhkrwmiazE, AEREREEFR

SKH 1.3 ECHA R RS0 TR, 8t MG S A L
MbRuERT 2 R, bRIAE &, RIS PEAG e R B
SRR o MR 5 1 B 1 7 25 K H PR (limit of detection,
LOD)FIE £ FR(limit of quantitation, LOQ), ¥ SN=3 X i
vk FEE A 22 0 LOD, SN= 10 X1 Ak B {E%E A LOQ.
3 3 ULl s, 15 l QNs 7£ 2.0~500.0 ng/mL
J R DX R N B AP R SC R, P KT 0998,
Z3HEASH 15 A QNs i LODs JEHA 0.05~0.28 ug/ke,
LOQs LN 0.16~0.84 pgikg., METFRAIE 1077 544
-1-2008 7K™ it 17 BB RS K 15 s v 25 24 1y 5% B
HME WO €3 - ER I BT 5E ) (1 LODs Al LOQs. Z5G
AL, ARG N7 A Iy vk L s R S R Rk
Wi, Ay JE SR AT b R QN 4B I B 4t T T SR A 4
AR
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100 F i - RR(95:5, 1:7) A AP
|[‘ \'i 1 IlllI [ m I il —v_ﬁziﬁ b5
ik [ Y EW A 90 |- o IR
80 |- FI‘H '\ Al it | i 7 41 < HF D
| PEY > BgTb
W NS & Pl
S 60 b ; s 80¢ - R B
# = ‘ PR R
= & o P
£ 0t 8 — ZRIEIR
40 b : o il
K- s g
E— = RN
. 60 | RE U A
L e gy pory ey ey TR pregen 50 - \ L .
fiiiziiiiiigiis S
A0 2D DD DDA EHRD il /i
TRRERREERSERERR IRl /min
HEXFEREKBREIE &
AW 2T
4 fERIET () R R (D)X 15 Fl QN [ ISR A 52 1
Fig.4 Effects of desorption solvent (a) and desorption time (b) on the recovery rates of 15 kinds of QNs
=3 157 QNs HELMTEE ., fEfZ&ATE. RERH. LODs. LOQs
Table 3 Linear range, standard curve equation, determination coefficient, LODs and LOQs of 15 kinds of QNs
75 & AL F/(ng/mL) ey i PE R LODs/(ng/kg) LOQs/(ng/kg)
1 Nk IR iR 2.0~500.0 Y=9658.7X+203.4 0.9988 0.25 0.75
2 R & 2.0~500.0 Y=11896.2X+245.7 0.9990 0.14 0.42
3 AR R 2.0~500.0 Y=13258.7X+268.9 0.9987 0.11 0.33
4 RV AL 2.0~500.0 Y=11247.6X+234.5 0.9985 0.17 0.51
5 Wi b R 2.0~500.0 Y=12536.5X+258.3 0.9992 0.12 0.36
6 BN 2.0~500.0 Y=15247.8X+312.6 0.9989 0.09 0.24
7 Rt 2.0~500.0 Y=14215.3X+285.4 0.9991 0.05 0.16
8 FRAU A 2.0~500.0 Y=14876.3X+302.8 0.9992 0.06 0.17
9 BRIV 2.0~500.0 Y=12658.9X+278.3 0.9988 0.12 0.36
10 SUE R UD 2.0~500.0 Y=15236.9X+315.7 0.9989 0.05 0.16
11 iyl 2.0~500.0 Y=10875.2X+226.1 0.9991 0.16 0.48
12 ZE0E R 2.0~500.0 Y=8956.3X+187.9 0.9986 0.28 0.84
13 oL 2.0~500.0 Y=10119.4X+215.3 0.9983 0.27 0.81
14 W s 2.0~500.0 Y=9854.7X+198.6 0.9980 0.22 0.66
15 R U 2.0~500.0 Y=13587.4X+296.1 0.9993 0.09 0.26
252 HHEFEEE T, 15 " QNs B F-HENSCEN 78.2%~105.6%, RSDs A

AW RO | VT | e AR s B S 1.4%~8.8%; FE 100.0 pg/kg WMIAKFET, 15 Ff QNs i34

55(5.0. 20.0. 100.0 pg/kg), FMREHE 11 HF1TH
Bho HERR 1.4 WHATRTACEE EALINE, THESEY R
Je AT BRUEIR 2 (relative standard deviation, RSD). 55 L
4, 1€ 5.0 pg/kg BINKF R, 15 Ft QNs (972 [,
78.0%~99.2%, RSDs H 3.3%~9.3%; 7E 20.0 pg/kg K ¥

[Ny 75.3%~108.1%, RSDs N 1.1%~6.8%, i1 b ik ZEF:
AL AP EERE BT, 15 B QNs B35 AR =l
R ITAEF 70%~120%K) A HTEFE M, RSDs<10%. 2%
J7 e AT LA kG 55 1 FMEA 3, TS FE T SEBRRR S Y E
PEE R T
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&4 15 QNs BMMARF I EYLZEF RSDs (%, n=11)
Table 4 Average recovery rates with labeling and RSDs of 15 kinds of QNs (%, n=11)

5.0 ug/kg IR A RSDs

20.0 pg/kg FIHFI RSDs

100.0 pg/kg [FR A RSDs

e ri ANz sl Hifh AN fi s tifh banzil it
MR R 81.0,6.7 83.4,7.2 82.6, 8.1 82.4,7.6 84.5,6.9 86.5, 8.8 77.9, 6.4 80.2,5.8 81.3,6.8
IR R 94.0, 6.8 91.3,6.1 95.3,5.7 94.6, 4.8 91.1,5.1 942, 4.9 98.6, 5.5 99.2,4.8 95.7,5.2
A A 89.0,5.1 90.2, 5.8 92.1,6.2 90.6, 3.5 95.4,3.9 93.3,4.6 98.1,3.4 98.6,2.1 99.5,2.6
g A 88.8,4.7 89.6, 5.1 91.9,5.8 94.5,4.5 93.6,4.3 96.7, 4.8 97.1,3.1 95.4,3.6 93.8,2.2
Wi & 86.5,3.5 88.3,3.8 90.0, 4.2 94.6,3.7 95.7,3.3 94.1,4.1 929,2.1 92.1,1.7 95.7,1.8
HRY R 96.5, 4.2 99.2,3.5 97.6,4.1  105.6,2.8  104.8,2.1 1053,2.9 108.1,1.1  1062,13  1053,1.9
Bk A 91.2,3.3 90.8,3.8 94.6, 4.7 955,23 972,18 98.1,1.4  103.7,1.3  99.8,1.7  100.5, 1.6
FHET B 93.0,4.6 92.4,5.3 95.7,4.9 95.2,3.9 90.3,2.9 93.3,2.1 97.5,1.5 98.6,2.3 97.3,2.6
R 90.5,3.7 93.3,4.4 91.2,3.9 89.0,3.1 87.6,2.4 89.4,3.5 92.0,1.8 91.5,2.6 93.7,3.1
T ORI 92.5,5.4 94.6, 6.1 92.8,6.9 88.6,4.2 85.4,4.8 82.1,4.3 87.5,3.5 85.8,3.7 84.2,4.1
[y dd 87.5,4.8 88.9,5.3 87.6, 5.6 86.2,3.9 89.3,4.7 85.3,4.1 78.7,3.7 81.1,3.3 82.3,3.1
ZRIERR 84.0,8.7 85.7,8.9 86.9,9.2 83.6,6.3 88.2,7.5 86.7, 6.8 84.6,5.2 84.2,4.9 81.1,5.2
S P v 86.0,7.6 88.4,6.7 84.3,6.3 84.4,5.9 81.0, 6.2 80.9, 5.3 80.2,4.8 82.0,5.1 80.5,4.3
IR 78.0,9.1 79.5,9.3 80.5,8.7 78.2,6.2 79.3,5.4 81.2,6.1 78.7,3.9 774,42 75.3,4.7
BBV E 923,5.1 93.8,5.7 91.8,6.2 90.6, 4.4 92.4,3.9 89.9, 4.8 88.3,2.9 91.5,2.1 90.7,3.3
253 RRH B HE 201 . B
ME ST R L TG, S5k TR 18 R
win BB AR BAREH 2% B AR BT AR AR A 4 ) sl 161
SERVERDY . st db i & A . g . A & 14 :
AR H BRI AR RS TR P 0 B PR, T 5 ) LA e 2F .
SREE . TN 23 A BRI A SR R . RS S Sof . : .
BN, SETF S RAE AT 0L I M AR . ME Ssp s . B
BTS2 R ME=(F J5 DT Be A o il £ Ak /4t 75 75 B ol 6 ST . .
R 22 A1) -11x100% . X4 ME<0 Hy FE B I 20% ; ME>0 af . o ]
g RE TR HATRA R 24 |ME|<20% 45 ME, 20%<|ME|<50% 2t
Syt ME; IME|>50%43% MER, @& 5 iR, 15 # QNs or
R VLA 6l 3 Rk 5 ME $4°8 3.3%~13.8%, 3 f§ EH\ 3{ ﬂ;ﬂ% EH\ gﬂ\* jj EH\ I_ﬂi i EH\ % g % Eﬂ\
Wl ME 555, Bk, 2EABRIERAG™ oy, M TEEEEIEEREERERR
FREIEF45 £ PRI TR, AR (T AL R &
& 7

e, #e T aHrseR.
2.6 FMEMRIES RN

NP Fe;0,@ZIF-8 BETER R TS F FITERE, AWF
TR AT T 3ESE 10 Y- W MR 52 56 o 45 R anTA] 6
BR, 2253 10 WARIMES, ZFES 15 F QNs BYZEHL
OB AT AERFEE R AR (A 80.1% LA |, AL H 45 RAF 1Y
SERSE PEAN T S I AR T A AT 10 Wk, Al
TREARSI A, FF5 e @ E R B
2.7 SEPRFEMAGT

R ARG AL B 7 0 7 Rt 5 K™ i (R fa i |

K5 15 % QNs i MEs
Fig.5 MEs of 15 kinds of QNs

VL. UMk, BEE . A d RIE R TR I 3T, B
FRFPZ 50 ik, ANk S Fw, ek, BEE . - ik S 3L R
QNs PR3, T AR AR e, 14 9.82%, JE
ek A 850.11 pg/kg, 2 MEZEHAE MRL 1) 8.5
Vo BB JRBRORIER R A B AR B R R 542,24
268.42 F1 248.03 pg/kg, MFREKKHA 6.53%. 8.72% 5
8.84%. ML N, Bfn | fllfn K VT 55 40 25 A B AR 330 o
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Bl WORTIS, RS, HEE. AMERALEURRuEEE 1207 R
SRR BT — K. VPG i 4 TR ol b1
HRAITIAIT TN | WK IR TS, AL e ] T

M
NV

o JHAU R
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il 2K 245 4y fe 50 o 8 46 P 24 ) B AT G, AT B2
FES YRR Ak, YRk . B EE S IR Bl
WA B R A, X 25 W RE DR T 2, Bl T o DU
ZIAER P BT AE 4G, HE— 2D o TR A RUR D071, , \%\L\j ¥ g%g ‘
(EASH T ARG AL, A S K PR e e B S 25 M 1 A2 O D e
A 5E AT AR, KRB A 5 0 T R AT e, : PR
A KA B WE TR 2 25 ) 15 G, TURRY) s m] REAG: H 5k
TR O AR AR 6 REHEBPRITR 2 5 FIUCROM 15 Fh QNs F Il i B
P, S5 TS BRUTBU G SR MR 25 ), ST Fig.6 Effects of the number of reuses of magnetic materizj:on the
AR R R —EHE R A, recovery rate of 15 kinds of QNs
®S5 BKEmT QNs REE

Table 5 Residual levels of QNs in various aquatic products
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ok

%5 G KitR/%  #BiRE% FHIRE R/ (ug/ke) % B T /(ug/ke) MRLs/(ng/kg)
Bin R 45.04 5.52 75.03 5.04~187.41 100°
- ARV R 1.12 0 1.35 1.05~1.78 2°
DAL 1.08 0 1.22 1.11~1.68 2°
YDA 1.26 0 1.59 1.03~1.89 30°
Bk R 38.20 4.83 71.04 3.52~220.12 100°
s ARV R 1.08 0 1.33 1.07~1.62 2°
R AL 1.13 0 1.05 1.01~1.38 2°
Wb 0.89 0 1.62 1.23~1.79 30°
Bk R 28.61 5.04 65.84 4.22~153.34 100°
. R 0.76 0 1.27 1.10~1.72 2°
i R AL 0.53 0 1.01 1.01~1.22 2
YR 0.76 0 1.69 1.38~1.92 30°
Bk R 55.51 8.72 74.62 8.03~268.42 100
ARV R 1.20 0 1.21 1.09~1.58 2°
e bk —
IR A 0.67 0 1.33 1.19~1.77 2°
PR 1.62 0 1.75 0.56~1.83 30°
Bk R 60.22 6.53 70.73 10.50~542.24 100
R R 1.30 0 1.29 1.08~1.62 2°
o IR 1.01 0 1.36 1.07~1.83 2b
YR 0.97 0 1.48 1.19~1.84 30°
Bk R 65.43 9.82 82.94 5.81~850.11 100
R R 2.68 0 1.57 1.47~1.88 2°
L DAL 1.57 0 1.66 1.52~1.93 2
YR 1.24 / 1.84 1.67~1.91 /
Bin R 12.21 8.84 54.23 3.50~248.03 100
—_—- R R 1.33 0 1.17 1.06~1.49 2°
DAL 1.05 0 1.25 1.10~1.39 2
Vhivb R 0.87 / 1.59 1.38~1.88 /

TE: % MRL KT GB 31650—2019 (&b e EAEbRE & 825 5 Kok PR ) ;° MRL SRUET GB 31650.1—2022 { & fh &4 FH%K
PR Biheh 41 MBI RIR B R ) /R IZ AL A oty FRAE
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KGR R MSPE 454 UPLC-MS/MS &t~ T —Fhife
BRI E A= M 15 B QNs BT 8L, RSHEE TR
VR L WG RE BT A RAEXT 15 D QNS SRIBGHE
B, JERAE T AR RTARBE S . IR IIE, 15
il QNs 7E 2.0~500.0 ng/mL H4 R IFHLME&R, LODs
0.05~0.28 pg/kg, LOQs 4 0.16~0.84 pg/kg, AR E 25
S EEH 75.3%~108.1%, RSDs 24 1.1%~9.3% (n=11).
SEBRAR AR B, %07 R RRIE F T 2RI OK ™ i (|
fi, YLH, YRSk, EEEE L A kAR EAR) B AT . %Ik
K 7= ff B QN Bk B B ME DU B AHE T —Fh T A BR B,
T IS 4T o B2 A 7 o 2 s R 9 B e Lo
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