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Determination of Veterinary Drug Residues in Yak Meat by QuEChERS-Ultra High Performance Liquid Chromatogra-
phy-tandem Mass Spectrometry LI Zeng-ming"" ,XIE Yu-long*** ,MA Chun-guang”(a.School of Chemistry and Chemical En-
gineering,b.Xining Center for Disease Control and Prevention, c. Key Laboratory of Nanomaterials and Technology in Qinghai
Province , Qinghai Minzu University , Xining 810007, China)

Abstract : An ultra-high performance liquid chromatography-tandem mass spectrometry ( UHPLC-MS) method was established for
the simultaneous and rapid determination of 31 kinds of antibiotics residues of tetracycline, quinolone and sulfonamides in yak
meat by using amination multi-wall carbon nanotubes and C18 as purification agent. Then, 2 mL (0.1 mol/L) Na,EDTA-
McLlvaine reagent and 8 mL acetonitrile were ultrasonically extracted ,the supernatant was centrifuged and purified by QuEChERS
(‘amination multi-wall carbon nanotubes and C18 as purification agent) method.After concentration and volume determination ,the
Water ACQUITY UPLCTM BEH C18 column was used for separation, electrospray positive ion mode (ESI") ionization, multiple
reactive ion monitoring ( MRM) signals were collected and quantified by external standard method.The results showed that the
residues of 31 antibiotics had a good linear relationship in the linear range of 1~200 pg/kg (r>0.995 0).The limits of detection
and quantification were 0. 06~0. 77 and 0. 18~2. 31 ng/kg,respectively. The average recovery of 31 veterinary drugs was 63% ~
126% and the relative standard deviation was 0.69% ~ 11.5% (n=6) at the concentration of 20,100 and 200 pg/kg blank
labeled samples.The method was fast and simple,with good reproducibility and high accuracy,which was suitable for the analysis
and detection of 31 kinds of antibiotics in yak meat.
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BERAREmT

QuEChERS Fij &b #HLJ27F 435 [ AH A6 BB AR 35
Tili b R R R (i — Rl B T AL B LY R 4
DR P Ay o e e m SRR R B
R % J2 o K5 ) QuEChERs #5372 N T4
LRI 5% B 1 e AT S Al R P 3
BT IR R S B b6 YW BAL 7 R B 45 5
A B b FH R e AN (] 0 35 o i e 551 2 o SO 5T
X4,

H HITE A 24 T 22 5% B8 ARSI s hy G g
B £ A c18' PSAT NH, P AR 4N
KRR A R BRI AE L SRR
I S5 A R S P o R A s 1) L 3R TET AR )2 T
PEGTR R I M 2G5 B el AR WA KA
A ZEEMYRE T BERR 9K A, Horp & ik 2
BERRK AT B FRIR PR 5 K N i 2
A5 TECIR 5 4 JR B A A R Y W B PR REDT L R
FH Ak 22 BE Rl 29 K A8 T Ak IR T4 o 1 4
b AR AT A, T 0 T AR B
Brémdg ™

AR SR FH 8 e 350V €1 £ I T T VA XA AR
P 4 FhIUPR R 2S04 R 12 Rl iR 2 pi A
R 15 P e A R AT E

1 XIWEsS
1.1 FEAE S

XEVO-TQS Cronos 7 /=5 350 W A €0 33 -5 i
B AL (3G H Waters 23 F]) ; DCY BIR MY (b 5T
R R AT R A 5 1208 B F K P (fiE [
Sartorius 23 7] ) ; KQ-800KDE 7l % 2 15 2 3K 8 7=
Peim v (R IR @S A BRA A 55910R B
BB DHL(FEE eppoendorf 23 F]) ; VORTEX3
RIER IR A (5 KA A H]) ;0. 22 pum fALIE
JBE (CLZHER R A BRA ) 55 mL T T e (2%
JEBE F SR AR A D)

PUBR IS M DS B e S bm o i ( LI

AR BRI S AR s Bl L (Ggal, 18
EERFEAF]) s KRR N TooK iR B | Ak |
PR R A 8 Na,EDTA -2H, 0 ( 23 #raf,
R ME 7R A R | ) 5 2 R 2 BE IR 44 K
B(HiE 9%, HA% 8~20 nm, B K 5~20 nm, )
BT R R B A R A E] ) s R (A4l |
PSA #3,C18 \NH, MB35 (b 5t il SR A R A
F)) ;2K (£ E Millipore A H])

FEAR oK A S22 H O RFEA
1.2 ik
12,1 JEJRUCFCAR i ih 4 0 il 2%

100 pg/mL TEG A5 HEAf 25 T W1 45 < 40 i kG
BFREL 1 mg 31 F HARLA Y, 76 10 mL AR A%
P B R B2 FEA R,

1 000 pg/L G o v (B8 2 . 1T A B
1 mL( 100 pg/mL) bRl #5375 100 mL F7€
Fa b W e R B2 B AR

200 wg/L VR A b o AT FH ] A5 . v B IR
2 mL( 1000 pg/L) RS FRUEF EIEFE 10 mL F7 €4
ZEE T IR R S AH B A BRI LR R AT R AT,

2R R 1 AR S Bk & ke
e e Ay IFE N

WITE W 5 4H:95% A (0. 1% W 27K ) +5% B
(% 0. 1%H RN V(HEL) :V(ZHE)=2:8),

23 P 3 ST b o AR 90 T A . o B R S50,
100,250,400 ,500,750 F1 1 000 wL(200 pg/L) &
APRER T 1 mL SERE/NME 8 1 mL $2HL
J5 B 25 R 2 B0 A 2R RE N R SR 5 1
45 CARWEFM AT, N 1 mL W14,
ATER =% 1R 21 )5 BIA% 3] 1,10,20,50,80,100
F1200 pe/L 19728 I AR A
1.2.2 PRSI AE S

FREL 2.0 g 22 4d 513K I M 4E 4F IR AR L T
50 mL 0P, SRE A 2 mL (0.1 mol/L)
Na, EDTA-McLlvaine 1%, ##% i€ 30 s, ilA 8 mL &
&, A 4 ¢ TOKBRERENAN 1 g SRR, 3 5 e
5 min, M 20 min (VR JE A B 40 C), H A
5 000 r/min, Y FEAET 5 C B0 10 min, %L F A
PRSP — AT IR, Rt
1.2.3  HaREL

AT 22 BER AN KA X DU P 28 2K s 5 Bl 2K
AR, A L L, AL 4 DUIR 2R IS RN i
MRS, B 5 mL FVEW T 15 mL % 200 mg C18,
150 mg Jo/K B R 84 1) 250045 T, JR € 10 min, 4



Fao BHE o ZEHALE . QUEChERS-B S350 AH € - 88 R Bk M e fE 2R A h 2 R A= R R B 101
7 20 min, YA 4 000 r/min .0> 15 min, I E a3k
5 mL FIHW L, AE 40 CORIBZRMTFT AKX T, A2 e pamen  CPET OFET g
Y1 AR LS mL BVERT 15 mL 7% 150 mg (m/z)  (m/z) BER/NV /N
KB 100 mg SOREZERIKTOEL 6 sgwn g 007 2
B IATE 10 min, #7720 min, L1 4 000 r/min B '
L3 15 min, fEFAFZELS mL I, 75 40 C/KIBH 7 W 352. 1 iggi fg 30
AR T, PRS0 0.5 mL W46 7 5)) ses a0
AHHE R, 1 0. 22 um JE S 76 8 = A A €2 8 BHDE 02 53 s 35
T BRI BT R _E LI AE A 9.05 15
. . 9 LY RG2S 358.2 35
1.2.4 (A K s 40 340.3 15
o A
L2.4.1 @t 10 EH R 362. 1 i‘?;i f(s) 20
3% ¥ . Waters ACQUITY UPLCTM BEH C18 :
H(100 mmx2. 1 mm, 1.7 wm) ;i ;0. 3 mL/min; 11 S 262.0 igig ;2 20
FEWR 30 C; HEFEARFR . 10 wL; i shtH: A:0. 1% H 2319 "
TRK,B. & 0. 1% BRI VIHER) :V(ZhE)=2:8 12 HRD R B2 52 3 30
BRREVEI, BT R 1. wes 2
. AU, 13 TR A 400. 2 ) 20
FT1 VLSRRV RR Y 299.2 25
Tab.1 Mobile phase gradient elution procedure 4 — N 92.0 25 0
it 1] /min A K/ % B #/% 108.0 25
0 95 5 S . 124.0 25
i L g
2o . s 15 EEMEZWEERE 279.0 186, 1 s 20
5.0 60 40 156.0 15
o s o5 16 G EEEEEE 2650 9.0 30 20
7.1 95 5 N 156.0 20
o0 o5 ; 17 B fR ] — A E 311.0 9.0 30 20
1.2.4.2  JIEAMH 18 B A RE 281.0 1;2.8 ;(5) 20
B WSS IE B B (EST) ; it e s
T 2 ROV BRI (MRM) ; BAHE B 19 fitih LT 0 20 20
FE:2.0 kV; B F IR EE . 150 °C 5 By 7 S B - 72,0 20
o e e 20 (RS 363. 1 20
450 °C ¢ JBEFA IS0 Bt 800 L/ Hrg H AL 28 200 10
i
W2, 21 bR 386.2 ;gg' ? ;z 30
Fx2 3 MHAERRRAYEESHE LS '
Tab.2 Main reference mass spectrum parameters of 2 BEEWPBETME 271.0 92.0 30 25
31 residual antibiotics 156.0 10
92.0 25
BETF FET A HEAL 23 R HREERE 2680 25
B A 156. 0 10
5 RUER L s RV IRV
) 158.0 25
. 428.3 15 24 ik JHe 4 bk s 315.0 25
5 92.0 30
1 UEZSy 450 s 20
- ) 156.0 10
2 EH/R 479.1 jg;"i 3(5) 25 2 W AR 285.0 92.0 30 2
e 156. 0 10
3 Gt 461. 1 12;2:; ig 25 26 BAEWEE® 2810 T 25
. . 428.2 15 R 108.0 20
4 PAES | s o 25 27 TR A 277.00 Lseo 0 25
Y 302.2 10 e 92.0 20
5 B 2010 200 10 28 O 256.0 o0 o »
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sk

BEF FET O R HEFL
(m/z)  (m/z) HE&E/V HE/V

F5 EwAR

156.0 10

i R M B .
29 itk JHe bk B 250.0 1080 iy 25
. ) 92.0 30
i g 0 /: r,;ur‘v .
30 TR HAEMERE  281.0 156.0 s 20
N 92.0 25
31 % e s e 251.0 15
it e i g 156.0 15

2 #ER5ie
2.1 FESRTARBRSORBE R AL
2.1.1  FEHGH R

ARG S 31 oA R A IUIR RS
WETHIR S BN S G ), MR 2 kst s
G TR, CNER—FhE RS BGLH], XF
T HAMEA YA B S N RBGCE™ | i TR
K HEWMEAEWTE CIE MR IR 2 S
AR B HL R /N T 159% 0 W R
20 F Na, EDTA-MecLlvaine 2" 328 1) $12 Bt v 145 i
FAL G W A IR R AL G 4 O R s T
B B ZWIEREERNES 0.1 mol/L
Na, EDTA-McLlvaine Z& M W LA — & 19 HL R &
J&  ARIBCBCR T o TR AR 52 58 rhoxt i Bt ) 2 e
VS VRN i 10 L A8 B AS TR R0 TRDSOR 64T T X L,
5% V(0.1 mol/L Na,EDTA-McLlvaine i
) V(ZHE) = 1:16 B, U R BZLA P ik
H<d0% ;16 V(W) V(L) =2:16 B, 1Y
HRFAE Y0 R G 4E = ) 85% LA |5 &2
WA I RT3 3 216 F1 4:16 B, Y
R AW IR 216 B ICHA 225, N
AR Na,EDTA-McLlvaine i85 i3 £, % 5 2241k
iR R BRK T ARSI R e, S BCH bR SR
[ R0 PR A 58 645 16 mL LM AT 2 mL
(0.1 mol/L) Na,EDTA-McLlvaine i 5 I & &
Ve AR IBGR)
2.1.2  BRAKFI

ARSZIG i Y B 7K 30 43 ) R T K A R
ToKBRRREN AL, WA REXUEWES 5%
JE B F Mg™ &5 & B A9 Rk, 724
PR ZRIAb A P, AN SR JC oK i R B E A 7 o
K, EALENBESE R BRK A IR R KA
Gr TR S EURNSCR AR, 7EIR IR & 5 TEK
IR E/NT 6 g i, B EBLG MR R 2K

G Y TR ERZE AL G W) A K B PGS 0 1 el i
FAFTREAR . M ICKBR ER £ A FH el D B 43 2
BRI, BARMES P IRISCRFEAS , JCK R en
e, B A R &, S IoK iR R
RN 8 o B, AT EBR 2 75% MK 43, FEEE TN
ToKBRER AR i, B AR A 20 i [l T8 B
Ak, F— BRI, B LR EL S mL
WL AE , AT A1 Ak DU SR 2R IAb A W s 145 TR
FALEW, H 150 mg JooK B FREH RI AT 5k 25 38 43
7K, A2 AR A5 ), 150 mg oK
T R B T HE A LB R 7K 47
2.1.3 AR R

ARWFFEXS L T 24 5 Ak 2 BE Bk 94 OK 45 | PSA |
C18 HI NH; 3% 4 Rk %y 31 M Hinfb & 909
AL A A Ak S SR AR AR R v A ) $E R
W, FZ VMR ) 40 we/L IOFRMEVR TR, 2 ) 5
mL, 43 3HIA 25 .50 100,150,200 F1300 mg |3k
FARF Ak 5 TORE R AT AR €2 5 - £ I T 3 A
W, NH, b0 5 0 AL R (B R s 25
FERERE 2] 5] A8 TP, X H ARk &1
FEPEFE ARSI R T DAHERR . SR 2 RE N
KA 50 mg B, PUPRZR 2 s i T 2k &5 4
[ R 34 <50% , A 100 mg i PU R 2 25 g i
2 FTSCRAL R 10% ~ 25% , ik i 28 58 247 [ i R
=ik 85% ,C18 REME WL AR i S5 s B K T4
W22 C18 JI AR N 50 mg IR B2 254 1 [m]
R 10% ~30% , I 24 100 mg B, PO 3
RIS R R 75% , A 200 mg
Pt IO B 2R A AR 3 IR 28 - 1 [ %R 849, PSA
WrAEfS LB —se it T3 ™, i A& 100
mg i RIXT 3 2464540 B 300 A R 6 A7 T 8% 6 550
7 100 mg B (P-4 5 B IR A 1 s

100r A
C18
PSA

PR R 1%
& 8 3

[
(=}
T

e
B3 M S el R

Fig.1 Average extraction recovery of 3 kinds

of adsorbents

g b, nT LAl 645 ik, A1 4H . 200 mg
# C18+150 mg Jo/K B MR B4k, A2 4. 100 mg
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IEARANR A +150 mg JO/KBR AR BE 1L, 4515
TR L S S T RN 2 R
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® |
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b
I
i
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z |
4.60 F
I "
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1001
c
1
B o
e INIE
= 8
* 4 ﬁ
7 629
399 1“16[)%10546.43 ,
i sl |1 1077, 6.927.14
SIS AL L A S N
440 5.00 5.6 620 6.80 7.40 8.00
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5
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i { sm |l
I | 1326
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d P A I TR A
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Fig.2 Total ion flow diagram of different

purification reagents

2.2 Jrikmaik
2.2.1 MR MR IR

KRR s 1 38 o bR o T A VR A A7 b o
M2 hilfE . LLE bR bGP 58 1 0y g i AR
B BT U BE A A A A 2 i) A A B it
L GBNLPERF )R, A HARfb & WAl ¢
FHr>0.995 0, KW H b5k G Wy 78 A0 N 1 ik FE
WEINEM LR R, 31 Fdid R H RN
0.06~0.77 pg/ke, RN 0. 18 ~2.31 pg/ke
(%3),

R3 31 AHPMEA AR K R GE BEFR
Tab.3 Linear relationships, detection limits and

quantitative limits of 31 target compounds

X KR e
5 YRS PR MR R (pg (pege
N ke ke

1 PURRE y=199.5320+1 959.61 0.996 0.53 1.60
SRR y=56.584 1x-35.371  0.993 0.53 1.58
+RE y=137.464x+164.985 0.9983 0.37 112

EALELS 3 y=235.237x+1 150.99 0.992 0.45  1.36
Kb A y=141.584x+311.883  0.9987 0.24  0.72
R A y=93.648 4+108.127 0.9963 0.70  2.09
S SUE y=329.817x+2290.45 0.9974 0.17  0.51
B RE y=198.40+2987.97  0.9978 0.66  1.97
KRR y=128.936x+349.911  0.9984  0.43  1.30
10 4RI E y=354.20x+2442.47  0.99%61 0.52 1.55

Nl Y, B~ S T )

11 G y=419.619x+1 795.67 0.9965 0.24  0.72
12 R A y=255.65¢-169.385 0.9976 0.32  0.97
13 ZHibA y=100.03x+1247.44 0.99%67 0.52 1.55
14 fERGHIEM 4 =362.265x+5.6004 0.9963 0.18  0.54
15 fiffifle —HIMEIE y=675.7850+239.296  0.9974 0.16  0.47
16 fEfffie FREmEIE =358, 753x+47.004  0.9971 0.36  1.07
] — A
17 ﬁi‘ﬂf” Fﬁﬂy=850.035x+310.86 0.9983 0.08 0.25
TEEIE
ik E] 4R
18 ;E}?jqﬂﬂ y=916.864x+659. 178 0.99%65 0.11  0.33

19 Kb y=168. 172x-28.686 5 0.9981 0.52 1.55
20 FRORIDE y=545.184x+2 106.7 0.9972 0.29  0.88
21 PhbE y=149.433x+937.447 0.993 0.34 1.03
22 AR I y=277.8620+184.279  0.9960 0.14 0.4l

B
23 e y=483.882x+101.792 0.9984 0.06 0.19

24 MR y=391.784x+225.999 0.9978 0.09  0.26
25 MMM y=442.306x-150.996 0.9964 0.07  0.21
26 Tl 4AETE y=879.36x+84.636 7 0.9984 0.23  0.70
27 FEELAERY y=730.934x+256.819 0.9980 0.40 1.19
28 i y=305.426x-59.4893 0.9970 0.77  2.30
29 ke y=398.752%-80.8133 0.9984 0.77 2.31

i 114
30 iigé S y=1009.35v+339.909 0.996 0.06 0.18

31 fERimENE y=319.414x+94.518 7 0.9955 0.44  1.31
2.2.2  [ISCR BORS

TERE 2R 25 FHRE b 23 0 8 m 20,100 F1
200 pg/kg AKFBIBREY T, 7300204 T 6 UCFATIR
JniE s, AR e h 2 &1, 45 R W3R 4, DU ER
R BCRTE TN 67. 0% ~ 126. 0% , FiXTHRifE
TRZEFE A 2. 11% ~ 10. 10% , Vi 2 i [l iR
A 63. 0% ~ 111. 0% , FHXTHRIE (g 2 Y0 FEL A 0. 69% ~
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11. 50% , fiffi Fie 25 1) [T 3R 64. 4% ~ 111. 0% , #H gik
X bR 22 75 BN 1. 44% ~ 8. 71% , 45 R W% BB BAEAHK gzt FH o RSD/
DR AT B IR A A (nerke?) PR %
T ARG INER IR RO | 20 2.0 7.84
. . 16 ik Jig P S5 et i 100 82.6 8.71
Tab.4 Recovery rate and precision of target compounds
200 64. 4 4.13
P bk 2 44 TRt/ -1y RSD/ 20 104.0 434
T " ' (pg-kg™)  MBBE/% % -
He-xg 17 T e ] — A 100 97. 4 2.40
20 106. 0 5.52 200 72.0 2.49
1 UEZS 100 78.9 5.83 20 1110 5 75
200 80.3 4.78 18 el R 100 90.9 5.15
20 97.0 10. 10 200 65. 4 3.80
2 L&HER 100 70.7 6.22 20 082 9 69
200 73.3 5.99 ’ '
19 AT 2 100 63.0 0. 69
20 126.0 8.29 200 80.4 3.03
3 +HEE 100 74.7 5. 60
200 670 P 20 106. 0 6.10
) ’ 20 RS 100 86. 8 6.83
20 100. 0 7.55 200 71.8 2 88
4 EALEEA 100 69.6 6.82
200 69.6 2.11 20 93.3 3.62
21 YL A 100 89.2 5.16
20 100. 0 9.10 200 66.9 383
5 Y RU 100 83.2 9.99 ’ '
200 3.8 314 20 109. 0 3.45
0 0.6 1250 22 ik e PP — s 100 76.3 8.02
) ’ 200 129 3.07
6 BZNTSRU 3 100 70. 6 6.95
200 88. 1 3.18 20 106.0 2.58
- 95.9 6.00 23 fif i SR 100 99.5 6.75
7 HEDAE 100 84.0 3.72 200 75.4 3.01
200 88.5 1.18 20 96.6 4.65
20 82,4 10. 40 24 it i A M s 100 84.2 5.55
8 B 2 100 73.7 3.23 200 72.8 3.4l
200 84.0 7.22 20 100. 0 2.88
20 90.8  11.50 25 TR S A 1 100 73.0 6.36
9 i RU S 100 88.3 8.58 200 68.8 221
200 100. 0 4.49 20 105.0 7.33
20 83.8 7.08 26 Tt e /i S I 1 100 78.6 3.39
10 AR R 50 91.3 3.57 200 69.7 1.49
100 93.0 2.91 20 107.0 3.66
20 87.0 10. 00 27 EN R 100 95.7 1.33
11 FeUH s 100 109.0 4.54 200 70.3 1.47
200 90.0 5.63
20 84.9 4.79
20 96.4 8.40 28 it e s 100 83.7 3.00
12 Wb 2 100 78.5 2.87 200 75 3 315
200 88.4 3.91
20 80. 3 3.60
- U 1(2)3 8;1 12’ 2(2) 29 Ttk JHz ik e 100 75.5 1. 44
b
—RO=E 78. : 200 75.1 8. 10
200 84.6 4.18
0 Lo s 1 20 102.0 2.47
: : 7 s f5 R
" e P 100 P 303 30 fi e AR R I 100 77.8 1.79
00 713 391 200 73.5 3.55
20 109. 0 3.47 20 79.4 5.78
15 T g 100 99.5 3.23 31 i e i 100 71.3 2.44
200 66. 4 2 33 200 71.7 1.62




Fa6 EH 6 M IR QuECKERS-#E S8 iU (1 - A3 I B 15 I A8 A4 A vh 2 Rt A R R 105

100 602
1008
|
2 -
i 575 1311
964
% ‘ 528 [544 f || | 19 ‘I J.y
| A |
(I | M ‘N
i ‘w il | ‘ M‘“ ‘ \ \
[ Pl - A ‘ WL | n J J i
7.60

1
4.60 5. 20 5. 80 6.40
t/min

3 NFFR 20 we/ke FES B TR E
Fig.3 Total ion flow of the sample labeled 20 wg/kg

2.3 SERREEG AT
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i
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Fig.4 lon chromatogram of positive sample fragments

R/ 210,18 SHMKIETP A 15.5 8.4 8. 4
we/kg, 11 ERE 5B B S IE 2.1 pe/kg, FHERE

AWER BT O E 4 B, 36 E R GB

31650—2019¢ & i & 4= E AR & i B 2 iR K
B BR ) O BN T R B,

3 #ig

ARG E ST T T 2 AL 2 BE R 4 KA 1Y
QuEChERs %545 8 i ZO8 A £ 33553 16 BT 3 5 A
B FEAR R 31 A BRI, AR
AL PRRH T BE I 43 BT 45 5 R O | R
U 38 THEAR R Hh 2 25 R B AR, i
T REAE T 2 E 2R DA v 2 5 B R DG 2 A A )
3K, YIRS 2 Bk BRI R T RS

SE Lk
[1] ko, M) 8, P o Mk 45 b [ A B O R
WG R [ 1], 2h W) 3% 4, 2023, 35(12) - 7 492-
7 518.
(2]l Al ¥, A 4F. v AR A4 Flolk BUOIR 5 2% 7 1)
(1] EE & RN,2023,19(7) - 121-127.
(3 A1 75 6 oy Jit e Ji 2 0l 2 0 A T 5T [ D ] AR -
PUJIR%,2022.
(4 VINHL. VAR A DX R 27 g B 4 0 S [ ] v 1 B 2y A
73,2022, (7) :37-39.
(515K T P B ZHEF FLBE IR i SRR D RE P4
IIESEL D] R KRR, 2022.
[6]BIPHZR, 228888, Rk, 45 PU K 36 XY 4R 4 7=
BURFEFH [ 1] E 7 &k, 2023,19(6) : 72-
79.
(7 VA AT F. 09 )1 A8 FHH TR 24 FHH s i A A 7 50 52 it
T % (2021—2025 4F) [J]. 191 & 4 # B=, 2022,
49(1) :56-59.
[8]CARVALHO D M, LUIZ N P,SMGUIURA C E,et al.
Pesticide residues in dry herbs used for tea preparation by
UHPLC-MS/MS; Method validation and analysis [ J]. J.
Food Compos.Anal. 2024 ,125.85-93.
[9]ALKA K,BHASWATI B, TRIPTI A, et al. Method devel-
opment and validation for acrylamide in potato cutlet by
UHPLC-MS/MS[ J].Food Control ,2023,151:116-128.
[10788)" B, 5B, PNRWE , 55 73 7 B FHH THiAE R
B R RS I B F 5 R [0 ] A2 1R, 2022, 44(9)
1 350-1 359.

LR HS XU AT SRR AN, 45 357 B4 FL A #H-QuEChERS-
7R o SRR (5 - 3 DK B A I 2 o 10 b 24



106 {228 %] CHEMICAL REAGENTS

2 46 B 6 1

FREA[J]. 5 HTfk2# 2021 ,49(5) :830-837.

[12]YAN D,SUPTA D,JOHN P, et al.Simultaneous detec-
tion of pesticides and pharmaceuticals in three types of
bio-based fertilizers by an improved QUEChERS method
coupled with UHPLC-q-TOF-MS/MS[ J].J. Hazard. Ma-
ter.,2023,458:131 992-131 992.

[ 13]1XIANG S Z,DAN L,LEI Z, et al.Development and opti-
mization of a method based on QuEChERS-dSPE fol-
lowed by UPLC-MS/MS for the simultaneous determina-
tion of 21 mycotoxins in nutmeg and related products
[ J].Microchem.J.,2021,168143-151.

(14 ) PF T S0, 2R ZE | 45 R T 22 BE B 4 K A8 i gk
QuEChERS ¥:45 & UM (0 1% - 53 156 J5T 315 4G ) 2% it o
10 FpPlER R 3G MESEAR 2GR B [ ] (4115, 2022,40(5) -
469-476.

[15]MIN L,PENG X W,XU Z, et al.Development of a modi-
fied QuEChERS method based on magnetic multi-walled
carbon nanotubes as a clean-up adsorbent for the analy-
sis of heterocyclic aromatic amines in braised sauce beef
[J].Foods,2022,12(1) :138-146.

(16 ) R T, X i 2R, 45 3R R 570 23 5 22 B Bl 40
AP S EREPEAT [T 65404k T2, 2022, 39(2)
269-275;410.

(17 ]A2% T KR, E3 0D B AR R A0 K A8 B I
BEFHLAIBESE[ )] PR ,2014,35(2) :663-668.
[18]HAO Z,MEI Y Z,QIAN Q C,et al.Determination of am-

phenicol antibiotic residues in aquaculture products by

response surface methodology modified QuEChERS

method combined with UPLC-MS/MS [ J ]. Microchem.
J.,2023,190:68-76.

[ 19T SFERSR , R SOMK, J7 ¥ -, 55 HLB ¥4k 155 43 BE R T
IR FH VA PR 0 2 Sl g FERE o 45 Rl 25 5% B [T ]. 9
£ e, 2022,22(17) :287-299.

[20] 3B H5, M R, 5K4% X, 5. QuUEChERS-#8 /&1 350V AH
- RIS R IR A I G P AR 121 PGB
% 2015,33(12) ;1 242-1 250.

(2145, 25 5 A%, 22 BE . QuEChERS /A 75 550 AH € 13-
ERID T 1k ) Ao A U - A R R 2 R b R AR
[J]. 23l 4% , 2023 ,42(7) :808-816.

[22] £37.F. QuEChERS 25 A #8 i 85 0 FH €633 - 155 43 B I
TERIE B SR A S (D] L AR
R HLT.R%,2020.

(23] ShEL, 4 B 0%, 4 00O , 256 4300 75 AR % B 1o R TR AT
B R I R % 0 (R B 0 2 P 96 R 2 4 a8
[J]. &85 Rk, 2023,49(12) :251-261.

[24 ] HLHFIE, BRIG S, 2R ¥ S5 FE T AT AL 3 QuEChERS
I SO R A R E K = R T AR R A AT R Y
NEFH R R [T B a2 4 R K I 2 3R, 2022,
13(21) ;6 898-6 906.

[25] 3% T ity , JAl— B4, IR, 45 36 F e 3L ol BB AL R M 4l oK
TR QUEChERS JiE45 & GC-MS/MS kil R
7R (] B SR, 2021, 42(4) £ 297-
304.

[26] F 4, ABAIAE, 24T, 45 5 20 4 T8 Fbn fE £
i KA B IRE) (GB 31650—2019) (¥ fifk 32
[J]. R s 2t e 2021,55(10) :64-72.





