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ABSTRACT: Objective To establish a method for determination of 48 kinds of pesticide and veterinary drug
residues in crayfish by pass-through purification coupled with high performance liquid chromatography-tandem mass
spectrometry (HPLC-MS/MS). Methods The samples were first extracted using a 80% acetonitrile solution, and then
cleaned-up by hydrophilic-lipophilic column in a pass-through mode and filtered through a filter, then separated
employing an Cg column. The mass spectrometer operated with electrospray ionization in multiple reaction monitoring
mode and quantified by matrix-matched external standard curve method. Results The results demonstrated that all the
analytes had satisfactory linearity in the range of 1-100 ng/mL with correlation coefficients (r) greater than 0.997. The
limits of detection and the limits of quantitation were in the ranges of 0.02-0.20 and 0.05-0.50 pg/kg, respectively. The
average recoveries at 3 spiked levels with 6 parallel determinations ranged between 70.2%—105.8%, with the relative
standard deviations no more than 3.3%, which met the requirements of trace analysis. The 36 samples from major
producing areas were analyzed, revealing a drug detection rate of 20.8%. The positive results showed high consistency
when retested against standard methods. Conclusion This method is simple, rapid, sensitive and accurate, effectively
reducing matrix interference from the complex composition of crayfish. It satisfies the screening requirements for
pesticide and veterinary drug residues in crayfish under the rice-crayfish integrated farming model, providing a crucial
technical tool for quality safety control and risk assessment.

KEY WORDS: crayfish; pesticide drug residue; veterinary drug residue; pass-through purification; high

performance liquid chromatography-tandem mass spectrometry
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HAFGASMmRAO A S, CAENZR, WL, 9%
AU ALRAL 7 ML SR A, B T Al 22 5 1) T B SR
Z ORI, ARSI A A A DRIt SRy /N S A Y
it e Aok THRY) . EREH AR R G, RO PiE
FEL 170 2% 155 500 5 Tt PR PR MBS A LA S A5 A 24,
Gl A HHEME AR . 0B E SR AR AFRBDR A, 1]
i, KAV, A T2 T Hi . Fr AR 2GS
TS YA b2 B Y N IMA P AT R AE R i
b, SRR T A PRSI REATAERR IS | v
WG R A TR, SRR 5 51 K %
BELP™ i A R 2 R R AR D, X BB 2 55 0 2B B AN 2
SN /N SR 5T B A, G T REE I ) R AL
X NP R T By, N5 | R i O | AT 2
SR, T S 24N ARl AT R R T

TEEL iy 22 A I B AR G, o BBORAR (35 - R I BT
R REUE R RS . 2225 [ A A A0,
Tz BT b 255 A ) A R
T SRS R B2 I R AR, O HL
AP AL T AR (0 H RS TN R R
F19 ) 2500 5 22 208 3 A 24 5 44 24 5 B ) el e A Dy i ok
AR, WA e —J7 L AN SRR R AT

B E A UG N, BEBTT RN R, R LK i B T
Ak BT B ME LA AT AU BRI, 5 e R T AR S, 5
—Ji i, BUA TS 2 R AR TN IE b o355 2 5k B ARG,
T AR 24 M 2 22 4 [ A5 0 A R RURSE A ) 72K
Rut, dar RE PR, E RN IR R 2y 5 B2 2k
BRSO, ORI/ N IR i 24 . SCPERRIRSR &
Filn 3 77 e el A2 2 ) S DD ARG 3K o AP b iR [,
BT Rt (9 [ AR AR B AR /N R 48 RIS |
WETERZE . DUPR RIS B2l SO RS . A LR AR Yy
(4 Z2 5% B AN 7 3, T B e AR IR LSRR /9 /N Jg B
LRI 2 ARSI T I 7 e s R P TR R
HURE AU A 234 BAT B2 S

1 #MRI5H%

1.1 #R5RF

Z PR E WAL W) WAL EEER . VLORETRG . ABGE
B ARt BRI IR A T P X . ASFSY I SE A B
MR . BB ER 1 BRI ORI Bk i X /N
URFEAS 36 17, $IA™ A FEFIL IR0,

. 25 3%4l, 35 Thermo Fisher Scientific 2y
A, IR B raE, i E 2R AL FH A R A
F]); PRIME HLB [EAHZEHUH:(6 mL, 200 mg, 32[E Waters
23 )Y, 48 PRI A W T R B2 A 100 pg/mL, 5
HHEE . NEHEE 2R, RERREREARA ).
1.2 UFE5E&

TE314S 53t KRR B 0.01 mg, & [E e L2 B2 #);
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JYL-Y99 B BENLCL S5 JUBHRHE A FD); MS3 iR i (18
IKA 22 7]); TG-16 =538 VR 250 LGB g AR 24 |));
MV5 4 A S AW 5 AR A H]); NM32LA AAK
A= AR (R E BE yE /2 F]); Exion LC-Tripe Quad 3500 /& A0HAR
- = HE PURAT BTG L (EE AB Sciex 2A7]); Agilent
Eclipse Plus Cg #:(100 mmx2.1 mm, 1.8 um, [ Agilent
2o
1.3 WA
1.3.1  AR/f R s

43 LS BThR R (100 wg/mL) 100 pL, FH A EE
EAZE 10 mL, BH 1 pg/ml WIRSFREESR, T
~18 °CRAF, A 6 ™ H o 4 BIHARHERE A 5. 10
50, 100, 200 uL Z .08 H, AR TIEMA 1 mL 3542
BUR, TGRSR M E N 5.10.50, 100, 200 ng/mL
AL DU R AR 2R 5 T VRS, R o
132 Hamaraz

/N IRRE G 3k Koe)R, BURERR 200 ¢ DL, H
Y RHL B AT P URAR, —18 °CIRAFE . FRBULRAEA 5 &
50 mL B0, TILA 80%Z MBI 10 mL, WiEH% 5 min,
Fifi )5 4% SR B 10 min. 5E 10 s JRAI)5, 7E 8000 r/min 4%
PEFEL 5 ming BEHER 6~7 mL, n#kIfi@id PRIME
HLB #F; WER HBHI 4 mL £ 40 °CHAH T AR ET,
TA 20% . JE# W 2 mL IR TE 30 s B ARG, o 0.22 pm §
HE, R 0T .
133 &iEihs

FhHH: 5 mmol/L ZRE%—-0.5%F BR-/K(A), 5 mmol/L
LIREE-0.5%F IR-2 i (B); Jii: 0.3 mL/min; PEFERE: 5 uL;
FETL: 40 °C; BB EEBEBERR T W3 1.

x1 REHEHERIERF

Table 1 Gradient elution procedure for mobile phase

At 18] /min BN A% WS B/%

0 90 10
0.5 90 10
3.0 50 50
8.0 5 95
10.5 5 95
10.6 90 10
13.0 90 10

1.3.4 FRig&hH

TR HUBESE L B IE B R AT 30 psi;
i 8 psi; B FILHLIE: 4500 Vi B FURIELE: 500 °C;
Wi%5 < 50 psi; AHENIMEA: 50 psi; I 2 RW I
A2 (multiple reaction monitoring, MRM), 48 Ft H Ax4) it
F) MRM Fiig s Hr S 503 2.

14 HIELIE

R EHEI R Analyst 1.6, SCIEX-0S-Q T{Eu}
WCEE AR B,y 1 56 UE H [T 5038 KR X A o Bl 25 (S 56 T
SEMAE 6 YK WPS Office 2023 #4754 1 5 55 112
S0, GEITEEER A Origin 2021 FE474:4

2 HR55%

21 UESHERHHHE

Hfok 48 Fh H R 2E A KA [a) B, A ST LR
EHE T BRI KB 2 PR UETT L, TEIL A A
FE T AU S AH S R B VR AR Y . AR KA RIS HLAH
TSI 0.5% A1 5 mmol/L i Z. R4k, 456 K4% 1.8 um.
FEH 100 mm [ Cg (FEFEREASAE 13 min BB AT 205 25
B 5 1R BUHILARL 14 2 33 0 7R R I i s 1) 5 AR,
B 1R, x4 BRSBTS 80k Tk, 4
BT FET. LFRRE RS, Wit R s
ek
2.2 MBI
221 Hti XuyikiE

INTEUR A R S A, R A R
Ji . USRS T AL B IRy RS R,
PRI I RS it LS T BB BRI T34, AR
BUNEFE I, PRUESS EAR A mNSCR R BTscde, T R4 DU i
FREERE S AERTRE . BAT, SR EIE T 259 5% 5 b
i K FA A A5 B (solid phase extraction, SPE)#:, HHiaEK
2B A7 (hidrophilic-lipophilic balance, HLB)[& AHZE BT
EL T K= i PRI | MR R DU BR324 2 W)
BT, (EAFFERRA R . 22k B 1 AN 1 S P )
UEAERe, T T 404 Rk R % v 3 e Ak L ) 3 IR 3 o v
EFEARIGEN T T Z W5 KW, 40 PRIME HLB AR
Captiva EMR-Lipid #:5% . QuEChERS #4+{b 452222714 fij
b7 S HRAE IR X 4R 2R h A v B AR 25 HAT 50
IIMTRCR . AWFFER ik 3 Fing b H AR K H bR i 7
HLB [BEAHAEHRERT/ N RERIE BT rh 48 Fh2 k4 Thiks [l
B, MIARREEN 10 ng/g, SIS ENERI AT 2~5 fir
INo KT HLB GBI, RS . M vrmi 2t K il REmkmp 2k
L5 YINAR B R AE 85.4%~103.4% 2 (8], (B 57 A5 S
A ORI RO TEA 22, 2R HARK 25 NSCRAE T
70%, [6) Bz 07 2 R R Fp 2K 2 BBt . R A
EMR-Lipid #:AbBRFE S AT, H bRk B R A,
FCovb fil ik wkomk o pU BR 225 W b R R AT R
53.5%~77.2%, REGIEICRTE 63.5%~83.3% LRI, MELLH &
SR, RA Cig 200 mg, N-HIEZ % 100 mg &G
JKERIREE 500 mg 4189 QUEChERS EHbik Ry, £Hhfkzs
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Table 2 Analyte information, retention times and mass spectrometric monitoring parameters
5 HiswZen H R £ F5 B A/min - BEESF(MV2) FEF(mz) EHERE/NV  fiERER eV
1 it il — B s 4.55 279.0 186.0%/92.0 60 25/42
2 i fiie R 3w 4.05 265.0 156.0%/92.0 72 22/40
3 i Jig FY IEmae 5.06 254.0 156.0%/92.0 60 22/38
4 i i 1) — Y 4 g I 5.59 311.1 156.0%/92.0 75 28/45
5 it 408 — Y 4 s I 6.55 311.0 156.0%/92.0 75 28/45
6 it e 1) FFY 4 5 4.62 281.0 156.0%/92.0 75 25/40
7 T T Jhe SRk 1R 5.37 285.2 156.0%/92.0 70 23/38
8 i frig v g b 6.52 301.0 156.0%/108.0 70 23/38
9 i Jrig g e 3.56 256.0 156.0%/92.0 63 22/35
10 it il — F S5 e 5.96 268.0 156.0%/92.0 72 20/38
11 i frde FY 0 — e 3.91 2712 156.0%/92.0 70 20/35
12 i fe s g 4.54 251.0 156.0%/92.0 60 23/35
13 AR e 3.67 291.0 261.0%/230.0 98 36/35
14 WHY R 3.35 332.1 314.0%/230.9 90 28/52
15 587U 421 360.0 316.0%/245.0 90 27/38
16 W 2 %%@E 5.09 362.0 318.0%/261.0 90 27/39
17 IR A 3.81 320.0 302.0%/276.0 90 31/25
18 b TN 3.83 334.0 290.0%/223.0 35 28/36
19 Wb R 3.9 386.0 342.0%/299.0 115 27/40
20 FH T s 2.82 172.0 127.9%/81.9 50 20/34
21 T LR me b 3% firg e 3.32 142.0 96.0%/81.0 60 24/36
22 i T 3.23 201.0 139.9%/54.9 60 24/36
23 PUIRE 3.88 445.1 410.0%/427.1 90 30/23
24 D 2 %E? 425 479.1 444.1%/462.1 82 31/21
25 +H&HE 4.58 461.1 426.1%/443 .2 79 26/21
26 EALETS 3.84 4452 428.1%/410.1 91 25/33
27 Ho PGP 8.83 285.0 154.0%/193.1 36 29/65
BAE R —
28 AR 7.26 319.0 86.0%/246.0 60 35/35
29 M bk 5.35 256.0 209.0%/175.1 80 22/25
30 WE B 5.62 223.1 126.0%/90.0 80 30/45
31 EE R s Wk e i 5.65 203.1 129.0%/87.0 60 18/22
32 IBE H R 4.47 292.0 211.0%/181.0 35 16/30
33 I5E 1 i 5.05 250.0 169.0%/131.5 45 25/20
34 g 2.61 350.0 198.0%/96.8 75 28/45
35 Tk F g 2.03 184.0 143.0%/125.0 60 14/25
36 o SURR 2.23 214.0 109.0*/183.0 60 36/16
37 R 7.22 221.0 109.0%/127.0 70 23/27
38 Y7 10.74 314.1 162.0%/119.0 80 24/50
39 7K R B 8.91 231.0 121.0%/109.0 100 26/38
40 ENEN 423 222.1 165.0%/123.0 70 16/35
41 3-FRHE T H B 5.17 238.1 163.1%/181.1 70 16/35
42 ZWR 2.92 192.1 160.0%/132.0 90 25/40
FH S S B
43 e 8.78 886.5 158.1%/126.1 110 60/70
Fofkesh [P e
44 5 R 7] 10.25 306.2 201.1%/116.1 60 17/22
45 SR B R 8.75 484.0 453.0%/286.0 45 25/19
46 I s s 9.65 337.1 125.0%/70.0 100 44/45
47 HE IS e 8.09 284.1 104.0%/228.0 65 30/15
48 N mee fk ] i 9.48 338.1 194.0%/163.0 100 18/30

T RN ERE T
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Fig.l Overlaid chromatograms of quantitative ions for various target analytes in standard solution (50 ng/mL)
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Fig.2 Effects of purification using HLB columns on the recoveries
of target analytes (n=3)
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Fig.3 Effects of purification using PRIME HLB columns on the
recoveries of target analytes (n=3)
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Fig.4 Effects of purification using EMR-Lipid columns on the
recoveries of target analytes (N=3)
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Fig.5 Effects of purification using QuUEChERS clean up tube on the
recoveries of target analytes (N=3)

222 RBUERMKAL

Xt AT 259 22 5% BRI A TR, B B SR BE
B H AR BRI B, S R A S U TR
B R BRIICR, TRk AR 5 2 22 % BR oy M T S 1
A HUAHBY, ASBFSEH9 PRIME HLB LIRS BT AR
Nk LB AR, (R R 48 Fl AR HA 8 Bk
PEEIE, FH/NE IR AT & 4 R A AR Sl BV R R Ak ) AR T
B 125 A S BO0TE 7 BRI, BILH Bk . A
AFF 28 2R IR [RGB BV VR /K R VS T adb A 7 1
AL, IFRUEIE N 10 nglg, & K259 00°F- 24 [l %
XFECULIEL 6, = KE 273 [DSCR Bl K AH L B T e 2 2
FRE, L 40%LUG T R XE LU R BT R BT AR
A WU A 24 [0 e I 7K AH H 51 i 8 /N4 7, {5
HoAh 2 25 [DSC 3R Bt 25 /KR LL B3 2 2 TR TRl & 30
20% /KA FLA 2. 25 4G T 4l Z BRI 7 A A TR LA
Bl A IR RS, A SR 0 2 oy £ :7K=80:20 (V:V).
223 KREosE A

XI5 E W S RN WA T T 5 5% o S5 M SRR

SRR, TS bR i LR AR VAR bR v i R R

/NF 0.8 R B, 0.8~0.9 FRR N, 0.9~1.1 °] ZH& %
FSN M, 1.1~1.2 AEMaEE, KT 1.2 R B85,
ﬁ S, 48 BRIV AAEAE 0.59~1.33 JEEIP,
ERMAZIYA 13 Fh, FERBUERIZE . R ER N H
mﬁ?*%% TE P25 | WS TR IS T R 25 24 40 1) 5 o
BNVAEZAE 0.8~1.2 YEREIN . B, 75 R BAPEIL SR BUR
BUI bR RN, LABEAR I ST 4508 ) 4347 14

23 FHAEFWIE

AR T 7 50 0E, 5884 B AR i br o i
LRGP N R ORGSR SR AR, A0
3 i e R/ N R AR VC FLARE RS T
2, % HIRYALE 1~100 ng/mL JuHNEA RIFL4bk, £k

%%m%%ﬁﬁfﬁ$owné%mﬁﬂﬁ%k el
M HG (SN 5 i 2 45 H AR P K PR A e i BR, 43 i
0.02~0.20 pg/kg Fl 0.05~0.50 ug/kg LA, ?ﬁa&ﬁ%ﬁ*ﬁ
%?;F{o

100 2 20%
%E E 40%

% H g o T
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Fig.6 Effects of aquerous phase proportion in extract on the
recoveries of target analytes (n=6)

SR P B b [ e, v B 40 0.5 it
FRIKSF). 5.0 F1 50.0 pg/kg, DUIMAR IR 2ER R, L
6 UCTATINE 45 RSD HEAEHE, W3k 3 Pon, &£KH
FR4 bR BN Z7E 70.2%~105.8%36 Bl P, RSD SR8 i
3.3%, 2 GB/T 27404—2025 { 5236238 Btk b Rl B0 90 £
FRALAGIN ) B3R
2.4 EPREESRMNE

AT BRI . TR | LB I KR YRR IR I
FEREA/NIBEREEA 36 iy, RAAABFIE IS 1715 T R s
BrAp dbi e, DAPEAS i i S I o S BRAE ARG I BA P 45
RICETER 4 . 36 MIEEARA 13 (Ml THDCKREZY
FREA, FEAPRYEZRN 36.1%; KB Z5Wak v 1 10 F HAxR
Yy, ¥tk 20.8%, HP BRI E RNV E BRI A .
M bR K% 15 H R AR 22 A REAS A HY ARSI HH 1 16 T BE
EIRUEATFIE ELXE, o 9 AN PH 2 AR T X1 AR o
PP RLE i R, FEHATTIE A S B AR T iR B
AT R, 3E IR BT SRR W A R . R R A
7 APHMESE SR AR HE IR, AHXT A 2EAE 1.1%~9.6%
TN, RUIAS Ty A B m R B, R AR i s M it
W UE SR AR S
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#3 BEFYEERIERIEN=6)
Table 3 Method validation datas for each target analyte (n=6)

S IAR E R /% (RSD/%)

H 5% 4 %5 LM LR  BHR/(ugke) E8R/(ugke)
0.5 pg/kg 5.0 ng/kg 50.0 pg/kg
ik i — F g e Y=8455.1X 0.998 0.05 0.12 88.7 (1.1) 92.5 (0.8) 90.7 (0.6)
itk Jhie FR Rk s e Y=4061.0X 0.999 0.10 0.25 91.6 (1.4) 95.3(0.9) 93.4 (0.7)
itk e R s Y=5035.9X 0.999 0.10 0.20 100.4 (2.5) 95.4(0.7) 95.6 (2.0)
it iz 101) — Y 4 s e Y=15227.2X 0.999 0.03 0.08 88.7 (1.1) 90.4 (2.0) 92.5 (0.4)
T fle 48 — FH 4 i g Y=15998.8X 0.999 0.03 0.08 88.6 (2.6) 82.3 (1.9) 83.4 (2.1)
i J 1) 4, % Y=9083.5X 0.998 0.05 0.12 101.6 (1.6) 99.5 (0.9) 100.8 (1.1)
itk Joe SR Rk R Y=5975.8X 0.999 0.05 0.16 105.2 (0.9) 103.0 (1.5)  105.8 (2.1)
it i v Y=5124.4X 0.998 0.08 0.20 100.7 (3.0) 1022 (1.2)  103.2(0.5)
i i 1 e Y=7088.5X 0.998 0.05 0.15 90.5 (2.4) 88.6 (1.8) 86.8 (1.8)
itk e — PP S s Y=7353.1X 0.999 0.05 0.15 90.1 (0.8) 92.6 (2.5) 90.2 (1.4)
ik e F g e Y=7224.5X 0.999 0.05 0.15 82.2 (2.8) 80.5 (0.9) 85.6 (1.5)
it g e Y=5061.7X 0.999 0.08 0.20 88.6 (2.2) 93.0 (1.4) 92.3 (1.5)
AR E Y=4224.6X 0.999 0.10 0.24 92.4 (1.0) 90.8 (2.2) 94.4 (1.5)
WA Y=5603.1X 0.998 0.08 0.18 87.7 (2.2) 90.3 (0.7) 86.6 (1.9)
BT A Y=3221.8X 0.998 0.10 0.30 93.8 (0.7) 91.9 (0.7) 91.6 (1.2)
AR A Y=8495.4X 0.998 0.05 0.12 90.1 (2.8) 90.3 (1.2) 91.6 (2.0)
R A Y=4832.0X 0.999 0.10 0.22 86.6 (3.2) 90.2 (1.7) 89.8 (2.0)
=¥ R Y=966.4X 0.999 0.20 0.50 103.5 (1.3) 101.1 22)  101.9(1.8)
Whivh & Y=2425.3X 0.999 0.10 0.35 90.2 (2.0) 88.5 (3.1) 91.4 (2.0)
FH i e Y=3353.8X 0.998 0.10 0.30 82.2 (0.8) 86.8 (1.5) 86.5 (2.0)
b 56 T e Y=5858.5X 0.998 0.06 0.18 91.1(1.7) 90.5 (2.0) 88.6 (0.6)
P BN Y=4306.9X 0.999 0.10 0.24 90.8 (2.2) 87.4 (1.6) 87.7 (1.1)
UIEZ- Y=3033.7X 0.999 0.10 0.30 88.5(2.2) 87.1 (1.1) 90.0 (1.0)
LSHE Y=821.9X 0.999 0.20 0.50 80.2 (2.0) 82.7 (1.5) 79.5 (2.7)
T&HE Y=4633.7X 0.998 0.10 0.24 95.6 (1.0) 93.0 (1.1) 93.2 (0.5)
ZVIRER Y=10895.0X 0.997 0.04 0.10 89.8 (2.0) 91.5(2.4) 89.6 (0.7)
b PG Y=4353.9X 0.998 0.10 0.24 84.5 (0.5) 86.2 (1.8) 84.2 (2.1)
AN Y=7358.9X 0.999 0.05 0.15 79.8 (2.6) 81.2 (1.0) 80.5 (3.3)
N, He ok Y=2232.4X 0.999 0.15 0.40 70.6 (1.7) 72.2 (2.5) 70.2 (1.5)
W o1 fpk Y=9979.5X 0.997 0.04 0.10 86.0 (0.6) 88.8 (2.1) 85.0 (1.0)
ke Y=4120.0X 0.999 0.10 0.24 90.4 (2.2) 88.0 (0.8) 89.6 (1.0)
W Ht Y=5316.5X 0.999 0.08 0.20 72.6 (2.1) 71.2 (0.8) 75.5 (1.4)
WIE H iz Y=2025.4X 0.998 0.12 0.35 73.6 (1.2) 71.1 3.1) 73.5(0.5)
A Y=6955.4X 0.998 0.05 0.15 81.2 (0.6) 80.5 (1.1) 82.2 (0.9)
T F JHe gt Y=20430.7X 0.999 0.02 0.05 76.8 (1.1) 77.9 (0.6) 76.1 (0.3)
AURR Y=7656.7X 0.999 0.05 0.15 80.5 (0.5) 82.1(1.1) 79.4 (0.8)
i Y=4895.9X 0.998 0.08 0.20 78.2 (1.1) 75.0 (0.6) 76.1 (1.3)
Il Y=40132.6X 0.999 0.02 0.05 73.0 (2.5) 75.8 (0.5) 76.5 (1.1)
TR I Y=16402.0X 0.998 0.03 0.08 86.1 (2.0) 84.2 (0.4) 85.5 (0.9)
A A Y=6889.5X 0.998 0.05 0.15 92.5 (0.4) 91.0 (2.1) 93.6 (0.8)
3-FREE A B Y=6774.3X 0.997 0.05 0.15 102.7 (1.1) 100.2 (0.6) 103.3 (0.5)
ZWR Y=27742.5X 0.998 0.02 0.05 80.1 (0.6) 82.2 (1.0) 82.5 (1.0)

= STy

EP;&%E‘E;;@%@: Y=2838.1X 0.999 0.10 0.35 91.2 (0.9) 92.5 (2.0) 91.1(1.2)
WIE % 1l Y=18020.4X 0.998 0.02 0.06 85.0 (1.5) 86.2 (2.3) 85.5 (0.5)
SR HUR A P Y=4735.7X 0.999 0.08 0.20 71.2 2.1) 70.3 (1.7) 71.5 (2.5)
AR Y=35304.2X 0.999 0.02 0.05 82.8 (0.8) 84.1 (0.9) 82.8 (1.2)
VI A Y=18222.8X 0.999 0.04 0.12 76.7 (1.4) 74.2 (0.9) 74.5 (0.9)
M A Tk TR T Y=8994.0X 0.998 0.04 0.12 81.1(0.7) 80.6 (1.2) 81.8 (2.1)

e MY FRE (N 2% (relative standard derivation, RSD).
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Table 4 Summary of positive detection results in real samples

H b5 44 %5 o AR IR B H i (ng/kg)
ik i ] P 4 e 1 2.4
ENIR A 2 8.8~11.6
B & 3 3.5~44.1
ARV R 2 6.7~26.0
ZVHER 1 52
PG 1 16.1
LA 2 5.4~39.8
Ik o fre 1 0.8
IgE g 2 9.6~55.7
ST et 1 1.6
3 & i

A 5T e IR L R R /N R IR A A 2 B B 2 %
FEAGHIN [ R, o A 0 B 3 R A i 2 T 14 AR e e R 7
S T A b 4 A R RORORE (3 - B BT R R I
Bo HELIZHEK=80:20 (V:V) MARBGAR, #H PRIME
HLB #1#Hk, fifeifie TR e, Bugsd, R
JRVCHR AR AT ZR T, SEBL T X 48 Pl 25 K B2 1 IR A 46
W FIL2EIUESS R, & HARYITE 1~100 ng/mL 31
W RAT, AHCRBIIAET 0.997; Kt R @ 2 R4y
SFE 0.02~0.20 pg/kg Al 0.05~0.50 pg/kg JLFEIN, 3 M
K 6 YA TIAR I R 70.2%~105.8% 2 ], RSD A
I 3.3%, W RIRE TR K . RANZIEX & F 77 X8
36 AMREARBEITINGE, 2980HG R iK 20.8%, PHIEZS R SR
W B AR L — Bk . Zorikmsk . R,
W, Sh/NJEAR A 2225 5% B 0 PRH A S KU A B 44E T ]
SRR SCHE, ORI/ R 7 ol B B 4 T RS R R L
HEEE .

EEPES

(1] EBeWr, PG, B4, 4 4 AR M TRkl m R R H

BWFgE: LOBAE & /N e SR 7=k 9 [J/OL]. R /K Haolk, 2026-06-04.
https://doi.org/10.13721/j.cnki.dsyy.20260604.002.
Wang Xiaoyan, Pang Fengming, Lv Jinlong, et al. Study on high-quality
development path of freshwater fishery from the perspective of whole
industry chain: taking crayfish industry in Hubei Province as an example
[J/JOL]. China 2026-06-04. https://doi.org/
10.13721/j.cnki.dsyy.20260604.002.

[2] XUBK, RVEFE, WAL, 55, fll 2L E i S ORIE FER00
DIFRURILA R I ]. Rl BRAIERF T, 2026, 47(1): 161-172.

Liu Qing, Zhu Yangyang, Tian Zhuoya, et al. Farmers’ income increase

Industrial Economics,

and catch-up effect of agricultural organization management: a case study
of the rice-crayfish co-culture model [J]. Research of Agricultural
Modernization, 2026, 47(1): 161-172.

B] FHIR, K, 208, 5. HARE-/NBIF A EHOR [T KSR,

[10]

[11]

[12]

[13]

2025, 46(12): 56-57.

Lu Xinmin, Cai Zhihuan, Li Qiang, et al. “Ratooning rice-crayfish”
co-cropping technology [J]. Journal of Aquaculture, 2025, 46(12): 56-57.
W, PN, BOR, A5 KM X ATIRLE A R IR B R T
[ BARAORLEE, 2025(20): 194-196.

Luo Bing, Sun Haiyan, Qian Bin, et al. Main models and benefit analysis
of comprehensive breeding of rice and shrimp in Taihu Lake area [J].
Modern Agricultural Science and Technology, 2025(20): 194-196.
FERTE, BRA, BB, AE AR NIRRT - A
Bt AR R 22 TR AR R )], TLIR AR R 2, 2025, 53(2):
150-157.

Wu Liangjie, Chen Can, Huang Huang, et al. Effects of different
cultivation modes of “crop+crayfish”on soil physicochemical properties,
crop yield and economic benefits [J]. Jiangsu Agricultural Sciences, 2025,
53(2): 150-157.

araztl, PREMG. RERIFSERVICH D). EYFECE, 2025,
50(11): 5-8.

Yu Jinli, Lin Guodong. Research progress on the rice-shrimp co-culture
model in China [J]. Biology Teaching, 2025, 50(11): 5-8.

FROTH, AEEIR, BErha, S RRURFRAH A SR s R B R ™ b
Fr G A S 2R [T]. IR OB, 2019(4): 64-69.

Chen Wanming, Hao Huijuan, Liao Zhongjian, et al. Effects of ecological
mode of rice-shrimp cultivation on local environment and safety of
agricultural products [J]. Hunan Agricultural Sciences, 2019(4): 64-69.
A, FRED. AL T XS FIRAL AT [)]. SRR AR, 2024,
30(12): 94-97.

Chang Jianju, Guo Yin. A study on the impact of pesticide application on
rice field aquaculture [J]. Anhui Agricultural Science Bulletin, 2024,
30(12): 94-97.

WRKLL, SLEEE, AH, 45 WHLARIRIRB T/ NEIRR 25 R
KUSIEAG[T]. Aerpoill K2F24 4, 2024, 43(6): 297-306.

Yang Qiuhong, Huangfu Xin, Zheng Yu, et al. Residues and risk
assessment of pesticides in integrated rice-crayfish co-culture systems in
Hubei Province [J]. Journal of Huazhong Agricultural University, 2024,
43(6): 297-306.

WIER, X, Mi#E, 4. QUEChERS 144 = UM (6 3% - B BT
TR 0 LGB P A 2GR B (0], P AL B, 2026, 47(3):
55-62.

Peng Maomin, Liu Li, Chen Xin, et al. Determination of pesticide residues
in Procambarus clarkii by QuEChERS method combined with
ultra-performance liquid chromatography-tandem mass spectrometry [J].
South-Central Agricultural Science and Technology, 2026, 47(3): 55-62.
Li Na, Wang Aiying, Chen Aijing, et al. Simultaneous determination of 16
herbicides in Procambarus clarkii [J]. Food Chemistry, 2025, 484:
144438.

FRICK, A, PRIGER, 5. e DOTTRRIHT A 3R A2 URRAE AR
KUBE[T]. Al IRBERL2F244H, 2024, 43(7): 1609-1620.

Sang Wencai, Li Jinyang, Lin Yanran, et al. Composition profile and
environmental risks of antibiotics in sediments of Nansi Lake [J]. Journal
of Agro-Environment Science, 2024, 43(7): 1609-1620.

Zhou Jun, Xia Ruizhi, Landis J D, et al. Isotope evidence for rice
accumulation of newly deposited and soil legacy cadmium: a three-year

field study [J]. Environmental Science & Technology, 2024, 58(39):



%5 15 3]

IR, & a5

o0 AR 3 - 3 I Tt

FE I /N R 48 Fhfe 2 Je 2 pR B 99

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

17283-17294.

TRy, RHE, EBR, A R OO (R - IR T TR [ b0 £ A
105 RS 2B A fbF 5T, 2024, 33(4): 60-66.

Zhang Dawei, Zhu Hui, Wang Jun, et al. Simultaneous detection of 105
veterinary drug residues in fish by ultra-high performance liquid
chromatography tandem mass spectrometry [J]. Chemical Analysis and
Meterage, 2024, 33(4): 60—66.

SV, PR, AR K i SR 2 XU PR 2 A3 A R A R[]

o il B SR, 2024, 14(6): 49-56.

Wu Hongmin, Sun Dong. Analysis of risk factors of main drugs in aquatic
products in recent years and regulatory recommendations [J]. Chinese
Fishery Quality and Standards, 2024, 14(6): 49-56.

Akter L, Hasan N A, Rahman M, et al. Antimicrobial resistance in shrimp
aquaculture: and policy responses [J].
Environmental Challenges, 2026, 22: 101401.

U, skids, XIWVErE, 46 NEIRERMES L0 BEE
i 4, 2024(7): 89-91.

pathways, ecosystem risks,

Tian Juan, Zhang Jianmin, Liu Yangyang, et al. Nutritional value and
edible safety of crayfish [J]. China Food Safety, 2024(7): 89-91.

Brandi J, Siragusa G, Robotti E, et al. “Analysis of veterinary drugs and
pesticides in food using liquid chromatography-mass spectrometry” [J].
TrAC Trends in Analytical Chemistry, 2024, 179: 117888.

Zhu Xueting, Wang Mengru, Hou Fan, et al. Multi-residue analysis of
pesticides and  veterinary drugs by ultra-performance liquid
chromatography-tandem mass spectrometry using a modified QUEChERS
method [J]. Microchemical Journal, 2025, 208: 112384.

Yang Guangxin, Zhang Junyu, Tang Yunyu, et al. Development and
validation of rapid screening of 192 veterinary drug residues in aquatic
products using HPLC-HRMS coupled with QuEChERS [J]. Food
Chemistry: X, 2024, 22: 101504.

Park H, Choi S Y, Kang H S, et al. Multi residue determination of 96
veterinary drug residues in domestic livestock and fishery products in
South Korea [J]. Aquaculture, 2022, 553: 738064.

Sun Qianran, Liu Jun, Gou Yuan, et al. Determination of veterinary drugs
in foods of animal origin by QUEChERS coupled with ultra performance
liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) [J].
Journal of Chromatography A, 2025, 1744: 465726.

Yang Liqiong, Sun Lei, Fan Lixin, et al. A method for the simultaneous
determination of 68 veterinary drug residues in foods for special medical
purposes  using  ultra-high-performance  liquid  chromatography
-triple-time-of-flight mass spectrometry [J]. Journal of Food Composition
and Analysis, 2025, 145: 107806.

Wang Shouying, Yang Guangxin, Tang Yunyu, et al. Multi-residue
screening of pesticides in aquatic products using high-performance liquid

chromatography-tandem high-resolution mass spectrometry [J]. Foods,

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

2023, 12(6): 1131.
Aissaoui Y, Jiménez-Skrzypek G, Gonzalez-Salamo J, et al.

Determination of multiclass antibiotics in fish muscle using a
QuEChERS-UHPLC-MS/MS method [J]. Foods, 2024, 13(7): 1081.
Zhou Ruidong, Kong Cong, Wen Yupeng, et al. One step cleanup of 160
pesticides and veterinary drugs in aquatic products using melamine-based
automatic pressure filtration purification method combined with
HPLC-MS/MS [J]. Food Chemistry, 2024, 443: 138493.
Li Shuo, Liu Yijun, Jiang Dan, et al. Simultaneous quantification of 39
pesticides and veterinary drug residues in aquaculture products using ultra
performance liquid chromatography tandem mass spectrometry with
modified QuEChERS [J]. Food Analytical Methods, 2024, 17(6):
797-811.
Guo Yage, Xie Jun, Dong Fengshou, et al. Highly-selective analytical
strategy for 90 pesticides and metabolites residues in fish and shrimp
samples [J]. Molecules, 2023, 28(10): 4235.
FEEE, RN, R, 55 7K™ i 2 2R B A s Ak PO T
JE[I]. Bihaia 51, 2023(36): 148-150.
Wang Luxia, Zhu Hui, Liu Yanping, et al. Research progress on
pre-treatment methods for detecting multi-veterinary drug residues in
aquatic products [J]. Journal of Food Safety Guide, 2023(36): 148-150.
F4, K%, MBI, 4. EMR-Lipid-[ Z#B-LC-MS/MS Il 5E 7K
di A BRI AR 2 [0]. AB S5, 2025, 42(11): 50-54.
Wang Mian, Yang Changjun, Yan Xuxu, et al. Determination of
carbamate pesticides in aquatic products by EMR-Lipid- isotope
dilution-LC-MS/MS [J]. Agricultural Technology Service, 2025, 42(11):
50-54.
SR, AEEERE, 640, 5. QuEChERS- AR &I - HR Ik PRkt i A
FIRMAEYI LB 89 R ZGBRER[T]. B4 ARSI~ 2026,
17(8): 46-54.
Zhang Lu, Ren Jiaqi, Hua Jin, et al. Rapid screening of 89 kinds of
pesticide residues in foodborne-plant extracts by QuEChERS-gas

chromatography-tandem mass spectrometry [J]. Journal of Food Safety &

Quality, 2026, 17(8): 46-54.

TR, JA—, WIEE, 45, Sin-QuEChERS b R L5 & WM (-
ERIBEBTHE A IR 13 Al Sbe SRR )], 0 ah 4 42 BTG

24, 2023, 14(1): 90-97.
Shang Chunfeng, Zhou Yiran, Hu Guodong, et al. Determination of 13
kinds of perfluoroalkyl acids in greenhouse vegetables by Sin-QuEChERS
purification technology and

liquid chromatography-tandem mass

spectrometry [J]. Journal of Food Safety & Quality, 2023, 14(1): 90-97.

(TSR B SRR



