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Abstract: A rapid method was developed for the determination of metaldehyde residues in edible fungi based on QUEChERS
pretreatment coupled with ultra-performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS), and the residue status and
dietary risks in actual samples were evaluated. Samples were extracted with acetonitrile, purified by dispersive solid-phase extraction using
primary secondary amine (PSA) and octadecyl-bonded silica (C18), and separated on an HSS T3 column with a mobile phase of
acetonitrile-0.1% formic acid in water. Quantification was performed using a matrix-matched internal standard calibration curve. The method
showed good linearity for metaldehyde in the range of 2~200.0 pg-L™* (r=0.999 8). The limit of detection (LOD) and limit of quantification
(LOQ) were 0.50 pg-kg™ and 1.50 pg-kg™, respectively. At spiked levels of 1.5, 15, and 150ug-kg™, average recoveries ranged from 72.25% to
119.51%, with relative standard deviations of 0.82%~13.41%. Among 34 actual samples of Stropharia rugosoannulata, Hericium erinaceus,
Pleurotus ostreatus, and Morchella spp., the detection rate of metaldehyde was 23.53%, with the highest detection rate and residue level
observed in Morchella spp. The chronic and acute dietary exposure risks from these samples were far below 100%, and the food safety index
was significantly less than 1, indicating that the dietary intake risks of metaldehyde were all within acceptable limits. This method is simple,
rapid, sensitive, and reproducible, making it suitable for accurate detection of metaldehyde residues in edible fungi, and providing data support

for safety supervision and risk assessment of its use in mushroom cultivation.
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Table 1 Gradient elution procedures

BHE/min AAR/(mL mint)  ASiAE A% A3hAE B/%

0.00 0.3 90 10
5 0.3 5 95
6 0.3 5 95
8 0.3 90 10
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0.010, 0.020, 0.050, 0.10, 0.20 mg-L™ FIFEFRILACIR & ﬁ{@m&% |, BNEEPMERR I —E ZF MR
PU% 2.1%-D16, FHorh RIS 2./5-D16 ()5 &k %y 0.05 mg-L ™.

14 w7 %

YERRREE FH TR S 10.0 g CRERAA 0.01 g) T 50 mL ¥R} B [L\’“*EP BN 10 mL 2B, %E%EEX
30 min, MM 6.0 g T/KEREREER 2.0 g SUALEN, RIZIEY 1 min f5 8 000 rrmin™ B5.0» 3 min. FREX 750 mg To/KiilE
B, 50 mg PSA. 50 mg C18 B T 10 mL RZE .0, WHELS.0 mL FiEHR RIS GE Y, IR 2 min, L
8 000 rmin™ B.0> 3min. _EiEWHT 0.22 pm BEMIE, FARETIHH, A AARIIE Z85-D16, £ UPLC-MS/MS Jll5E

15 A

H T & ERE R P T IY R S A R 50K 2/ 55, 52 TSR LB B T SRR A, S50
HARA AW B A, DRI P B TS0 DO 5 2l e e s i, BL 50808 (matrix effects,
ME) HHEAFERA (D:

ME:(é—ljxlOO%
B (1)

B

A—H B R IR Be AT o &R 6 AR

B— A At R e AHE

47-20%<ME<20%, IAREFTINR 20 35 ME<-20%, ME>20%, BT,

16 AT o7 %

KA BEAMEE R X IPAL B 2 BRI DU 2R Z AR P i T i e KR AT VP0G . Bt s e
ST BB 25 7 £ P RSB P T S RIS e € AT O T S e, B RS fE )
S A ST 3 SRR ey 2520,



MK EEBHE Modern Food Science and Technology 2027, Vol.43, No.8

161 Ao E0rh 7k

S FHEr 2245185 (ndex of food safety, IFS) 1Tl PU S 2.t A\ A4 fik B v 78 1 12527, LA A 0t (2)

(3) s
IFS = EDIx f
Sl xbw (2)
EDI=RxFxExP (3
ENE

R— ARAB T wk LB %EE (mgkg?)

F— AR MR THEAE (JAIR) ;

E fo P—— A A RA @ 69T R A 235 B F oo TLAZE R F5

SI— A4k v K TESHG A B AIFEAE (ADI) ;

bw——AAF R E (kg) , % 60 kg it;

ARG L ABAZTHRERT,

EDI—24 w3k LAY RN Z A5 FE.

IFS B e FH B DY 2R I BE (1) 22 AR, IFS<1, T BAAar Y DY 2R St £ FH TR 22 4 i) B RS T DA 5

IFS>1, Ui AHAS H VU SR 25 & R 22 s AN n] #2527 .
1.6.2 ZHRERRIE A AR K IE 1 -4E 7 ik

KHEH R EARE (ADD flatk2%i18 (Acute Reference Dose, ARFD) Tl £ FH & H U SR 2 s e i

kR REE 0 MM E AR (4) FIR (5). %ADI FI%ARD {EE/N, TSR 2 S5 X%
BN, %ADI B%ARID<100%H, RIS EFN Sk e 2 75 KU T LAEESZ s 24%ADI Bl%ARfD>100%F, I~
PSRN 2 B B S A AT 4252

96ADI = STMRXP 15006

ADI xbw (4)
%ARD = R 100%

bwx ARMD (5)

KF:

STMR— A LRI KL P14 (mgkg™) ;
P—AERBHEAAERE (9);

ADI—# % B AHHBAE;

bw——##AE, #60kg it;

LP—3h o B & KK 36 69 RN B R A4 (kg) ;
HR— 44 th 554549 99.9 B 41, 44

ARD—4 &t 5 it

17 BFEaHT

B4R H Waters ACQUITY-Xevo TQ = = PYZAT A Eu 1 5T i i A MassLynx #2704, Excel £l 7 Hr Al

Origin Pro 2022 # 2z K.

2

ZR5THE



MR BRI

Modern Food Science and Technology

2027, Vol.43, No.8

21 AraEANES KA

LS|

T
1% 2B LN

shreal

1 PUEEZBAREHEER (A) FgikissE (B) E=
Fig.1 Recovery rates of MET using different extraction (A) and purification (B) methods
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Fig.2 Chromatogram of MET and MET-D16

EHAER & o2 BRI, Tk SR SRR, ST IR 2B 5 1T 2

HIEEEEA LA, LU T 28

1% 18 L

1% 2K LI 4 FAFIFERICR . K 1A s, ZHEHRE

ROR B, BTN, BERIE 93.25%, H AMGRRIE RIS M S IR ER 2, S5/KMIRIEIF iiid #h
B SER- 8, BT RS 2 R AT B2 196 2R 2SS IEICE K 87.59%, {HIUSE ZBEFERR
PEMRES 25 5 R AERRER s RTREAERE S 2 BB =0 AL, S B SR B i . 1% %K IEIE R T e &
JF (g e R R B R SR L S ) B, (e R E T, EISCRAR T 70%. FREEHRE I
N 115.62%, {HILIRERIRZ, 5B T AR E T Fh . SRA5BIRICHER . BT, 5
BRI TR SRR T, SR SV NEREE . PSA Fl Cig /& QUEChERS 732 AL IR, PSA 5
LHES . AVIREGNEIR, Cre RBRER . JEWS IR0, M, %5 7 ARE &I PSA. Cis. PSA
HI Cog ZH AL R, 1 1B 7w, 50 mg PSA 5 50 mg Cig HIZLA RIS A AR, N 102.3%, A ik £ 50 mg PSA

5



MK EEBHE Modern Food Science and Technology 2027, Vol.43, No.8
15 50 mg Cag VE NI LI IEEY .

DAY ZBEHIMANHL A B PR T, PLAKE-0.1% F B /KIEMONIR AR, %71 E B 48 b B 542
FET VSR QBRI RS . FoE A B (B 2). TEIZAFMT, TR O KFETARNAR (JUER ZEE-D16) 1
TR EAISTA) 43790y 2.35 min 1 2.24 min, WETRREL, RUNZINERA REFHI OIS 878

22 FEWEMGEESHE R

X6 FH B R TUOSEEA T 58, AN 6 FH B P ) RN R] - S B () TR AU B o 28.67%,  FL U
KERTR AL 5E, 708 19.05%F1 18.34%, M-V iE UM 595 3.10%. NTHIRE N, RASHET
3L BRIV R BRI 2.0~200 pg L™ RFIBRIEAW, LUR BRI AR, W BN R H brie Lk .
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Table 3 Results of recovery and precision

. Y L ARR Ty ik GB/T 27404-2026
WA i R (ugkg™) — —
EDRE  ABSATER A% EREN  ABSHAT R £1%
15 72.25 1341 60~120 15
15 119.51 541 70~120 15
150 90.86 0.82 80~110 n

AN E A G VUR AR BERES, A RdsinZoe 2R 10 f5 e = PRAT 100 5 &M (B 1.5, 15 F1
150 pg-kg ™D MV ZRERRHEVATR, FE PN (7 VAT AR E o IR B 6 . 45 3.
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Table 4 Detection of MET in edible fungus samples

EA MaE BT ARE% B PHAmgke?) #diEE/(mgkeh)
KAk &% 6 1 16.67 0.02 ND-0.11
Mk 3k 6 1 16.67 0.0002 ND-0.001
2 15 1 6.67 0.03 ND-0.41
FME 7 5 71.43 0.71 ND-2.53

E: ND Rmhied.

K FTEENL B TTIEXT REERT 34 4 TR st A TR, RS 45 SR ik 4 B 5 8 40 B FH B AR s HA DY
ROWIRE, KRN 23.53%. PURSSALE R IUR ZBK R BB 2550, 2R P DR A R A
IEF) 71.43%, HUGERERELE . BokmEA T . I HEM R IR LB R B i, i 253 mgke ™,
HUGe s KBRS AR TS . ERE B VU SR SRS pk 2R AR B R RE ) B2 = T HAL =M B I, Xnlael
A BIRET 7 A A KT B UIAE . 2N 2 R A Lty  TIREE AR A FEa S AR sh e it T & |
HIRTE S, DSR2 s P ARG E R R P RO R T B A, 2R ek R i giis 2 1L
(1) P it P B A T A 24 7R B (O B RE B s PR Wi e & P i P DU SR S PR b, 5 (GB 2763-2026)
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i R B DU 3R 2R TR B SE 22 P PR HE (0.5~10 mgkg™) AREL,  AS VRS HRE i 10 55 3 B O
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0.1 mg/kg bw™, 3EE KRGS, RIEFRIUR AW RS R T KBREE S, ks, FRsAEREERRY IFS
4379 0.01, 0.00. 0.02. 0.13, IFSAE/NT 1, UiHIVUEE LmELEDU P& A B BT_E 122 4 KU AL TR 32 Y6
B TR I IFS ABI K T HA = AP T, 15 W I TR 1 SRR T BRAL 22 AL A SRR 00T DU 3R B MR B e K
THABTE R, AT IRE
252 ZMAR IR R4S

WHE A (4) F1 (5), P ZHENEGIHELE 2024 FHEEE RS GSGH & FE T 9 & 1085 kg, FrEiniss
NEER N 297.3 g/ N/RES; ADIEX 0.1 mg/kg bw; LP 5% 2019 4E b [F T A FRGETHE S HETE IOSUE, £ P RH
0.5 kg™, ARFD X 0.3 mg/kg bw™™; 43 iliH5E DU SR 2. bk BY O s MR 2 XU (YARFD) 518 PR £ XU (%ADD,
GERWAR 5. KBRiagh ekadis 1L AL TSR LBREI%ADI K %ARTD BT 1000%, R UIVUF eI
AR 24 (MR R S RS (E T 22 YU R 2 Y o BT 3R 2 s B KA R (2.53 mgrkg™) EAT AR 1
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Table 5 Chronic and acute dietary exposure risk assessment of edible fungi samples

K 39 Wiy B NSRRI

RHGKRG h(ngke?) %ADIY% RFeHE 999 B oxi/(mgke) %ARMDI%  RibH|E
KIRETE 0.00 0.00 T 0.11 0.00 THZ
k3 0.00 0.00 THZ 0.00 0.00 THZ
3% 0.00 0.00 THZ 0.41 0.01 THZ
NN 0.02 0.001 THZ 2.53 0.07 THZ

3 g

AT ST T AT QUEChERS R AbBELS A m SBAH Eiis- R BT (UPLC-MS/IMS) & F B HH DU SR 2.1
B B I 2 i, R T SEBRRE S AR 2R B b . AT AR S AR R E AR R () BB,
FIYFEAR. T WA, SR TR . AR (0.50 pgke™ FEEIR (1.50 pgke™ 1
R EAS KRS B P DU R R R HR B PR B SR . 7 1.5, 150 150 pgkg™” = MInbR/ACE T, FEmEllk
FN 72.25%~119.51%, AHXHRAERZE N 0.82%~13.41%, FFEIREEMIMTE. Z5HEMH, ZHIFS A G YLFE
FERER I REHERE B, R TIMERMNARGIREANDE . AT T & @ IR 2B AR = A,
e T IA R AREBRIAR, 4/ T SR, HARSS R B IR EAER ZE0E, RO T o5k B R = 1k
KL Ty B2 FR A T HORTHE, b ORbE IR E & R O3 5
XPPa . ORERERAE Sk 206 R0 = o B DU £ FH R ot R 25 SRR B, DU SR S REAE B FH B P A
23.53%. HH, LRGP SR QR RR R S A H e i A =S A s i B P U SR R R
BTN, 62N ERETH SRR SR, REHLE T VIR AR B R
Fomi. gERRE, BARME, NSRS T YR R AR XSGR ARSI 2 RE N, &
i 2 AT T AT B2, U I A RTER R AT — N R (R RS A T T iR X ). AT, (AR
e, SHAREMAEE, SRR R B RS AR . BRI SER B B AR R A R . R A AT
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