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Establishment of Residue Analysis Method for Acephate and
Its Metabolite Methamidophos in Winter Mushroom and
Its Mediums with LC-MS/MS
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Abstract This study was carried out to establish residual analysis method of acephate and its metabolite
methamidophos using QUEChERS method with LC-MS/MS in winter mushroom and its mediums. The
winter mushroom mediums used in the study were rice bran, corn flour, corncob, beet pulp, soybean meal
and soybean curd residue which are mainly used for winter mushroom cultivation. Extraction methods for
residual pesticides were established by varying the weight of each mushroom medium, such as 10g
mushroom, 5 g rice bran, corn flour, corncob, beet pulp and soybean meal and 2 g soybean curd residue. The
d-SPE method for removed fatty substance was established using QUEChERS kit added 150 mg MgSO,, 50
mg PSA and 50mg Cj;;. Recovery test was performed for validation of residual analysis method after
fortified 0.01 and 0.05 mg/kg into winter mushroom and its mediums. Recoveries and RSDs in those found
to be 79.0-105.8% and less than 5.3% indicating that meet method for the residual pesticide analysis. By
using the developed method, the safety of residual pesticide in mushroom medium can be determinated
quickly. In addition, inadvertent or indirect pesticide residues in mushroom will be prevented in advance.
Based on these results, it can contribute to improving the safety of residual pesticides in mushrooms.

Key words Winter mushroom medium, residual analysis method, acephate, QUEChERS, LC-MS/MS
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Fig. 1. Structure of acephate and its metabolite methamidophos.
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Sample preparation

- 10 g for winter mushroom

- 5 g for rice bran, corn flour, corncob, beet pulp
and soybean meal

- 2 g for soybean curd residue

- Add distilled water of 10 mL except for winter

mushroom

residue

Extraction

- Add acetonitrile of 10 mL for winter mushroom,

corn flour, soybean meal and soybean curd

- Add acetonitrile fo 20 mL for rice bran, corncob
and beet pulp
- Shaking for 3 min at 1,500 rpm

- Add EN extraction kit

¥ 4 g MgSO4, 1 g NaCl, 1 g NasCit-2H,O, 05 g
Na,HCit-1.5H,O

- Shaking for 1 min at 1,500 rpm

- Centrifugation for 5 min at 3,500 rpm for rice

bran, corncob and beet pulp
- Centrifugation for 5 min at 10,000 rpm for corn

flour, soybean meal and soybean curd residue

Purification

- Add supernatant liquor of 1 mL into d-SPE kit
% 50 mg PSA, 50 mg Cig, 150 mg MgSOy

- Voltexing for 0.5 min

- Centrifugation for 5 min at 12,000 rpm

Filtration using 0.2 um syringe filter with PTFE

- Dilution for matrix matching at 2 times

‘ Instrumental analysis ‘ ‘— LC-MS/MS

Fig. 2. Analysis method of acephate and methamidophos for the pesticide residue in winter mushroom and mediums.
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Table 1. LC-MS/MS conditions of acephate and methamidophos for the pesticide residue in winter mushroom and mediums

’<LC condition> ‘
Instrument ExionLC™, AB SCIEX, USA
Column Halo Cj;, 2.1 mm L.D. x 150 mm L. (2.7 um particle size)
Flow rate 0.2 mL/min

. A: 0.1% formic acid, B: Acetonitrile
Mobile phase

A:B=(20:80, v/v)

Injection volume 1 uL

’<Mass condition> ‘

Instrument QTRAP 5500 system, AB SCIEX, USA
Ionspray voltage 5500
Curtain gas 20 psi
Collision gas 10 psi
Temperature 500°C
Ionsource gas 1 50 psi
Ionsource gas 2 50 psi
Scan type MRM mode
’<MRM condition> ‘
pesticide Ql Q3 Time DP EP CE CXP
184 49.1 150 76 10 25 6
Acephate
184 95 150 76 10 31 8
) 141.98 47 150 71 10 39 6
Methamidophos
141.98 79 150 91 10 29 8
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Table 2. Reproducibility test of acephate and methamidophos at LOQ, 10LOQ and 100LOQ with LC-MS/MS

Pesticidie Concentration Peak area Peak height Retention time (min)
(mgkg)  MeantSD”  RSDY(%)  Mean+SD  RSD(%)  MeantSD _ RSD (%)

LOQ" 83’3?‘58631 30 B 33 1.87+0.0 03

Acephate 10LOQ e ;Zlgsgi 22 2‘4’;?606'(5) K 12 1.87+0.0 0.4

100LOQ 6’4432’2’73‘3‘% 0.4 1’7132’?597;; 13 1.89+0.0 0.9

LOQ 70’13?221'?3 46 202 ,llzégj 59 1.88+0.0 0.4

Methamidophos ~ 10LOQ 63 52";;7 I{J—S“ 3.9 177’87?081'% 3.9 1.88 +0.0 0.4

100LOQ 4’732§2?602'g§ 1.8 1’2643’;?027'23 29 1.89+0.0 0.7

YLimit of quantitation (0.001 mg/kg), ?Standard deviation, *Relative standard deviation
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Fortification

Recovery (%)

Pesticide Matrix RSD? (%
(mg/kg) Mean SDV %)
) 0.01 94.8 2.8 3.0
Winter mushroom
0.05 93.2 42 4.5
) 0.01 96.6 1.4 1.5
Rice bran
0.05 101.6 3.7 3.7
0.01 91.9 3.7 4.1
Corn flour
0.05 90.6 3.7 4.1
0.01 101.1 1.2 1.2
Acephate Corncob
0.05 98.8 1.1 1.1
0.01 95.9 1.2 1.2
Beet pulp
0.05 97.2 1.0 1.1
0.01 86.3 2.6 3.0
Soybean meal
0.05 86.8 1.8 2.0
) 0.01 79.9 0.8 1.0
Soybean curd residue
0.05 82.0 1.3 1.6
) 0.01 95.0 2.0 2.1
Winter mushroom
0.05 91.1 3.1 3.1
) 0.01 90.3 2.3 2.9
Rice bran
0.05 90.7 3.7 4.1
0.01 89.0 2.6 2.9
Corn flour
0.05 89.6 3.7 4.1
) 0.01 88.1 4.7 5.3
Methamidophos Corncob
0.05 88.9 0.9 1.1
0.01 92.9 1.2 1.3
Beet pulp
0.05 92.9 0.7 0.8
0.01 87.0 2.6 3.0
Soybean meal
0.05 87.1 1.8 2.0
i 0.01 82.3 23 29
Soybean curd residue
0.05 82.9 1.0 1.2

DStandard deviation, ?Relative standard deviation

L46%
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Fig. 3. Pictures of conical tube A; add distilled water of 10 mL into soybean curd residue (I: 10 g, II: 5 g and III: 2 g), B; add
acetonitrile of 10 mL into wettable samples using distilled water of 10 mL (I: 10 g, II: 5 g and I1I: 2 g).

B8 STD 0.02 - Acephate 1 (Standard) 184.0/ 43.1 - D\Analyst DatalProjects\2018_NHHDataMushroom 20180615 wif (sample 23)

B STD 0.02 - Acephate 2 (Standard) 184.0/ 5.0 - D\Analyst DataProjects\2018_NHH DataMushroom_20180515.wiff (sample 23)
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Fig. 4. LC-MS/MS chromatograms of matrix matched standard for rice bran A; quantitation ion (184.0 >49.1) of acephate, B;
confirmation ion (184.0 > 95.0) of acephate, C; quantitation ion (142.0 > 47.0) of methamidophos, D; comfirmation ion (142.0 > 79.0)

of methamidophos.

ﬁ%% 247} 97.9-102.1%}F 94.6-98.4%0]1t}h. 3

Sekat Av)A] 5 acephate?] 3582 717F 83.5-88.7%%}
79 0-83 0%01 ATH MAI WAEIA] 5 methamidophos®]
S| 48-S BF 79.0-96.4%F RE AR 483 35e W

92 Belon BA A=ntEINS Fig 30 AAsTH
FAO (2016)= #2] s=¥= vﬁd 37E& s Ao
=t A+ 23 BF FAO guideline®] 533t= ALE
ERstth webs gRe 2AHE g8t WAl wiA S



252 ol - HelE - =S - 0l'Y
A+ Acephate 1 (Urknown) 1840 /43.1 - D'VAnalyst Data Projects|2018_NHH Data Muskeoom_20180615.iff (sample 11) A1« Acaphate 2 (Unknown) 184.0 /5.0 - D ealyst Data\Projects\2018_NHH DataMushroom_20180615,wiff (sample 11)
\ \
606t 184 184
S5at 3065
506
255
4508
40et
0ed
p 3 z
i a0 H
z 3led E s
254
atet 1065
150 l
1064 504 & l
5063 l[ |
i . \
0.0e0 - 0.0e0 - - - - - -
15 20 25 15 40 05 0 5 20 25 30 35
Time, min Time, min
A2 - Methamidophos 2 (Unknowr) 14207 47.0 - D:\Analyst Dats Projects|2018_NHH DataiMusheoom_20180615.wiff(sample 12) A - Methamidophos 1 (Unknown) 1420/ 79.0- D:\dealyst DatalProjects\2018_NHH DatalMushroom_20180615.wiff (samgle 11)
1665 1% 065 189
1565
90sd
145 e
12
- 806t
1265
1165 let
105
60et
§ 90w 3
Z e 2 s
708
400t
60e¢
5004 20ed
4004
3004 Dot
20
! 160 i
10ed | A
P i
000 " -

05 10 15 20 25

Time. min

30 35 40 45

25 30
Time. min

35

Fig. 5. LC-MS/MS chromatograms of recovery for corn flour A; quantitation ion (184.0 >49.1) of acephate, B; confirmation ion
(184.0 > 95.0) of acephate, C; quantitation ion (142.0 > 47.0) of methamidophos, D; comfirmation ion (142.0 > 79.0) of methamidophos.
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LC-MS/MSE 0|38 Wo|t{Al 2t H{AIEjX] & acephate2}
CHAFA| methamidophos2| ZHF 244 =&

LHS - HY* - TS - 02
TENEH T TAASe sheteAtAd S

2 o o] AT oAzt MANIA] F acephate} THIAAl methamidophos®] #41H-S QuEChERS®H 3} LC-
MSMSE o] 83k Sel37] SA3io] SAsict. Tt Al olol g Apuface] ol 85ky. Q= w17, S, 2
S0, =R e g AuAolglnh, REoE BAS Ad FEEA 7 v WAEE ARES gefde]
QSISO P (AL 10, 717, §3, B, WEHE, Truk Sg, 70A): 2g), d-SPE AAZAS AAZE Hol A
A & dE 22150 mg MgS0,, 50 mg PSA, 50 mg Cip)2 3Tt e #AHS o83l HArkse
0.013} 0.05 mekgoll A 3158 AL A3 A3k, o ulAls}k RE WAIAAME 79.0-105.8% (RSD 5.3% ©l5h)
2 A8 358 WOZ Rk AeE BAWMS 38ale] BlAllR| o] FEEek kAL ALF erﬂﬁhifﬂ &
Feoke] WAl =z o] vl QHS ARl Atkale] WAle] ZHREoF O}XJH spafol 7]oJat 2= Qe o= Tt
el

Aolo] Al WA, A5k B4, acephate, QUEChERS, LC-MS/MS
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