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Abstract: The removal efficiencies of ten pesticide residues (carbendazim, imidacloprid, acetamiprid,
diethofencarb, propamocarb, profenofos, cypermethrin, triazophos, dichlorvos and pyrimethanil) from
cucumber by five different processing methods (washing, boiling, stir-frying, peeling and salting) were
investigated under laboratory simulation using LC-MS/MS and GC-MS/MS. The results showed that
peeling was the most effective pesticide removal method among these processing methods. Especially,

in the cases of profenofos and cypermethrin, the processing factors by peeling were both 0.04. The
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pesticide removal abilities of other investigated processing methods were in the following order: boiling >

stir-frying, washing, and salting. Meanwhile, it was found that the effects of processing methods were

directly related to the log K, of each pesticide. The smaller the log K, of pesticides, the easier to

remove them by washing and boiling. Moreover, we also investigated the time effect of pesticide

residue removal with washing, boiling and stir-frying within 10 min. The results showed a decreasing

trend of pesticide residue amounts with the increase of treatment time. For all investigated pesticide

residues, the processing factors for washing, boiling and stir-frying varied in the region of 1.00-0.62,
0.86-0.37 and 1.13-0.52, respectively, after 10 min treatments.

Keywords: processing methods; processing factors; cucumber; pesticide residues; removal efficiency;

food safety
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Scheme 1 Structural formula of 10 pesticides
Fz1 THSENRBANERERSH
Table 1 The physico-chemical properties of 10 pesticides
O DIl TN N g
&2 g FIRE i $i MO KA e K
Pesticide mass Boiling point/'C Melting point/'C Vapour pressure/Pa  Water solubility/(g/L) 8 Row
it sk imidacloprid 255.66 93.5 136~144 2x 10 0.51° 0.57
g BBk acetamiprid 222.68 3524 101.0~103.3 59 %107 4.2 0.80
7 propamocarb 188.27 139~141 45~55 1.66 x 10 900° 0.84
HUEE dichlorvos 220.98 140 -60 2.10° 10° 1.43
Z R carbendazim 191.19 326.92 302~307 1.0 x 10 1x10% 1.52
WEE % pyrimethanil 199.25 NA 96.3 22x10% 0.121° 2.48
Z. %, diethofencarb 267.32 100 39.5~41.5 2.9 %10 0.242° 3.01
=T phentriazophos 313.31 260 2~5 3.9x10* 0.03~0.04* 3.55
PR profenofos 373.63 110 NA 1.24 x 10 0.028" 4.68
S cypermethrin 41630 170~195 60~80 1.9 x 10 1x10% 630

TE: CFRIRTE 20 C KAMF T, PFRIRTE 25 C &M T, °FRIRTE 30 C %M T NA: Aif.

Note: The value marked with 'a' was obtained at 20 C, the value marked with 'b' was obtained at 25 ‘C and the value marked with 'c' was obtained at 30 C;

NA: Not available.
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1.4 HMEH
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¥ (2.1 mm x 50 mm, 1.7 pm), WEIH A MK
0.05 % HE-1 mmol LFR¥L/KIE, B HHNHREE,
Ji% 0.3 mL/min, FEif 40 C, #HEE 3.0 ul. Hizh
AR BEEE 264 : 0~0.2 min A: 95%, >0.2~5 min
A: 5%, >5~6min A: 5%, >6~7min A: 95%.

RS BANE L 3.0kV, BTURIERE
150 °C, JBIAFIEEE 500 °C, BLIAFSHE 600 Lih,
HEFLRWSIALE 40 L/ i SUESH ER FH AR -
— B U A T o 1 3 B e B M A N 5 Ak
HoAx 9 P 245350 2R FORH €0t - — R DUBRAF S 22 J
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Table 2 Liquid chromatography-triple quadrupole mass spectrometry (LC-MS/MS) parameters of 9 pesticides in multiple reaction

monitoring (MRM) mode
£ BT FET HEFLH R filb 45 e 5 FR G ]
Pesticide Parents, m/z Daughter, m/z Cone/V Collision/V Retention time/min
175.00 19
It HL bk imidacloprid . .
ik imidaclopri 256.00 209.00 18 17 244
90.00 32
g B PK acetamiprid 223. 2 2.
Jok ip 3.00 126.00 3 20 66
102.00 18
R b 189.20 22 1.57
R propamocar 144.00 14
79.00 25
¥ dichlorvos 221.00 26 1.41
109.00 17
132.00 28
% R carbendazim 192. 2 1.
L] Z1 92.00 160.00 3 18 93
o ] 107.00 25
% 5 1% pyrimethanil 200.00 32 3.95
168.00 29
- X 152.00 23
278 diethofencarb 268.20 12 4.19
180.00 18
= 4R triazoph 314.00 H19.00 23 33 5.97
Pt 53 riazophos . .
P 162.00 18
) 303.00 18
[ShL fenof . 2 .
1% profenofos 373.00 345.00 0 1 6.73
*3 SEFENSHEILE-ZEMRAT (GC-MS/MS) IEFE TR NN (SRM) RS
Table 3 Gas chromatography-triple quadrupole mass spectrometry (GC-MS/MS) parameters of cypermethrin in selected reaction
monitoring (SRM) mode
Vi¥ii] e/ TFET IZE fila | il 2 e & 2 {R B S [
Pesticide Parents/Daughter, m/z Collision 1/eV Collision 2/eV Retention time/min
SUR3S cypermethrin 163/127, 180.9/151.9 18 20.89
15 HiELE pp_ € W
RN Ef (PF) ki & A A n L7 sUAL 3 s €0

AR BERRLED, HiE A (1) AP,

KA co R LATRES PR A E B ¢ For
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B REER MBS, HZ2EHR . BEK.
LB MNP BB LK & S min J5 PF fHA
FN, BPRAREEAFIEIC. XA &E
1) log Koy MHAZEIREA K, RURZM log Koy
R, HoKEMR 2 . (HBEE KR TR ZE K,
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Table 4 PF values of 10 pesticide residues with different treatments and different durations

Kk KE il PN i i)
log K,y Pezsii%;de Washing Boiling Stir-frying Peeling Salting
3min 5min 10min 3min 5S5min 10min 3 min 5min 7 min
0.2~2 itk g1k imidacloprid 096 080 070 059 042 041 081 089 077 0.16 0.91
g Hi Bk acetamiprid 095 081 0.70 0.56 040 038 082 087 0.75 0.18 0.89
7%, propamocarb 095 085 077 053 041 038 092 083 085 0.07 0.88
H# 2 dichlorvos 096 088 078 063 047 037 076 067 0.52 0.60 0.94
%% R carbendazim 086 072  0.62 052 04 0.4 0.69 067 0.2 0.29 0.94
2~4 1% 75 % pyrimethanil 099 091 087 071 059 059 084 082 073 0.53 0.98
2,758 diethofencarb 1.00 091 083 073 057 059 085 090 081 0.41 1.11
=R phentriazophos 099 098 097 065 054 054 113 L12 095 0.20 1.09
>4 P95 profenofos 100 099 099 08 069 069 089 092 0.84 0.04 0.92
AN cypermethrin 100 099 099 084 070 065 092 081 056 0.04 0.68
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Fig. 1 PF trends of 10 pesticide residues after washing with

different durations
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Fig. 2 PF trends of 10 pesticide residues after boiling with
different durations
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Fig. 3 PF trends of 10 pesticide residues after stir-frying with
different durations
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