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ABSTRACT To explore green and efficient methods for degrading pesticide residues in Chinese wolfberry, high-

energy electron beam irradiation was applied to treat wolfberry samples contaminated with five pesticides:

acetamiprid, imidachloprid, chlorpyrifos, carbofuran, and propargite. An ultra performance liquid chromatography

tandem mass spectrometry method combined with QUEChERS was used to detect pesticide residues, while also

investigating the effects of varying moisture contents on pesticide degradation. The results showed that, as the

absorbed dose increased, the highest degradation rates of the five pesticides ranged from 12.9% to 41.3%.

Acetamiprid achieved the highest degradation rate of 41.3% at 8 kGy. At the same absorbed dose, the degradation

rate of acetamiprid increased with a decrease in its initial content in Chinese wolfberry. Imidacloprid, chlorpyrifos,

and carbofuran reached their peak degradation rates at 4 kGy, while acetamiprid's peak occurred at 10 kGy. When

the absorbed dose was constant, acetamiprid degradation was positively correlated with the moisture content of

Chinese wolfberry. In conclusion, high-energy electron beam irradiation effectively degraded pesticide residues in

Chinese wolfberry, with degradation rates varying depending on the pesticide type. Furthermore, the degradation rate

of acetamiprid significantly increased with higher moisture content in dried wolfberry.
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1.2 ##

AT SR O 7 B M B R AT 55 v el R T
PR, R SRR, A AL B SR AT T AR
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REFEfh DA S K EMAL LR S &, 2diiEs
B SPPAN[FIAR 2575 G M AT R i, 3 BB AR 24 Fh 28 I
HRBEEAE, RAKRAH & TR B T7
X s Hrp, ng RPkYIaE & &5 58 2.01 mg/kg
(DCM-H) . 0.85 mg/kg(DCM-L); N Htiky) 46 &
=47 9 4 0.95 mg/kg (BCL-H) . 0.10 mg/kg (BCL-
L); ERARIRWIUG & &5 54 0.045 mg/kg (DSP-HD
0.011 mg/kg (DSP-L) ;W B ¥ 45 & & 4 7l A
0.051 mg/kg(KBW-H). 0.021 mg/kg(KBW-L); 4k
W 45 BT Us S & 4 9 A 0.019 mg/kg (QMT-H) .
0.010 mg/kg(QMT-L).
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0.000 1 g) ¥ B J5 I My FC FF i T 50 mL &5 0 5 o

TN 9 mL Z&487K, N 10 mL {9 25 & 1 b %
B, RIZR% 2] 1 min, JI\ QUEChERS #
£, WBEFEEL 2 min, KR A UKK G BRI, 1R
4 °C'F 8 000 r/min &0 5 min, &&= W LG R E
T HH 150 mg TL/KBREREE. 25 mg PSA F120 mg f1
SR BEOES, WHIEIES 1 min, f£4°CTF
8 000 r/min 2.0 5 min, _E3E WL 0.22 um fBERE,
BRI I G 5 E

X R O o 5 AR 2 bRV A AT 2 IS
e pg/mL VR-AFRAEVET, A 2 B R T 4 L
7 AC 1 A% 1.0 ng/mL. 5.0 ng/mL. 10.0 ng/mL.
50.0 ng/mL- 100.0 ng/mL+200.0 ng/mL.300.0 ng/mL
(b A FH VR

g, ikl : Agilent Eclipse Plus C18
3% 4 (2.1 mmx100 mm, 3.5 um) ; i 30 A A
2 mmol/L H R 57 -0.01% H B2 /K ¥, B: 2 mmol/L
H R #% - 0.01% H R FHBEVE s L& 0.3 mL/min;
FEIR 40 °C; BEFER S uLo BREEMEIFEF K 1.

R BAHOEREERERF
Table 1 HPLC gradient elution program

i ] / min WA % TANHB /%
Time Mobile phase A Mobile phase B
0.00 97 3

1.00 97 3

1.50 85 15

2.50 50 50

18.00 30 70

23.00 2 98

27.00 2 98

27.10 97 3

30.00 97 3

JREAE. BT R: AJS-ESI; H#I: IF
B N7 2RV (MRMD,  HAk
ZHLK 2, THRAEE: 300 °C; TS HE
7 L/min; 58 F: 350 °C; 4 9# 11 L/min;
55 Mg JE 77 40 psi (49 2.76x10° Pa); B 40 % Mk
4500 V.,

R RY R %A

Table 2 Mass spectrometry conditions of pesticides and metabolites

ey i BETmiz) TETmz) WHEBE/V  REGERE/V SRR/ ms  JEEE/V
Name Precursor ion Production  Fragment CE Residence time  Accelerating voltage
e HUBK 223 126 80 15 6 3

Acetamiprid 223 99 80 25 6 3
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44K REES T (m/z) FEF(miz) WHREE/V  WHEREEE/V HEEE /ms  MEBEE/V
Name Precursor ion Production  Fragment CE Residence time  Accelerating voltage
iAEELS 256.1 209 80 10 6 3
Imidachloprid 256.1 175 80 10 6 3

EA 350 198 100 15 6 3
Chlorpyrifos 350 97 100 35 6 3

SR TS 368.1 231 90 2 6 3

Propargite 368.1 175 90 10 6 3

PNED: 222 165.1 100 10 6 3
Carbofuran 222 123.1 100 20 6 3

3-FRHE T 238 181 80 5 6 3
3-Hydroxycarbofuran 238 163 80 10 6 3
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H B (Carbofuran) . Bl (Propargite) 5 Fif 4% 24 %
fRFEREB S AME . 455 & M2 kGy E T 2|
10 kGy B, AHXE T AR 4w HEOOH I o, AN [R1R R 1) R
ZiEMRBARE FTHEY, 1@ RIRIZ 5 ik
G0N 2.5 ng/mL I 1 B 2 AR A 0L . TT DA

A IE PR MRk B SRR AR e 35 Rk B
80% LA_L, FTANA B AETE 6 KGy I Atk H bk 4 A R B
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Fig. 1 Effect of different absorbed doses on the degradation rate of pesticide standard solutions:
(a) 2.5 ng/mL; (b) 25 ng/mL; (c) 250 ng/mL
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Fig.2 Thermal map of pesticide degradation rate in each sample
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Fig.3 Changes in degradation rates of five pesticides in Chinese wolfberry under different irradiation doses:
(a) acetamiprid; (b) imidachloprid; (c) chlorpyrifos;(d) carbofuran;(e) propargite
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SN

L AT SR, BATHRE T dUR R KR AR
PR R RIRGR R, P, 3RATTLE 8 kGy 73l

A&7k R 3t 4R R B AR A AC T R P e AR Y

B & BN % 12% A1 15%, BEHBKS 8RN
0.46 mg/kg. 0.85 mg/kg Fl2.01 mg/kg 1 # i 2 A
A RS TR I . B KR AL T SR R
oA R P A 2 s e 4 Y L3R 3

K3 F/KEIHIRCT R A e dBRAR MR AR R 0 e

Table 3 Effect of moisture content on the irradiation degradation rate of imidacloprid in Chinese wolfberry

EIKE % A4 E 8 / (mg-kg™) Pesticide content
Moisture 0.46 0.85 2.01
content IR 7 i fgp < PR Pt e VoS aig 5 S
/ (mg-kg™) /% / (mg-kg™) /% / (mg-kg™) /%
Residue conten Degradation rate Residue content Degradation rate Residue content Degradation rate
9 0.31+0.02° 32.6 0.58+0.04° 31.8° 1.65+0.06" 17.9°
12 0.26£0.02° 43.5 0.50+0.03" 41.2% 1.5340.06° 23.9*
15 0.15£0.01° 67.4 0.37+0.03¢ 56.5° 1.12+0.08° 44.3°

E: A FIART IR ERIAE 0.05 K EEREE.

Note: The different letters in same column indicate that the difference is notable at 0.05 level analyzed by significance testing.
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& Ele, WHEANETEHE (0, BH
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