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Abstract: In order to understand the status of pesticide residues in cucumbers in Weifang, Shandong Province, 623 pesticides and metabolites
in 392 cucumber samples produced and circulated in Weifang were qualitatively screened and quantitatively measured by retention index-gas
chromatography-tandem mass spectrometry (RI-GC-MS/MS). Dietary intake risks of the pesticide residues were assessed and ranked. In total, 55
pesticides and metabolites were detected in 392 cucumber samples with detection rates of 0.26%~92.09%. In particular, 19 pesticides which are not
covered by the national food safety standard methods (GB 23200.113-2018 and GB 23200.8-2016. 19) were found. Among the pesticides detected,
five pesticides exceeded the maximum residue limits. They are spirodiclofen (2.30%), endosulfan (1.02%), metalaxyl (0.51%), pyraclostrobin
(0.26%), and pyridaben (0.26%). The chronic dietary intake and acute dietary intake risks of the 55 detected pesticide residues were all less than
100%, and the intake risks were acceptable. According to the residual risk score ranking, medium- and high-risk pesticides accounted for a relatively
high proportion (60%) of the samples. In particular, the detection of some banned and restricted pesticides (endosulfan and 2,4-D butyl ester) may be
related to the illegal addition of agricultural inputs. The present study found more residues in the circulation stage (33.5% of the samples having
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more than 15 pesticides) than in the production stage (4.08%). This phenomenon may be related to the existence of risk points and lack of effective
supervision in the first three stages of transportation from the production base to the market. It is suggested that monitoring of these three stages and
management of pesticide use should be strengthened to ensure the quality and safety of agricultural products.
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Table 1 Evaluation criteria for ranking index scores of pesticide residue risk in cucumber
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Table 2 Detection of 55 pesticides and metabolites in cucumbers
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1 J&EA) 32809-16-8 & A =3 2 361 92.09 n.d-0.89 0.033 97.94 0.013 86.36  0.01 Y=4 604 136X-61 107.77 0.999 8
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6 "SR ) e 131860-33-8 & FAF =S - 179  45.66 n.d-0.025 0.021 40.72 0.021 50.51 0.01 Y=2.727 971x107X-196 857.5 0.999 8
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30 EEEEE 121552612 & F@EA kE 0.2 31 791 n.d-0.080 0.042 13.40 0.012 253 001 Y=7937415X-133916.6  0.999 7

31 R 101205-02-1 T BER KE - 30 7.65 nd-0.025 0.021 12.89 0.019 253 001 Y=3331834X-642559  0.999 8

32 BEeRek 110488-70-5 & FEA kE 5 27 689 nd-028 0.086 3.61 0.12 10.10  0.01 Y=5 172 560X-1453534  0.9990

33 ckRME 165252-70-0 F R kA KA - 25 638 nd-132 0.76 1.55 0.35 11.11 001 Y=3 032.471X+269.8112  0.992 1

34 skEEE: 67747-09-5 & FEA KE 1 24 612 n.d-0.062 0.042 7.22 0.041 505 001 Y=4 181 715X-153731.6 ~ 0.997 4

35 FAR 2631-40-5 & FRA AkE 0.5 23 587 n.d-0.50 0.045 2.58 0.045 9.09 001  Y=1.676094x10"X-39015.52 0.999 9

36 HER 24579735 R FEA IKE 5 22 561 nd-1.07 0.24 5.15 0.24 6.06  0.01 Y=10 444.04X-699.0678  0.990 5

37 RHEE 107534963 & FEA KE 1 17 434 n.d-0.090 0.084 3.61 0.084 505 001 Y=6059 451X-204 674.6  0.998 7

38 EEM 35691-65-7 & AEA AkEF 0.5 13 332 n.d-0.032 0.031 2.06 0.031 455 001 Y=5831947X-49 008.69  0.999 5

39 ZER 87130209 & FEA kE 5 11 281 nd-0.082 0.067 3.61 0.074 202 001 Y=6 880 554X-124 0957  0.999 7
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45 AIRE 106325-08-0 F OFEA kA - 6 153 n.d-0.024 0.023 2.06 0.023 1.01 001  Y=1.360954x107X-382433.8 0.999 1
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50 RAA 2631-37-0 & ARH FHE - 1 0.26 1n.d-0.060 - - 0.057 0.51 001  Y=1.863859x10'X-13103.81 0.999 7

51 CEABMEE 130000407 F  FEA - - 1 026 n.d-0.11 - - 0.11 051 0.01 Y=4415516X-148 789.1  0.998 1

52 wig;g 1469483 & Rt - - 29 740 n.d-0.12 0.084 3.61 0.052 1.1 001 Y=6021988X-106 443.5  0.999 9
P;j* 53 2;@1‘ 2008-58-4 % ARl kE 0.01 16 408 n.d-0.066 0.027 2.06 0.030 6.06  0.01 Y=9 095 006X-286 444.6  0.998 3
54 35-ZFFM 6264371 F Rt - 1 4 1.02  n.d-0.059 0.034 2.06 - - 0.01 Y=1231658X-43967.57  0.9903

55 AARKE  20925-853 F Rt - - 4 1.02 n.d-0.041 - - 0.040 202 001 Y=2 920 730X-29 859.87  0.999 8

E O RFERRKRKGRE; CRTFR; nd R TAE.
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22 FNFRA R 7R KF

TR AR B H6 B0 S0AH - B3 BB B 0% BBk P v 0t o
R St RN AT TR AR 24 5% R AT R0 f s R P A
O BT R AR Z5AT T e IR E b, 4R
WR 2 Fime NHEETTEMINEERRE 25, XHARE
BT T h0bR SR SRS, 7E CLn = e 43 A D
=AKF (1. 0.5 102 mg/kg) 55 Pl 25IR A hrETS
W (n=6), R MEIHLE 68.02%~119.90% 8], #H
XIFRER 22N T 15.1%.

55 RSt A 2 R AR W 1 B BR Uk P E L oM
0.010~5.33 mg/kg, FHA A= IR AR IR 02TV
i R 2R BRI AT B 2 . Bk B DA
HEETRE S, R 2R, R R EE N 5.33 mg/kg;
55 GB 2763-2021 (& i 22 SAniE PR sk
FREAIRED) AHEL, B 5 FRRZIAEEIFING, BRI
g Bifh. HAER. BEEEEE. WAER, BFRE BN
2.30%- 1.02%- 0.51%- 0.26%- 0.26%, AAFRIETEHE
43994 0.072~0.30+ 0.051~0.12. 0.50~0.76- 0.50. 0.11
mg/kg. Ma 5P GHIALAG B Tkl R BEATAG DN, -
P& EEiL 2.19 mgkg, HESZAAKH; Ramadan
A 2Tt e BT A 10 28 TTCEAT 4G W00 PR A R AR L Rk
16.67%, {EXIA IR R B IR ;. Wang %)
XPU AR ST =28 3 AL AT A, A AS: ok
WG AR AR AR Z R, i R A R
FHARZS, T Rl P A0 7 P A A 3 B B I S e A
FARTH AT RE S A BN SR EA BRI A A
FERS I S R BRI A O0 . RRE, AHFFT R
an R 2555 B AR I GBS R I U R, WTRE S 42
RSB R Gt Rs, W IR SRR, 5
IR FRZE, RIS A K.

55 i A 2 R ARG 19 B (I EE 34.55%)
ANEDATE bR 7% (GB 23200.113-2018 Al
GB 23200.8-2016) [FRyaHE AN . ([EAEFEERZE, 1
X 19 A2, FULE BRI H 20 28.57%, X5
B £ FARSAL,  7E RTE B X (35 JTURE
Hh g I T R e R H R E A 100%, WRIE N
0.06~14.41 mg/kg. FMLE IR HF N 30.36%, WA
o4 0.02~0.11 mg/kg, Vieira 2512717 L4 [ 3 IURE S
AR R B %, HRFE N 1.50 mg/kgo BT
BAREREFE NP SIEH, HEEIT SR

(63.78%) LA, MBITIZI7 IR AT H JRUE B >
wE A, AEED. ZEERAPIAREY 2,6-—

ARFMERZ . DUSARIR T . AR 3,5-
TR, HR BN 0.03~0.07 0.05~0.12
0.040~0.041 11 0.03~0.06 mg/kg. EIRIXEEACEPIHIHE:
HR R, (H i T B i T HAHARS S, dRi 5|
FALHE . Manikrao 254, Shi Pt BT A [ 1) b
I TR R A B T A, R T 2R ABLY
g5, 2,6- SR FIMIZIIAT IR EE /N T 0.05 mg/kg,
EARBFAR Y.

MTEAS H 1) 29 R B oA 2, o 12 Ak 2y,
BPFRESGIE . 2R, ML, BB DUgRmERE .
Wi, BRBERS. R B, FRREL IR,
e RPR , [E PR & Sk 14 (Codex Alimentarius
Commission , CAC ) . Kk ¥ Z 1 & ( European
Commission) FlH A Tl e Kok B PR &, MR E
S ] 5 HLAE B TR (B R B PR, of R [ PR
P 2R, R, HEEEEE. KR ARTER
Iy ARG, HEARE AN 63.78% 34.69%- 24.49%.
2.81%- 1.02%, FEFREE ™ 5 H T, S B RO

23 RAZFREMIERSEANG

Wik 3 fvR, 55 PR 2 RARUIYIER B e G &
NS %ADI 1M 0.05%~11.88%, “FHAME A 1.56%,
KT 100%; Sk BE, SRR IERE 1%
ARG %ADI B = 11.88% CRNED. XH
ARID 15 51 27 P24 KA T S AR
KrEAl, %ARID 4 0.01%~52.66%, “FIMEN 4.57%,
BT 100%, Ho 8 & R %ARD {H & =k
52.66%. JREEA. WEMRGE, SAEME, BOR =MEREE, JR
B 5 MRZI%ARD KT 5% (5.54%~52.66%) ;
MEMERAPA B B WEPRTERER ., MR, KA
B REEF AR, W R . BREERG . HRER. M
WA 11 R 2511 %ARD A 1.02%~4.52%, /T 1%-5%
208, TR B, R =M. SRk,
SRR . IRk, SR E Rl B
WEEHR 11 PR Z5(1%ARID A%, /N 1%, iXEKH
TMAR 2455k B S i B NS T A2, HOXUBR AR
(1P S Py s M By 9N b ST I L I
MEPLER P RS 8 PR B FIEAT G & RER VY, FREA12
PEFN U AN (K T 100%; Ozgur Golge
STyt - HH A TRE R T 170 Pl 25 34T 48 00 - i3k
TR BRI, KSHESEET 100%, A2
X — RN A R 1 AN P 42252 (R AU o
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R 3 RARRIHIEBEMEREETTEFS M XS
Table 3 Chronic and acute risk assessment of pesticide and metabolites residues in cucumbers

T8 KT A% B R4
g vXEAR HRaifE YRGS/ "SRG/ EMAER  AiHE g
f-%/(j;:ni; 1L(Zn‘g%/li;)g VOADI Ir(r:g/is -éj/(mgigJ j\-éj/mg%;) VOARIDI%
1 JEEA 0.1 0.06 0.18 0.89 0.012 6.32 52.66
2 TR 0.08 0.08 0.33 0.76 0.5 5.36 1.07
3 A A - 0.23 - 0.93 - 6.55 -
4 REET IRk 0.01 0.04 1.36 0.43 0.16 3.02 1.89
5 ST B M 0.04 0.03 0.26 0.24 rEE 1.70 -
6 G - 0.02 - 0.025 - 0.17 -
7 24 THs 0.01 0.03 1.02 1.59 rEE 11.27 -
8 o H I 0.4 0.07 0.05 0.25 rEE 1.76 -
9 Bk B B 0.4 0.11 0.09 0.5 rER 3.57 -
10 % s 0.1 0.03 0.09 0.071 0.1 0.50 0.50
11 R e 0.08 0.04 0.14 0.12 0.18 0.81 0.45
12 AChEBLE 0.01 0.05 1.59 0.12 0.5 0.85 0.17
13 EeEE 0.006 0.07 3.69 0.64 0.2 450 2.25
14 FE e 0.01 0.02 0.53 0.058 0.5 0.41 0.08
15 HAns - 0.08 - 0.39 - 2.79 -
16  HAFE - 1.18 - 533 - 37.70 -
17 oedmEE B 0.03 0.07 0.69 0.192 0.03 1.36 4.52
18 KA, - 0.06 - 0.058 0.02 0.41 2.04
19 E W - 0.05 - 0.11 - 0.75 -
20 IR R4 - 0.04 - 0.044 - 0.31 -
21 BER =B 0.01 0.03 0.93 0.087 0.01 0.61 6.14
22 R 0.004 0.05 37 0.12 0.005 0.82 16.44
23 FFt 0.006 0.03 1.33 0.13 0.02 0.88 4.41
24 REErd 0.007 0.04 1.75 0.094 0.005 0.66 13.29
25 o ) Bt 0.2 0.06 0.09 0.24 rEE 1.72 -
26 et 0.01 0.05 1.51 03 rEE 2.09 -
27 BERHE 0.01 0.06 1.99 0.087 0.03 0.62 2.05
28 s 0.2 0.09 0.14 0.22 rEE 1.54 -
29 R 0.03 0.06 0.64 0.12 0.015 0.83 5.54
30 PN S 0.03 0.04 0.39 0.08 rEE 0.57 -
31 P A 0.07 0.02 0.09 0.025 2 0.17 0.01
32 Bk 0.2 0.12 0.19 0.28 0.6 1.96 0.33
33 kR - 0.42 - 1.32 1 9.33 0.93
34 SREFIE 0.01 0.05 139 0.062 0.03 0.44 1.46
35 TR 0.002 0.08 11.88 0.5 - 3.18 -
36 FE oy 0.4 0.30 0.23 1.07 1 7.60 0.76
37 RoLES 0.03 0.08 0.87 0.09 0.03 0.63 2.11
38 BE 0.001 0.03 9.67 0.032 - 0.22 -
39 TEA 0.004 0.07 5.51 0.082 rEE 0.58 -
40 wik 33 R 0.01 0.06 1.97 0.11 0.05 0.77 1.54
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g3
120 K345 Bt R e 14
A5 ¥ A AR & E AR FHREE/ YuADL% RSKRG/ %rii‘%%d ﬁi’rﬁ,ﬁﬂ%& Y4 ARFDI%
A=z /(mg/kg) (mg/kg) (mg/kg) =/(mgkg) AN=/mgkg)
41 5 A By 0.03 0.03 0.33 0.033 - 0.23 -
42 BRAF B 0.01 0.04 1.31 0.085 EE 0.60 -
43 RS 0.1 0.13 0.39 0.5 - 3.53 -
44 Hyed BE 0.01 0.02 0.76 0.072 0.05 0.51 1.02
45 A - 0.02 0.024 - 0.17 -
46 R B 0.04 0.09 0.67 0.093 0.5 0.66 0.13
47 = o FR 0.03 0.07 0.71 0.071 0.08 0.50 0.62
48 2h kR, 0.01 0.10 3.23 0.16 0.125 1.10 0.88
49 v A 0.004 0.02 1.52 0.02 - 0.14 -
50 Jh A - 0.06 0.06 - 0.40 -
51 oK A - 0.11 0.11 - 0.77 -
52 9 S AR = F BL I A - 0.07 0.12 - 0.87 -
53 2,6-— 5K F Bz 0.01 0.04 1.3 0.066 - 0.47 -
54 3,5- =K 0.01 0.04 1.22 0.059 - 0.42 -
55 ERE N - 0.04 0.041 - 0.29 -
**:ég;? 4 24 REHRERGHF
] T HEUERS . 3,5- AU R WRPismg. IR
B [ 14 e WESRG, GO0E. DUSARE CHEET R, 2% 7
L | e—y A REGMFFHERARE S, ST WS, 2.6- 8K
5] c— PG, WRHUG, ORI, WEEENG. R SRR
T 14 s 8 MR ZTE ADL{H, Tt EIRE NG . AT
B fo] e— (SORRIZ 40 ik Hy - 24 5% B 1 SR A3 A0 HEATHERF .
=R G R R R B LM 4 S R
TEN — (2010-2013)) AT, BTN 4 R E B L 1
- | c— 18.5%, 1% 1 e HEEES (O N1, 48l
e — ] LR 2515 B, R 25 TE 8RB A o P VR
e mm— 1 (T) FEAHT 3%, AR (6) A RZHfE
B i —01 FISi% (FOD) 6T 7.5%, {EFAHIRMAS (D) 3 1;
gt ] — iR R 2 B B AR (B) Gi— RN 3.
kit | — AR (D L, RGHDFSRIE 3 For: 51
B E— o1 HRAF 5 =20, AR, 4 22 FhCELE 55%),
B — EEAHFE EMRE . RAER S 8 2 RN
AT — 20~15, MR RABARZ), U 2 Flr GhEL 5%): 43
e e—— KRR HI<15, FICREARZ, Fh 16 0 (5L
EﬁO_ T = = 4'040 2 40%), FENEEF]. WSHEE. R mhEE,
. ARBF S A KA 2 i L (60%) 15 T T ™)

[ 3 BN 40 FhRIGHIRE X HF

Fig.3 Ranking of residue risk of 40 pesticides in cucumber
E: A AR B PR C: A,

X L A B TR 245k B HEAT XSG HE e e s XU A< 2
HEE (30.8%), FIRE S AHITFUR HI R B HEE802o0) 21
B A2 B R A A AT AR R IR 2, 97K TR
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B A RS R AR R RIE K. AT
RrH 51 P25 FZNRE A (56.4%) 7 LA
(21.57%) FEREF] (7.84%), FHorm KA 251124
RUAZR B % HR) S BRETRIR AR, 2350 5 61.9%-
33.33%- 9.52%F1 9.52%. b5 Bt e ICH LRI B
FEYENFEEG KBRS A RO 5 L Bl
B VERIRI S . PR R AT R, X 54
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DLIR HUE R BCR KR SR A R &R %
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3 Zig
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