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Abstract: To investigate the pesticide residues in fruits and vegetables and their dietary risk to Chengdu residents. A total
of 203 samples of 9 kinds of fruits and vegetables were collected from large farmer markets and supermarkets in Chengdu.
The modified GB 23200.113-2018 QuEChERS pre-treatment method combined with gas chromatography-triple
quadrupole-tandem mass spectrometry method was used to analyze 48 pesticides. Chronic dietary intake risk was assessed
by a combination of fruit and vegetable consumption of residents in big cities and the food safety index method. It showed
good linear relationships for 48 pesticides in the range of 0.025~25 pg/kg, with the correlation coefficients higher than 0.99.
The average recoveries of the pesticides were 60.1%~117.7%, with relative standard deviations less than 10%. The limits of
quantification were 0.083~3.3 ng/kg. This method could meet the requirements for trace determination of the 48 pesticides

in fruits and vegetables. The detection rate of pesticide residues in 203 fruit and vegetable samples was 50.2%. Six
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pesticides were detected in all the samples, and all of them did not exceed the maximum residue limits. The detection rate of

pyraclostrobin was the highest, being 29.1%. Various kinds of fruits and vegetables were polluted differently by pesticides.

Berries and other small kinds of fruits, represented by strawberries, had the highest detection rate up to 91.7%. The results

of chronic dietary exposure assessment showed that the food safety index values of all detected pesticides ranged from
0.00002 to 0.004, much less than 1. But the daily intake of propargite was relatively high (0.00257 mg/d), which should be

paid more attention in the future.

Key words: QuUEChERS; gas chromatography-triple quadrupole-tandem mass spectrometry; pesticide residues; dietary

exposure assessment; food safety index
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Table 1 Retention times, monitoring ion pairs and collision energy of 48 pesticides under
multiple reaction monitoring (MRM) mode

IS
F T feetn T CAS% (B 1] (min) BB TITET (/) R AER (V)

153.00>97.00° 12

1 S Chlorethoxyfos 54593-83-8 10.463 153.00>125.00 4
153.00>65.00 24

158.90>130.90" 8

2 Tk Cadusafos 95465-99-9 11.221 158.90>97.00 18
158.90>65.00 28

180.00>125.00" 10

3 R Pencycuron 66063-05-6 11.354 209.00>180.00 10
209.00>125.00 15

173.10>130.10" 24

4 6 ] Pyroquilon 57369-32-1 12.424 130.10>77.00 26
130.10>103.10 18

176.00>120.00" 10

5 fife B Benoxacor 98730-04-2 12.954 259.00>120.00 18
259.00>176.00 8

256.10>163.10" 10

6 WRREHE Benfuresate 68505-69-1 13.137 163.10>121.10 6
163.10>91.00 22

220.20>205.20" 12

7 R Terbucarb 1918-11-2 13.202 205.20>57.10 18
205.20>177.20 8

100.10>58.00° 12

8 BRI -1 Spiroxamine -1 118134-30-8 13.438 100.10>72.00 8
100.10>99.10 14

354.10>306.10° 8

9 P Dithiopyr 97886-45-8 13.664 354.10>286.10 14
354.10>210.10 28

100.10>58.00° 12

10 IR -2 Spiroxamine -2 118134-30-8 13.960 100.10>72.00 8
100.10>99.10 14

294.90>109.00° 14

11 PR Dimethylvinphos 2274-67-1 14.001 296.90>109.00 20
296.90>281.90 20

224.00>123.00" 18

12 ARG Dichlofluanid 1085-98-9 14.065 226.00>123.00 18
226.00>77.10 30

298.90>220.90" 24

13 SABKAR T g Chlorthal-dimethyl 1861-32-1 14.346 300.90>222.90 26
300.90>272.90 14

151.00>136.00" 12

14 TRE B Flufenacet 142459-58-3 14.366 151.00>95.00 26
151.00>123.00 6

266.10>190.10" 12

15 TR Butralin 33629-47-9 14.579 266.10>236.10 8
266.10>174.10 20

272.00>242.90" 9

16 DY SRR Phthalide 27355-22-2 14.699 243.00>214.90 9
243.00>178.90 30

212.10>122.10° 12

17 Sk L Dimethametryn 22936-75-0 15.008 212.10>94.00 22
212.10>71.00 18

262.00>91.00 16

18 (Z)-BEBENS (Z)-Pyrifenox 88283-41-4 15.076 262.00>227.00 10
262.00>200.00 18

262.00>91.00 16

19 (E)-BEENG (E)-Pyrifenox 88283-41-4 15.592 262.00>227.00 10

262.00>200.00 18




%434 5 6 W) WO, IR REE AR 2R B KT BB P XU A - 261 -
Hk1
haes Gk CASE PRER IR E] (min) BT/ TR T (m/z) fE e (eV)
A RR YA PR

303.10>195.107 8
20 R Fenamiphos 22224-92-6 15.886 288.10>260.10 6
288.10>243.10 10
191.00>160.00" 10
21 (B) -4 e (E)-Metominostrobin 133408-50-1 15.986 238.10>210.10 14
238.10>197.00 24
191.00>160.00" 10
22 (Z) -4 (Z)-Metominostrobin 133408-51 -2 16.383 238.10>210.10 14
238.10>197.00 24
247.10>227.00" 16
23 TR UG Chlorfenapyr 122453-73-0 16.506 139.00>102.00 12
139.00>75.00 28
294.10>204.00" 16
24 MORTEMETR Isoxadifen-Ethyl 163520-33-0 17.405 204.00>177.00 18
204.00>151.00 28
340.10>312.10 14
25 WA ) Carfentrazone-Ethyl 122453-73-0 17.406 312.10>151.10 24
312.10>195.10 20
300.00>186.10" 10
26 o ik Diofenolan -1 63837-33-2 17.593 186.00>77.10 26
186.00>109.00 20
302.00>256.00" 18
27 M R T Pyriminobac-Methyl 147411-69-6 17.587 302.00>230.00 18
302.00>83.10 33
412.00>349.00" 16
28 M Pyraflufen Ethyl 129630-17-7 17.641 412.00>289.00 24
412.00>307.00 24
288.10>141.10" 14
29 WEW} F Thenylchlor 96491-05-3 17.905 141.10>126.10 16
141.10>97.0 24
135.10>107.10" 16
30 g RE Propargite 2312-35-8 18.006 135.10>77.00 24
135.10>95.00 14
253.00>189.00" 28
31 M it 2 i Mefenpyr-diethyl 2312-35-8 18.239 299.00>253.00 10
299.00>190.00 28
165.10>108.10" 10
32 P Pyributicarb 88678-67-5 18.307 165.10>93.00 24
165.10>65.00 28
304.00>196.00" 10
33 AL Fenamiphos sulfoxide 31972-43-7 18.369 319.00>304.00 5
319.00>122.00 20
292.00>214.00" 10
34 HRLLTEN Fenamiphos sulfone 31972-44-8 18.426 320.00>292.00 10
320.00>214.00 15
317.00>100.80" 18
35 Sk TG R Endrin ketone 53494-70-5 18.599 317.00>208.70 34
317.00>208.90 8
300.10>258.107 8
36 IR kR Bifenazate 149877-41-8 18.714 258.10>196.10 12
258.10>214.10 4
333.00>120.10" 12
37 IR Flurtamone 96525 -23 -4 19.130 247.00>178.10 20
247.00>207.10 24
223.00>132.00" 20
38 FURRHER Lactofen 77501-63-4 19.576 344.00>223.00 15
344.00>300.00 10
291.00>120.10" 20
39 ZRINE Naproanilide 52570-16-8 19.901 291.00>171.10 10
291.00>144.10 8
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318.00>274.00" 8

40 IR ik Pyriftalid 135186-78-6 19.903 303.00>192.00 10
303.00>200.50 14

312.00>109.00" 20

41 BRI Spirodiclofen 148477-71-8 20.291 312.00>259.00 12
312.00>277.00 6

331.00>180.00" 14

42 RPN e HE Butafenacil 134605-64-4 20.667 180.00>124.00 18
180.00>152.00 10

100.10>72.00" 6

43 AT Cafenstrole 125306-83-4 20.871 188.10>119.10 20
188.10>82.00 18

263.00>117.00" 14

44 ik Halfenprox 111872-58-3 21.326 263.00>235.00 14
263.00>129.00 26

163.10>135.10" 10

45 Tk 2Tt Etofenprox 80844-07-1 21.585 163.10>107.10 18
163.10>95.00 18

328.10>259.00" 24

46 U i Fluridone 59756-60-4 21.922 328.10>313.00 22
328.10>127.00 24

184.10>169.00" 14

47 Tk Pyrimidifen 105779-78-0 22.008 186.10>171.00 22
186.10>143.00 30

132.10>77.00" 20

48 b e ik ] g Pyraclostrobin 175013-18-0 22358 164.10>132.10 14
164.10>104.10 26
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He JF RN (Matrixeffect, ME(%)) =
25 57 UG T A A VA T e
ToHE SRR AR,
4 J5L TRV AE—20%~20% 22 [8] Ay 55 3L TR RN,
TE—50%~—20% Fll 20%~50% g &5 EL TN, #B it
—50% 8%, 50% MERILTTELN
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Fig.1 Total ion chromatogram of celery matrix spiked with
mixed pesticide standards at 25 pg/kg
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Fig.2 Matrix effects of 45 pesticides in orange
and celery sample
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Table 2 Linear ranges, correlation coefficients (), LODs, LOQs, average recoveries and RSDs of 48 pesticides
2.5 pg/kg 5 ng/kg 25 ng/kg

R P LRIV LOD LOQ i 3k ik F3 il TR
(ng/kg) (ngke) (ngke) s Rsp [k RSD [k RSD [k RSD [k RSD MK RSD
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
1 A 0.025~25 0.9999 0.025 0.083 964 626 1153 106 1027 323 843 356 795 874 890 0.14
2 Lk i 0.025~25 0.9972 0.025 0.083 909 351 1145 211 928 065 866 261 895 756 821 328
3 LT R 0.025~25 0.9998 0.025 0.083 101.7 241 1025 1.10 1039 183 1028 1.83 993 140 971 0.76
4 1% 1 ] 1~25 0999 1.0 33 / / / / 940 124 1034 325 1001 132 829 118
5 ik ELIGR 0.25~25 09997 025 083 980 507 915 291 997 039 631 129 976 415 629 585
6 W RLHE 0.5~25 0.9997 0.50 1.7 925 956 874 0.60 855 064 866 072 770 067 817 192
7 FRELR 0.025~25 0.9999 0.025 0.083 946 465 1001 093 907 513 933 028 878 527 881 1.67
8  MEFMEM-1 0 05~25 09985 0.50 17 943 565 1135 146 919 7.5 1018 215 943 394 735 185
9 FELEE  0.05~25 09999 0050 017 936 671 975 212 898 829 871 157 853 414 808 1.15
10 IREREE-2 1~25 09989 1.0 3.3 / / / / 109.5 4.17 1017 120 888 516  79.1 0.75
11 WEFHERE 00525 09999 0050 017 1019 137 841 246 1008 224 774 139 971 396 748 1.92
12 RS 0.1~25 09999 0.10 033 678 821 816 290 652 383 601 242 700 537 529 6.50
13 SABRRTEE  0.025~25 09999 0.025 0.083 933 578 881 127 965 872 829 072 940 630 753 186
14 FERE 0.1~25 09999 0.10 033 102.1 270 1008 043 1025 1.79 958 031 982 143 897 101
15 TR 0.25~25 09994 025 083 962 723 995 090 1020 501 876 143 1053 853 809 298
16 PUSREK 0.5~25 0.9998  0.50 17 929 394 1148 158 1062 3.71 1018 1.14 1002 225 977 265
17 L 0.05~25 09999 0.050 0.7 1017 152 981 115 999 334 969 061 959 325 929 0.72
18 (Z)-BEBENT  025~25 09998 025 083 958 213 1082 1.85 1023 483 1029 168 1004 090 904 1.6l
19 (B)-FREXEG 1~25  0.9994 1.0 33 / / / / 1002 4.04 1055 272 1006 0.72 862 223
20 ALk 0.25~25 09996 025 083 1007 189 1168 1.14 1056 438 1037 250 100.7 096  102.1 0.67
21 (B)-F&ERME  0.1~25 09999 0.10 033 992 265 1099 127 1083 3.66 1024 140 101.0 2.08 992 1.05
22 (D)-FERME  01~25 09997 0.0 033 1015 143 1177 090 1035 1.77 1068 3.66 1012 127 101.1 0.70
23 5L 0.05~25 0.9989 0.050  0.17 108.0 3.10 79.9 081 998 562 1171 479 945 7.55 605 1.71
24 BUREEMEER - 025~25 09997 025 083 101.0 214 1160 153 1055 557 1035 144 1027 1.74 994 1.02
25 MEFEAREE  0.25~25 09999 025 083 1022 122 1094 1.69 102.6 409 971 066 1007 2.12 917 143
26 R 0.25~25 09999 025 083 988 301 981 118 954 58 912 061 915 511 810 0.90
27 M ik 0.025~25 0.9997 0.025 0.083 1027 287 1079 199 997 192 101.0 198 97.1 466 950 1.83
28 AN 0.25~25 0.9999 025 083 1056 1.12 1121 320 993 396 1042 3.61 998 281 993 275
29 WEMEIRE 0.05~5 09999 0.050 0.17 1032 1.07 1027 122 985 529 970 510 1000 253 928 14l
30 Lo 0.5~25 0.9997 0.50 1.7 1003 298 1048 230 1027 433 946 3.07 843 3.00 868 1.84
31 MEPRARECER  0.025~25 0.9999 0.025 0.083 1024 141 101.8 1.09 1027 124 1012 128 968 289 992 0.59
32 [EEOR 0.1~25 09996 0.10 033 1033 225 100.1 098 1034 2.03 994 165 1018 129 907 131
33 REBEER 1~25 09996 1.0 3.3 / / / / 1140 354 717 193 1042 1.04 721 549
34 JRERBEA 0.1~25 09997 0.10 033 1024 242 990 057 1065 501 843 356 990 090 817 211
35 R 0.5~25 09998  0.50 1.7 81.7 842 648 988 787 486 866 261 938 500 639 586
36 BAMHE 025~25 09999 025 083 1025 252 997 082 979 525 1032 324 1008 1.72 1006 0.25
37 AL 0.25~25 09999 025 083 103.0 171 1022 097 1037 289 1046 267 1006 198 1002 1.1
38 FLEURHER  05~25 09970 0.50 1.7 98.1 620 1173 223 836 3.63 1027 281 822 426 1004 1.73
39 ZEIE 0.25~25 09998 025 083 984 251 993 209 998 253 1015 197 1005 328 952 1.10
40  EREEE 0.5~25 0.9999  0.50 17 1017 251 1002 130 1021 346 1028 3.63 977 323 988 1.76
41 R T 0.025~25 0.9997 0.025 0.083 101.4 491 1014 160 947 7.03 1024 487 904 766 863 220
42 (FOWMERBE 0.025~25 09998 0.025 0.083 1055 240 985 215 1145 417 1131 261 1033 126 995 0.70
43 2 1~25  0.9998 1.00 33 / / / / 106.5 566 867 263 990 280 747 3.63
44 g 0.25~25 09990 025 083 1002 7.15 1156 070 976 588 948 1.03 1041 642 841 224
45 Bk 2 g 0.25~25 09999 025 083 962 550 871 158 929 511 889 069 865 380 882 1.16
46 FNERIE 0.5~25 0.9999  0.50 17 986 367 973 234 1108 1.75 1002 1.88 1059 216 99.7 1.13
47 I 0.5~25 0.9997 0.50 17 992 191 993 220 1072 474 1094 6.60 979 324 1014 1.04
48 WMEMREETETE  0.5~25  0.9995 0.50 1.7 97.9 447 1156 0.70 113.0 566 866 261 1044 211 987 337

AR i T AR S B AR 275 YL
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Sy SRFNHA/ NEI2IE(91.7%) >G24 (77.6% ) > Ty
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Table 3 Detection of pesticides in all kinds of fruits and
vegetables in Chengdu

Fk FERB KRR K S RIsE K

™) ™) (ug/kg) (%)

il 222 13 4 ND~117 30.8

o~ ISR 38 8 ND~120 21.1
DILAS . N

AR 24 8 ND~33.8 333

ML 11 4 ND~13.9 36.4

At 86 24 - 27.9

M 58 45 ND~505 77.6

2Rk 15 ND~30.5 13.3

pi€ AR 10 ND~43.4 40.0

WIRAEAD/ NS 12 11 ND~124 91.7

G INAA G S 22 16 ND~254 72.7

At 117 78 - 66.7

St 203 102 ND~505 50.2

T (72.7%) o PABLAE AR 2R LR = At /)
TSR HRAS H 2t e, 33X ] B PR Sy Hids S B2 kit
FBr, 5 EE RS AH b, AT i s A i AR PR,
A IR 25 08 22 o S0, BEIEL LOY 4 %) FR ] 14
FEAR IS 120 D REFESh T 88 Tl 245 19 5% B8 /K -
R XS T TARF5T, 455 W 100% FURES A T
ALHREE, HERG Y 50 PR 2, ISR AR AR A
SRR A AL A A R FEHHT W AT FR A H R
e, X LR AR A A A e i R P 25 B 5%
YR BEPSE T, RS by R | BRI
BEALIGBEE), IO B RIS, 7™ HE AT 25 ()
PEIR, BN S DR SR TP BRE 11 X LA SRR, 55 AT AR AN
FE BN T BB IR A AR, AR R A B SR PR R TR
5, AFAEF HGBE | KPR S . S5/ R
L, 8152 HR A 25K HY SRR T G, A HE R 21.1%~
36.4%, Ho PR ZEISER A K AE H 43, i U AR S
Biiie, PR T REDINC AR . HLIAH T 35
AR 245 BRSO A FLAS S 43 fife, 0K HE AR X4 s,
S 36.4%. WFSEISFI UL 2 ARG A 25k B A Y
SREGAIR, AE 21.1% AR o Z8 ERTR, A5 iRt
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Fig.3 Detection rate of pesticides in fruits and vegetables
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PRPFE, 7R HUIE ATRIETR, A RAE 1.16%~17.4% 2
(], KEARST 6 FIARZGEREAS T, K%k 0.855%~
37.6%. IXELRZIJE TANEEARZY, R ERTT R ER
Ay B R ) 7 [ SR LA AR T m R 2
PRI, (HRAIRERAR 2 AN B e 2 SR R A
TR BRI EE R 2R, NAA TR E A
[F)]—Fhfe 25 FEAS RIS SR A A HE SR A7
2z 5%, HIE 4 7] UL, 6 Firfe 24 76 BL ik v i K HH R A
ND~91.7% ZlIfl. B Rk Gt s 4 Fie
ARZEZE 2 Fl=n32s 2 Fh>B =528 1 Fh, etk
PHBRTE 4 8B R P A AR AR B nO K, BL7Ess =X
R SR T FIAG TR SR A 30.8%, RHLPHATRE B 95 S A8
59, AHH AR 2RSS T A B IO, JE ABYa R 2,
L [ 1 A ) e sl ik T P 7 LR 33 R Y BR R A,
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Table 4 Food safety index of the main pesticides detected in fruits and vegetables in Chengdu

e ARZGFREAFIIE KBS K (%) I E R (ng/ke) PSOfE(ngkg) K@i (ug/kg) Fg(A-d) EDIc(mg/d) ADI(mgkg)  IFS

NEE s ik PRI i 15

— @ NI 1
TR UG 8

[y 6

LR Pk AT T 44

IR kR 34

TR 10

AR s Is
Pl 17

fik 4415 1

17.4
1.16
9.30
6.98
37.6
29.1
8.55
12.8
14.5
0.855

5.17
0.342
2.34
0.582
10.6
7.33
1.82
0.811
11.7
0.145

0.25
0.125
0.025
0.0125
0.250
0.125
0.0250
0.0125
0.250
0.125

ND~117 271.9 0.00141 0.03 0.0008
ND~18.8 271.9 0.0000930 0.01 0.0002
ND~120 271.9 0.000636 0.03 0.0004
ND~33.8 271.9 0.000158 0.01 0.0003
ND~254 220.0 0.00233 0.03 0.001

ND~142 220.0 0.00161 0.01 0.003

ND~95.5 220.0 0.000400 0.03 0.0002
ND~31.8 220.0 0.000178 0.01 0.0003
ND~505 220.0 0.00257 0.01 0.004

ND~2.44 220.0 0.0000319 0.03 0.00002

TH: NDFTRAKH
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Fig.4 Detectable rate of pesticide residue in different kinds of
fruits and vegetables
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