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multi-component organophosphorus coating drug residues in fruit

and vegetable products
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Abstract: A QUEChERS gas chromatography method was established for the determination of 20
organophosphorus pesticide residues in vegetables and fruits. QUEChERS purification package
uses cation exchange resin_to. replace reagents such as PSA and GCB for extraction and
purification. The cost has been reduced from 50 yuan per sample to 5.0 yuan. In gas
chromatography separation, a 2-meter precolumn was added in front of the chromatographic
column, and a high inert liner was used. The linear range of 20 organophosphorus pesticide

residues was 10-400 pug -L-1, and the linear correlation coefficient (r2) was greater than 0.995.
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The detection limit (3S/N) was 0.01mg -kg-1. At three different addition levels, the recovery rate
of the added standard was 70.0%~120%, and the RSD was 0.0%~13.6%. This method has the
advantages of simple operation, speed, efficiency, and low cost, as well as reducing instrument
pollution. It can quickly screen for multiple pesticide residues in a large amount of daily
vegetables and fruits.
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RAR
7020 830 43 107 33 800 88 800 88 875 40 103
BN
7040 875 40 863 6.1 975 36 103 34 900 79 975
RAR
7040 825 43 788 67 800 00 800 31 800 44 825
BN
020 950 00 875 40 800 88 825 43 800 00 800
BEI
7020 930 38 800 00 825 43 850 00 800 88 800
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WEA RIFMEMEX R, HXARE R2TE 0.9980~0.9999 6], 45 WL 2.

DA 3 B ML vH AT PR (3SIN), S54RIk 2.



R2 20 MRGPEMSE, KMERE. HEXABMEHIR

Table 2 Regression equations, linear ranges, correlation coefficients (R?) , limits of detection (LODs)

for 20 pesticides

g &Y RERE RMEIER p/ AL NP ot R o/
= t/min (pgeLH R (mg kg™)
1 FUEE 5.813 10~400 y=4258.70x+3.17 0.9998 0.01
2 R TR 6.239 10~400 y=1591.96x+13.57  0.9980 0.01
3 FH 1 9.326 10~400 y=10307.29x+2.89  0.99995 0.01
4 TR 10.241 10~400 y=10096.25x+4.71  0.99997 0.01
5 SRR 11.667 10~400 y=6008.10x-26.82 0.9996 0.01
6  FExmBE  12.973 10~400 y=15374.13x-22.91  0.99998 0.01
7 BRI 13.473 10~400 y=6347.35x-6.74 0.99999 0.01
8  NHEfE 13.589 10~400 y=7593.48x-8.02 0.99994 0.01
9 R  14.396 10~400 y=8067.75x+13.56  0.99998 0.01
10 HIHEmER 15.012 10~400 y=7060.86x-1.14 0.99997 0.01
11 FH et 6.528 10~400 y=11416.39x-60.50  0.9980 0.01
12 ZBH RS 8.338 10~400 y=4607.16x-33.09 0.9994 0.01
13 HMLREE 10.091 10~400 y=2126.97x-7.82 0.9980 0.01
14 BESEAG 12.955 10~400 y=7751.15x+18.33  0.9998 0.01
15 PRI 14.159 10~400 y=9475.32x-4.96 0.99999 0.01
16 BT 14.381 10~400 y=585.66x+1.90 0.9996 0.01
17 JKBERAE 14.654 10~400 y=7674.84x+4.49 0.9997 0.01
18 =R 18.801 10~400 y=6924.35x+11.13  0.9998 0.01
19 &b 21.288 10~400 y=589.05x-1.38 0.9980 0.01
20 Rk 22.797 10~400 y=3468.79x-0.30 0.9998 0.01
24 PR EREE

U2 k. A6k SER . f1 #4456 MFE 4T 1 0.010, 0.10. 0.40mg -kg-1

3K IIAR RIS, BEANHREEZKFINE 6 7%, T U238 00 i A IR AR b 4 s 22
(RSD).



ZERRM: HAR AR R AT 70%~120%2 (8], RSD A 11%LLH, ks [El A
Fi 8 PE RS R AR 2R B T A DR ER . SRR 3,
® 3 BEEMEYRESER (n=6)

Tab.3 Result of tests for precision and recovery (n=6)

o nbrE AR 3k HiE 3 KT HE
& of(mg [ RSD/ [k RSD/ [k RSD [FHYg RSD [Hlig RSD [l RSD
Y kgh  F/% % K% % % % FKl% % EKl% % F/% %
i 0010 110 0.0 82 1.7 100 00 105 67 985 07 995 0.7
010 930 3.0 945 0.0 110 67 995 00 100 00 110 0.0
2 040 875 0.0 104 5.1 101 17 85 00 988 18 93 1.8
0010 115 6.1 110 0.0 115 61 920 20 115 61 110 0.0
" 010 975 2.2 995 07 110 67 100 00 110 00 110 0.0
i 040 1050 0.0 103 34 938 19 975 00 913 19 950 0.0
0010 880 1.6 720 00 755 28 760 56 90 00 85 25
# 010 100 1.1 100 0.5 104 74 970 00 95 22 110 0.0
i 0.40 100 0.0 950 00 938 57 93 18 875 00 9.3 1.8
— 0010 945 3.7 755 09 85 25 85 08 950 15 975 0.7
% 010  96.0 1.5 975 07 110 00 985 07 95 22 110 0.0
& 040 105 0.0 100 0.0 100 35 988 18 875 00 975 0.0
0.010 875 2.4 940 00 110 136 965 37 765 09 920 3.1
- 010  93.0 1.5 100 0.5 110 00 85 09 795 09 990 0.0
* 040  90.0 0.0 950 37 875 40 800 00 803 23 825 43
H 0010 820 6.9 885 40 745 09 820 86 115 61 720 59
¥ 010 935 1.8 99.0 14 110 00 970 00 100 00 100 0.0
it
B 040 900 00 96.3 1.8 913 58 800 00 8.0 00 85 00
i
0010 930 7.6 700 00 885 24 80 17 8.0 18 935 23
L 010 955 2.2 100 0.5 110 00 875 08 870 16 100 0.0




0.40

0.010

0.10

0.40

0.010

0.10

0.40

0.010

0.10

0.40

0.010

0.10

0.40

0.010

0.10

0.40

0.010

0.10

0.40

0.010

0.10

103

99.5

98.0

92.5

90.0

96.5

105

110

94.0

105

87.0

79.5

88.8

93.5

88.0

110

91.5

96.0

110

74.0

98.0

0.0

0.7

1.8

0.0

1.6

1.7

0.0

0.0

3.0

0.0

1.6

0.9

2.0

0.8

1.6

15

8.5

2.9

1.4

0.0

2.9

98.8

725

100

98.8

715

99.0

100

72.5

98.0

101

83.0

80.0

95.0

88.5

79.5

91.3

76.5

80.5

76.3

77.0

90.5

1.8

2.9

1.0

1.8

1.0

1.0

0.0

1.0

1.0

1.7

1.7

1.0

0.0

8.8

0.9

5.8

12.0

0.9

11.6

3.7

0.8

93.8

89.0

110

87.5

82.0

110

91.3

115

110

96.3

87.5

81.5

825

79.5

81.0

110

74.0

79.5

87.5

83.0

955

5.7

1.6

0.0

8.1

3.4

0.0

1.9

6.1

0.0

1.8

0.8

2.6

0.0

2.7

0.0

4.4

1.9

0.9

0.0

1.7

2.2

925

90.5

95.5

825

91.0

99.0

100

110

94.0

925

82.0

79.5

80.0

81.0

85.0

93.8

75.0

88.0

82.5

80.0

104

0.0

0.8

0.7

0.0

1.6

0.0

0.0

0.0

15

0.0

0.0

0.9

2.3

1.7

6.7

19

5.7

8.0

0.0

0.0

7.4

87.5

115

94.5

85.0

96.0

945

90.0

105

88.5

87.5

93.5
90.5
95.0
715

80.0

81.3

70.5

80.5

83.8

115

110

0.0

6.1

2.2

0.0

15

2.2

0.0

6.7

2.4

0.0

0.8

0.8

0.0

1.0

1.8

2.6

1.0

0.9

2.1

6.1

0.0

90.0

105

110

86.3

99.0

110

95.0

99.0

100

87.5

83.0

88.0

103

82.5

94.0

104

87.0

105

88.8

75.0

110

0.0

6.7

0.0

2.0

1.4

0.0

3.7

1.4

0.0

0.0

0.0

0.0

3.4

2.6

0.0

1.7

8.1

6.7

2.0

3.8

0.0




H

0.40 109 1.6 110 15 95.0 3.7 92.5 00 950 00 109

0.010 94.0 3.0 77.5 0.9 935 2.3 78.5 09 810 35 910

0.10 93.0 0.5 100 1.0 110 0.0 88.5 08 865 25 100

0.40 106 1.7 110 15 95.0 0.0 85.0 00 950 00 110

0.010 86.0 1.6 88.0 6.4 90.5 0.8 98.5 07 715 30 103

0.10 90.5 2.3 93.0 1.0 85.0 5.0 105 6.7 805 6.1 105

0.40 119 15 110 0.0 91.3 1.9 103 69 950 37 110

0.010 105 6.7 104 8.9 105 6.7 85.5 0.8 105 6.7 110

0.10 110 0.2 97.5 3.6 98.5 2.2 100 0.0 990 00 110

0.40 109 1.6 110 0.0 97.5 0.0 91.3 19 963 1.8 110

0.010 96.0 2.9 825 4.3 110 0.0 87.0 8.1 110 0.0 110

0.10 99.0 1.4 915 2.3 935 0.8 99.0 14 945 07 110

0.40 106 1.7 110 1.6 90.0 0.0 83.8 2.1 86.3 2.0 108

0.010 105 6.7 87.0 0.0 82.0 1.7 755 47 710 00 740

0.10 110 0.1 915 2.3 85.0 0.0 100 00 805 26 105

0.40 82.5 4.3 78.8 6.7 80.0 0.0 80.0 31 800 44 825

0.010 105 6.7 102 103 92.0 15 910 109 845 75 975

0.10 100 0.8 89.5 0.8 90.0 1.6 98.5 22 810 35 100

0.40 104 1.7 108 3.3 87.5 0.0 82.5 00 800 44 104

1.6

4.7

0.0

1.6

9.6

6.7

0.0

0.0

0.0

3.2

0.0

0.0

0.0

1.9

6.7

4.3

3.6

0.0

1.7

2.5 SEPREE SR

(RN G AR SR AT HLIE A LA FUMRa L3 T A 2 ik P R IR 2 AR 24 20 7k B P 05 )
(NY/T 761-2008)Hi /b3 7725 AT EER T EATRCIIFE 5 GEIR. PHZOA . AR, SER.
T IED 3k 100 BIFEE, TR, FTASEER B0 PR AL IR 7 AN [ A LA,
NY/T 761-2008 75 i F B B K, A7 R 3 AN/INSFFERR, B [T 20— K2 o R RAHH EL
ARIPEWLRRFRA =02 =, KRB A

3 &1



TR BB 722 IR PSAL GCB A5iA7, kRl 2R B FH A7 FEA, BiAs th
JEREENE AL 50 T, BRACNEEANRES 5 oo/ tr, RORBEAR 7 SRgepiAs . (T,
A UMEAE: i BT AL BRI TR =20 2 =, TARRCRER M = 1% . 2T is s At s, 2
B AT IR AL, LERE SRS R PR RS AL B, MRS, KORIRTHR 5 (A3
5t PR GES A

ARSI QUEChERS-"TURH (il (I E i S AR i 20 Ay LI A 245 B O ARG 5
%, KPR R R DU T IRRCRET . ZIERN G, TUAREREA . 3
R WA, T HIERPR M BEE Rl R RS, VR el . Rk 24
FIUE U AT 8 W SR B2 R

SE MR-

[A] 5K HE N, ) 2 5, 5 88 AU G i vl e RS b 13 A LB 0 R 24 5k B 90, b [ o
,2009,(6):72-73.

(215K HE RN, 5 A 2 N Y/T761-2008 At 7572 Bk S F it 1 Adh 38 3 7 3 A 1 IR [ AL A 6
-4k 243 111,2015,(8):1130-1132.

[BINY/T 761-2008 FEEFIK R A HLEE . A HLE . LR UG TR A2 s IR R 24 2 iR B 1)
7€ [S].2008-04-30

[4T15KHERN, X1 1 5. U 20 8 A LI AR 24 RO S s i 7 VA SR [3]. 0 e £l 2022,
(34):25-26

[51GB23200.113-2018 £ it % 4= [ X AR EM AU ME £ it i 208 e 245 [ HAR 5% B 1 ()l
SE A T - BT TS I FH VA [S].2018-12-21

[6] g R, gk, i 2% A< I AR Y2k [ R SR e b 22 o LBt R 2455 B (9] A S LR
2013,(1):92-94

(7190 E, FRRaC, 8. 6 o W 2 I 6 oG LI A 255K BE (M R L 0] B e 4
S, 2023(3):95-97

[B1E 5 3, Wk, A= 5, 25 QUEChERS-SHH €2 k- JS BV A T SR v - 41 Bl ML AR 24 5k v
[J]. 7 [E PAEAG 56 4% 7&%,2018,28(15):1797-1802

[9]GB23200.121-2018 £ i 2 4= [ S AR HEAE Y54 43 i b 331 gk 24 K AR Uit 4 ik v = (0l
JE VR 15 -5 15 5 FH V23 [S].2021-09-03

[10]2= 75, 5K & 4% ', % .QUEChERS/ i BB F V25 i R 28 b 17 ik 24 5% B 0], 35 Aol f
£,2013,(3):93-96

[LL] T, 3 i, P2 08 1%, 55 . QUEChE RS- iy s A £ 1 - B JR T 1l v2 ] oy W0 5 B 85 gk
25 5% B 0] Wi AR Mk R #,2018,59(9):1584-1591.

[12]43: 45, MRaE, £, 55 . QUEChERS  H& I 58 e BOBURH 2 0 - FELSE 25 1L 19 1 00 i 6 P V2 0



ST 230 Aok 255K B [3]. 70 B 274, 2013,32(3):293-301.

(= 2Pl
SRHANE,  (1971.11) , &, PUK, WTREESEEN, KEARL SPURZIMN, KRR A,
E-mail: zyl3367898@163.com



