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Abstact
Keywords Pests and diseases cause damage to greenhouse vegetables, which are mainly controlled by
Analysis, Chromatography, chemicals, whose residues cause problems in the environment and the health of consumers.
El’;ttzgﬁgmé"fa“hy product, This research compares the residues of 30 currently used pesticides with their national
maximum residue level (MRL). Cucumbers were sampled randomly from south of Tehran
greenhouses during the winter-spring seasons. About one kilogram of cucumbers was
picked from different parts of a greenhouse and stored in the freezer until sent to the
pesticide department laboratory of IRIPP to determine the pesticide residues. Pesticide
residues of 14 samples, collected in March 2021 and 12 samples, in spring 2022 were
extracted by the QUEChERS-EU-CEN 2008 method and analyzed by Ultra-performance
liquid chromatography—tandem mass spectrometry (UPLC-MS/MS). According to the
results, 13 types of pesticides were found in the 2021 and one type in the 2022 samples in
measurable levels. In the samples of 2021, the highest frequency of residues (28%) was
Received: : 28 February related to the three pesticides, imidacloprid, metalaxyl and carbendazim which only
ZROe%/Aifsed: 7 May 2024 carbendazim had residues higher than the MRL (average 3.2 times); Of course, considering
Accepted: 13 May 2024 its frequency in all samples (4 out of 14 samples), average of the fungicide residue was 0.9

times of its national MRL. Dimethoate was also found in one sample out of 14, with a
residue more than twice its MRL, but in terms of abundance, its residue was below the
MRL. Only diazinon residues were detected in all 12 samples of 2022, which were less
than its national MRL.
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Table 1. Characteristics of evaluated cucumber samples.

bl )5e )b ladiges Slarie N Jgu

No. Sampling location Date

Greenhouse area (m?)*

No. of samples **

1 Varamin-Galesin 2021.2.20
2 Varamin-Galesin 2021.2.20
3 Qarchak-Dawood Abad 2021.2.26
4 Pishva-Habib Abad 2021.3.5

5 Varamin-Bage Khavas 2021.3.15
6 Pishva-Tarand Bala 2021.3.15
7 Pishva-Tarand Paeen 2021.3.15
8 Varamin-Galesin 2021.4.25
9 Varamin-Galesin 2021.4.25
10 Varamin-Bage Khavas 2022.4.10
11 Varamin-Ahmad Abad 2022.4.16
12 Varamin-Shahrake Modarres 2022.4.16
13 Varamin-Bage Khavas 2022.4.19
14 Varamin-Bage Khavas 2022.4.19
15 Varamin-Mohammad Abad 2022.4.27
16 Qarchak-Dawood Abad 2022.5.15
17 Varamin-Bage Khavas 2022.5.15
18 Varamin-Mohammad Abad 2022.5.28
19 Varamin-Agri. Research Center 2022.6.8

20 Qarchak-Mafi Abad 2022.6.12
21 Qarchak-Saleh Abad 2022.6.12
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*Greenhouse area: It refers to the total greenhouse units under the management of an operator, which may have been sampled from

one or more units of them.

**Repeated sampled greenhouse: A greenhouse which were sampled twice on different dates, including, rows (1 and 8), (2 and 9),

(10 and 17), (15 and 18).
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Table 2. Common pests, diseases and used pesticides in sampled greenhouses (2021-2022).

Common Pests/Diseases  Winter Spring Common Pesticides *

Thrips Dimethoate, Dichlorvos, Desis, Proteus, Acetamiprid
Whitefly Diazinon, Imidocloprid, Acetamipride

Spider mite Abamectin, Danitol, Adios, Nissorun,

Leaf miner Triguard, Dorshan

Aphid s Chess, Acetamiprid

Soil-born fungi

Air-born fungi

Metalaxyl, Mancozeb, Carbendazim

Carbendazim, Dinocap, Potassium Phosphite

*Information was obtained from greenhouse operators and local experts.

bJMo&odjdjbwcwfk}JWwbﬁ‘
Lo (a8 oo e )8 b o oo Cugli s (g 5l B9k
ErHEdly 6)9T f ) Q.Jblaﬁ ubl.:) olo o sleaas b .>L>).$
&9 1S 0 Syge Ll ade goaxte sloilens (o
BN LQAT ade dfa.a C"‘) 6[.@0»5;&91 oAJLo.dL: ‘CuLu &-‘0

J Appl Res Plant Prot

Cl azinl gyt b bazals on, b albies) oy90 40
GlaSain 5 wad Jed Slbaie o Ja 5 Gy
Jlo 23,98 5 ole 90 (nl YL Cusb, jo (i 5 (£,
s Jbd LS mbee SGo3 58 (5,0 aiS Laing asld am
Glp GBS g0 balis o el Jlowy s Jlo bl

$




(22

e L3 0 lo iS5 ol / (sgage g (6 Kue

5092 (V) Jgoor
ol o s lailiul bylses | casin w0958l b
Gob zl el 01,8 L diges o mglkg <0 5 ¢/ dale
b gzl (oo, bk oliee 5 Jlosl oud ools medss b,
5045 W08 dule la il 51 G o s jlre Syl

] 00l o0ls LS (F) Jgo

s oamlie VFAY L

d}”jid& Sy ) dmo ol

WA ob‘b CL..»&}' J..JL‘] 9 C‘)M‘ U"j) u,uL...J‘ »
b gy o90)] by e liel 4 bgrse sla il )b

Gk 093l by 0o e byl sle el () yiege

s 5o LT g glyseal by, (i jlitel gz (Sl pB)1LY Jgux
Table 3. Figures of merit for validating extraction and analysis method in cucumber.

NO Pesticide List Calibrationcurve equation  LOD (mg/kg) LOQ (mg/kg) LDR (mg/kg) Matrix effect
1 Cyromazine y = 5.3526x + 6830.1 0.0501 0.1 0.1-1 -22.76
2 Diazinon y = 25867x - 634502 0.0035 0.01 0.01-1 10.59
3 Dichlorvos y =77.571x + 7413.3 0.0347 0.05 0.05-1 18.46
4 Dimethoate y =175.9x + 5955.6 0.0143 0.05 0.05-1 -2.33
5 Emamectine benzoate y =520.59x + 325.33 0.0068 0.02 0.02-1 3.66

6 Imidocloprid y = 382.8x - 957.32 0.0082 0.02 0.02-1 34.25
7 Malathion y =573.42x + 14017 0.0075 0.02 0.02-1 8.31

8 Phosalone y =177.05x + 4708.5 0.0118 0.05 0.05-1 -21.68
9 Pymetrozine y =62.834x + 7464 0.0406 0.1 0.1-1 -30.62
10  Thiaclopride y =1090.9x - 5612.9 0.0031 0.01 0.01-1 29.30
11  Thiamethoxam y = 143.38x + 4188.8 0.0109 0.05 0.05-1 15.19
12 Trichlorfon y =53.902x + 6997.3 0.0245 0.1 0.1-1 16.39
13 Cymoxanil y =9.8169x + 2434.9 0.0115 0.05 0.05-1 12.50
14  Difenoconazole y = 3180.6x + 9042.1 0.0029 0.01 0.01-1 11.69
15 Penconazole y =5399x + 18565 0.0031 0.01 0.01-1 15.91
16  Tridemorph y =477.45x + 6918.1 0.0055 0.01 0.01-1 -1.12
17 Kresoxim-methyl y =82.479x + 1922.9 0.004 0.01 0.01-1 -5.81
18 Propamocarb y = 166.66x + 10243 0.0029 0.01 0.01-1 4.57
19  Metalaxyl y = 1603.5x + 28858 0.0061 0.02 0.02-1 29.76
20  Spirotetramate y =613.52x - 4976.1 0.0077 0.02 0.02-1 47.46
21 Primicarb y =7927.3x + 318511 0.0086 0.02 0.02-1 19.57
22 Tebuconazole y =5444.1x + 32710 0.0048 0.01 0.01-1 -0.64
23 Boscalid y =296.08x + 3699 0.0035 0.01 0.01-1 10.56
24 Thiodicarb y =561.11x + 11358 0.0053 0.01 0.01-1 1.10
25  Metribuzin y =88.943x + 1547.1 0.0174 0.05 0.05-1 1.14
26 Dimethomorph y =817.81x + 3298.8 0.0033 0.01 0.01-1 24.27
27  Primiphos-methyl y =8687.1x + 207936 0.0025 0.01 0.01-1 17.21
28  Carbendazim y =128.71x + 10806 0.005 0.01 0.01-1 25.48
29  Flupicolid y =1102.5x + 4394.2 0.0032 0.01 0.01-1 26.87
30 Cyazofamid y = 287.92x + 6225.1 0.0068 0.02 0.02-1 -3.58

LOD: Limit of Detection
LOQ: Limit of Quantification
LDR: Linear Dynamic Range
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Table 4. Recovery of the extraction method used in cucumber at two concentration levels with relative standard
deviation.

NO. Pesticide List Recovery (0.1 mg/kg) RSD (0.1 mg/kg) Recovery (0.5 mg/kg) RSD (0.5 mg/kg)

1 Cyromazine 125.9 13.2 80.8 11.1

2 Diazinon 100.9 17.1 100.9 16.2

3 Dichlorvos 121.6 19.1 119.6 17.8

4 Dimethoate 92.6 13.7 96.4 13.9

5 Emamectine benzoate 115.8 18.1 105.8 19.5

6 Imidocloprid 109.2 15 111.7 14.2

7 Malathion 107 20.9 92.6 22.8

8 Phosalone 64.1 9.5 63.5 10.1

9 Pymetrozine 85.9 16.1 80.8 141

10 Thiaclopride 74.3 134 77.5 121

11 Thiamethoxam 119.5 15 1154 17.7

12 Trichlorfon 1225 18.1 1111 21.3

13 Cymoxanil 96.2 17.8 120.2 16.3

14 Difenoconazole 111 20.2 115.7 22.2

15 Penconazole 102.2 19.3 109.3 171

16 Tridemorph 128.3 12.2 104.8 10.2

17 Kresoxim-methyl 99.1 13.9 88.5 11.3

18 Propamocarb 91.6 15.9 92.2 14.4

19 Metalaxyl 116 20.3 114.3 19.8

20 Spirotetramate 90.4 13.3 94.3 11.2

21 Primicarb 90.6 151 114 16.6

22 Tebuconazole 112.1 20.5 96.9 20.5

23 Boscalid 96.2 16.1 105.5 15.2

24 Thiodicarb 114.1 12.8 95.3 11.3

25 Metribuzin 105.4 11.8 92.1 11.9

26 Dimethomorph 110.6 23 159.9 21.1

27 Primiphos-methyl 123 21.3 97.2 19.7

28 Carbendazim 79.7 16 87.2 16.8

29 Flupicolid 98.1 22 111.8 18.3

30 Cyazofamid 91 17.5 96.8 10.9

RSD= Relative Standard Deviation
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Table 5. Frequency and residual amount of pesticides in greenhouse cucumber samples and their comparison with

national MRL (2021).

. Frequency  Highest Residue Average
Pesticide MRL frequency (>MRL) (ma/kg) (ma/ka) HR/MRL Ave./MRL
Cyromazine 2 1 0 0.32 0.32 0.16 0.16
Diazinon 0.1 2 0 0.06 0.05 0.63 0.51
Dichlorvos 0.2 2 0 0.09 0.09 0.46 0.46
Dimethoate 0.1 1 1 0.21 0.21 2.10 2.10
Emamectine benzoate 0.1 0 0 0.00 0.00 0.00 0.00
Imidocloprid 1 4 0 0.03 0.03 0.03 0.03
Malathion 0.2 2 0 0.18 0.11 0.90 0.53
Phosalone 2 0 0 0.00 0.00 0.00 0.00
Pymetrozine 1 0 0 0.00 0.00 0.00 0.00
Thiacloprid 0.3 1 0 0.22 0.22 0.73 0.73
Thiamethoxam 0.5 0 0 0.00 0.00 0.00 0.00
Trichlorfon 1 1 0 0.40 0.40 0.40 0.40
Cymoxanil 0.3 0 0 0.00 0.00 0.00 0.00
Difenoconazole 0.2 0 0 0.00 0.00 0.00 0.00
Penconazole 0.1 0 0 0.00 0.00 0.00 0.00
Tridemorph 0.08 0 0 0.00 0.00 0.00 0.00
Kresoxim-methyl 0.3 0 0 0.00 0.00 0.00 0.00
Propamocarb 5 0 0 0.00 0.00 0.00 0.00
Metalaxyl 0.5 4 0 0.22 0.09 0.45 0.17
Spirotetramate 2 2 0 0.04 0.04 0.02 0.02
Primicarb 2 1 0 0.06 0.06 0.03 0.03
Tebuconazole 0.05 0 0 0.00 0.00 0.00 0.00
Boscalid 0.05 0 0 0.00 0.00 0.00 0.00
Thiodicarb 0.3 1 0 0.03 0.03 0.09 0.10
Metribuzin 0.05 0 0 0.00 0.00 0.00 0.00
Dimethomorph 0.05 0 0 0.00 0.00 0.00 0.00
Primiphos-methyl 2 0 0 0.00 0.00 0.00 0.00
Carbendazim 0.05 4 4 0.19 0.16 3.87 3.20
Flupicolid 0.5 0 0 0.00 0.00 0.00 0.00
Cyazofamid 0.2 0 0 0.00 0.00 0.00 0.00
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- Values greater than national MRLs are bolded.
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Table 6. The residual status of pesticides in cucumbers by considering the sample abundance.

Pesticide frequency Ave./MRL Normalized
Cyromazine 1 0.160 0.011
Diazinon 2 0.512 0.073
Dichlorvos 2 0.458 0.065
Dimethoate 1 2.100 0.150
Emamectine benzoate 0 0.000 0.000
Imidoclopride 4 0.027 0.008
Malathion 2 0.525 0.075
Phosalone 0 0.000 0.000
Pymetrozine 0 0.000 0.000
Thiaclopride 1 0.733 0.052
Thiamethoxam 0 0.000 0.000
Trichlorfon 1 0.400 0.029
Cymoxanil 0 0.000 0.000
Difenoconazole 0 0.000 0.000
Penconazole 0 0.000 0.000
Tridemorph 0 0.000 0.000
Kresoxim-methyl 0 0.000 0.000
Propamocarb 0 0.000 0.000
Metalaxyl 4 0.172 0.049
Spirotetramate 2 0.018 0.003
Primicarb 1 0.030 0.002
Tebuconazole 0 0.000 0.000
Boscalid 0 0.000 0.000
Thiodicarb 1 0.100 0.007
Metribuzin 0 0.000 0.000
Dimethomorph 0 0.000 0.000
Primiphos-methyl 0 0.000 0.000
Carbendazim 4 3.200 0.914
Flupicolid 0 0.000 0.000
Cyazofamid 0 0.000 0.000
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Table 7. Frequency and residual amount of pesticides in greenhouse cucumber samples and their comparison with
national MRL (2022).

Pesticide MRL  frequency Frequency (>MRL) Highest Residue (ppm)  Average (ppm) HR/MRL Ave./MRL
Cyromazine 2 0 0 0 0 0 0
Diazinon 0.1 12 0 0.02 0.01 0.190 0.144
Dichlorvos 0.2 0 0 0 0 0 0
Dimethoate 0.1 0 0 0 0 0 0
Emamectine benzoate 0.1 0 0 0 0 0 0
Imidocloprid 1 0 0 0 0 0 0
Malathion 0.2 0 0 0 0 0 0
Phosalone 2 0 0 0 0 0 0
Pymetrozine 1 0 0 0 0 0 0
Thiacloprid 0.3 0 0 0 0 0 0
Thiamethoxam 0.5 0 0 0 0 0 0
Trichlorfon 1 0 0 0 0 0 0
Cymoxanil 0.3 0 0 0 0 0 0
Difenoconazole 0.2 0 0 0 0 0 0
Penconazole 0.1 0 0 0 0 0 0
Tridemorph 0.08 0 0 0 0 0 0
Kresoxim-methyl 0.3 0 0 0 0 0 0
Propamocarb 5 0 0 0 0 0 0
Metalaxyl 0.5 0 0 0 0 0 0
Spirotetramate 2 0 0 0 0 0 0
Primicarb 2 0 0 0 0 0 0
Tebuconazole 005 0 0 0 0 0 0
Boscalid 005 O 0 0 0 0 0
Thiodicarb 0.3 0 0 0 0 0 0
Metribuzin 005 O 0 0 0 0 0
Dimethomorph 005 O 0 0 0 0 0
Primiphos-methyl 2 0 0 0 0 0 0
Carbendazim 005 0 0 0 0 0 0
Flupicolid 0.5 0 0 0 0 0 0
Cyazofamid 0.2 0 0 0 0 0 0
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