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Table 1. Washing conditions used in HPLC for separation and analysis of the pesticides

Tir_ne % mobile Flow Max.
(min) Phase Pressure

0.1 20 0.6 400

2 60 0.6 400

5 60 0.6 400

7 20 0.6 400

20 20 0.6 400

S lo3T 2590 ST 4y S (02 Coapwilud J > 03597 Sy (ST b Tl 50 -1 Joe>
Table 2. Optimum conditions to obtain maximum mass sensitivity to the tested pesticides

Pesticides Retention Precursor Fragmentation  Qualitative ion Qualitative ion
time )min(  ijon (m/z)  voltage V( (collision energy) (V) (collision energy) (V)

Imidacloprid 45 258 50 209 (20) 175 (15)

Thiamethoxam 4.3 293 105 181 (10) 132 (15)

4- Precursor lon
5- Daughter lon
6- Product lon

1- Liquid Chromatography-Mass/Mass
2- High Performance Liquid Chromatography
3- Fragmentation Voltage
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Table 3. Evaluation of the performance of sample treatment procedures in terms of calibration curve
equation, LOD, LOQ (mg kg™?), linear dynamic range and matrix effect

Analvtes Linear matrix- Coefficient of Linear LOD LOQ Matrix

y matched equation determination (R?) dynamic range mg/kg mg/kg effect %
Imidacloprid y = 65642x + 4255.8 0.9932 0.005-1.5 0.0015 0.005 -23
Thiamethoxam y =19815x + 1354.1 0.9973 0.01-1.5 0.003 0.01 -12

Pk P o 210 9 ¢/ (S3lu S Tbaw 35 (S 21T 9 b L) Sl (sE S leST -E Jgur
Table 4. Fortification experiments (recovery and repeatability) at 0.1 and 0.5 mg/kg fortification level

Analvtes Recovery % RSD % Recovery % RSD %
Y (0.1 mg kg n=3 (0.5 mg kg n=3

Thiamethoxam 88 5 93 4
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Table 5. The residues of imidacloprid (Gaucho 15 g/kg seed) and thiamethoxam (Cruiser 8 g/kg seed) in
lettuce at 8 and 11 weeks after cultivation of treated seeds in the field

Pesticides MRL % Samples % Samples with Pesticide Mean Normalized
(mg/kg)  with pesticide  pesticide residue residue range  residue average
residue higher than MRL (mg/kg)  residue/MRL
8 weeks after cultivation
Imidacloprid 2 mg/kg 0 ND ND ND
(Codex)
Thiamethoxam 3 mg/kg 60 0.28-0.39 0.33 0.11
(National)
Control -- 0 ND ND ND
11 weeks after cultivation
Imidacloprid 2 mg/kg 0 ND ND ND
(Codex)
Thiamethoxam 3 mg/kg 40 0.2-0.36 0.28 0.09
(National)
Control -- 0 ND ND ND

ND (Not Detectable) = jaszs JG6

Imidacloprid (Codex MRL), Thiamethoxam (National MRL)

Sl 388 il Ol s 2STEST gn ol slldl
B3 F a3 5 ens e sdile a0 3 5 ol
S o3l A Sl ol T ediladl Ol sl e
Itoiz et al., 2012; ) coul o35 ;5 oKws (LOQ)
bug =5 e s (Pang et al, 2019
b 53 5 gl g g 6 S IS (g s
44. ub‘}::ﬁ J}«Mﬂ uff-‘ Q&;JJ )}Jﬂ}nﬂ )" oalan! C_,.w‘
CL ST ediladl 2al 5 s 5 0T
il BB Ll ) o et 5 e 55 S 55
@ ged 3| ey A > (Zhang et al., 2021) 1l
j‘&é\f)‘}é&w@)yQc“@jéh}kgéjbﬁ
5 Jop sl Bl SIL 6 Sl e 5, slaslil
Loyt ol s 2STCBT VA (gl LT SIUT
@ ges ST 53 (SC 35%) w5 oS s | 2570 i oS
33038 5,803l glulis LB e s S sle
53 3035 OF s oile dindiy § jo 1 S adigad (5
Ripke et al., ) coul sz <ol WS &S ) slads yas
a-bwb Qbﬁ u:‘.'.'.L.'. J.:SJ w.é.é:u U'-'-‘ J)a_v 44 (2022
<l oKrus plte il LT andlln 3550 gla 287 25T

B 5y s A ) S (6505 Sl )

) S ] 2SS Lol KT 5 &b
Sy el (e Jlo s (b oS el 5 (A3l S
£33 Il 53 oy VX Ul Ul 3 487 Al 55 pdione
S 3a5 51 o y3 VOIFY g Jlo 3 5 Ao s /Y
S Loy ST 4w pl sbiladl glyls s iolejT
5 (LOQ) (5,8 051l o 31 Lt os (6,8 03101 Ol o
Sy Shes 5 05 L ESEST okile 4y e 5 S
Sl oS 3 S el 5 iy S 8 S 5 s
Sl sSh 4 DL 55 s S sla 25 ST
P v.:.&:.M..a L;iz.«; uf.,\i)l{ Lo s olsn T
o By 59k 035 Gieds S s S 6,8 s
DS 55 T pazd Ol o a8 Lol ba 28 sT
33,8 Jpame Ay OLL U T 008 4
ssaeds oyl 6ys,» s (Zaharia et al., 2023)
S 2SOT buy Olbrde 5 G sk
05ske slaoly o e | (SS 88 plowil (s 15 S 8
b Al @il G jlon ol S SIS S
Elbert & Nauen, ) cul o35 S5 550 Jsieds
selie SWls 5 .(2004; Elbert, et al., 2008



2 (S I ey 58855 pluS 0l 5 ] IS s e ileBl Sy s 0L 5 s e AN

3T 53 0ladly b 45 ga 71 55 Ll 313 59 53,050 5
23S g e T Coed OV geen 53 iy 3550 S
oilesdl Judmn 515 S sl (6 ol s ABL oo Sloe
5301 ool S Jpame Ol 4 58550 o san
Sy oA an Sl 035 03401 s 5o Al e
Gk sl Gstsds gy )l OlF (e ABL oSTL ks
Solw a5 b Oblas pl 535 505 e3litul ad Slalllas
355 25 50 Ll sl Ial 61y (o Slome okile iy e
!, s (Codex Alimentarius, 2023) .sus
Morowati et) s jlxe odile aiies 5, | pluS sls

..Ll.sjf oslazwl (al., 2018

S5 o

2 LS T slladl sy Sl ey o
5 Al Il Gl 28T i L T sd 7 Sla el
CaL goi dan j3 &S 503 OLES Lo g el Hles rl.“.szal.g
SSoste abladl pame oy S o
o&ews (LOQ) (5,531l d I 5 ol Ll oS Tas
e 3l g gl saly STe i 5 55 LC-MS/MS
O (L @505 51 /F0) azin Cia g (s & g 1780 ) azin
eSS oS ka IYA 5 Y i 4 55 S sieds
Cnb (o Slme a1 Sl o5 Sl ekiledl o5 5 4
OT Hs & dibo (FAS 2 p S e ¥) 1S o0
O sV 039 (hab il s kB (3 e 593 5 oo
b nl ey 3l LS els (b 0 SF/1) OT s bl
o 203m SBAS 6 i o das o L Sl tag
Sl 26 dpame 53 OT sliledl 51 SIS O3k 15 o

3 8 oslinal S de glass b a8y g ske

S5 ol
2558 (S 5108 Dlidond dmn go pme ke |
Olidss e b iSC3T  Olidss  ide
SoosiS owlido i Olidsed idw g owlid g s
o59p ol pll S 5 Ul 03,5 ol 3 5o
..s,b\);,wd\,.sd;u?;_,,;

alie Slallae 3L (0 6)lo 8 Al J s 5 Loy s
5 Gt S e dls GislS S s oK
V4 etladl 0T 3 & Sdudy plnil (S Slom s
S gy opl 93 55 3 ey syge S ST
3345 5 plonil gy o 3l (S5 5 Ul 5287 (5,
2> pleS gl 5 bl Il gl 2STe i ebiladly
ol e bl i S 5l 5 oml b se S
Ut b ahelie AT ekilesil e 5 5 la AT 2ST
b AT ) i oS 3 Sloes okl aiin e
OB 0l5yslaS T Hsmes 53l (ST ls ESCST
Slles i s b s (Elgueta et al., 2017) s §
olss (gadxie sla ;:)T 5 s, Ji‘.’ ol Cl’u\
OT 31 aS b o3 g loms oile ity 5 po 51 2 b 457 okl
33 Gt pl 55 andllas 5 50 (gla i3S CST wlibeid 5 oS
Basa et al., ) coul 39 jle d> 1 28 LGT ST
2007; Esturk, 2014; Poulsen et al., 2017;
sl b g 6 s Olls s .(Horska et al., 2020
3 Ozl oS 55T sla 1S ST skiladl 01, Sen
o 0353 038 (b5l ey s sas Ll S
iy e 5 T eiledl Ol3e 03 ol Sl T
(Itoiz et al,. 2012) 55 25 E3T 53 opl 5les 0 libe
2 e 625 Gas Rl sade 0o LY eb 5
3 oo ST Sl 0T mls o iy plonil 150
oy O S eap ASCST dir L S 4 T
Skovgaard et ) ol esp Sl > 31 i s ST
S b S5 d Ssteds e (@l 2017
Sran S ST sdiladl 33 8 sbul G Sas
W@ftwséuuﬂ,gs.u.:p&swy
L sl Tt 51 5 s Sl LS 20l odilandl o575
Ol 58 S 53 s pe L S 1) Ol 5 AL e
a-g L.Jonesetal., 2014) wsb o OT jlows u- 5l 5
Olg oo s s a5y ¢l>,u'\ Sglime Oladoy gwy g 4
4 w5 s ;;;JT S sl |y cals ol

BE .S).&@ 03 Jj«a}u REP) mi‘:.‘w "y &Lkgfs&T



110 VF Y Okl oY a)ue\cf‘ﬂ?(;;j)jwu«k—%)éiﬂul:f

REFERENCES

Abd-Alrahman, S. H. (2014). Residue and dissipation kinetics of thiamethoxam in a vegetable-
field ecosystem using QUEChERS methodology combined with HPLC-DAD. Food Chemistry
159, 1-4. https://doi.org/10.1016/j.foodchem.2014.02.124

Agricultural Statistics. (2021). Farming Products, Vol. 1, Ministry of Agriculture, Tehran, I.
R. Iran (In Persian).

AlSaleh, M. A., AlShahwan, I. M., Amer, M. A., Shakeel, M. T., & Ahmad, M. H., et al.
(2014). First Report of Tomato spotted wilt virus in Lettuce Crops in Saudi Arabia. Plant
Disease, 98 (11). 1,591. https://doi.org/10.1094/PDI1S-05-14-0444-PDN.

Basa C. H., Gregorcic, S., Velikonja B. S., & Kmecl, V. (2007). Pesticide residues in
agricultural produce of Slovene origin in the period from 2001-2005. Acta Alimentaria, VVol.
36:2. https://doi.org/10.1556/aalim.36.2007.2.14.

Bautista, R. C., Ronald, F. L., Cho, J. J., & Custer, D. M. (1995). Potential of Tomato Spotted
Wilt Tospovirus Plant Hosts in Hawaii as Virus Reservoirs for Transmission by Frankliniella
occidentalis (Thysanoptera: Thripidae). Phytopathology, 85(9).
https://www.apsnet.org/publications/phytopathology/backissues/Documents/1995Articles/Ph
yto85n09_953.pdf.

Chung, B. N., Pak, H., Jung, J., & Kim, J. (2006). Occurrence of Tomato spotted wilt virus in
Chrysanthemum (Dendranthema grandiflorum) in Korea. Plant pathology, 22(3): 230-234.
https://doi.org/10.5423/PPJ.2006.22.3.230.

Codex Alimentarius (2023). Pesticides Database, MRLs. https://www.fao.org/fao-who-
codexalimentarius/codex-texts/dbs/pestres/pesticides/en/.

Elbert, A., Haas, M., Springer, B., Thielert, W., & Nauen R. (2008). Applied aspects of
neonicotinoid uses in crop protection. Pest Management Science, 64:1099-1105.
https://doi.org/10.1002/ps.1616.

Elbert, A., & Nauen R. (2004). New applications for neonicotinoid insecticides using
imidacloprid as an example, in Insect Pest management, Field and Protected Crops, ed. By
Horowitz AR and Ishaaya I. Springer, Berlin-Heidelberg-New York, pp. 29-44.

Elgueta S., Moyano S., Sepulveda P, Quiroz C., & Correa A. (2017). Pesticide residues in leafy
vegetables and human risk assessment in North Central agricultural areas of Chile. Food
Additives and Contamination: Part B., 10(2): 105-112.
http://dx.doi.org/10.1080/19393210.2017.1280540.

Eslami, Z., Mahdavi, V., & Tajdar-oranj, B. (2021). Probabilistic health risk assessment based
on Monte Carlo simulation for pesticide residues in date fruits of Iran. Environmental Science
Pollution Research, 28, 42037-42050. https://doi.org/10.1007/s11356-021-13542-0 .

Esturk, O. (2014). Pesticide residue analysis in parsley, lettuce and spinach by LC-MS/MS.
Journal of Food Science and Technology, 51, 458-466. https://doi.org/10.1007/s13197-011-
0531-9.

European Commission Directorate General For Health And Food Safety, (2019). Analytical
Quality Control and Method Validation for Pesticide Residues Analysis in Food and Feed
(SANTE/12682/2019). Sante/12682/2019 1-48.


https://doi.org/10.1016/j.foodchem.2014.02.124
https://doi.org/10.1094/PDIS-05-14-0444-PDN
https://doi.org/10.1556/aalim.36.2007.2.14
https://doi.org/10.5423/PPJ.2006.22.3.230
https://doi.org/10.1002/ps.1616
http://dx.doi.org/10.1080/19393210.2017.1280540
https://doi.org/10.1007/s11356-021-13542-0
https://doi.org/10.1007%2Fs13197-011-0531-9
https://doi.org/10.1007%2Fs13197-011-0531-9

)JJ@}&GM)‘&}AK)}CLS}M[:}‘}A{“}}K‘%‘G&WLW}&)}Q‘)&«A}J}f \RF4

FAO. (2021). Statistics at Food and Agriculture Organization of the United Nations.
www.fao.org /statistic/en.

Gera, A., Kritzman, A., Cohen, J., Raccah, B., & Antignus, Y. (2000). Tospoviruses infecting
vegetable crops in Israel. EPPO Bulletin, 30 (2). 289-292. https://doi.org/10.1111/j.1365-
2338. 2000.tb00897 .x.

Hodgson, E., & Levi, P. (2010). A textbook of modern toxicology. 4th ed. Published by John
Wiley & Sons, Inc., Hoboken, New Jersey.

Horska, T., Kocourek, F., Stard, J., Holy, K., & Mréaz, P., et al. (2020). Evaluation of pesticide
residue dynamics in lettuce, onion, leek, carrot and parsley. Foods, 9, 2-13.
https://doi.org/10.3390/foods9050680.

ISIRI, ((2013). Institute of standard and industrial research of Iran Organization, No. 17026,
Foods of plant origin— Determination of pesticide residues using GC-MS and/or LC-MS/MS
following acetonitrile extraction/partitioning and cleanup by dispersive SPE— QUEChERS-
method. https://standard.inso.gov.ir/.

Itoiz, E. S., Fantke, P., Jurask, R., Kounina, A., & Vallejo, A. A. (2012). Deposition and
residues of azoxystrobin and imidacloprid on greenhouse lettuce with implications for human
consumption. Chemosphere, 89, 1034-1041.
https://doi.org/10.1016/j.chemosphere.2012.05.066 .

Jahed, K. G., Fadaei, A., Sadeghi, M., & Mardani, G. (2011). Study of Oxydimeton methyl
residues in cucumber and tomato grown in some of greenhouses of Chaharmahal and Bakhtiari
province by HPLC method. Journal of Shahrekord University of Medical Sciences, 13(4): 9-
17. (In Persian with English abstract). http://eprints.skums.ac.ir/id/eprint/3967.

Jones, A., Harrington, P., & Turnbull, G. (2014). Neonicotinoid concentrations in arable soils
after seed treatment applications in preceding years. Pest management Science, 70(12), 1780-
1784. https://doi.org/10.1002/ps.3836.

Kamberoglu, M. A., & Alan, A. (2011). Occurrence of Tomato Spotted Wilt Virus in Lettuce
in Cukurova Region of Turkey. International Journal of Agriculture and Biology, 13(3), 431-
434. https://doi.org/10-204/SPM/2011/13-3-431-434.

Koike, S. T., & Davis, R. (2016). UC IPM: UC Management Guidelines for Tospoviruses on
Lettuce. UC IPM Pest Management Guidelines: Lettuce UC ANR Publication 3450.
Agriculture and Natural Resources, University of California.

Koike, S. T., Gladders, P., & Paulus, A. O. (2007). Vegetable diseases: A color handbook.
Manson publishing. Ltd. London.

Lehotay, S. J., Son, K. A., Kwon, H., & Koesukwiwat, U., Fu, W., Mastovska, K., Hoh, E. and
Leepipatpiboon, N. (2010). Comparison of QUEChERS sample preparation methods for the
analysis of pesticide residues in fruits and vegetables. Journal of Chromatography A., 1217,
2548-2560. https://doi.org/10.1016/j.chroma.2010.01.044

Mahdavi, V., Keikavousi, B. A., Moradi, F., & Aboul-Enein, H. Y. (2021a). Analysis of
Alternative New Pesticide (Fluopyram, Flupyradifurone, and Indaziflam) Residues in Pistachio,
Date, and Soil by Liquid Chromatography Triple Quadrupole Tandem Mass Spectrometry. Soil
Sediment Contamination, 30(4), 373-383. https://doi.org/10.1080/15320383.2020.1854173.


https://doi.org/10.1111/j.1365-2338.2000.tb00897.x
https://doi.org/10.1111/j.1365-2338.2000.tb00897.x
https://doi.org/10.3390%2Ffoods9050680
https://standard.inso.gov.ir/
https://doi.org/10.1016/j.chemosphere.2012.05.066
http://eprints.skums.ac.ir/id/eprint/3967
https://doi.org/10.1002/ps.3836
https://doi.org/10.1016/j.chroma.2010.01.044
http://dx.doi.org/10.1080/15320383.2020.1854173

Y VB Y Ol o oyled FF o (55,58 ade alons) (Kb 0l E

Mahdavi, V., Eslami, Z., Golmohammadi, G., Tajdar-oranj, B., & Keikavousi, B. A. (2021b).
Simultaneous determination of multiple pesticide residues in Iranian saffron: A probabilistic
health risk assessment. Journal of Food Composition and Analysis, 100, 103, 103915.
https://doi.org/10.1016/j.jfca.2021.103915.

Marasigan, K., Toews, M., Kemerait, Jr. R., Abney, M. R., Culbreath, A., & Srinivasan, R.
(2015). Evaluation of Alternatives to Carbamate and Organophosphate Insecticides Against
Thrips and Tomato Spotted Wilt Virus in Peanut Production. Journal of economic entomology,
109(2), 544-557. https://doi.org/10.1093/jee/tov336 .

Moreno, A., & Fereres, A. (2012). Virus Diseases in Lettuce in the Mediterranean Basin.
Advances in Virus Research, 84:247-88. https://doi.org/10.1016/B978-0-12-394314-9.00007-5 .

Morowati, M., Mahdavi, V., Heidari, A., Nourbakhsh, R., Faravardeh, L., & Heidari A. B.
(2018). Pesticides Residue in Agricultural Produces (Hazards, Regulations and Residue
Limits). Iranian Research Institute of Plant Protection Press. Tehran, Iran. 258pp.

Morowati, M., & Nematollahi, M. R. (2014). Investigation on the residue of four insecticides
on greenhouse grown cucumber in Isfahan. Applied Entomology and Phytopathology, 82(1):
11-23. (In Persian). https://doi.org/10.22092/jaep.2014.100195.

Mushfigur Rahman, Md., Farha W., Abd EI-Aty A.M., Kabir M. H., Im S. J., Jung D. I., Choi
J.H., & Kim S\W., et al. (2015). Dynamic behavior and residual pattern of thiamethoxam and
its metabolite clothianidin in Swiss chard using liquid chromatography-tandem mass
spectrometry. Food Chemistry, 174, 248-255. https://doi.org/10.1016/j.foodchem.2014.11.052

Oliver, J., & Whitfield, A. (2016). The genus Tospovirus. Annual review of Virology, 3: 101-
124. https://doi.org/10.1146/annurev-virology-100114-055036.

Pang, N., Fan, X., Fantke, P., Zhao, S., & Hu, J., (2019). Dynamics and dietary risk assessment
of thiamethoxam in wheat, lettuce and tomato using field experiments and computational
simulation, Environmental Pollution, 256:113285.
https://doi.org/10.1016/j.envpol.2019.113285.

Pappu, H., Jones, R., & Jain, R. (2009). Glob al status of Tospovirus epidemics in divers
cropping systems: Successes achieved and challenges ahead. Virus research, 141: 219-236.
https://doi.org/10.1016/j.virusres.2009.01.009 .

Pesticide Manual. (2021). Compiled and published by BCPC 19" Ed. October 2021, Pp 1400.

Poulsen, M. E., Anderson, J. H., Peterson A., & Jensen, H. B. (2017). Results from the
monitoring programme for pesticide residues from the period 2004-2011. Food Control, 74,
25-33. https://doi.org/10.1080/0265203031000152433 .

Rejczak, T., & Tuzimski, T. (2015). A review of recent developments and trends in the
QUEChERS  sample  preparation approach. Open  Chemistry,  13:980-1010.
https://doi.org/10.1515/chem-2015-0109.

Rielly, D. G., Joseph, S. V., Srinivasan, R., & Diffie, S. (2011). Thrips vectors of Tospoviruses.
Journal of integrated pest management, 2: 11. 110. https://doi.org/10.1603/1IPM10020.

Ripke M. O., Corralo V. D. S., & Lutinski J. A. (2022). Safety of foods sold in street fairs:
analysis of pesticide residues in lettuce (Lactuna sativa L.). Brazilian Journal of Environmental
Sciences, RBCIAMB, v.57, n.3, 467-476. https://doi.org/10.5327/22176-94781376.


http://dx.doi.org/10.1016/j.jfca.2021.103915
https://doi.org/10.1093/jee/tov336
https://doi.org/10.1016/b978-0-12-394314-9.00007-5
https://doi.org/10.22092/jaep.2014.100195
http://dx.doi.org/10.1016/j.foodchem.2014.11.052
https://doi.org/10.1146/annurev-virology-100114-055036
https://doi.org/10.1016/j.envpol.2019.113285
https://doi.org/10.1016/j.virusres.2009.01.009
https://doi.org/10.1080/0265203031000152433
https://doi.org/10.1515/chem-2015-0109
http://dx.doi.org/10.1603/IPM10020
https://doi.org/10.5327/Z2176-94781376

)JJ@}&GM)‘&}AK)}CLS}M[:}‘}A{“}}K‘%‘G&WLW}&)}Q‘)&«A}J}f A

Sheikhi, A., Morowati, M., & Ghotbi, T. (2022). The effect seed treatments on the control of
TSWV in lettuce. Final Report of scientific research, Iranian Research Institute of Plant
Protection, AREEO.

Sheikhi, A., Najafi, H., Abbasi, S., Saberfar, F., & Rashid, M., et al. (2017). A Guide to
Chemical and Organic Pesticides of Iran. 1%t edition, Vol. I. Rah Dan Publications. Iran.300
pp. (In Persian).

Skovgaard, M., Renjel, E. S., Jensen, O. C., Andersen, J. H., & Condarco, G., et al. (2017).
Pesticide Residues in Commercial Lettuce, Onion, and Potato Samples from Bolivia—A Threat
to Public Health? Environ. Health Insights, 11, 18-22.
https://doi.org/10.1177/1178630217704194 .

Soleimani, P., Mosahebi, G. h., & Koohi, H. M. (2011). Identification of some viruses causing
mosaic on lettuce and characterization of Lettuce mosaic virus from Tehran province in Iran.
African Journal of Agricultural Research, 6(13). 3029-3025.
https://doi.org/10.5897/AJAR11.114.

Yen-ven, k., Gilbertson, R. L., Turini, T., Brennan, E.B., & Smith, R. F., et al. (2014).
Characterization and epidemiology of outbreaks of Impatiens necrotic spot virus on lettuce in Caostal
California. Plant disease, 98 (8). 1050-1059. https://doi.org/10.1094/PDIS-07-13-0681-RE .

Young Journalist Club. (2015). Lettuce cultivation in 700 acres of Amol city. Code. 5432434,
http://edge-http.microsoft.com/captiveportal/generate_204.

Zaharia, R., Trotus, E., Trasca, G. Georgescu, E., Sapcaliu, A., Fatu, V., Petrisor, C., & Mincea,
C. (2023). Impact of Seed Treatment with Imidacloprid, Clothianidin and Thiamethoxam on
Soil, Plants, Bees and Hive Products. Agriculture, 13, 830.
https://doi.org/10.3390/agriculture13040830.

Zhang, N., Huang, L., Zhang, Y., Liu, L., Sun, C., & Lin, X. (2021). Sulfur deficiency
exacerbates phytotoxicity and residues of imidacloprid through suppression of thiol-dependent
detoxification in lettuce seedlings. Environmental Pollution, 291, 118221.
https://doi.org/10.1016/j.envpol.2021.118221

@SS

A—ZdATA © 2023 by the authors. Licensee SCU, Ahvaz, Iran. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution-
Noncommercial 4.0 International (CC BY-NC 4.0 license)
(http://creativecommons.org/licenses/by-nc/4.0/.


https://doi.org/10.1177/1178630217704194
https://doi.org/10.1094/pdis-07-13-0681-re
https://doi.org/10.1016/j.envpol.2021.118221

~\l/ Plant Protection (Scientific Journal of Agriculture)
Plant Protection 46(2), Summer, 2023

10.22055/ppr.2023.44220.1700

Investigating the Residual Status of Imidacloprid and Thiamethoxam in
Lettuce after Seed Treatment

M. Morowati ", T. Ghotbi 2, V. Mahdavi !, A. Sheikhi Garjan 3

1. *Corresponding Author: Associate Professor, Pesticides Research Department. Iranian Research
Institute of Plant Protection, Agricultural Research, Education and Extension Organization
(AREEO), Velenjak, Tehran, Iran (m_morowati@yahoo.com)

2. Instructor, Agricultural Virology Department, Iranian Research Institute of Plant Protection, Agricultural
Research, Education and Extension Organization (AREEO), Velenjak, Tehran, Iran

3. Associate Professor, Agricultural Entomology Department, Iranian Research Institute of Plant
Protection, Agricultural Research, Education and Extension Organization (AREEO), Velenjak,
Tehran, Iran

Received: 5 July 2023 Accepted: 7 October 2023

Abstract
Background and Objectives
The area under cultivation of lettuce in the country is 14,000 hectares, and the amount of
lettuce production in Iran is 300,000 tons. Among the important damaging factors in lettuce
production is the tomato spotted wilt virus (TSWV). With its wide host range, this virus is
transmitted mechanically through infected plant sap by thrips. In Iran, various insecticides such
as spinosad, diazinon, imidacloprid, profenofos, etc., which are from different groups, have
been registered to control thrips. New reports show that other insecticides like thiamethoxam
and imidacloprid are effective on thrips, too.
The use of pesticides should be performed very carefully due not only to the residue on the
surface of the products but also its penetration into the tissue of fruits, vegetables, and even
grains. Although washing the fruits or peeling them can be effective in reducing the surface
contamination of pesticides, it is almost impossible to remove their residue from the internal
tissues of the fruit. Excessive use of pesticides in the production of agricultural products causes
pesticide residue, which is considered a risk factor for human health and the environment. High
pesticide residues in all kinds of products, especially lettuce, which is consumed fresh, is of
particular importance. Therefore, appropriate measures must be taken to reduce the risks of
high residue levels of pesticides.
Materials and Methods
The insecticides imidacloprid and thiamethoxam were used to treat lettuce seeds to control the
thrips, which is the vector of this virus. The first treatment consisted of seed treatment of lettuce
with imidacloprid (Gaucho WS70%) with the concentrations of 10 and 15 g a.i./ kg seed and
the second one with thiamethoxam (Cruiser FS35%) with the concentrations of 6 and 8 g a.i./
kg seed. No treatment was performed on control seeds. Treated Seeds were evaluated in terms
of germination percentage and germination time in the early growth stages (10 days after
planting). Later, seedlings obtained from seed treatment were transferred to the field and
compared with the control in the viral infected plants for several times (a few weeks after
planting in the field). Twenty transplants from each treatment were evaluated regarding thrips



infection and TSWV viral disease. Evaluation of virus-infected plants was performed based on
the observation of symptoms and serological test. Ripened lettuce samples were collected from
the treated plots after 8 and 11 weeks of the treatment and the residues of thiamethoxam and
imidacloprid were measured. To extract the samples for the measurement of pesticide residues
QUEChers extraction method was used. The extracted solution was injected into the LC-
MS/MS to identify and measure the pesticides residue in the lettuce samples after eight and
eleven weeks of cultivated treated seeds.

Results

The results show that thiamethoxam, with 84.5%, and imidacloprid, with 45% efficacy, can
prevent infection with TSWV up to one month after transplantation. The results also show that
the residue levels of imidacloprid observed in the lettuce samples at the two sampling periods
were all below the limit of quantitation (LOQ) of the LC-MS/MS equipment used, and 0.33
mg/kg and 0.28 mg/kg of thiamethoxam were detectable after 8 and 11 weeks. The residue
level of thiamethoxam observed could be due to the doses used, low evaporation rate, high
polarity and solubility rate in water (4.1 gm/l) of this insecticide. According to the national
Maximum Residue Levels (MRL) of thiamethoxam (3 mg/kg), the measured residue levels are
lower than the MRL.

Discussion

Therefore, according to the results obtained, the insecticides used for the lettuce seed treatment
to control the thrips with the doses mentioned above are safe for the consumers of the final
product as the residue of these insecticides after treatment is well below the national MRLSs.
Also, the use of insecticides as seed treatment can reduce the possibility of contamination of
lettuce seedlings with TSWV viral disease, as well as reduce the risk of viral contamination in
the field. In seed treatment, observing the alternative use of insecticides from different groups
can be effective in reducing the resistance of thrips. Determining the critical period in the
lettuce field based on the incubation period of the virus in the plant can prevent indiscriminate

spraying.
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