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ABSTRACT

Globally, neonicotinoids constitute a class of systemic
insecticides that has become the most widely utilized group
of insecticides. The efficiency of three neonicotinoid
insecticides i.e. imidacloprid, thiamethoxam and
dinotefuran at recommended dose were studied against the
cotton whitefly, Bemisia tabaci (Gennadius) (Hemiptera:
Aleyrodidae) on tomato plants under the open field
conditions. The results showed that imidacloprid was the
most efficient insecticide against the nymphs of B. tabaci
followed by thiamethoxam and dinotefuran. The general
means of reduction percentages of B. tabaci nymphs were
85.75, 83.24 and 75.11% after the 1% spray and 87.53,
85.03 and 73.96% after the 2" spray for imidacloprid,
thiamethoxam and dinotefuran, respectively. Residues of
the tested pesticides in/fon tomato fruits and leaves were
determined using a QUEChERS method. Initial amount of
the three insecticides were higher in tomato leaves
compared with fruits. The half-life values (t») for the three
insecticides in tomato fruits were 2.71, 2.95 and 1.87 days
for imidacloprid, thiamethoxam and dinotefuran,
respectively. While these values in tomato leaves were 2.91,
3.322 and 2.108 days for imidacloprid, thiamethoxam and
dinotefuran, respectively. The levels of residues were
above the maximum residue limits (MRLs) up to 3, 6 and 6
days after spray (DAS) for imidacloprid, thiamethoxam
and dinotefuran, respectively in tomato fruits. The
determined PHI for imidacloprid, thiamethoxam and
dinotefuran were 6, 9 and 9 DAS, respectively. Washing of
treated tomato fruits with tap water, 10% sodium
bicarbonate, and 10% vinegar for 15 min were reported to
be highly effective in reducing the level of the three
insecticides. The residues of the three insecticides in
tomato fruits pose low health risks to consumers.

Key words: Neonicotinoids, Cotton whitefly, Toxicity,
Residues, QUEChERS.
INTRODUCTION

Similar to other plant species, tomato plants are
subjected to infestation with several insect pests which
usually cause serious injury and reduction to the final
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yield (Ammar, 2007 and Mahmoud et al., 2020). The
cotton whitefly, Bemisia tabaci (Genn.) was an
economically important pest on the tomato plants in
different parts of the world. Worldwide, this
polyphagous pest has the capability to attack over 600
different plant species in the open field and greenhouse
conditions (Gelman et al., 2007). Bemisia tabaci inflicts
direct damage on its host plants by extracting sap from
the plant foliage. Additionally, it causes indirect damage
by transmitting plant pathogenic viruses and excreting
honeydew which serves as an ideal medium for the
growth of sooty mold (Henneberry et al., 2000; Stansly
et al., 2004 and Hanafy et al., 2014). Control of B.
tabaci still depends on the application of insecticides
(Ayad et al., 2009; Shaoli Wang et al., 2017 and
Darwish et al.,, 2021). Currently there are four
generations of neonicotinoids. The first generation
includes imidacloprid, acetamiprid, thiacloprid, and
nitenpyram. The principal second-generation
neonicotinoid is thiamethoxam, with dinotefuran
serving as the primary third-generation neonicotinoid.
Additionally, sulfoxaflor and cycloxaprid are classified
as fourth-generation neonicotinoids (Simon-Delso et al.,
2015).  Neonicotinoids act as agonists at
nicotinic acetylcholine receptors in insects affecting
initiation of the electric signal in the postsynaptic
neuron. Unfortunately, the widespread use of synthetic
insecticides to manage destructive insect pests like B.
tabaci has led to various challenges. One significant
issue is the presence of residues in vegetables and fruits,
particularly with highly stable and persistent
insecticides (AL-Eed, 2006). Therefore these residues
must be regularly and widely monitored, removed by
many methods such as peeling, washing, cooking,
juicing, frying and freezing (Andrade et al., 2015; EI-
Saeid & Selim, 2016; Ahlawat et al., 2019 and Hassan
et al., 2019). The present investigation aims to study the
susceptibility of the nymphs of white fly to
imidacloprid, thiamethoxam and dinotefuran, to
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determine their residues on and in tomato fruits and
leaves, to determine the preharvest intervals, and to
study the effect of different washing solution to remove
there residues from the treated tomato fruits.

MATERIAL AND METHODS

Tested insecticides:

Imidacloprid (ImiDOR, 35% SC), thiamethoxam
(Actara, 25% WG) and dinotefuran (Oshin, 20% SG)
were obtained from Chema Industries Co., Syngenta
Egypt Co. and Shoura Co., Egypt with application rates
of 75 ml, 20 g and 125 g /100 litre of water,
respectively.

Field studies

The current experiment was planned to compare the
efficiency of three insecticides against the cotton
whitefly, B. tabaci. The experiment was conducted on a
private tomato farm located in the Nubaria district,
Beheira Governorate, Egypt. Except the application of
any pesticides, all the normal agricultural practices were
carried out as usual. Randomized complete block design
(RCBD) was applied with four replicates/ treatment and
four replicates for control in a total of 16 plots. Every
plot was separated from the other by 1 m to reduce
interference from another treatment drift. Sample size
was a number of B. tabaci nymphs found on ten leaves
from five different plants of each plot (40 leaves /
treatment). All treatments were applied during the
tomato fruiting stage. Counts of nymphs of B. tabaci
were recorded at first immediately before treatment and
at 1, 4,7 and 14 days after treatment. A standard 20-liter
capacity hand sprayer, equipped with a downward-bent
nozzle, was utilized. Reduction percentages of B. tabaci
nymphs were calculated according to Henderson and
Tilton equation (1955) and subjected to analysis of
variance (ANOVA) (CoStat Statistical Software, 1998).

Henderson and Tilton equation (1955):
TaX Cb
% Reduction =100 x 1-
TbX Ca
Where:

Cb = mean number of nymphs in control plots before
application
Ta = mean number of nymphs in treatment plots after
application
Ca = mean number of nymphs in control plots after
application

Tp = mean number of nymphs in treatment plots before
application

Extraction, clean up procedures and residues

determination

The extraction and clean-up of tomato samples were
performed utilizing the QUEChERS method, following
the procedure outlined by Anastassiades et al. (2003).
Samples of 10 g of a homogenized tomato fruits and/or
leaves were taken into a centrifuge tube (50-mL).
Subsequently, 15 milliliters of acetonitrile containing
1.0% acetic acid were transferred to the centrifuge tube
and vigorously shaken for 1 min. Subsequent to the
addition of 4 g of anhydrous magnesium sulfate and 1 g
of sodium acetate, the mixture was vigorously shaken
for a duration of five minutes. Following this, the
mixture underwent centrifugation at 3000 rpm for
another five minutes. A volume of five milliliters from
the supernatant was carefully transferred into a 15 ml
centrifuge tube. Subsequently, it was shaken with 50 mg
of primary secondary amine (PSA), 10 mg of
graphitized carbon black, and 150 mg of magnesium
sulfate. Following this, the centrifuge tube underwent
centrifugation for a duration of 10 minutes at 6000 rpm.
The supernatant containing imidacloprid,
thiamethoxam, and dinotefuran was subjected to
analysis using an Agilent 1260 HPLC system (USA),
equipped with a quaternary pump, autosampler injector,
thermostat compartment for the column, and a
photodiode array detector. The chromatographic column
employed was Zorbax C18 XDB (250 x 4.6 mm, 5
mm), maintained at room temperature. The mobile
phase comprised acetonitrile and water in the ratios of
(80:20), (90:10), and (60:40) for imidacloprid,
thiamethoxam, and dinotefuran, respectively, at a flow
rate of 1 ml/min.

Effect of different washing solutions on the residues
in and on tomato fruits

To investigate the impact of a washing process
aimed at eliminating residues of imidacloprid,
thiamethoxam, and dinotefuran from treated tomato
fruits, samples from the treated fruits (collected 2 hours
after spraying) were immersed in separate jars, each
containing one of the following solutions: tap water,
10% sodium bicarbonate, and 10% vinegar for 15 min
(without shaking). The washed samples were allowed to
dry in room temperature and then the analyzed as
mentioned above (Pugliese et al. 2004; Zhang et al.
2007 and Andrade et al., 2015).

Recovery rates and statistical analysis

To assess the recovery percentages, specified
quantities of the active ingredients from the three tested
insecticides were added to organic tomato fruits and
leaves at concentrations of 2 and 4 mg/kg. The
extraction and clean-up procedures followed the
previously outlined methods. Table (3) provides the
recovery rates for the three investigated insecticides
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across various subsequent tomato fruits and leaves. All
results obtained were corrected according to the
recovery percentages. The degradation rates (k) and
half-life periods of the three insecticides were
determined following the methodology outlined by
Gomaa and Belal (1975). Using the excel trend line; a
straight line was fitted with intercept equal to logarithm
of initial concentration. The slope of the line was
calculated. Accordingly, the rate of degradation (k) of
imidacloprid, thiamethoxam and dinotefuran and the
half-life periods of the three insecticides were calculated
as follows:

Rate of degradation (k) = 2.303xslope.

Half-life period (t2) = 0.693/k.

Estimated dietary exposure dose (EED) and risk
quotient (RQ)

The exposure to the pesticide residues was evaluated
via estimation of daily intake (EDI) and compared with
acceptable daily intakes (ADIs)

Where:

EED (Estimated exposure dose) (mg / kg body weight /
day) = Mean of insecticide residue (mg kg') x amount
food intake kgd per body weight (kg) (Kg/capita/day)
RQ (Risk Quotient) = EED/acceptable daily intake
(ADI) (mg/kg bw)

The average estimated standard tomato intake for an
Egyptian adult, with an average body weight of 60 kg,
as reported by the Food and Agriculture Organization in

2012, was 200.93 g (0.20093 Kkg/capita/day.
(WHO/GEMS/Food  Cluster diets, 2012). The
acceptable daily intake (ADI) for imidacloprid,

thiamethoxam and dinotefuran was 0.06, 0.08, and 0.22
mg/kg/bw/day, respectively (Codex Alimentarius
Commission for Pesticide Residues, 2016). An RQ
value greater than 1 indicates that the risk of a pesticide
for humans is considered unacceptable, whereas an RQ
value less than 1 indicates minimal risk to humans
(Zhang et al., 2009).

RESULTS AND DISCUSSION

The efficiency of imidacloprid, thiamethoxam and
dinotefuran against nymphs of B. tabaci

The data presented in Tables (1 and 2) illustrate the
reduction percentages of B. tabaci nymphs in tomato
plants for imidacloprid, thiamethoxam and dinotefuran
after one, four, seven, and fourteen days post treatment.
Imidacloprid was the most efficient insecticides against
the nymphs of B. tabaci followed by thiamethoxam and
dinotefuran. However, the tested insecticides exhibited
different reduction percentages against B. tabaci as
follows 80.49, 84.02 and 86.28% (after one day), 75.13,
86.47 and 89.39% (after four days), 73.51, 83.36 and
84.55 (after one week), 71.31, 80.8 and 82.78% (after
two weeks) with general means of reduction
percentages of 75.11, 83.24 and 85.75 for dinotefuran,
thiamethoxam and imidacloprid, respectively after the
1%t spray. After the 2" spray, the general means of
reduction percentages were 73.96, 85.03 and 87.53% for
dinotefuran, thiamethoxam and imidacloprid,
respectively. Our findings align with those of Li et al.
(2021), whose study similarly reported that
neonicotinoid insecticides were effective in the control
of Bemisia tabaci on vegetables. EI-Naggar and Zidan
(2013) tested thiamethoxam and imidacloprid against
sucking insects, and they found that both tested
insecticides showed a moderate initial reduction in the
population of jassids and the mature stages of whitefly.
Also, it was found that imidacloprid demonstrated
greater efficacy against sap-sucking pests compared to
thiamethoxam. When applying thiamethoxam at rate of
100 g/ha, it was found most effective than imidacloprid
(17.8 SL) at rate of 100 ml/ha in reducing the
population of whitefly (Kumar et al., 2017).

On the other hand, Smith et al. (2016) estimated the
LCsos for the field populations of B. tabaci. They
observed that the LCsy values varied within the
following ranges: 0.901-24.952 for imidacloprid, 0.965-
24.430 for thiamethoxam, 0.043-3.350 for dinotefuran,
and 0.011-1.471 for flupyradifurone. These findings
highlight the diverse susceptibility of B. tabaci field
populations to various pesticides.

Table 1. Efficacy of three neonicotinoids insecticides on cotton whitefly, Bemisia tabaci nymphs under field

conditions after the 1% spray

% of mortality post spray (days)*

Insecticides 1 4 7 m General means
Dinotefuran 80.49+1.34°¢ 75.13+2.09P 73.51+2.44b 71.31+2.6° 75.11+4.01¢
Thiamethoxam 84.02+1.51b 86.47+2.012 83.36+1.112 80.8+.322 83.24+3.08P
Imidacloprid 86.28+.982 89.39+1.692 84.55+1 .42 82.78+.412 85.75+2.752
F values 20.318 60.56 48.207 42.736 44,918
L.S.D. 2.0742 3.09725 2.79025 2.8686 2.36445

No significant differences exist between means that share the same letter(s) within the same column (P < 0.05) * Data were expressed as means +

SD
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Table 2. Efficacy of three neonicotinoids insecticides on cotton whitefly, Bemisia tabaci nymphs under field

conditions after the 2" spray

% of mortality post spray (days)*

Insecticides 1 4 7 m General means
Dinotefuran 79.2+2.35¢ 75.38+1.59¢ 72.89+1.83¢ 68.38+1.72° 73.96+4.4°
Thiamethoxam 84.62+1.42b 88.11+2.59b 86.58+452 80.81+1.132 85.03+3.32
Imidacloprid 89.45+3.972 93.79+1.242 85.68+1.64° 81.2+4.582 87.53+5.592
F values 13.534 99.301 66.025 25.247 40.73
L.S.D. 44574 3.0275 3.0158 4.6418 3.22285

No significant differences exist between means that share the same letter(s) within the same column (P < 0.05). *Data were expressed as means +

SD

Experimental recovery

The efficiency of the analytical method was
investigated through the implementation of recovery
experiments. The procedures which were used for the
determination of imidacloprid, thiamethoxam and
dinotefuran residues in and on tomato fruits and leaves
were applied for tomato samples were fortified with
known amounts from each pesticide. Table (3) displays
the average recoveries of imidacloprid, thiamethoxam,
and dinotefuran in both tomato fruit and leaf samples.
The obtained recoveries for imidacloprid in spiked
tomato fruits and leaves varied between 101.34% and
103.45% for leaves and between 99.03% and 104.23%
for fruits. As for thiamethoxam, the recoveries in spiked
tomato leaves and fruits ranged from 97.28% to 99.48%
for leaves and from 96.98% to 99.1% for fruits. Finally,
, the recoveries achieved for dinotefuran in spiked
tomato leaves ranged from 101.79% to 104.3%, while in
spiked tomato fruits, the recoveries ranged from 99.91%
to 104.25%. According to Dg Sanco (2013), the
recoveries obtained for imidacloprid, thiamethoxam,
and dinotefuran fell within the 70-120% range,
accompanied by a relative standard deviation (RSD %)
value within the acceptable range of < 20%. This
suggests that the method exhibits good performance,
sensitivity, and is suitable for determining these residues
in both tomato leaves and fruits.

Determination of the residues of three neonicotinoid
insecticides in tomato fruits and leaves

The obtained results in Table (4) show that the initial
deposits of the imidacloprid insecticide in tomato fruits
and leaves were 1.302 and 2.672 mg kg, respectively.
These residues decreased to 0.883 and 1.518 mg/kg
after 1 day and to 0.553 and 0.962 mg/kg after three
days post treatment. After 6 days post treatment the
residues of imidacloprid were 0.337 and 0.611 mg/kg.
In the fifteenth day of the treatment, the residues of
imidacloprid reached to 0.029 and 0.047 in tomato fruits
and leaves, respectively. The loss or dissipation
percentages of imidacloprid were 32.18, 57.53, 74.12,
89.4, 96.39 and 97.78 % in tomato fruits and 43.19, 64,
77.13, 86.6, 93.49, and 98.24 in tomato leaves after 1, 3
, 6,9, 12 and 15 days, respectively.

The amount of imidacloprid remaining in tomato
fruits was below the MRL of 0.5 mg/ kg (Codex
Alimentarius Commission for Pesticide Residues, 2004)
after 6 days of its application at the recommended rate.
The half-life value (t%2) for dissipation of imidacloprid
in tomato fruits was 2.7086 days, after the spraying with
the recommended rate. The current results are in
agreement with those of Sabry et al. (2016) who found
that imidacloprid had a minimum preharvest interval
(PHI) and was more toxic against the adults of B. tabaci
on tomato plants. On the other hand, Hassanzadeh et al.
(2012) found that imidacloprid residues dissipated
below MRL of 1 (mg kg™!) in 3 days in cucumber fruits,
with half-life value of 2.91 days on tomato fruits
(Sharma et al., 2018).

Table 3. Averages of recovery percentages at different spiked levels

Sample mg/kg % of Recovery
Imidacloprid Thiamethoxam Dinotefuran
Leaves 1 103.45+2.71 98.89+2.19 101.79+1.86
2 101.84+2.71 99.48+1.85 103.86+3.04
4 101.34+1.8 97.28+1.2 104.3+1.25
Fruits 1 99.03+1.88 96.98+1.19 104.25+1.45
2 104.23+3.3 97.74+1.45 99.91+2.35
4 102.32+2.14 99.1+0.75 101.65+1.89

Data were expressed as means+SD
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Table 4. Residue levels of imidacloprid, and % dissipation and persistence in fruits and leaves of tomato plants

cultivated under field conditions

Fruits Leaves
Days after - . - .
treatment Residues Dissipation Persistence % Residues Dissipation Persistence %
mg/kg* % mg/kg* %
0 (2hr.) 1.302+0.03 - - 2.672+0.024 - -

1 0.883+0.014 32.18 67.82 1.518+0.009 43.19 56.81
3 0.553+0.008 57.53 42.47 0.962+0.011 64 36
6 0.337+0.006 74.12 25.88 0.611+0.008 77.13 22.87
9 0.138+0.007 89.4 10.6 0.358+0.012 86.6 134
12 0.047+0.004 96.39 3.61 0.174+0.012 93.49 6.51
15 0.029+0.001 97.78 2.23 0.047+0.003 98.24 1.76
K 0.256 0.238
12 2.7086 291

K = Rate of degradation, ty,= Half-life values *Data were expressed as means+SD

The residue and % dissipation and persistence of
thiamethoxam in tomato fruits and leaves are presented
in Table (5), where the initial residue in fruits and
leaves were 0.678 and 0.967 mg kg™ two hour after the
spraying with the field recommended rate. The residues
were degraded to 38.79 % and 51.09 after one day days
showing residues of 0.415 and 0.473 mg/kg in tomato
fruits and leaves, respectively. Furthermore, the residual
amount of thiamethoxam dissipated calculated was
59.29, 70.21, 85.55, 94.54 and 97.64 % in tomato fruits
and 74.46, 86.04, 90.59, 94.11 and 96.9 in tomato
leaves after 3, 6, 9, 12 and 15 days, respectively. The
amount of thiamethoxam remaining in tomato fruits was
found to be under the established maximum residue
limit (MRL) of 0.2 mg/kg, as defined by the Codex
Alimentarius Commission for Pesticide Residues
(2009), after 9 days of its application at the
recommended dose. The half-life values (t%2) for the
dissipation of thiamethoxam insecticide in tomato

leaves and fruits were determined to be 3.322 days and
2.9547 days, respectively. The present results are
closely align with those reported by Rabea et al. (2018),
who determined a half-life period (t%2) of 3.11 days for
thiamethoxam on pepper fruits. Similarly, Abd-
Alrahman (2014) observed a value of 2.92 days for the
half-life of thiamethoxam in potato tubers following
application at the recommended rate. On the other hand,
Karmakar and Kulshrestha (2009) determined that when
thiamethoxam was applied at a rate of 140 g a.i./ha, its
half-life was 3.5 days. They recommended waiting for 8
days before safely consuming tomatoes treated with this
pesticide. According to the recommended maximum
residue limit, Abd El-Zaher et al. (2011) concluded that
kidney bean horns were deemed safe for consumption
after a period of 7 days, while Abd-Alrahman (2014)
reported that potato tubers could be safely consumed
after 6 days.

Table 5. Residue levels of thiamethoxam, and % dissipation and persistence in fruits and leaves of tomato

plants cultivated under field conditions

Fruits Leaves
Days after Residues issipati Residues issipati
treatment Dissipation Persistence % Dissipation Persistence %
mg/kg* % mg/kg* %
0 (2hr.) 0.678+0.015 - - 0.967+0.011 - -

1 0.415+0.007 38.79 61.21 0.473+0.014 51.09 48.91
3 0.276+0.008 59.29 40.71 0.247+0.003 74.46 25.54
6 0.202+0.006 70.21 29.79 0.135+0.008 86.04 13.96
9 0.098+0.005 85.55 14.45 0.091+0.004 90.59 9.41
12 0.037+0.002 94.54 5.46 0.057+0.005 94.11 5.89
15 0.016+0.002 97.64 2.36 0.03x0 96.9 3.1
K 0.235 0.2085
t2 2.9547 3.322

K = Rate of degradation, t,,= Half-life values *Data were expressed as means+SD
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Table (6) displays the residues and dissipation
percentages of the insecticide dinotefuran in/on tomato
leaves and fruits. Two hours post-treatment, the initial
residue deposits on tomato fruits and leaves. The
recorded amounts decreased to 1.083 and 2.132 mg kg*
one day after the application resulting degradation
percentages of 30.8 and 36 %, respectively. Residues of
dinotefuran infon tomato (leaves and fruits) were
gradually decreased to 0.562, 0.259, 0.092, 0.022, and
0.005 mg kg!' with corresponding degradation
percentages of 64.09, 83.45, 94.12, 98.59 and 99.68 %
in fruits, and 1.335, 0.596, 0.232, 0.072 and 0.02 mg kg
! with degradation percentages of 59.92, 82.11, 93.04
97.84 and 99.4 in leaves after 3, 6, 9, 12 and 15 days of
application, respectively. Evaluation of the specified
criteria, which include the established regression lines,
such as slope, degradation constant (K), and half-life
periods, revealed that dinotefuran degradation constant
(K) values were 0.3704 and 0.3287 infon tomato fruits
and leaves, respectively. Regarding the half-life periods,
dinotefuran exhibited values of 1.8712 and 2.108 days
infon tomato leaves and fruits, respectively. The
maximum residue limit (MRL) of dinotefuran residues
infon tomato according to Codex Alimentarius
Commission for Pesticide Residues (2013) was 0.5
mg/kg. The residue of dinotefuran in tomato fruits was
below MRL of 0.5 mg kg* after 6 days of its application
at the recommended rate. Corroborating with the present
findings, Rabea et al. (2018) observed that the half-life
periods of dinotefuran and thiamethoxam on pepper
fruits were 2 and 3.11 days, respectively. In accordance
with the maximum residue levels (MRLs) (0.01 mg kg*
for dinotefuran and 0.7 mg/kg for thiamethoxam), the
PHIs was determined to be 11 and 4 days, respectively.
Similarly, Shams El Din et al. (2012) reported half-life
values for dinotefuran in tomato and cucumber fruits as
1.72 and 3.18 days, respectively. In conclusion, the

levels of dinotefuran residues on/in tomato fruits were
found to be below the maximum residue limits (MRL)
one hour after application. This indicates that the tomato
fruits can be safely used at any time after the application
of dinotefuran.

Effect of different washing solutions on the removal
of imidacloprid, thiamethoxam and dinotefuran
residues from treated tomato fruits.

Data presented in Table (7) show the residues of
imidacloprid, thiamethoxam, and dinotefuran in
addition to the associated removal percentages,
influenced by various washing solutions and processing
treatments on tomato fruits. Results revealed that the
residues of imidacloprid, thiamethoxam and dinotefuran
on raw unwashed tomato fruits two hours after
application were 1.302, 0.678, and 1.565 mg/kg.
Washing the treated fruits with tap water resulted in a
reduction of these amounts to 0.943, 0.573, and 1.012
mg/kg, accompanied by removal percentages of
27.57%, 15.49%, and 35.34%, respectively. Using the
sodium bicarbonate the residues of the three insecticides
were reduced to 0.759, 0.506 and 0.896 mg/kg for
imidacloprid (41.71%), thiamethoxam (25.39%) and
dinotefuran (42.75%), respectively. Finally, the use of
10% vinegar was the most effective solution causing
53.99, 35.99, and 60.77% removal percentages for the
residues of imidacloprid, thiamethoxam and dinotefuran
in tomato fruits, respectively.

Risk assessment

The health effects risk quotients (RQ values) for
residues of imidacloprid, thiamethoxam, and
dinotefuran in or on tomato fruits were calculated
(Tables 8). Our findings indicated that the RQ values
associated with imidacloprid, thiamethoxam, and
dinotefuran residues in tomatoes were consistently
lower than 1.

Table 6. Residues of dinotefuran, and % dissipation and persistence in fruits and leaves of tomato plants

cultivated under field conditions

Fruits Leaves
Days after - -
treatment Residues Dissipation  persistence % Residues Dissipation Persistence %
mg/kg* % mg/kg* %
0 (2hr) 1.565+0.02 - - 3.33120.067 - -

1 1.083+0.028 30.8 69.2 2.132+0.058 36 64
3 0.562+0.008 64.09 35.91 1.335+0.032 59.92 40.08
6 0.259+0.006 83.45 16.55 0.596+0.019 82.11 17.89
9 0.092+0.003 94.12 5.88 0.232+0.009 93.04 6.96
12 0.022+0.004 98.59 1.41 0.072+0.005 97.84 2.16
15 0.005+0 99.68 0.32 0.02+0.01 99.4 0.6
K 0.3704 0.3287
tie 1.8712 2.108

K = Rate of degradation, ty,= Half-life values *Data were expressed as means+SD
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Table 7. The efficacy of different washing processes for tomato fruits

Initial

10% sodium

Pesticides deposits Tap water Removal  Bicarbonate Rer:oval 10% vmegar Rer:oval
mg/kg* mg/kg % ma/kg* % mg/kg %
Imidacloprid 1.302+0.03  0.943+0.038 2757  0.759+0.017 41.71  0.599+0.031 53.99
Thiamethoxam  0.678+0.015 0.573+0.044 1549  0.506+0.08 2539  0.434+0.022 35.99
Dinotefuran 1.565+0.02  1.012+0.027 35.34  0.896+0.03 42.75  0.614+0.013 60.77

*Data were expressed as means+SD

Table 8. Residues means (mg/kg), estimated exposure dose (EED; mg/kg/bw/day), and risk quotient (RQ) of
imidacloprid, thiamethoxam and dinotefuran in tomato fruits at various application time intervals

Pesticides Days after Residues means EED RO He_alth
treatment mg/kg (mg/kg/bw/day) risk
0 (2hr.) 1.302 0.0044 0.0723 No
1 0.883 0.003 0.049 No
3 0.553 0.0019 0.031 No
Imidacloprid 6 0.337 0.0011 0.0189 No
9 0.138 0.0005 0.0077 No
12 0.047 0.00016 0.0026 No
15 0.029 9.7x10° 0.0016 No
0 (2hr.) 0.678 0.0023 0.0284 No
1 0.415 0.0014 0.0174 No
. 3 0.276 0.0009 0.0116 No
Thiamethoxam 6 0.202 0.00068 0.0085 No
9 0.098 0.00033 0.004 No
12 0.037 0.00012 0.0015 No
15 0.016 5.36x10° 0.00067 No
0 (2hr.) 1.565 0.0052 0.0238 No
1 1.083 0.0036 0.0165 No
3 0.562 0.0019 0.0086 No
Dinotefuran 6 0.259 0.00087 0.0039 No
9 0.092 0.00031 0.0014 No
12 0.022 7.37x10° 0.00033 No
15 0.005 1.67x10° 7.61x10° No
Consequently, the results imply that at the CONCLUSION

recommended dosage of these three tested insecticides,
the potential risk to human health from their residues in
tomatoes is negligible. These findings align with those
of Abbassy et al. (2017), who observed that residues of
chlorpyrifos-methyl and imidacloprid insecticides had
no risk quotient, while fipronil presented a potential risk
to humans depending on the consumption pattern of
dates. Similarly, Sardar et al. (2023) reported that the
relatively low values of cyantraniliprole and indoxacarb
residues in wild garlic pose a minimal risk to human
health.

Based on the gained results and recommendations of
EU for Maximum Residue Limits (MRL) of
imidacloprid, thiamethoxam and dinotefuran we can
concluded that imidacloprid was the most efficient
against the nymphs of B. tabaci, thiamethoxam is
moderate insecticide for control white fly in tomato
crop. The half-life values (t.,) for the tested insecticides
in tomato fruits were 2.71, 2.95 and 1.87 days for
imidacloprid,  thiamethoxam  and  dinotefuran,
respectively. While these values in tomato leaves were
291, 332 and 211 days for imidacloprid,
thiamethoxam and dinotefuran, respectively. The
determined PHI for imidacloprid, thiamethoxam and
dinotefuran were 6, 9 and 9 DAS, respectively. Washing
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of treated tomato fruits with tap water, 10% sodium
bicarbonate, and 10% vinegar for 15 min were reported
to be highly effective in reducing the level of the three
insecticides. The residues of the three insecticides in
tomato fruits pose low health risks to consumers.
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