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ABSTRACT 
 

These days pesticides are extensively applied in agriculture to increase productivity; although these 

pesticides increase productivity but also have a negative impact on the consumer. Thus, pesticide 

exposure in agricultural products must be decreased. The present study attempted to assess pesticide 

residues in samples of apple, tomato, and brinjal and determine the efficacy of washing solutions in 

pesticide removal. For sample preparation, the QuEChERS method was employed, and prepared 

samples were analyzed using gas chromatography-mass spectrometry. Results of the study revealed that 

among the collected samples, 58.33 percent samples were showing lower pesticide residues as compared 

to the maximum residue limit (MRL) while 12.5 percent of the samples were showing higher pesticides 

residues as compared to the suggested MRL. Further, from the collected fruits and vegetable samples, 

the presence of the chlorantraniliprole, carbendazim, beta endosulfan, chlorpyrifos, malathion, carbaryl, 

thiomethoxam, DDT, and flubendiamide were detected in the range of 0.0–1.41 mg/kg. Among the 

detected pesticides, chlorpyrifos and flubendiamide were the most commonly detected pesticides. 

Effectiveness of different washing solutions was studied, which indicated a significant reduction in 

residues of all the washing solutions compared with the control (p < 0.05) and concluded that ascorbic 

acid and sodium bicarbonate solution was very effective in pesticides removal compared with water and 

chemical alone. 
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1 Introduction  

Pesticides are extensively used in worldwide agriculture to control 

pests. The use of pesticides helps in increasing crop yield, protecting 

crops from insects and pests, and extending their storage life. 

Pesticides are often used in developing countries to boost food 

production (Omwenga et al. 2021; Akoto et al. 2015). Although 

excessive use of pesticides increases agricultural production, on the 

other hand, excessive use of pesticides has negative health 

consequences. The acute neurotoxic insecticides, namely 

organophosphates (OPs), carbamates (CBs), and pyrethroids (PYs), 

have different modes of action in humans and other mammals, are 

among the several pesticide categories to which humans are exposed 

through their diet (Jardim et al. 2018). Health risks of pesticides 

range from headaches and nausea to long-term effects such as 

cancer, congenital disorder, dysgenesis, and endocrine disruption 

(Jallow et al. 2017). The levels of organochlorine pesticides (OCP) 

are elevated in patients with colorectal cancer (Abolhassani et al. 

2019). Most of the applied pesticides may exist in the environment 

as residues. Pesticide residues are the remains of an active 

component, metabolite, or byproduct of a pesticide. Further, some 

pesticides are persistent, and they accumulate in the environment. 

Accumulation of pesticides in the soil, water, and from here to 

different plant parts is the most common route through which these 

pesticides enter into the food chain and are showing 

biomagnification (Kaushik et al. 2009). Biomedical studies from US 

and Canada have demonstrated pesticide residues in biological fluids 

(Omwenga et al. 2021; Haines et al. 2017; Centers for disease 

control and prevention 2019).
 
  

Insecticides, fungicides, and herbicides are commonly used for 

controlling pests, and these products exhibit high pesticide levels 

(Nguyen et al. 2020). According to the ICAR-National Institute of 

Agriculture Economics and Policy Research report, the annual 

pesticide consumption in India was approximately 0.29 kg/hectare 

per year in 2016-17 (Subash et al. 2018). Pesticide consumption is 

highest in Maharashtra, followed by Uttar Pradesh, Punjab, and 

Haryana (Subash et al. 2018). Due to a lack of knowledge, farmers 

tend to apply pesticides near the harvest period just before reaching 

the end-user in the market. Thus, to ensure the safety of 

consumers, countries around the world have set up the maximum 

residual limit (MRL). In India, “The Food Safety and Standard 

Authority of India” under the Ministry of Health and Family 

welfare utilizes the Good Agricultural Practice data for MRL 

fixation (FSSAI Guidance Note. 13/2020). The MRL is calculated 

based on the estimated food consumption for each crop is less than 

80% of the permissible daily intake and a risk assessment. 

Estimated food intake is calculated by multiplying the MRL by 

food. Thus, food commodities contaminated with pesticides must 

be monitored, whereas actions to remove pesticides from the food 

crops are vital for food safety. 

After China, India is the world's second-largest producer of 

fruits and vegetables. Fruits and vegetables consist of nutrients 

that are necessary for the human body to grow and heal itself. 

Fan et al. (2015) reported that the amount of pesticides used in 

vegetable crops is three times higher than those used for cereal 

crops. The most common fruits and vegetables that can be 

consumed directly and are affected by high pesticide residues 

are apples and tomatoes respectively. Washing and peeling are 

the most commonly used procedures for removing pesticide 

residues. Rinsing with water alone is not effective. Several 

studies have been investigated the efficacy of washing 

solutions in removing pesticide residues. The use of a 10% 

acetic acid solution to remove organochlorine and 

organophosphorus pesticides has been reported to be effective 

by Abou Arab (1999). Krol et al.
 
(2000)

 
reported the efficacy 

of brief rinsing with water.
 
Polat & Tiryaki (2020) confirmed 

that acetic acid and citric acid washing treatments are more 

efficient than tap water. Additionally, Rasolonjatovo et al.
 

(2017) concluded that a blend of washing solutions is more 

effective than a single solution in removing pesticide residues. 

Although solvents used for pesticide removal can remove the 

residues, they cause toxic effects. Thus, the use of non-toxic 

washing solutions, which are easily available at home or can be 

easily prepared at home, has been attempted. The present study 

monitored the pesticide residues in fruits and vegetables to 

determine and mitigate the risks to human health, understand 

their translocation, and identify an effective washing solution 

for the removal of pesticides from the surface of fruits and 

vegetables. 

2 Materials and methods 

2.1 Raw materials 

Raw apple, tomato, and brinjal samples (5–6 kg) were collected 

twice from the four different locations of Ghaziabad, Uttar 

Pradesh, India local market within 30 days during January 2019. 

Samples were refrigerated and analyzed within 1 week (Satpathy et 

al. 2012).  

2.2 Extraction of pesticide residues 

5.0 g of homogenized sample was extracted with acetonitrile 

followed by the addition of magnesium sulfate, sodium chloride, 

trisodium citrate dihydrate, and potassium hydrogen citrate 

sesquihydrate. The extract clean-up was done using primary 

secondary amines and magnesium sulfate followed by evaporation 

of extract under a nitrogen evaporator at 35°C. Final reconstitution 

was done with ethyl acetate and injected into the gas 

chromatography-mass spectrometry (GC–MS)/MS as suggested 

BS EN 15662:2018. 
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2.3 Instrument conditions 

The experimental setup was as per the Jallow et al. (2017) 

descriptions. The sample was injected in splitless mode on GC–

MS/MS with Autosampler (7000B, triple quadruple with Mass 

hunter software) having capillary column (HP-5MS; 30 m × 0.25 

mm × 0.25 µm). The column flow rate was 1.0 mL/min, and the 

initial column temperature was 60°C. The injector temperature was 

set at 300°C. The column oven ramping was set at an initial 

temperature of 60°C, with a 1.0 minute hold time. The temperature 

was raised at the rate of 40.0°C per min to 170°C with no hold 

time and at the rate of 10.0°C to 310°C within 3.0 min (Tables 1 

and 2). 

2.4 Translocation and pesticide removal in different washing 

solutions 

Pesticide mix solution of detected pesticides was prepared with an 

effective concentration of 100 ppm in ethyl acetate. Pesticides mix 

was applied on the surface of the apple, tomato, and brinjal 

samples. A total of 50 µL of pesticide mix stock (100 ppm) was 

applied and kept for 24 h at room temperature for pesticide 

deposition.  

To study translocation, six spiked apple peel and pulp samples 

were analyzed along with surface pesticides by treating the surface 

with ethyl acetate after 24 h of spiking. Surface pesticides and peel 

were analyzed for tomatoes and brinjals, too. 

To compare the translocation characteristics of pesticides in fruits 

and vegetables, the translocation factor (TF) was calculated using 

the following equations (Klinhom et al. 2008; Felizeter et al. 2012; 

Wang et al. 2019).   

TF for surface to peel = Cpeel/Csurface 

TF for peel to pulp = Cpulp/Cpeel 

TF for surface to pulp = Cpulp/Csurface 

Here, Cpeel (mg/kg), Csurface (mg/kg), and Cpulp (mg/kg) are the 

measured concentrations of a pesticide in the peels, surface, and 

pulp of fruits and vegetables, respectively. 

To analyze washing solution effectiveness, one sample was 

analyzed to estimate the pesticide concentration in the control 

sample. Then, treatments with four different washing solutions, 

namely 0.1% ascorbic acid, 0.1 N sodium carbonate, ascorbic acid, 

and sodium bicarbonate mixture, and warm water, were 

administered. The treated samples were immersed in 200 mL of 

washing solution for 15 min with gentle agitation after every 5 min 

(Satpathy et al. 2012) and then rinsed with 200 mL tap water for 

2s. After washing, fruit and vegetable samples were air-dried for 

30 min. The samples after washing were collected and extracted as 

per the extraction method and analyzed for pesticide residues. 

2.5 Statistical analysis 

All treatments were replicated thrice. The effects of washing 

solutions on percentage reduction of pesticides were determined 

using two-way analysis of variance, with the pesticides serving as 

main effects and the four washing solutions serving as minor 

effects. Significant differences between treatment effects and 

interactions were determined following a significant F-test (P < 

0.05) by using all pair-wise comparisons of treatment means with 

DUNCAN’s option (IBM SPSS) (Felizeter et al. 2012). A p-value 

of <0.05 was considered statistically significant. 

3 Results 

3.1 Recovery study 

The method was validated through sensitivity/linearity, specificity, 

the limit of quantification (LOQ), matrix effect, recovery/ trueness, 

precision, within lab reproducibility, and robustness.     Six blank 

samples were spiked at LOQ levels (10 µg/kg) quantified against 

the calibration curve. Mean recoveries of the standard 

thiabendazole, chlorantraniliprole, carbendazim, pp-DDT, lambda 

cyahalothrin, betaendosulfan, chlorpyrifos, permethrin, malathion, 

carbaryl, cyfluthrin, thiomethoxam, and flubendiamide added to 

Table 1 Chromatographic conditions for GC-MS/MS 

Column HP-5MS, 30m x 0.25mm x 0.25µm 

Column oven 60°C 

Injector temperature 300°C 

Injection Mode Split less 

Carrier gas Helium 

Flow rate 1.0mL/min 

Injection volume 1.0µL 

Run time 22.75min 

Mode MRM 

Source temperature 220°C 

Interface Temperature 310°C 

Solvent delay 3.00 min 

 

Table 2 Oven ramping 

Rate 

(°C/min) 

Final temp 

(°C) 

Hold time 

(min) 

Run time 

(min) 

--- 60 1.0 1 

40.0 170 0.0 3.75 

10.0 310 3.0 20.75 
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the pesticide-free vegetables and fruits at 0.01 mg/kg were 97% , 

104.66% , 99.74% , 87% , 101% , 81% , 86% , 97.8% , 99.57% , 

106.91% , 84.78% , 99.98% , 96.11% , and 105.42% , respectively. 

LOQ recoveries were within the acceptance criteria of 70–120%, 

with an associated relative standard deviation (RSD) of ≤ 20%. 

The recovery percentage in the present study was higher than 80%, 

indicating a validated analytical procedure. Further, the average 

recovery criteria as per SANTE/12682/2019 was 70 –120% at each 

level. RSD should be <20% at each level. Based on the validation 

results, the present method was considered suitable for the 

estimation of pesticide residues in fruits and vegetables. The 

precision and accuracy were within the prescribed limits in the 

concentration range. 

3.2 Multiple residue detection in fruits and vegetables 

A total of 24 fruit and vegetable samples were used for pesticide 

residue analysis, and the ranges of detection levels are summarized 

in Table 3. Among the studied samples, 09 samples were free from 

residues. The pesticide residues in 14 samples were less than MRL 

and while in one sample it was reported higher than the 

recommended MRL value (Table 4). Further, among the apple 

samples, 9 (37%) samples exhibited no residues, and 15 (63%) 

samples had residues less than MRL. Among the studied tomato 

samples, 6 (25%) samples exhibited no pesticides residues, 15 

(62%) samples exhibited residues less than MRL, and 3 (13%) 

samples exhibited residues greater than the MRL recommendation. 

Among the brinjal samples, 12 (50%) samples exhibited no 

residues, and 12 (50%) samples exhibited residues less than MRL 

(Figure 1). A high percentage of contaminated samples were 

observed in tomatoes (75%). 

The most common pesticides observed in fruits and vegetables 

were carbendazim (15 samples), chlorpyrifos (12 samples), 

flubendiamide (15 samples), and chlorantaniliprolein (6 samples). 

Beta endosulfan, malathion, and carbaryl were observed in 3 apple 

samples; while thiomethoxam and DDT were observed in 6 and 3 

tomato samples, respectively. In 3 tomato samples, chlorpyrifos 

exceeded its MRL. The residue content of fruits and vegetables is 

illustrated in Table 5 and Figure 2. In 37.5 percent of the samples, 

there was only one pesticide residue, whereas, in 29.1% of the 

samples, there were multiple pesticide residues.   

Table 3 Pesticides level detected in selected fruits & vegetables collected from Ghaziabad location 

Pesticides Name 
Pesticides detected in  

Apple (n=8) 

Pesticides detected in 

Tomatoes (n=8) 

Pesticides detected in 

Brinjal (n=8) 

Thiabendazole, mg/kg ND ND ND 

Chlorantraniliprole, mg/kg ND ND 0-0.033 

Carbendazim (MBC) , mg/kg 0.0 - 0.023 0.0 - 1.41 ND 

Lambda Cyahalothrin, mg/kg ND ND ND 

BetaEndosulfan, mg/kg 0.0 - 0.035 ND ND 

Chlorpyrifos, mg/kg 0.0 - 0.021 0-0.21 ND 

Permethrin, mg/kg ND ND 0.0- 0.022 

Malathion, mg/kg 0.0 - 0.018 ND ND 

Carbaryl, mg/kg 0.0 - 0.035 ND ND 

Cyfluthrin, mg/kg ND ND 0.0-0.025 

Thiomethoxam, mg/kg ND 0-0.026 ND 

DDT, mg/kg ND 0-0.032 ND 

Flubendiamide, mg/kg ND 0.0-7.96 0.0-6.76 

 
Table 4 Pesticides Residues in analysed Samples Table 5 Co-occurrences of pesticides Residues in Samples 

Produce 
Without 

Residue 

With Residue 

< MRL 

With Residue  

> MRL 

Apple 3 5 0 

Tomatoes 2 5 1 

Brinjal 4 4 0 
 

Number of Residues % of Samples No of Samples 

0 residue 33.3 8 

1 Residue 37.5 9 

2 Residue 20.8 5 

>3 Residue 8.3 2 
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3.3 Translocation study 

The translocation ability of a plant is the ability to transfer its 

pesticides or chemicals to different parts such as the surface, 

peel, and pulp (Wang et al. 2011). Penetration factor (PF) is 

calculated as the ratio of pesticide concentration in the peel to 

the pulp. This factor can be used to study peel to pulp 

translocation and is calculated as the ratio of surface 

concentration to peel concentration to determine the 

translocation of pesticides from surface to peel (Lozowicka et 

al. 2020); the higher the PF values, the better is the 

translocation between the skin and pulp. 

PF for surface to peel = Csurface/Cpeel 

PF for peel to pulp = Cpeel/Cpulp 

For the apple samples, the PF of surface to peel (Csurface/Cpeel) and 

that of peel to pulp (Cpeel/Cpulp) ranged from 0.02 to 5.28 and 0.0 to 

189.16, respectively. The highest PF of surface to peel 

(Csurface/Cpeel) was observed for beta endosulfan (average value, 

4.91). In the case of Cpeel/Cpulp, higher PF (118.63) was observed 

for malathion, followed by carbaryl (48.07) and chlorpyrifos. 

Higher PF value of malathion and carbaryl indicated that the 

maximum pesticide concentration penetrated and moved to the 

pulp after 24 h. High PF values indicate better translocation 

between the skin and pulp. 

For the tomato samples, PF ranged from 4.29 to 16.95. Higher PF 

was observed for flubendiamide (average value, 14.22), followed 

by thiomethoxam (average value, 7.49). For the brinjal samples, 

the average PF of 37.34 was observed for flubendiamide (Figure 3, 

4, and 5). 

                     

 
Figure 1 The detected pesticides frequency in whole , tomato and brinjal samples compared to maximum residual limits (MRL) along with 

frequency of  MRL exceedance. 

 

 
Figure 2 Co-occurrences of pesticides residues in samples 
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Figure 3 Translocation of pesticides residues in apples 

 

 
Figure 4 Translocation of pesticides residues in tomatoes 

 

 
Figure 5 Translocation of pesticides residues in brinjal 
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3.4 Pesticide reduction study 

Table 6 presents the data for the percentage reduction of 

pesticides in the apple, tomato, and brinjal samples. To 

determine the percentages of pesticide reduction, the samples 

were spiked with a pesticide mix solution and washed after 24 h 

with 0.1% ascorbic acid; 0.1% sodium carbonate; and a mix 

solution of ascorbic acid and sodium carbonate in a ratio of 

50:50 v/v and water. The concentration after washing treatment 

was compared with the concentration obtained from untreated 

samples. In the untreated apple samples, the total concentrations 

of carbendazim, beta endosulfan, chlorprifos, malathion, and 

carbaryl in apple were 0.76, 0.32, 0.94, 0.66, and 0.71 ppm, 

respectively. In tomato samples, the concentrations of 

carbendazim, chlorpyrifos, thiomethoxam, DDT, and 

flubendiamide were 0.82, 1.1, 0.91, 0.49, and 0.85, respectively, 

whereas, in brinjal samples, the concentrations for 

chlorantraniliprole, permethrin, cyfluthrin, and flubendiamide 

were 0.58, 1.23, 0.55, and 0.73 ppm, respectively (Figure 6, 7, 

and 8). 

Table 6 Reduction in pesticides residues after washing treatment 

Pesticides name 
% Reduction 

water 

% Reduction in 0.1 % 

Sodium Carbonate 

% Reduction in 0.1 % mixtue of absorbic 

acid and sodium carbonate (70:30 v/v) 

% Reduction in 0.1 

% Ascorbic Acid 

Apples 

Carbendazim (MBC) 88.16 91.80 96.05 66.10 

BetaEndosulfan 83.96 82.08 83.75 65.52 

Chlorpyrifos 87.52 88.97 86.91 61.74 

malathion 97.12 97.83 97.93 21.67 

carbaryl 96.43 97.14 97.42 39.77 

Tomatoes 

Carbendazim (MBC) 93.94 93.17 95.12 69.31 

Chlorpyrifos 90.58 90.88 94.85 70.85 

Thiomethoxam 98.06 71.54 98.06 87.80 

DDT 55.03 64.35 66.53 66.53 

Flubendiamide 64.51 63.76 87.76 48.47 

Brinjal 

Chlorantraniliprole 77.99 90.86 93.74 31.21 

Permethrin 59.76 91.73 88.64 64.82 

Cyfluthrin 97.09 96.61 97.70 82.73 

Flubendiamide 58.63 83.38 71.74 58.45 

 

 
Figure 6 Different washing solutions effectiveness on removal of different pesticides in apples. All the values are mean of triplicates ± S.D. 

ANOVA significant at p < 0.05. Different capital letters indicate significant difference when compared between different pesticides and 

small letters indicate significantly different values when compared between different treatments (DMRT, p < 0.05). 
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In the apple samples, malathion percentage reduction ranged from 

21.67 to 97.93% and was more in the mixed solution, this was 

followed by the combination of sodium carbonate, water, and 

ascorbic acid which exhibited 21% reduction in malathion. 

Similarly, the carbaryl percentage reduction ranged from 39.77 to 

97.42%, and the highest reduction was reported in mixed solution 

while the lowest reduction was observed in ascorbic acid solution. 

Mixed solution and washing treatment with water results were 

comparable in apples. In tomatoes, a higher reduction was 

observed in thiomethoxam (71.54–98.06%), carbendazim (69.31 –

95.12 %), and chlorpyrifos (70.84 –94.85%), whereas less 

reduction was observed in DDT (55.03%–66.53%). The mixed 

solution reduction results were superior in tomatoes. In brinjal, a 

high reduction was observed in cyfluthrin, followed by 

chlorantraniliprole. However, a low reduction was observed in 

flubendiamide. 

 
Figure 7 Different washing solutions effectiveness on removal of different pesticides in tomatoes. All the values are mean of triplicates ± 

S.D. ANOVA significant at p < 0.05. Different capital letters indicate significant difference when compared between different pesticides and 

small letters indicate significantly different values when compared between different treatments (DMRT, p < 0.05). 

 

 

Figure 8 Different washing solutions effectiveness on removal of different pesticides in brinjal. All the values are mean of triplicates ± S.D. 

ANOVA significant at p < 0.05. Different capital letters indicate significant difference when compared between different pesticides and small 

letters indicate significantly different values when compared between different treatments (DMRT, p < 0.05). 
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Pesticide reduction in water ranged from 55.03 to 98.06%. In the 

present study, the residue reduction was not directly correlated to 

pesticide solubility in water. The water solubility of thiomethoxam, 

malathion, and chlorpyrifos was highest among all the pesticides.  

The percentage reduction of thiomethoxam was 87.80% in 

tomatoes,  malathion residue reduction was 21.67% in apples, 

chlorpyrifos residues reduction was 61.74% in apples, and 70.85% 

in tomatoes (Figure 6, 7, and 8). 

4 Discussions 

Chlorpyrifos levels in tomatoes were higher than the MRL in the 

present study. Similarly, higher chlorpyrifos concentrations in 

tomato was reported by Elgueta et al. (2017). The presence of 

chlorpyrifos in vegetables is consistent with the study by 

Kunyanga et al. (2018).  Chlorpyrifos is a widely used insecticide 

that is highly efficient against various pests (Amoah et al. 2006; 

Angioni et al. 2011; Omwenga et al. 2021).
 
 It is also registered for 

use in fruits and vegetables in India as per FSSAI (Food Safety 

Regulation of India). Chlorpyrifos is persistent in nature, can be 

magnified, and bioaccumulates in plants. The World Health 

Organization, Food and Agricultural Organization, and US 

Environmental Protection Agency have classified chlorpyrifos to 

be moderately or highly hazardous to human health (WHO 

Programme on chemical safety 2009; Roberts & Reigart 2013; 

Omwenga et al. 2021).
 
 In the present study, the presence of DDT 

(banned agrochemicals) was also detected from the tomatoes. This 

finding is concurrent with that of Dari et al. (2016). Pesticides 

organophosphates and carbamates are safer than organochlorines 

such as DDT, aldrin, and dieldrin (Fernandez et al. 2000). 

Although DDT is banned, it is still available in the market in the 

unlabeled form and packaging material. Uneducated farmers are 

unaware that DDT has been prohibited. Further agricultural 

chemicals that are not intended for apple and tomato production 

are utilized in their production, which is an alarming situation that 

necessitates the investigation on how these pesticides reached the 

market (Dari et al. 2016). Lipid content, rate of rainfall, soil 

properties, soil organisms, and temperature affects the occurrences 

of pesticides in different food matrices (Bento et al. 2016).
 
 

Multiple residues might be the consequence of persistent 

insecticides being absorbed by plants (Zhang et al. 2017) and poor 

agricultural practices of using more than one pesticide during 

application (Omwenga et al. 2021).
 
Jallow et al. (2017) exhibited 

multiple residues resulting from different pesticide applications. 

Because of the low perception of pesticide toxicity and the strong 

demand for the crop, growers sometimes do not wait for residues 

to wash off before harvesting (Agyekum et al. 2015).  

Several herbicides, as well as the majority of organophosphate and 

organochlorine insecticides and some carbamate insecticides, 

translocate into plants at non-lethal concentrations (Edwards 

1975).
 
Pesticides have a variety of chemical characteristics and 

modes of action including absorption, adsorption, and elimination 

(Agyekum et al. 2015; Li et al. 2019; Lozowicka et al. 2020).
 
 

Pesticide absorption and movement in plant tissues are ascertained 

by physical and chemical properties. Further, some translaminar 

pesticides only move a short distance from the surface into the 

tissues, although some non-systemic pesticides do not penetrate 

into the plant tissues or only penetrate in a small amount (Hou et 

al. 2016; Lozowicka et al. 2020).
 
Some organic compounds may 

volatilize from the soil and penetrate into the plant leaves through 

the cuticle or stomata (Collins et al. 2006).
 
 Different penetration 

abilities may be due to differences in the cuticle and epicuticular 

wax and dust on the fruit surface. These waxes and cuticles make a 

non-uniform surface which acts as a barrier for pesticides (Yang et 

al. 2016; Kvesitadze et al. 2015). Yang et al. (2016) reported that 

systemic pesticides can penetrate faster and deeper into fresh 

produce. However, the present study exhibited that although the 

systemic pesticide moved faster from the surface to peel and 

accumulated there, but these could not penetrate much into the 

pulp as compared to the non-systemic pesticides. Systemic 

pesticides such as carbendazim translocated from surface to peel. 

This finding is concurrent with that of Yang et al. (2016). 

Łozowickaa et al. (2020) reported that chlorpyrifos is one of the 

main compounds found in the apple peel. In the present study, 

chlorpyrifos translocated from the surface to peel and from peel to 

pulp much faster than other pesticides. Similarly, Łozowickaa et al. 

(2020) reported the highest concentrations of non-systemic 

acaricide, Carbaryl, insecticides, and chlorpyrifos from the apple 

peel. Differences may be observed in the adjuvant used in 

commercial pesticide formulations, and this is based on the 

lipophilic nature of the pesticide, the concentration of pesticides 

employed, application duration, and sampling (Finizio et al., 

1997).
 
 In the whole apple, high levels of non-systemic acaricide 

such as beta endosulfan and non-systemic carbamates such as 

carbaryl may be attributed to the presence of micro-fissures in the 

skin due to abiotic or pest damage in an apple during the 

maturation stage, allowing entry into the peel (Lozowicka et al. 

2020). Agyekum et al.
 

(2015) exhibited dieldrin, fenitrothion, 

chlorpyrifos, lindane, and DDT in the peel of tomatoes. The peel 

retained higher organophosphorus and organochlorine pesticides 

than the other fractions.
 
In the present study, chlorpyrifos and DDT 

concentrations in the tomato peels were high and these findings are 

supported by the findings of Agyekum et al. (2015).  The 

concentration of organochlorine pesticides in the current study was 

similar to that reported by Mbakaya & Ngowi (1994). The present 

study results are concurrent with the findings of Kumari et al. 

(2002; 2003) and Deka et al. (2005). 

As per the solubility of pesticides, the thiomethoxam concentration 

reduction was high while malathion reduction was less as per its 

solubility, which may be due to the presence of wax and dust on 
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the apple surface. Pesticide removal efficacy will depend on the 

fruit surface. Thus, no correlation was observed between pesticide 

solubility in water and pesticide reduction after washing. These 

findings are consistent with those of other studies (Satpathy et al. 

2012; Youssef et al. 1995; Izumi 1999). 
 
Percentage reduction in 

ascorbic acid was less in the case of all applied pesticides except 

DDT. Thus, the mixture of ascorbic acid and sodium carbonate 

was selected. For removal of the pesticides residues, 0.1% mixture 

of ascorbic acid and sodium carbonate (70:30 v/v) was found to be 

effective. Additionally, 94.85% of chlorpyrifos, which is found in 

vegetables, can be removed using this washing solution. The 

movement of chemicals from one part of a plant to another also 

depends on the physiochemical properties of the chemical 

(Pullagurala et al. 2018; Zhang et al. 2017).  

In the present study, the solution of sodium carbonate and ascorbic 

acid was observed to be more effective than water in removing 

pesticide residues. Alessandra exhibited that pesticides residue 

removal by sodium bicarbonate was more efficient than water 

(Rodrigues et al. 2017). These findings are concurrent with that of 

the present study.  Rasolonjatovo et al.
 
(2017) also concluded that a 

blend of washing solution is more effective than a single solution 

in removing pesticide residues as it exhibits a synergetic effect, 

which is in agreement with the findings of the present study.
 
Yu-

Shan et al. (2013)
 
confirmed that mixing sodium bicarbonate with 

water forms carbonic acid, can remove pesticides through 

oxidation.
 
Polat & Tiryaki (2020) confirmed that acetic acid and 

citric acid washing treatments were more efficient than tap water 

treatment.
 
Additionally, Holland et al.

 
(1994) exhibited that water 

solubility was the most significant parameter for pesticide residue. 

Although highly soluble pesticides can be easily removed from 

agricultural commodities (Randhawa et al. 2014; Holland et al. 

1994; Lozowicka et al. 2020).  Water alone was not found 

effective in the removal of pesticide residues. As per FSSAI 

Guidance Note 13/2020, pesticide residues in fruits and vegetables 

were reduced using methods such as scrubbing with a soft brush. 

According to the FSSAI guidance, washing with water removes 

75%–80% of pesticide residues from the surface of fruits and 

vegetables, which supports the current study findings. However, a 

chemically prepared solution was better and more effective than 

water alone and a single washing solution because the chemicals 

present in mixed solutions work in synergy by interacting with 

each other. 

5 Conclusions 

The presence of pesticides on fruits and vegetable samples 

collected from the Ghaziabad district underlines the requirement to 

educate farmers on the usage and dosage of pesticide residues. A 

checklist of approved and banned chemicals to the food 

commodity should be supplied to the farmers. Agrochemical 

assistance must be provided to farmers for the selection of 

agrochemicals and their application at the right time and quantity. 

Furthermore, proper and frequent monitoring of pesticides 

available in local fruit and vegetable markets is required. 

Penetration behavior of pesticides was observed on the surface, 

pulp, and peel of fruits and vegetables. Physiochemical properties 

affect pesticide adsorption, absorption, and penetration. 

Additionally, some systemic pesticides penetrate deeply. This 

study will facilitate the design of guidelines for the safe application 

of pesticides to apple, tomato, and brinjal plants. Furthermore, a 

study of the effect of washing solutions exhibited that the solution 

of ascorbic acid: sodium carbonate (30:70 v/v) is more effective in 

reducing the pesticide residues from fruits and vegetables than 

water and single chemical alone. Pesticide reduction along with the 

physicochemical properties of pesticides also depend on the active 

components of the chemical that interact with each other and 

effectively reduce the pesticide level. Thus pesticide residues can 

be reduced from fruits and vegetables using a mixture of chemical 

washing solution and peel removal. 
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