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The effects of fruit bagging on 
residue behavior and dietary risk  
for four pesticides in apple
Guofeng Xu, Jiyun Nie, Yonglong Wu, Zhen Yan & Mengliang Ye

In this study, the effects of fruit bagging on residue behavior and dietary risk for four pesticides 
(abamectin, imidacloprid, carbendazim and difenoconazole) in apple were investigated. The dissipation 
behavior of four pesticides were assessed after spraying on three occasions with the first spray at 
2 months before harvest and the subsequent sprays at 10-day intervals at recommended doses of 
5.4, 45, 135 and 975 g. a.i.ha−1, respectively. The dissipation experiment results demonstrated that 
apple fruit bagging reduced the initial deposits of four pesticides from 72.2% to 95.3%, prolonged the 
half-lives from 50.4% to 81.1%. The ultimate residues of abamectin, imidacloprid, carbendazim, and 
difenoconazole in bagged apple were far below the residues of unbagged apple. The dietary risks of four 
pesticides were assessed according to the ultimate residues and acceptable daily intakes (ADIs). The 
hazard quotient (HQ) were 0.013% to 43.415% for different pesticides. Fruit bagging reduced the HQ of 
four pesticides from 29.7% to 94.8%. Fruit bagging reduced the dietary risk of four pesticides in apple.

Apple is the second most consumed fruit in the world1. It contains many phenolic compounds which are benefi-
cial to human health2–4. It is reported that phenolic can offer protection from cancer, cardiovascular conditions 
and some age-related diseases5,6. The nutritional value of apple is widely recognized, so the demand of apple is get-
ting larger and larger. China is the largest country of apple production in the world. Apple planting has provided 
a significant contribution to increasing farmers’ incomes in apple producing areas. Fruit bagging is one of the 
important cultivation technique with multiple effects on inner quality7,8. It can improve apple quality and com-
mercial value. The cultivation technique has been widely applied in China9. Fruit bagging is not only a physical 
protection technique against insect pests, birds, diseases, and mechanical scratches, but also alters the microen-
vironment on fruit development. The primary one is that fruit bagging can reduce levels of the light-absorptive 
compound anthocyanin10 and improve fruit coloration to increase their market value.

The pesticide is an indispensable material in apple production. It can reduce loss from pests and disease dur-
ing the cultivation of apple, but it leads to serious agricultural environmental problems and the agricultural prod-
uct quality safety problems. Abamectin, imidacloprid, carbendazim, and difenoconazole are widely applied in 
the control of apple tree pests and apple tree diseases in China. Abamectin and imidacloprid have touch-kill 
and stomach poison, low toxicity, photolytic fast, and can control spider mite11, aphid and leafhopper12 in apple 
orchards. Carbendazim and difenoconazole have good protective and treating effect, photolytic low and can used 
to control powdery mildew, anthracnose and gray mold13 in apple orchards. In order to protect human health and 
facilitate international trade, many countries and organizations have set the maximum residue limits (MRLs) of 
four pesticides in apple. At the same time, there are some reports on the dissipation of four pesticides in vege-
tables and fruits. Mahmoud et al.14 found that the half-life of abamectin was 1.02 days in strawberry. Under the 
conditions of 1.5 times recommended dosage, the half-lives were 2.1–3.4 days for carbendazim in tomato15. In 
recent study, the half-life of difenoconazole was 3.6 days following one time application in strawberry16. However, 
no studies have published on the residue behavior and dietary risk assessment of abamectin, imidacloprid, car-
bendazim, and difenoconazole in bagged apple.

In the present study, a UPLC-MS/MS method for the simultaneous determination of four pesticides (abamec-
tin, imidacloprid, carbendazim, and difenoconazole) in apple was established and validated. The deposition and 
dissipation of four pesticides in unbagged apple and bagged apple were explored. Furthermore, the dietary risk 
from pesticide residues in apple was evaluated on the basis of consumption, acceptable daily intake (ADI) and 
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the ultimate residues. The effects of fruit bagging on the residual characteristics of four pesticides in apple were 
investigated. This study may provide a scientific explanation for the effects of bagging on residue behavior and 
dietary risk assessment.

Results
Assay validation. The validation of the analytical method was evaluated by the following parameters: line-
arity, LOQ, matrix effect, recovery, precision and accuracy. The matrix calibration curves had better linear rela-
tionship in the range of 0.005–2.0 mg L−1, the correlation coefficients (R2) were 0.9931 to 0.9980 (Table 1). The 
limit of quantification (LOQ) was considered as the lowest concentrations with signal-to-noise ratio greater than 
10. The matrix effect (ME) was evaluated by the percentage change of the slope ratio of the matrix-matched 
calibration and solvent calibration. As shown in Table 1, the LOQs were below 0.5 µg kg−1. The ME ranged from 
22.6% to 66.1% and exceeded 15%, so matrix-matched standard solution was used to compensate for ME17. The 
accuracy was verified by measuring recovery for apple samples spiked at four different concentrations. Precision 
was assessed by performing five replicate measurements at each level. As shown in Table 2, the average recovery of 
four pesticides ranged from 81.7% to 99.5% for spiked concentration at 0.01, 0.05, 0.1 and 1 mg kg−1. The relative 
standard deviations ranged from 2.7% to 10.6%. The results were acceptable according to the National Standard 
of China18. The results indicated that the established method was sensitive and accurate for the determination of 
four pesticide residues in apple.

The effect of fruit bagging on the initial deposits. Fruit bagging can not only protect apple from insect 
pests, birds, diseases, and mechanical scratches to a certain extent, it can also reduce direct contact between 
apples fruit and pesticides. By this way, fruit bagging can reduce the deposition of pesticide in apple fruit. In order 
to evaluate the effects of fruit bagging on four pesticides deposition, an experiment was performed in unbagged 
apple and bagged apple. As shown in Table 3, the initial deposits of abamectin, imidacloprid, carbendazim and 
difenoconazole in unbagged apple were 0.284, 0.502, 6.832 and 0.533 mg kg−1. In bag apple, the initial deposits 
of four pesticides were 0.079, 0.0237, 1.56 and 0.0588 mg kg−1. The initial deposits of abamectin, imidacloprid, 
carbendazim and difenoconazole in bagged apple had lost 72.2%, 95.3%, 77.2%, 89.0%, respectively. Fruit bagging 
can prevent most of pesticide from contaminating apple, so the initial deposits (2 h, day 0) of four pesticides in 
bagged apple are lower than the initial deposits of four pesticides in unbagged apple. In our experiment, the bag 
is double-layer bag and the inner of bag is red plastic material. Because of the red plastic has low permeability of 

Pesticides Matrix Regression equation R2 Matrix effect (%) LOQ(µg kg−1)

Abamectin
ACN y = 20.375x + 5.4827 0.9931 —

0.1
Apple y = 25.205x − 2.5329 0.9967 23.7

Imidacloprid
ACN y = 3.8372x + 13.694 099974 —

0.5
Apple y = 6.4125x + 17.208 0.9955 67.1

Carbendazim
ACN y = 93.63x + 371.51 0.9942 —

0.04
Apple y = 114.75x + 520.34 0.9967 22.6

Difenoconazole
ACN y = 3153.4x + 5876.6 0.9933 —

0.003
Apple y = 4425.5x + 4716.4 0.9980 40.3

Table 1. Calibration equations, R2 values, LOQ values, and matrix effects for four pesticides.

Pesticides

0.01 mg kg−1 0.05 mg kg−1 0.1 mg kg−1 1.0 mg kg−1

Recovery (%) RSD (%) Recovery (%) RSD (%) Recovery (%) RSD (%) Recovery (%) RSD (%)

Abamectin 85.2 10.6 89.2 4.9 92.3 3.3 87.6 6.3

Imidacloprid 81.7 4.6 83.2 8.1 88.6 3.4 93.9 3.1

Carbendazim 91.8 2.7 95.7 3.3 96.0 5.4 99.5 7.0

Difenoconazole 92.3 3.6 97.2 4.9 99.5 5.7 94.4 3.0

Table 2. Recovery and the relative standard deviation (RSD) of four pesticides measurement in apple (n = 5).

Pesticides

The initial deposits (mg kg−1)

The percentage reduction (%)Unbagged bagged

Abamectin 0.284 0.079 72.2

Imidacloprid 0.502 0.0237 95.3

Carbendazim 6.832 1.56 77.2

Difenoconazole 0.533 0.0588 89.0

Table 3. The effect of apple fruit bagging on the initial deposits.
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water, so it can reduce direct contact between apple and pesticide to some extent. This may be the main reason 
why the initial deposits (2 h, day 0) of four pesticides in bagged apple are lower than in unbagged.

The effect of fruit bagging on degradation. The degradation trends of four pesticides in unbagged apple 
and bagged apple were shown in Table 4. The degradation of four pesticides were well described by the first-order 
kinetic (Ct = C0ekt) model in unbagged apple and bagged apple. The correlation coefficients (R2) were 0.9643 to 
0.9940. The half-lives of abamectin, imidacloprid, carbendazim and difenoconazole in unbagged apple were 3.7, 
7.0, 3.6, 12.1 days, respectively. The half-lives in bagged apple were 6.7, 10.8, 4.2 and 18.2 days, respectively. The 
half-lives in bagged apples were longer than in unbagged apples. The half-lives were prolonged 81.1%, 56.8%, 
13.2%, 50.4%, respectively. Photolysis, hydrolysis and Microbial degradation of pesticide are the main degrada-
tion approaches19,20. Bag is made of the inner bag (red plastic) and the outer bag (yellow outside and black inside) 
in our experiment. Bag can prevent sunlight and water from reaching apple. Pesticides on the bagged apple sur-
face expose in a dark and dry environment, so the photolysis and hydrolysis of pesticides are weak and the deg-
radation of four pesticides are slow. At the same time, bag can influence the numbers and kinds of microbes on 
apple surface21. This can also lead to degrade more slowly.

The effect of apple fruit bagging on the ultimate residues. The ultimate residues of four pesticides in 
apple were presented in Table 5. 7 days after spraying pesticide, the residues of abamectin, imidacloprid, carben-
dazim, and difenoconazole in unbagged apple were 0.0077, 0.2010, 1.5300 and 0.3030 mg kg−1 and the residues in 
bagged apple were 0.0025, 0.0104, 0.1162 and 0.0409 mg kg−1, respectively. With the increased of DAS, the ulti-
mate residues in bagged apple and unbagged apple were gradually decreased and were lower than the established 
MRLs in different countries and organizations22–24. Meanwhile, the ultimate residues of abamectin, imidacloprid, 
carbendazim, and difenoconazole in bagged apple were far below than in unbagged apple.

The effect of apple fruit bagging on the dietary risk. The risk from pesticide residues in apple was 
evaluated through daily intakes (EDI) and acceptable daily intake (ADI). The average daily per capita consump-
tion of apple was obtained from GEMS/Food Cluster Diets database25. Apple belongs to pome fruit fresh group, 
its consumption accounted for 2.11% (34.051 g day−1) of total daily food consumption (1612 g day−1). Exposure 
was expressed as HQ. The risk assessment of four pesticides in unbagged apple and bagged apple was presented in 
Table 6. Based on the residues at each DAS day, the intakes of four pesticides in unbagged apple and bagged apple 
were quite low than the ADI. The HQ of four pesticides in unbagged apple ranged from 0.013% to 43.415%. The 

Pesticides

Dissipation dynamics equation r Half- life/d

Unbagged Bagged Unbagged Bagged Unbagged Bagged

Abamectin Ct = 0.0276e−0.187t Ct = 0.0070e−0.103t 0.9940 0.9830 3.7 6.7

Imidacloprid Ct = 0.4373e−0.099t Ct = 0.0198e−0.064t 0.9891 0.9662 7.0 10.8

Carbendazim Ct = 5.9997e−0.194t Ct = 0.9638e−0.167t 0.9940 0.9643 3.6 4.2

Difenoconazole Ct = 0.4947e−0.057t Ct = 0.0554e−0.038t 0.9938 0.9890 12.1 18.2

Table 4. Dissipation dynamics equations, correlation coefficient (r) and half-life of four pesticides in unbagged 
apples and bagged apples.

Pesticides

DAS 7d/mg kg−1 DAS 14d/mg kg−1 DAS 21d/mg kg−1 DAS 28d/mg kg−1

Unbagged Bagged Unbagged Bagged Unbagged Bagged Unbagged Bagged

Abamectin 0.0077 0.0025 0.0027 0.0019 0.0008 0.00045 — —

Imidacloprid 0.2010 0.0104 0.0800 0.0085 0.0570 0.0069 0.0320 0.0028

Carbendazim 1.5300 0.1162 0.2530 0.0756 0.1330 0.0489 0.0270 0.0084

Difenoconazole 0.3030 0.0409 0.2340 0.0348 0.1600 0.0227 0.0950 0.0204

Table 5. Ultimate residues in apple for different treatments. DAS: Days after spraying; “—”: below LOQ.

Pesticides
ADI (mg/
kg bw)

HQ (%)

DAS 7d DAS 14d DAS 21d DAS 28d

Unbagged Bagged Unbagged Bagged Unbagged Bagged Unbagged Bagged

Abamectin 0.002 0.218 0.071 0.077 0.054 0.023 0.013 — —

Imidacloprid 0.06 5.704 0.295 2.270 0.241 1.617 0.196 0.908 0.079

Carbendazim 0.03 43.415 3.297 7.179 2.145 3.774 1.388 0.766 0.238

Difenoconazole 0.01 8.598 1.161 6.640 0.987 4.540 0.644 2.696 0.579

Table 6. The dietary risk assessment of four pesticides in unbagged apple and bagged apple. (Notice: The 
residues of abamectin were lower than LOQ in DAS 28d, so the HQ was blank).
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HQ of four pesticides in bagged apple ranged from 0.023% to 8.598%. All the HQs were less than 100. At each 
DAS day, the HQ of each pesticide in bagged apple was lower than in unbagged apple. Fruit bag had reduced the 
HQ from 29.7% to 94.8%, of which abamectin was 29.6–67.5%, imidacloprid was 87.9–94.8%, carbendazim was 
63.2–92.4% and difenoconazole was 78.5–86.5% (Fig. 1). The results showed that fruit bagging could effectively 
decrease the HQ of four pesticides in apple.

Discussion
LC-MS/MS is a very important detection method for pesticide residue26. In the present study, a UPLC-MS/MS 
method for determination of four pesticides (abamectin, imidacloprid, carbendazim, and difenoconazole) in 
apple was established. The linearity of matrix calibration curves had a good linear relation in the range of 0.005–
2.0 mg L−1, the correlation coefficients (R2) were 0.993 to 0.998. At the lowest spiked level (0.01 mg kg−1), the LOQ 
were below 0.0005 mg kg−1. The matrix effect is usually regarded as a major drawback with LC—MS/MS in trace 
level analysis27. The ME of four pesticides in apple ranged 26.9% to 73.1% and exceeded 15%, so matrix-matched 
standard solution was used to compensate for ME17. For spiked concentrations between 0.01–1 mg kg−1, the aver-
age recovery of four pesticides ranged from 81.7% to 99.5% and the relative standard deviations ranged from 
2.7% to 10.6%. The accuracy and precision of the method were acceptable according to the National Standard of 
China18.

Fruit bagging is one of the important cultivation methods in China9. It can reduce levels of the light-absorptive 
compound anthocyanin10 and improve fruit coloration, thus improve the apple quality and increase the com-
mercial value of apple. Meanwhile, fruit bagging reduce pesticides on the apple surface, thus reduce the initial 
deposits and the ultimate residues of pesticide. At the recommended dosage and times, the initial deposits and the 
ultimate residues of abamectin, imidacloprid, carbendazim and difenoconazole in bagged apple were low than in 
unbagged apple (Tables 3 and 5). The results are consistent with the previous reports28. Fruit bagging can reduce 
pesticide residue in fruit.

Photolysis, hydrolysis and Microbial degradation of pesticide are the main degradation approaches19,20. The 
bagged apple was growing in almost dark and dry conditions, so the photolysis and hydrolysis of pesticides in 
bagged apple were weak. The degradation of four pesticides in bagged apple was slower than in unbagged apple, 
and the half-lives in bagged apple were long than unbagged apple (Table 3). At the same time, bagged could influ-
ence the numbers and kinds of microbes on apple surface21. It can also a factor that affect pesticide degradation.

The hazard quotient (HQ) is a method of the dietary risk assessment26. The HQ was evaluated on the basis of 
acceptable daily intake (ADI) for a 60-kg person and the estimated daily intakes (EDI). Our data demonstrated 
that the dietary exposure of abamectin, imidacloprid, carbendazim and difenoconazole for each DAS day were 
less than 100% in unbagged apple and bagged apple at the application of the recommended doses, but the HQ of 
each pesticide in bagged apple were lower than in unbagged apple. Fruit bagging can reduce the dietary risk of 
four pesticides in apple.

Conclusions
In the present study, a method for the determination of abamectin, imidacloprid, carbendazim and difenocona-
zole in apple was established by using UPLC-MS/MS with modified QuEChERS extraction. The average recovery 
ranged from 81.7% to 99.5% and the relative standard deviations ranged from 2.7% to 10.6%. The LOQs were 
below 0.0005 mg kg−1. The four pesticides were applied to unbagged apple and bagged apple for thrice at the rec-
ommended dosage. The results suggested that fruit bagging reduced the initial deposits of four pesticides in apple 
from 72.2% to 95.3%. The half-lives of four pesticides were 3.7–12.1 days in unbagged apple and 4.3–18.2 days in 
bagged apple. The half-lives in bagged apple were prolonged 13.2–81.1%. At the recommend dosage, the ultimate 
residues of the pesticides in all apple samples were found to be below the MRLs of China (GB 2763, 2016), CAC 
(CAC, 2017) and European Commission (European Commission, 2015). The ultimate residues of four pesticides 
in bagged apple were lower than the residues in unbagged apple. The dietary exposure of four pesticides for each 

Figure 1. The effect of apple fruit bagging on the HQ.
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DAS day were less than 100% in unbagged apple and bagged apple, but the HQ of each pesticide in bagged apple 
were lower than in unbagged apple. Fruit bagging can reduce the dietary risk of four pesticides in apple.

Materials and Methods
Materials and reagents. The analytical standards, abamectin, imidacloprid, carbendazim, and difeno-
conazole were purchased from Dr. Ehrenstorfer GmbH (Augsburg, Germany). Abamectin (1.8% wettable pow-
der) and imidacloprid (50% wettable powder) were purchased from Rongbang Chemical Co., Ltd. (Shandong, 
China). Carbendazim (50% wettable powder) was obtained from Fuda Agrochemical Co., Ltd. (Jiangsu, China). 
Difenoconazole (30% water dispersible granule) was purchased from Yijia Agrochemical Co., Ltd. (Shandong, 
China). Acetonitrile was HPLC grade (Fisher Scientific, USA). Analytical grade of sodium chloride (NaCl) and 
anhydrous MgSO4 were purchased from Beijing Chemical Company (Beijing, China). Ultra-pure water was 
prepared using a Milli-Q reagent water system (Bedford, MA, USA). Formic acid was obtained from the Tedia 
Company, Inc. (Fairfield, OH, USA). Primary secondary amine (PSA) was obtained from Angela Technologies 
Inc. (Tianjin, China). Kobayashi Bag KM-2 was purchased from Qingdao Kobayashi Bag Mfg. Co., Ltd. 
(Shandong, China).

Standard stock solution (100 mg/L) of abamectin, imidacloprid, carbendazim, and difenoconazole were pre-
pared in pure ACN, respectively. Standard working solutions at 5, 20, 50, 100, 500, 1000, and 2000 μg/L concen-
trations were prepared from the stock solution by serial dilution. Correspondingly, matrix matched standard 
solutions of abamectin, imidacloprid, carbendazim, and difenoconazole were obtained at 5, 20, 50, 100, 500, 1000, 
and 2000 μg/L concentrations by adding blank apple sample extracts to each serially diluted standard solution. All 
solutions were protected against light with aluminum foil and stored in a refrigerator in the dark at −20 °C. The 
working standard solutions underwent no degradation for 3 months.

Field experiment. The apple cultivars (Malus domestica), ‘Golden Delicious’ were used in this study. The 
trees were 8-year-old on Malus micromalus rootstocks. They were trained in a central leader system and grown at 
a 3.0 m × 4.0 m spacing and grown in northeast China (Xingcheng, 120.7°E, 40.6°N). In early june, about ninety 
well exposed fruits per tree were selected without bagging-treatment. Whereas the rest were bagged with light 
impermeable double layer (the outer layer is yellow outside and black inside, and the inner layer is red) paper bags 
and bags were placed onto fruitlets 4 to 6 weeks after petal fall. For the last two years, abamectin, imidacloprid, 
difenoconazole and carbendazim were not sprayed for disease and pest control. The dissipation experiment in 
unbagged apple and bagged apple were carried out in four adjacent field plots and the block design was a com-
pletely randomize. Each pesticide formulation was separately sprayed thrice with 10-day intervals and the first 
spraying was at 2 months before harvest. Pesticides were dissolved in water at recommended dose and sprayed 
with a SX-LK18C backpack sprayer. The untreated plots were sprayed with water as control. Each experiment plot 
was three trees and a buffer zone was used to separate between the plots of different treatments. The pesticides 
were applied under good agricultural practices (GAPs). Abamectin, imidacloprid, difenoconazole and carben-
dazim were sprayed at the rate of 5.4, 45, 135 and 975 g active ingredient (a.i.) ha−1 as a recommended dose. For 
each replication, 20 fruits were randomly taken in different positions. For the bagged fruits, they were harvested 
without taking off the bags to avoid exposure to light before sample collections. Apple samples were collected 2 h 
and 1, 3, 5, 7, 14, 21 and 28 days after the last application. The samples were collected and reduced to 500 g accord-
ing to NY/T 78818. The unbagged apple samples and bagged apple samples (not including bags) were chopped 
and homogenized in an Ultra-Turrax homogenizer (IKA-Werke, Staufen, Germany). The samples were stored in 
dark at −20 °C for further analysis.

Sample preparation procedure. Samples (10 ± 0.1 g) were weighed into a 50 mL teflon centrifuge tube. 
Then, 10 mL acetonitrile was added to extract pesticide. The tubes were capped and stirred for 5 min. 2 g NaCl and 
4 g MgSO4 were added and vortexed vigorously for 2 min. The tubes were immediately centrifuged (5000 rpm) for 
3 min and then 2 mL of the upper layer (acetonitrile) was transferred into a 5 mL centrifuge tube, which contained 
an amount of sorbent (30 mg PSA and 150 mg MgSO4). The extracts were vortexed for 1 min and subsequently 
centrifuged for 2 min at 5000 rpm. The supernatant was filtered by a 0.22 µm nylon syringe filter and transferred 
to an auto-sampler vial for the UPLC-MS/MS injection.

Instrument conditions. The Waters UPLC–MS/MS system consisted of a Waters Acquity UPLC system 
and a Waters (Milford, MA, USA) Xevo TQD triple quadrupole tandem mass spectrometer equipped with an 
electrospray ionisation (ESI) source. A Waters Acquity UPLC HSS T3 column (2.1 × 100 mm, 1.8 μm–particle 
size, Milford, MA, USA) was used for the separation of abamectin, imidacloprid, carbendazim, and difenocona-
zole and maintained at 40 °C. The mobile phase was consisted of chromatography grade acetonitrile (A) and 0.2% 
formic acid in water (B). The gradient program was as follows: time 0–2.0 min, 5–95% A, 2.0–2.5 min, 95%–5% A, 
2.5–4.0 min, 5% A. The flow rate was 0.4 mL min−1. The injection volume was 5 μL. The retention times of carben-
dazim, imidacloprid, difenoconazole, and abamectin were 1.58, 1.63, 2.74 and 3.86 min, respectively.

The multiple reaction monitoring (MRM) mode was operated for the target compounds. All parameters for 
MRM transitions, cone voltage and collision energy were optimized to obtain the highest sensitivity and resolu-
tion (Table 7). The capillary voltage was set at 2.0 kV, desolvation temperature were maintained at 500 °C. A cone 
gas flow of 50 L h−1 and desolvation gas flow of 800 L h−1 were used. The nebulizer gas was 99.99% nitrogen, and 
the collision gas was 99.99% argon.

Method validation. The method was validated to evaluate the linear range, the limit of quantification 
(LOQ), matrix effect, accuracy and precision. A seven-point standard solution and matrix-matched standard 
solutions were prepared at the concentration of 5, 20, 50, 100, 500, 1000, and 2000 μg L−1 and analyzed to evaluate 
the linearity of the method. The limit of quantification (LOQ) was considered as the lowest concentrations with 
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signal-to-noise ratio greater than 10. The presence of matrix components can affect the ionization of the target 
compounds when ESI is used, which leaded to the matrix effect. Matrix effects (ME) were evaluated through 
comparing the slopes of the calibration curves obtained in matrix and in solvent. ME was calculated as follows: 
matrix effect (ME%) = [(slope of calibration curves in matrix − slope of calibration curves in solvent)/slope of 
calibration curves in solvent] × 100%. The recovery assays were performed to investigate the accuracy and pre-
cision of the method. The recovery experiments were conducted by five replicates at four spiked levels (10, 50, 
100 and 1000 μg kg−1). The accuracy and the precision in these conditions for repeatability were expressed as the 
average recovery and the relative standard deviation (RSD).

Data calculation and analysis. The dissipation kinetics of carbendazim, imidacloprid, difenoconazole, 
and abamectin in unbagged apple and bagged apple were determined by plotting residue concentration against 
time. The rate equation was calculated from the first order rate equation: Ct = C0e−kt, where Ct represents the con-
centration of the pesticide residue at time t, C0 represents the initial concentration and k is the rate constant. The 
half-life (t1/2) was calculated from the k value for each experiment, t1/2 = ln 2/k.

The risk from these four pesticide residues in unbagged apple and bagged apple were evaluated based on the 
data obtained from field trial and the acceptable daily intake (ADI) for a 60-kg person. The estimated daily intakes 
(EDI) are calculated from the following equation26:

= × .EDI residue amount average intake/60

where residue amount is obtained from field trial, average intake is obtained from GEMS/Food Cluster Diets 
database, and 60 is standard weight for Chinese people. The dietary risk assessment is performed by using the 
following equations29,30:

= × .HQ EDI ADI/ 100%

where HQ is the hazard quotient, ADI (mg kg−1 bw−1) is the acceptable daily intake, and EDI (mg kg−1 bw−1) is 
the estimated daily intake. The risk is considered unacceptable when HQ was higher than 100%31.

References
 1. Drogoudi, P. & Pantelidis, G. Effects of position on canopy and harvest time on fruit physico-chemical and antioxidant properties in 

different cultivars. Sci. Hortic. 129, 752–760 (2011).
 2. Wolfe, K., Wu, X. & Liu, R. Antioxidant activity of apple peels. J. Agric. Food. Chem. 51, 609–614 (2003).
 3. Hecke, K. et al. Sugar-, acid-and phenol contents in apple cultivars from organic and integrated fruit cultivation. Eur. J. Clin. Nutr. 

60, 1136–1140 (2006).
 4. McCann, M. et al. Anti-cancer properties of phenolics from apple waste on colon carcinogenesis in vitro. Food Cheml Toxicol 45, 

1224–1230 (2007).
 5. Kris-Etherton, P. et al. Bioactive compounds in foods: their role in the prevention of cardiovascular disease and cancer. Am. J. Med. 

113, 71–88 (2002).
 6. Ju, H. et al. Antioxidant phenolic profile from ethyl acetate fraction of Fructus Ligustri Lucidi with protection against hydrogen 

peroxide-induced oxidative damage in SH-SY5Y cells. Food Cheml Toxicol. 50, 492–502 (2012).
 7. Abbasi, N., Chaudhary, M., Ali, M., Hussain, A. & Ali, I. On tree fruit bagging influences quality of guava harvested at different 

maturity stages during summer. Int. J. Agric. Biol. 16, 543–549 (2014).
 8. Lima, A., Alvarenga, A., Malta, M., Gebert, D. & de Lima, E. Chemical evaluation and effect of bagging new peach varieties 

introduced in southern Minas Gerais e Brazil. Food. Sci. Tech. 33, 434–440 (2013).
 9. Chen, C., Zhang, D., Wang, Y., Li, P. & Ma, F. Effects of fruit bagging on the contents of phenolic compounds in the peel and flesh of 

‘Golden Delicious’, ‘Red Delicious’, and ‘Royal Gala’ apples. Sci. Hortic. 142, 68–73 (2012).
 10. Li, P., Castagnoli, S. & Cheng, L. Red ‘Anjou’ pear has a higher photoprotective capacity than green ‘Anjou’. Physiol Plantarum 134, 

486–498 (2008).
 11. Riga, M. et al. Abamectin is metabolized by CYP392A16, a cytochrome P450 associated with high levels of acaricide resistance in 

Tetranychus urticae. Insect. Biochem. Molec. 26, 43–53 (2014).
 12. Kumar, J., Shaki, N., Khan, M., Malik, K. & Walia, S. Development of controlled release formulations of carbofuran and imidacloprid 

and their bioefficacy evaluation against aphid, Aphis gossypii and leafhopper, Amrasca biguttula biguttula Ishida on potato crop. J. 
Environ. Sci Heal. B. 46, 678–682 (2011).

 13. Song, W. et al. Evaluation of Substituted Pesticides for Carbendazim and Thiophanate-Methyl in Control of Cucumber Disease. J. 
Agro-Environ. Sci. 26, 236–241 (2007).

 14. Mahmoud, H., Arief, M., Nasr, I. & Mohammed, I. Residues and Half-lives of Abamectin, Diniconazole and Methomyl on and in 
Strawberry under the Normal Field Conditions. J. Appl. Sci. Res. 8, 932–936 (2010).

 15. Li, H. et al. Residues and dissipation kinetics of carbendazim and diethofencarb in tomato (Lycopersicon esculentum Mill) and 
intake risk assessment. Regul. Toxicol. Pharmacol. 77, 200–205 (2016).

 16. Sun, C. et al. Degradation of three fungicides following application on strawberry and a risk assessment of their toxicity under 
greenhouse conditions. Environ. Monit. Assess. 187, 187–303 (2015).

 17. European Commission. Guidance document on analytical quality control and method validation procedures for pesticides residues 
analysis in food and feed. SANTE/11945/2015 (2015).

 18. NY/T 788–2004. Guideline on pesticide residue trials. Beijing: China Agriculture Press. (2004).

Compound MW
CV 
(V) Quantification ion transition

CE1 
(eV) Confirmatory ion transition

CE2 
(eV)

Abamectin 890.7 18 890.7 → 305.3 28 890.7 → 567.6 15

Imidacloprid 256.1 22 256.1 → 175.0 20 256.1 → 209.0 14

Carbendazim 192.1 28 192.1 → 132.1 28 192.1 → 160.1 18

Difenoconazole 406.0 35 406.0 → 251.0 26 406.0 → 337.0 17

Table 7. MS parameters for the analyze of the four pesticides.



www.nature.com/scientificreports/

7SCIentIfIC REPORts |  (2018) 8:14348  | DOI:10.1038/s41598-018-32358-6

 19. Kromer, T., Ophoff, H., Stork, A. & FüHr, F. Photodegradation and volatility of pesticides. Environ. Sci. Pollut. R. 11, 107–120 (2004).
 20. Kashmir, S. & Baljinder, S. Microbial Degradation of Pesticides and Nitroaromatic Compounds. LAP Lambert Academic Publishing 

(2015).
 21. Feng, F., Li, M., Ma, F. & Cheng, L. The effects of bagging and debagging on external fruit quality, metabolites, and the expression of 

anthocyanin biosynthetic genes in ‘Jonagold’ apple (Malus domestica Borkh). Sci. Hortic. 165, 123–131 (2014).
 22. GB 2763–2016. China’s national food safety standard-maximum residue limits for pesticides in food. Beijing: China Standard Press 

(2016).
 23. European Commission. EU Pesticides database. Available on line, http://ec.europa.eu/food/plant/pesticides/eu-pesticides-database/

public/?event=pesticide.residue.selection&language=EN (2017).
 24. CAC. Pesticide Residues in Food and Feed (Pesticide Index). Available on line, http://www.fao.org/fao-who-codexalimentarius/

standards/pestres/pesticides/en/ (2017).
 25. WHO. GEMS/Food Cluster Diets database 2013. Available on line, https://extranet.who.int/sree/Reports?op=vs&path=/WHO_

HQ_Reports/G7/PROD/EXT/GEMS_cluster_diets_2012&userid=G7_ro&password=inetsoft123 (2017).
 26. Yan, F. et al. Determination of eight pesticides in Lycium barbarum by LC-MS/MS and dietary risk assessment. Food chem 218, 

192–198 (2017).
 27. Pan, X. et al. Stereoselective analysis of novel chiral fungicide pyrisoxazole in cucumber, tomato and soil under different application 

methods with supercritical fluid chromatography/tandem mass spectrometry. J. Hazard. Mater. 311, 115–124 (2017).
 28. Chen, Z., Chen, J., Han, M., Wang, W. & Cao, W. difference of chlorpyrifos residue in fruits of various apple cultivars and bagging 

effect on the residue. J. Agro-Environ. Sci. 30, 2197–2201 (2011).
 29. Lozowicka, B., Jankowska, M. & Kaczynski, P. Pesticide residues in Brassica vegetables and exposure assessment of consumers. Food 

Control 25, 561–575 (2012).
 30. Yang, X., Luo, J., Li, S. & Liu, C. Evaluation of nine pesticide residues in three minor tropical fruits from southern China. Food 

Control 60, 677–682 (2016).
 31. Szpyrka, E. et al. Evaluation of pesticide residues in fruits and vegetables from the region of south-eastern Poland. Food Control 48, 

137–142 (2015).

Acknowledgements
This work was financially supported by the National Program for Quality and Safety Risk Assessment of 
Agricultural Products of China (GJFP2017003, GJFP2018003), the Agricultural Science and Technology 
Innovation Program of Chinese Academy of Agricultural Sciences (CAAS-ASTIP), and the Earmarked Fund for 
China Agriculture Research System (CARS-27).

Author Contributions
Guofeng Xu wrote the main manuscript text and conducted the experiments. Yonglong Wu reviewed and 
modified the manuscript. Zhen Yan reviewed this article, provided some suggestion for revision, and corrected 
the grammatical mistakes. Mengliang Ye helped process the samples.

Additional Information
Competing Interests: The authors declare no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2018

http://creativecommons.org/licenses/by/4.0/

	The effects of fruit bagging on residue behavior and dietary risk for four pesticides in apple
	Results
	Assay validation. 
	The effect of fruit bagging on the initial deposits. 
	The effect of fruit bagging on degradation. 
	The effect of apple fruit bagging on the ultimate residues. 
	The effect of apple fruit bagging on the dietary risk. 

	Discussion
	Conclusions
	Materials and Methods
	Materials and reagents. 
	Field experiment. 
	Sample preparation procedure. 
	Instrument conditions. 
	Method validation. 
	Data calculation and analysis. 

	Acknowledgements
	Figure 1 The effect of apple fruit bagging on the HQ.
	Table 1 Calibration equations, R2 values, LOQ values, and matrix effects for four pesticides.
	Table 2 Recovery and the relative standard deviation (RSD) of four pesticides measurement in apple (n = 5).
	Table 3 The effect of apple fruit bagging on the initial deposits.
	Table 4 Dissipation dynamics equations, correlation coefficient (r) and half-life of four pesticides in unbagged apples and bagged apples.
	Table 5 Ultimate residues in apple for different treatments.
	Table 6 The dietary risk assessment of four pesticides in unbagged apple and bagged apple.
	Table 7 MS parameters for the analyze of the four pesticides.




