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A B S T R A C T   

Shanghai as an international metropolis is representative of modern urban agriculture in China, 
so it is of great significance to analyse the pesticide residue in vegetables grown in Shanghai. This 
study investigated the residue of 68 commonly used pesticides (divided into insecticides, fungi-
cides, herbicides and plant growth regulators) in 7028 vegetable samples in Shanghai from 2018 
to 2021, and estimated the dietary intake risk of these pesticides. These samples were divided into 
6 categories. A total of 29.21% of vegetable samples had pesticide residues, and 0.47% of samples 
exceeded the maximum residue limits (MRLs) set by the national food safety standard of China. 
Leafy vegetables had the highest detection rate of pesticide residues (32.9%), multiple detection 
rate (12.2%), pesticide residue concentration (35.7 mg/kg), and the number of samples exceeding 
the MRL (30). There were 36 out of 68 pesticides detected in vegetables, and the top 3 were 
dimethomorph, propamocarb and acetamiprid. The target hazard quotient (THQ) and hazard 
index (HI) of these noticeablepesticides were all less than 1, illustrating that there may be no 
obvious health hazard for residents exposed to the pesticide levels. This study can promote the 
green development of the pesticide industry and provide important reference data for the 
monitoring of pesticide residues and their hazards under modern urban agriculture.   

1. Introduction 

With the development of modern agriculture, pesticides are widely used in the production of agricultural products. According to 
their different efficacies, pesticides can be mainly divided into insecticides, fungicides, herbicides and plant growth regulators, which 
play a key role in increasing product yield [1–3]. As shown by the statistics of China Crop Protection Industry Association (CCPIA), due 
to incorrect and discontinued of pesticide application, crop production will be reduced by 35%–40%, and the loss of vegetables and 
fruits can reach 40%–60%. However, with the development of the pesticide industry and its wide application in agricultural pro-
duction, the illegal production and unreasonable use of high-toxicity and high-residue pesticides have led to the frequent occurrence of 
excessive pesticide residues [4,5]. 
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Vegetables are rich in vitamins, dietary fibre and other nutrients, and their antioxidant activity is conducive to clearing free radicals 
in the body and preventing various diseases and ageing caused by oxidation [6]. Pesticide residues in vegetables are influenced by 
transport within the organism and external environmental factors, and they can also further bioaccumulate in the fatty tissues of 
consumers via dietary exposure through the food chain [7]. These pesticides also accumulate in crops and soil to produce complex 
intermediates and metabolites [8]. These are collectively referred to as ‘emerging pollutants’, which cause serious harm to human 
health and the environment and have attracted increasing attention [9–12]. Some reports suggest that pesticide intake may contribute 
to headaches, allergies, depression, respiratory diseases even teratogenicity, cancer and foetal death [13–15]. 

As an international metropolis, Shanghai is constantly boosting the development of urban modern agriculture to meet consumers’ 
demand for high-quality agricultural products. Compared with traditional agriculture, urban modern agriculture has the character-
istics of integration, standardization, and restriction of fertilizers and pesticides, with an emphasis on environmental friendliness [5, 
16]. However, a large number of current studies still focus on the residues and hazards of pesticides under traditional agriculture, and 
the excavation of pesticide residue levels under modern urban agriculture is not deep enough. 

Therefore, this study first carried out high-throughput detection and comprehensive analysis of pesticide residues in vegetables 
produced locally in Shanghai from 2018 to 2021, including the categories of vegetables with pesticide residues and the types and 
concentrations of high-frequency residual pesticides. Furthermore, the dietary intake risk of vegetables grown in Shanghai was esti-
mated through the target hazard quotient (THQ) and the hazard index (HI). By comparing the pesticide residues in vegetables with 
other countries, we can determine the risk level of pesticide residues in vegetables grown in Shanghai on a global scale. This study 
shows the necessity for the green development of the pesticide industry and provides data support for the monitoring of pesticide 
residues and their hazards in modern urban agriculture in China and around the world. 

2. Materials and methods 

2.1. Sample collection 

The vegetable samples were from Shanghai, which is at the mouth of the Yangtze River and has a subtropical monsoon climate. In 
this study, a total of 7028 samples of local vegetables were randomly collected from Shanghai in 2018–2021, as shown in Fig. 1. These 
vegetables were mainly divided into 6 categories: leafy vegetables, solanaceous fruits, melons, brassicas, beans, and bulbs. The 
sampling was conducted following NY/T 789–2004 [17]. It was the agricultural industry standard of the People’s Republic of China, 
named guideline on sampling for pesticide residue analysis. The collected samples were immediately transported to the laboratory for 
refrigeration. The edible parts of the vegetables were homogenized with a pulverizer within 24 h and stored at − 20 ◦C for detection and 
analysis of pesticide residues. 

2.2. Materials and reagents 

Pesticide reference standards (≥95.0% purity) were purchased from the First Standard (Tianjin, China) and Dr. Ehrenstorfer 
(Augsburg, Germany). Mixed standard stock solutions of various concentrations were prepared in proper solvents and stored at − 18 ◦C 
for 3 months. Standard working pesticide solutions were prepared from the stock solutions and stored at 4 ◦C for 1 month. The 
purchased standard reference substances were 68 common-used pesticides (Table S1, Supplementary file). High-performance liquid 
chromatography (HPLC)-grade acetonitrile and formic acid were obtained from Merck GmbH (Darmstadt, Germany) and ANPEL 
Laboratory Technologies (Shanghai, China), respectively. ProElut QuEChERS sample extraction kit (4 g MgSO4, 1 g NaCl, 1 g trisodium 
citrate dihydrate, 0.5 g disodium hydrogen citrate) and purification kit (150 mg primary and secondary amine exchange material 
sorbents, 45 mg Carbon, 900 mg MgSO4) were purchased from DiKMA (Beijing, China). Ultra-pure water was prepared by Milli-Q® IQ 
Element water purification and dispensing unit (Merck, USA). 

Fig. 1. The strategy of sampling.  
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2.3. Sample preparation 

The homogenized vegetable samples were pretreated for instrumental analysis through an optimized QuEChERS method [18]. 10 g 
of the homogenized samples were weighed in 50 mL polypropylene centrifuge tubes, and then 20 mL of acetonitrile and a salt pack 
from the ProElut QuEChERS sample extraction kit were added. After the mixture was ultrasonicated for 30 min and centrifuged at 
8000 rpm for 5 min, 10.0 mL of the supernatant was transferred to 15 mL purification tubes of purification kit for the clean-up step. The 
tube was vortex-mixed for 1 min and centrifuged for 5 min at 3000 rpm. The supernatant was filtered through 0.45 μm membranes for 
gas chromatography-mass spectrometry (GC-MS) analysis and mixed with ultra-pure water (1:1,V/V) for liquid chromatography-mass 
spectrometry (LC-MS) analysis. The pesticides tested in this study were 68 commonly used pesticides. 

2.4. Instrumental analysis 

2.4.1. GC-MS/MS 
GC-MS analysis were carried out on a gas chromatography-mass spectrometer QP 2010 Plus (Shimadzu, Japan) with the separation 

of a DB-5MS capillary column(0.25 μm, 30 m × 0.25 mm). The injector temperature was 280 ◦C and injection volume was 1.0 μL. Oven 
temperature was programmed as follows: it held at 40 ◦C for 1 min, and ramped to 120 ◦C at a rate of 40 ◦C/min, and increased to 
280 ◦C at a rate of 5 ◦C/min, and increased to 300 ◦C at a rate of 12 ◦C/min, then held for 7 min. Helium was set as carrier gas with flow 
rate 0.75 mL/min. The ion source of MS was operated in the electron ionization mode (EI, 70 eV). Qualitative and quantitative analyses 
were based on internal standards and standard curves. 

2.4.2. LC-MS/MS 
LC-MS analysis were carried out on an ultra-high performance liquid chromatography system equipped with a Xevo TQ-S mass 

spectrometry (Waters, USA). The mobile phase consisted of 0.1% formic acid in ultrapure water (A) and acetonitrile (B) was in the 
following gradients: 0–4 min, 10% B; 4–15 min, 50% B; 15–23 min, 60% B; 23–30 min, 80% B; 30–35 min, 95% B; 35–50 min, 10% B. 
The flow rate was 0.2 mL/min and the injection volume of the sample was 20 μL. The positive electrospray ionization mode (ESI+) with 
multiple reaction monitoring (MRM) was carried out in MS analysis. Qualitative and quantitative analysis based on internal standards 
and standard curves. 

2.4.3. Quality assurance and quality control 
Six-point standard calibration curve combined with internal standard to reduce matrix effect and ensure the accuracy of detection 

results. In this study, the recoveries of pesticides in vegetables were all in range of 80%–120%, and the correlation coefficients of 
standard curves (R2) are not less than 0.99. Pesticide concentrations exceeding the limits of quantification (LOQs) were recorded. 
Vegetables which pesticide concentrations above the maximum residue limits (MRL) formulated by the national food safety standard 
of China (GB2763) were requantified with matrix-matching standard solution. 

2.5. Health risk assessment 

The dietary intake risk assessment of vegetables containing pesticide residues mainly involves in estimated daily intake (EDI), the 
target hazard quotient (THQ) and the hazard index (HI) [19]. These risk assessments depend on pesticide residue concentration and 
daily consumption, using the following equations can be investigated: 

EDI =
C × W

Bw
(1)  

THQ=
EDI
ADI

(2)  

HI =
∑i

n=1
THQn (3) 

Equation (1) reflected the level of exposure of each individual compound, where C (ng/kg) represented the concentration of each 
pesticide residue in all vegetable samples; LOQ was set as the pesticide concentration for pesticides whose residue level was below LOQ 
in order to estimate the highest risk; W (g/d) was the average daily intake of vegetables per person, according to the maximum 
vegetable intake recommended by the Chinese balance dietary pagoda, which can be set as 500 g/d. The average body weight of 
Chinese adults was set as 60 kg [20]. 

Equation (2) expressed the health risk of each individual pesticide in vegetables [21,22]. The acceptable daily intake (ADI) was 
derived from GB 2763. If THQ <1, the exposed population was unlikely to experience obvious health risks. Conversely, THQ >1 
suggested an obvious health risk for the exposed population. 

Equation (3) estimated the risk of cumulative exposure to the mixtures of pesticide residues by summation of the THQ for an 
individual pesticide residue [23]. HI < 1 implied that the exposed population was unlikely to experience obvious cumulative risk, 
while HI > 1 was prone to exist cumulative exposure risk of pesticides. 
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3. Results and discussion 

3.1. Overall residue level of pesticides in vegetables 

Vegetables were collected from various production areas in Shanghai, a central city on the east coast of China, as shown in Fig. 1. 
These vegetables can be divided into 6 categories: leafy vegetables, solanaceous fruits, melons, brassicas, beans, and bulbs. The res-
idues of 68 commonly used pesticides, such as dimethomorph, acetamiprid, propamocarb, and carbendazim, in these samples were 
detected by analytical instruments. 

The results are shown in Table 1, the vegetables grown in Shanghai were mainly leafy vegetables, followed by solanaceous fruits, 
melons and brassicas. The planting amounts of beans and bulbs were not large, and bulbs were the lowest. Among these categories of 
vegetables, leafy vegetables had the highest detection rate of pesticide residues, reaching 32.9%, followed by solanaceous fruits, 
melons and beans, with 26.5%, 21.7% and 20.8% respectively. The lowest detection rates of brassicas and bulbs were 13.4% and 
12.4%, respectively. Multiple pesticide residues (at least three types) were positively correlated with the detection rate of pesticide 
residues. The multiple detection rate of leafy vegetables was the highest, reaching 12.2%, followed by solanaceous fruits, melons and 
beans, at 6.6%, 5.4% and 5.4%, respectively; brassica and bulb were the lowest at 2.8% and 2.1%, respectively. In addition, bulbs, 
leafy vegetables and brassicas had pesticides exceeding the MRLs, and the exceeding rates were 1.38%, 0.62% and 0.20%, respectively. 
The result was in an agreement with the study of Yu, Liu, Liu, Wang, & Wang, (2016) that leafy vegetables have a higher risk of 
pesticide residues and require further analysis. 

A mixture of multiple pesticides is often applied to control plant diseases and insect pests in vegetable crops many times. As a result, 
the presence of multiple pesticide residues in vegetables was common (Fig. 2). Among them, multiple residues were the most common 
for leafy vegetables, and even a single sample of leafy vegetables contained up to 9 pesticides simultaneously. As the main vegetables 
grown in Shanghai, it is important to enhance the targeted supervision of leafy vegetables and improve the efficiency of pesticides. 

It is also worth noting that although bulbs and brassicas possessed the lowest D.R and M.D.R, they had cases exceeding the MRLs, 
which may be caused by the excessive dosage of the drug. It is necessary to pay attention to the issue of the growers’ agrochemical 
regulation for these vegetables. 

3.2. Residue levels of different pesticides in vegetables 

To investigate the specific types of pesticides detected at high frequency in vegetables, the detected pesticides were subdivided into 
fungicides, insecticides, plant growth regulators and herbicides. As shown in Table 2, 36 of the 68 pesticides were detected, accounting 
for 52.94% of the analysed samples. Among these pesticides, the detection rates of dimethomorph, propamocarb and acetamiprid had 
the highest detection rates, reaching 7.93%, 5.76% and 5.71% respectively. The pesticides detected at high frequency were mainly 
insecticides and fungicides, with only one plant growth regulator (paclobutrazol) and one herbicide detected (pendimethalin). There 
were differences in the types of pesticides detected at high frequency in specific vegetables. Specifically, the top three pesticides in 
beans were cyromazine, acetamiprid and imidacloprid; the top three pesticides in bulbs were carbendazim, propamocarb and 
dimethomorph; and the top three pesticides in solanaceous fruits were propamocarb, procymid one and acetamiprid. Interestingly, the 
high-frequency pesticides in bulbs were all fungicides while in beans, they were all insecticides. This result indicated that the pre-
vention and control of diseases and insect pests in different types of vegetables should have different emphases and targets. 

In this study, there were 9 pesticides exceeding MRLs in vegetables: acetamiprid, cypermethrin, chlorpyrifos, procymidone, 
phoxim, imidacloprid, dimethomorph, thiamethoxam and bifenthrin. These pesticides were all insecticides except procymidone and 
dimethomorph, which indicated that there was a higher risk of excessive residues in the use of insecticides. It was possible that the poor 
effect of insecticides in vegetables led to repeated spraying or increased application dosage. As a prohibited pesticide in vegetables, 
chlorpyrifos has continued to exceed the MRLs in some vegetable samples in the last two years, and its monitoring should also be 
strengthened. In addition, the lack of MRL limit requirements for some vegetables hindered the analysis of the rejection ratio of these 
vegetables, so enriching the MRL of various vegetables in GB 2763 in China is an important development direction for future pesticide 
safety evaluation. 

Table 1 
Detection and exceeding levels of pesticides in different categories of vegetables.  

Vegetable species Number of vegetable samples D.R(%) M.D.R(%) >MRL(%) 

Leafy vegetables 4862 32.9 (1598) 12.2 (595) 0.62 (30) 
Solanaceous fruits 845 26.5 (224) 6.6 (56) 0 
Melons 515 21.7 (112) 5.4 (28) 0 
Brassicas 493 13.4 (66) 2.8 (14) 0.20(1) 
Beans 168 20.8 (35)a 5.4 (9) 0 
Bulbs 145 12.4 (18) 2.1 (3) 1.38 (2) 
Total 7028 29.21 (2053) 10.03 (705) 0.47 (33) 

D.R: detection rate = number of samples containg pesticide residues/total of samples. 
M.D.R: multiple detection rate = number of samples containg pesticide residues (≥3)/total of samples. 
MRL: Maximum residue limit for pesticides in China (according to GB 2763). 

a The number of related vegetable samples is in parentheses. 
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The usage scale of different pesticides in vegetables was explored by analysing the residue map of various pesticides in vegetables. 
As shown in Fig. 3, leafy vegetables had the most types of residual pesticides, with 36 pesticides detected, which was also consistent 
with having the highest multiple detection rate. 20, 15 and 14 pesticides were detected in solanaceous fruits, brassica and melons, 
respectively. Bulbs had the least, with only 11 pesticides. Dimethomorph, propamocarb, acetamiprid, carbendazim, imidacloprid and 
procymidone were all detected in various vegetables, indicating that these pesticides play a broad role in the prevention and control of 
vegetable pests and diseases. In addition, the detection rates of cyromazine and paclobutrazol in beans were also high. Cyromazine is 
an insecticide with low toxicity and strong selectivity to kill dipteran insects [24,25]. Paclobutrazol is a low toxicity, plant growth 
regulator that can improve crop yield and stress resistance [26]. This result indicated that the growth of legume crops should pay more 
attention to its pests, lodging and other phenomena. 

3.3. Daily intake and potential health risk of pesticides in vegetables 

The 10 pesticides with the highest detection rate and exceeding the MRL are listed in Table 3. The residue concentrations of each 
pesticide were analysed to assess dietary exposure and health risks. In this study, dimethomorph and propamocarb had the highest 
detected concentrations in leafy vegetables reaching 35.7 mg/kg and 33.6 mg/kg, respectively. They are both fungicides, so it is 
necessary to boost the killing effectiveness of fungi in leafy vegetables, especially for the Oomycetes class, Botrytis spp. and Sclerotinia 
spp. In terms of vegetable categories, the detected doses of pesticides in beans and bulbs were relatively low, while leafy vegetables 
were generally higher. It is supposed that leafy vegetables had more rampant pests and diseases, and pesticides were sprayed more 
frequently. The overlapping and wrapping structure of leaves with larger surface areas is also prone to residues of pesticides [3,27,28]. 

By calculating the EDI of various pesticides in vegetables, it was found that none of them exceeded the ADI value, ranging from 
0.016 μg/kg/d to 0.489 μg/kg/d. The pesticide with the highest EDI value was propamocarb (0.489 μg/kg/d), followed by dime-
thomorph (0.420 μg/kg/d), which were only 0.12% and 0.21% of the ADI, respectively. The health hazards of all pesticides were 
evaluated by calculating THQ. The THQs of all pesticides were far less than 1, indicating that there may be no obvious health hazard for 
residents exposed to a single pesticide level. Considering the co-occurrence of pesticide residue in vegetables, thr cumulative dietary 
risk of pesticides detected at high frequencies was assessed through the HI method. The HI of these pesticides was 0.0865 (<1), which 
indicated that the cumulative dietary risk of these pesticides in vegetables was acceptable. Among them, the top 5 contributors to HI 
were phoxim, chlorpyrifos, pyridaben, carbendazim and procymidone, as the key components inducing the potential health risk of 
adverse effects for inhabitants. Furthermore, dietary intake risk for some special groups, such as elderly individuals, pregnant women 
and children, deserves prospective policy defence because they are more susceptible to pesticides than adults [29]. Overall, compared 
with Beijing, which developed greenhouse vegetables under modern urban agriculture, Shanghai presented similar kinds and con-
centrations of pesticides detected. They may possess a similar process of urban agriculture modernization [17]. 

In this study, we also compared the pesticide level and detection rate of these high frequencies with those reported in other 
countries. The concentration and detection rate of vegetables in Shanghai were significantly lower than the data reported in other 
countries (Table 4). In relevant foreign reports, the main focus of pesticides were acetamiprid, imidacloprid, cypermethrin, chlor-
pyrifos and other insecticides, which may be related to the differences in climate environment and vegetable species. 

4. Conclusion 

In this study, high-throughput determination and risk assessment of 68 pesticides were investigated in 7028 vegetable samples 
from 6 categories in Shanghai between 2018 and 2021. The results showed that pesticide residues were detected in 29.21% of the 

Fig. 2. Detection frequency of multiple pesticide residues in different categories of vegetables. Dark slate blue indicates the detection rate of 1 
pesticide in a single sample, steel blue indicates the detection rate of 2 pesticides in a single sample. Green, yellow and red describe the detection 
rate of 3, 4 and ≥ 5 pesticides in a single sample, respectively. 
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Table 2 
Residue levels of different pesticides in vegetables.  

Vegetable 
Species 

Leafy vegetables Solanaceous fruits Melons Brassicas Beans Bulbs Total 

Pesticides D.R(%) >MRL(%) D.R(%) >MRL(%) D.R(%) >MRL(%) D.R(%) >MRL(%) D.R(%) >MRL(%) D.R(%) >MRL(%) D.R(%) >MRL(%) 

Dimethomorph(F) 10.02 0 3.55 0 2.52 0 4.46 0 0.60 0 2.76 0.69 7.93 0.01 
Propamocarb(F) 5.59 0 6.86 0 8.93 0 4.06 0 2.38 0 3.45 0 5.76 0.00 
Acetamiprid(I) 6.68 0.33 4.62 0 3.11 0 2.43 0 4.76 0 0.69 0 5.71 0.23 
Thiamethoxam(I) 4.87 0.02 3.55 0 4.27 0 1.42 0 0.60 0 – – 4.23 0.01 
Carbendazim(F) 4.79 0 2.72 0 2.91 0 1.62 0 2.38 0 4.14 0 4.11 0 
Chlorantraniliprole(I) 4.01 0 0.59 0 0.19 0 1.22 0 1.79 0 – – 2.99 0 
Pyridaben(I) 3.87 0 0.59 0 – – 1.01 0 – – 1.38 0 2.85 0 
Imidacloprid(I) 3.19 0.02 3.08 0 0.97 0 0.81 0 2.98 0 0.69 0 2.79 0.01 
Azoxystrobin(F) 2.90 0 1.66 0 0.78 0 0.41 0 1.19 0 – – 2.32 0 
Procymidone(F) 1.69 0.02 6.86 0 2.72 0 – – 0.60 0 0.69 0.69 2.22 0.03 
Cyromazine(I) 1.34 0 0.95 0 2.14 0 – – 5.36 0 – – 1.32 0 
Chlorfenapyr(I) 1.36 0 0.12 0 – – 0.81 0 – – – – 1.01 0 
Emamectin(I) 1.36 0 0.12 0 – – 0.41 0 0.60 0 – – 1.00 0 
Pyrimethanil(F) 0.97 0 1.54 0 1.36 0 – – – – 0.69 0 0.97 0 
Metalaxyl(I) 0.82 0 – – 2.52 0 0.20 0 – – 0.69 0 0.78 0 
Cypermethrin(I) 0.99 0.10 – – – – 0.20 0 – – – – 0.70 0.07 
Iprodione(F) 0.33 0 2.60 0 0.19 0 – – – – – – 0.55 0 
Difenoconazole(F) 0.66 0 – – – – 0.41 0 – – – – 0.48 0 
Pyraclostrobin(F) 0.43 0 0.47 0 – – – – – – 0.69 0 0.37 0 
Paclobutrazol(F,P) 0.27 0 – – 1.55 0 – – 1.79 0 – – 0.34 0 
Cyhalothrin(I) 0.43 0 0.24 0 – – – – – – – – 0.33 0 
Abamectin(I) 0.41 0 – – – – – – – – – – 0.28 0 
Bifenthrin(I) 0.23 0 0.59 0 – – 0.41 0.20 – – – – 0.26 0.01 
Phoxim(I) 0.16 0.04 – – – – – – 0.60 0 – – 0.13 0.03 
Chlorpyrifos(I) 0.12 0.08 – – – – – – – – – – 0.09 0.06 
Ethofenprox(I) 0.08 0 – – – – – – – – – – 0.06 0 
Chlorothalonil(F) 0.06 0 0.12 0 – – – – – – – – 0.06 0 
Diflubenzuron(I) 0.04 0 0.12 0 – – – – – – – – 0.04 0 
Fenpropathrin(I) 0.06 0 – – – – – – – – – – 0.04 0 
Tebufenozide(I) 0.06 0 – – – – – – – – – – 0.04 0 
Pendimethalin(H) 0.04 0 – – – – – – – – 0.69 0 0.04 0 
Diflubenzuron(I) 0.04 0 – – – – – – – – – – 0.03 0 
Fenvalerate(I) 0.04 0 – – – – – – – – – – 0.03 0 
Triazolone(F) 0.04 0 – – – – – – – – – – 0.03 0 
Flucythrinate(I) 0.02 0 – – – – – – – – – – 0.01 0 
Prochloraz(F) 0.02 0 – – – – – – – – – – 0.01 0 

-: No detected. F: fungicide. I: insecticide. P: plant growth regulator. H: herbicide. 
D.R: detection rate = number of samples containg pesticide residues/total of samples. 
MRL: Maximum residue limit for pesticides in China (according to GB 2763). 
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vegetables, and 0.47% of vegetable samples containing pesticides above the MRL. Among the 6 categories of vegetables, leafy veg-
etables had the highest detection rate of pesticide residues (32.9%), multiple detection rate (12.2%), pesticide residue concentration 
(35.7 mg/kg), and number exceeding the MRLs (30). Therefore, as leafy vegetables are the main vegetables grown in Shanghai, the 
supervision of pesticides in leafy vegetables should be strengthened. Although the detection rates of pesticide residues in bulbs and 
brassicas were the lowest, there were still pesticide residues above MRLs containing excessive hazards. 

36 out of 68 pesticides were detected in vegetables, among which dimethomorph, propamocarb, acetamiprid, carbendazim, 
imidacloprid and procymid were detected in all categories of vegetables. As a whole, dimethomorph, propamocarb and acetamiprid 
were the top 3 pesticides with the highest detection rates. The types of pesticides with high-frequency detection rates varied by specific 

Fig. 3. Residue map of various pesticides in vegetables.  

Table 3 
Estimated daily intake and potential health risk of pesticides through the consumption of vegetable.  

Vegetable 
Species  

Leafy vegetables Solanaceous fruits Melons Brassicas Beans Bulbs Total 

Pesticides ADI C.R C.R C.R C.R C.R C.R EDI THQ 
Dimethomorph 200 1.7–35700 4.1–7800 6.5–630 6.8–2780 28 18–1320 0.4200 0.0021 
Acetamiprid 70 3.5–3610 12–1220 2.3–220 7.6–770 15–93 14 0.1417 0.0020 
Propamocarb 400 4.5–33600 1.02–8280 9.4–1220 13–12700 30–39 7.3–92 0.4886 0.0012 
Carbendazim 30 2.8–15400 8.1–4410 5–67 2.8–360 15–1080 3.3–920 0.2824 0.0028 
Thiamethoxam 80 9.1–2740 8.8–280 11–460 23–110 14 – 0.1046 0.0013 
Chlorantraniliprole 2000 9–5770 10–400 20 33–1820 17–27 – 0.1475 0.0001 
Pyridaben 10 12–4930 12–4500 – 24–560 – 24–29 0.0701 0.0070 
Imidacloprid 60 7.1–1640 8.3–700 12–58 12–320 11–18 12 0.0696 0.0012 
Azoxystrobin 200 12–14740 16–700 24–160 66–260 260 – 0.1618 0.0008 
Procymidone 100 32–20000 11–2080 25–220 – 30 5970 0.2357 0.0024 
Cypermethrin 20 21–1290 44–1940 – 110 – – 0.0470 0.0023 
Bifenthrin 10 27–1370 73–360 – 150–2450 – – 0.0163 0.0016 
Phoxim 4 21–3740 35 – – 26 – 0.1795 0.0449 
Chlopyrifos 10 77–130 470 – –  – 0.1676 0.0168 
HI         0.0865 

ADI: Acceptable daily intake (μg/kg/d, according to GB 27631, China). 
C.R: Detected concentration range, μg/kg. 
EDI: Estimated daily intake, μg/kg/d. 
THQ: Target hazard quotient. 
HI: Hazard index. 
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categories of vegetables. Improving the selectivity and targeting of pesticide application according to categories of vegetables is of 
great significance, for instance, beans are prone having insecticide or plant growth regulator residues. The residue levels of 9 pesticides 
were higher than the MRLs: acetamiprid, cypermethrin, chlorpyrifos, procymidone, phoxim, imidacloprid, dimethomorph, thiame-
thoxam and biphenthrin, among which insecticides dominated. The THQs of these hot-spot pesticides were all less than 1, indicating 
that there may be no obvious health hazard for residents exposed to a single pesticide. The cumulative dietary risk of these pesticides in 
vegetables was also acceptable with an HI of 0.0865. The concentration and detection rate of vegetables grown in Shanghai were 
significantly lower than the data reported in other countries, which still have high-toxicity forbidden pesticide residues. Shanghai with 
modern urban agriculture, had a similar pesticide framework as Beijing, where greenhouse vegetables were developed under modern 
urban agriculture. To some extent, these results reflected the pesticide residue level of vegetables in coastal cities of eastern China. In 
this article, a very enormous database of pesticide residue results was constructed with a rich sample size (7028) and pesticide pa-
rameters (68). It will promote the green development of the pesticide industry and provide important reference data for the monitoring 
of pesticide residues and their hazards in modern urban agriculture. Based on leafy vegetables with a high frequency of pesticide 
residues, we will further analyse the impact of the co-occurrences or "cocktail effect" interaction in our subsequent risk assessment 
study. 

Table 4 
Pesticides residues in vegetables reported in the literature.  

Pesticides Regions Vegetables Concentrations(ug/ 
kg) 

D.R 
(%) 

Reference Corresponding concentration in Shanghai 
(ug/kg) 

Cypermethrin kuwait Tomato 20-240a Na [30] Nd 
Eggplant Nd-130a Nd 

Imidacloprid Tomato Nd-510a 17–68 
Bell pepper Nd-10 Nd 
Eggplant Nd-90 15–49 
Cucumber 50-1200a 12–58 
Zucchini Nd-80 Nd 

Acetamiprid Bell pepper Nd-50 Nd 
Cabbage Nd-100 Nd 

Imidacloprid southern Punjab, 
Pakistan 

Okra Ave490a 30.6 [31] Nd 
Eggplant Ave810a 28.1 15–49 
Pumpkins Ave450a 8.3 Nd 

Chlorpyrifos western Algeria Tomato 78–107 5 [32] Nd 
Chlorpyrifos Bangladesh Tomato 40-700a 13.25 [33] Nd 

Cauliflower 62-80a 9.09 Nd 
Cypermethrin Bangladesh Cauliflower 20–52 9.09 Nd 
Acetamiprid European Union Sweet peppers Ave620 22.1 [34] Nd 
Acetamiprid chile Tomato 15-490a 21.3 [35] 12–19 
Imidacloprid Tomato 2.5–45 3.3 17–68 
Dimetomorph colombia Tomato 10 7.5 [36] 2.5–500 
Imidacloprid Tomato 280–485 13.5 17–68 
Dimethomorph Beijing china Pakchoi 50.0–87.2 9.4 [17] 2.6–2960 

Chinese 
cabbage 

1.0–2.13 1.1 35–130 

Acetamiprid Chinese 
cabbage 

0.5–5.23 1.1 Nd 

Tomato 2.41–85.1 24.5 12–190 
Cypermethrin Pakchoi 12.0–370.0 25 35–500 

Chinese 
cabbage 

4.0–473.0 22.3 Nd 

Tomato 7.0–31.0 10.2 Nd 
Chinese chive 6.0–191.0 11.3 Nd 

Chlorpyrifos Pakchoi 32.0–150.0 6.3 82 
Chinese 
cabbage 

13.1–480.0a 7.4 Nd 

Imidacloprid Pakchoi 21.0–480.0 21.9 8.6–170 
Chinese 
cabbage 

13.1–51.7 8.5 14–140 

Pyridaben Pakchoi 130.0–3400.2 18.8 10–4500 
Tomato 0.5–2.3 2 Nd 

Thiamethoxam Chinese 
cabbage 

8.81–48.0 5.3 13–16 

cucumber 8.46–17.4 5.6 17–460   
Tomato 10.2–35.5 8.2 16–63 

D.R: detection rate = number of samples containg pesticide residues/total of samples. 
NA: not available. Nd: pesticide residue not detected. 

a Pesticide residue above the MRL. Ave: average concentration. 
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