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Pesticide Residue Content in Vegetable Bases of Lhasa City
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Abstract

[ Objectives ] To understand the quality safety of vegetables produced in vegetable planting bases around Lhasa City. [ Methods ]

Four vegetable planting bases in the east, west, south, and north of Lhasa City were randomly selected for testing using rapid measuring instru-

ment for agricultural residues and solid-phase microextraction-gas chromatography-mass spectrometer, with 120 vegetable samples selected. The

testing samples included seven categories ; green leafy vegetables, eggplants, melons, onions and garlic, root vegetables, beans, and fungi, to-

taling 29 types of vegetables. The samples were tested for 8 common prohibited and restricted pesticides in organic phosphorus and carbamate

esters, including methamidophos, parathion, methyl parathion, monocrotophos, isocarbophos, methamidophos, aldicarb, and carbofuran.

[Results ] The pesticide inhibition rate of 6 kinds of vegetables detected by the rapid measuring instrument for agricultural residues was rela-

tively high, with green leafy vegetables being the majority, reaching over 25% . By further establishing a solid-phase microextraction-gas chro-

matography-tandem mass spectrometry method, the accuracy of the data was verified experimentally. The experimental results indicated that the

inhibition rate of vegetable samples in this experiment did not exceed 15% , and it was determined as a pollution-free vegetable.

[ Conclusions ] According to the restriction standard of national pesticide use, the inhibition rate of vegetable samples was less than or equal to

40% , indicating that the quality of vegetables was qualified.
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1 Introduction

Tibet is one of the regions with the best ecological environ-
ment quality in the world, and Lhasa is the capital of Tibet. With
the continuous improvement of living standards, the demand for
vegetables among people in plateau areas is constantly increasing,
and the requirements for vegetable quality are also constantly
strengthening. Due to its location on a plateau, special geograph-
ical location, and social and economic development, greenhouse
vegetables have become an indispensable part of the vegetable sup-
ply chain in Lhasa City. According to incomplete statistics, the
planting area of vegetable facilities in Lhasa City reached 1 595
ha, with most vegetables such as cabbage, potatoes, green pep-
pers, carrots and other essential vegetables planted. The local
vegetable supply reached about 80% of the market share during
peak seasons. In recent years, the government has strongly sup-
ported the development of farmers, and the vegetable base area in
Lhasa City has been continuously increasing. It has brought con-
siderable income to more and more farmers by planting and selling
vegetables, and has also driven the economic development of
Lhasa City. But diseases and pests in vegetable bases are more
and more serious. In order to ensure the supply of vegetables, effi-
cient and convenient chemical control has become one of the im-
portant means of vegetable bases, which has led to the problem of

]

pesticide residues in vegetables'''. Pesticide residues not only
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cause pollution to the ecological environment, but also threaten
people’s physical health™ .

After investigation, it was found that organic phosphorus and
carbamate pesticides were used mostly in Lhasa vegetable bases.
This study mainly examines the use of prohibited and restricted
pesticides in these two types. There are many methods for detec-
ting and analyzing pesticide residues in vegetables at home and
abroad, among which enzyme inhibition method, gas chromatogra-
phy and its combination technology, enzyme-linked immunosor-
bent assay, gas chromatography-mass spectrometry, etc. are com-
monly used. This study takes into account the rapid volatilization
of pesticides due to sufficient sunlight in Lhasa City. After sam-
pling is completed, rapid detection instrument for agricultural resi-
dues is used to measure the pesticide residue in vegetables. The
result is used as a preliminary standard for determining whether
vegetables are qualified. The accuracy is then verified using solid-
phase microexiraction-gas chromatography-tandem mass spectrom-
etry. Solid-phase microextraction ( SPME) is a commonly used
sample pretreatment technology, which has the advantages of be-
ing green, efficient, and convenient compared to traditional pesti-
cide residue detection methods. The gas chromatography-tandem
mass spectrometry method has the advantages of simple and fast
operation, high detection sensitivity, good reproducibility, preci-
sion, and recovery rate, providing effective technical support for

vegetable safety supervision'’.

2 Materials and methods

2.1 Instruments and reagents
2.1.1
idues, gas chromatography-mass spectrometry ( GC-MS) , elec-

Instruments. Rapid detection instrument for pesticide res-
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tronic analytical balance, ultrasonic cleaner, nitrogen blowing in-
strument, food grinder, centrifuge, solid-phase microextraction
device, ultrapure water preparation system, microwave digestion
instrument, constant-temperature drying oven, cenirifuge tube,
conical flask, filter head, sterile syringe, pipette, conventional
laboratory glassware.

2.1.2 Reagent. Standard solutions for methamidophos, parathi-
on, methyl parathion, monocrotophos, isocarbophos, methomyl,
aldicarb, and carbofuran pesticides.

2.2 Source and collection of testing samples The four major
vegetable planting bases in the east, west, south and north of Lha-
sa City were randomly sampled: Caigongtang Township Pollution-
free Vegetable Production Base in the east, Duilong Deqing Dis-
trict Yangda Agriculture Co. , Ltd. in the west, Sangzhulin Kan-
gle Planting Base in the south, and Dazi County Facility Vegetable
Production Base in the north. The specific geographical location is
shown in Fig. 1.

The vegetables include seven categories; green leafy vegeta-
bles, eggplant fruits, melons, onions and garlic, root vegetables,
beans, and fungi, totaling 29 types of vegetables. The specific
types of vegetable samples are shown in Table 1. 1 —2 vegetable
samples are taken from four vegetable planting bases, totaling 120

samples.

Table 1 Types of vegetable samples
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Fig.1 Location of four major vegetable planting bases in the east,
west, south, and north of Lhasa City

Vegetable type Variety

Green leafy vegetable Cabbage Spinach Lettuce Broccoli Brassica campestris ~ Pakchoi  Cauliflower Coriander Celery
Eggplant fruit Eggplant Green pepper  Long red pepper  Longjiao Tomato

Melon Snake melon Pumpkin Cucumber Summer squash

Onion and garlic Ginger Porret Shallot Garlic

Root vegetable Mooli Green shoots  Carrot

Bean Green bean Cowpea

Fungi

Lentinula edodes Oyster mushroom

2.3 Sample detection and analysis methods The experiment
selected eight main prohibited and restricted pesticides from organ-
ic phosphorus and carbamate esters, including methamidophos,
parathion, methyl parathion, monocrotophos, isocarbophos, meth-
omyl, aldicarb, and carbofuran. In accordance with the national
standard Rapid Detection of Organophosphorus and Carbamate Pes-
ticide Residues in Vegetables ( GB/T5009.199-2) and the industry
standard Rapid Detection Method of Organophosphorus and Carba-
mate Pesticide Residues in Vegetables (NY 448-2001) , reference is
provided for the inspection process of rapid detection instrument for
agricultural residues.

Further reference is made to the national standard National
Food Safety Standard — Determination of 208 Pesticides and Their
Metabolite Residues in Plant Derived Foods — Gas Chromatography
— Mass Spectrometry ( GB23200. 113-2018) to provide reference
for solid-phase microextraction-gas chromatography-tandem mass

spectrometry experiments. The final criterion for determining

whether the results are qualified is based on the national standard
National Food Safety Standard — Maximum Residue Limits of Pesti-
cides in Food (GB 2763-2021).

2.4 Data processing Based on the maximum pesticide residue
allowed in vegetables in the national standard GB2763, the test re-
sults used SPSS and Python for data processing and graphical rep-
resentation. Finally, the residue status of 8 prohibited and restrict-
ed pesticides in different types of vegetables was determined, and

120 vegetable samples were judged to be qualified™’ .

3 Result and analysis

3.1 Analysis of pesticide residues in different types of vege-
tables Using rapid detection instrument for agricultural residues,
the experimental data of pesticide residues in 120 vegetable sam-
ples were processed using Python, and 75 vegetable samples con-

taining prohibited and restricted pesticides were detected from the

120 samples (Fig.2).
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Using rapid detection instrument for agricultural residues, it
was detected that the inhibition rate of prohibited and restricted
pesticides in 29 vegetables exceeded 25% , including snake mel-
on, lotus white, lettuce, coriander, green bean, and tomato. Ac-
cording to the national pesticide use restriction standard, if the in-
hibition rate in vegetable samples is < 40% , it indicates that the
vegetable is qualified. Although all vegetable samples are quali-
fied, the eight pesticides methamidophos, parathion, methyl para-
thion, monocrotophos, isocarbophos, methomyl, aldicarb, and
carbofuran are all prohibited and restricted, which may cause cer-

tain harm to human health after consumption.
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Fig.2 Pesticide inhibition rate of different types of vegetables

3.2 Inhibition rate of pesticides in leafy vegetables From
Fig.2, it can be clearly observed that the pesticide inhibition rates
of 9 types of green leafy vegetables were generally higher than
those of other types of vegetables. Among the six types of vegeta-
bles with an inhibition rate exceeding 25% , three of them be-
longed to the green leafy vegetable category. The inhibition rate of
pesticides was directly proportional to pesticide residues, and the
higher the inhibition rate, the more pesticide residues are present
in vegetables. So a separate analysis on the pesticide inhibition
rate of green leafy vegetables was conducted, and the inhibition
rates of 9 types of green leafy vegetables were compared. The use
of SPSS analysis can provide a clearer observation and comparison

of the inhibition rate relationships of various green leafy vegetables

(Fig.3).
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Fig.3 Inhibition rate of pesticides in leafy vegetables

From Fig. 3, it can be seen that the inhibition rates of 9 green
leafy vegetables were as follows: cabbage > lettuce > coriander >
spinach > broccoli > Brassica campestris > celery > cauliflower >
pakchoi. Among green leafy vegetables, cabbage had the highest
inhibition rate, while pakchoi had the lowest inhibition rate. The
inhibition rates of cabbage, lettuce, and coriander all reached
around 25% , while the inhibition rate of pakchoi was less than
11% . The reasons for the differences in pesticide inhibition rates
are as follows. (i) The first few vegetables are more susceptible to
pests and diseases, so vegetable bases use more pesticides on these
vegetables compared to other types of vegetables. (ii) The sam-
pling time for vegetables is different. According to the record of
sampling time, samples of cabbage and lettuce were collected
shortly after pesticide spraying at the vegetable base, while sam-
ples of cauliflower and pakchoi were collected one to two months
after pesticide spraying.

3.3 Actual testing results of vegetable samples According to
the national pesticide residue standard, if the inhibition rate of
vegetables is < 15% , it is considered a pollution-free vegetable.
21 out of 29 vegetables exceeded this indicator. In order to make
the detection of vegetable results more accurate, whether these 21
types of vegetables were pollution-free was further verified. The
solid-phase microextraction-gas chromatography-tandem mass spec-
trometry method established in this experiment was used to analyze
pesticide residues in vegetable samples detected by rapid detection
instrument for agricultural residues with an inhibition rate of over
15% . The results showed that the inhibition rate of the 21 types of
vegetables did not exceed 15%. It was determined that all sample

vegetables were pollution-free.

4 Conclusions

Rapid detection instrument for agricultural residues was used
to determine the inhibition rates of 120 samples of 29 types of
greenhouse vegetables in east, south, west, and north of Lhasa
City. The results showed that the inhibition rates of 8 types of veg-
etables were all below 15% , including shallot, pakchoi, cauli-
flower, oyster mushroom, green pepper, long red pepper, mooli,
and carrot. It was determined that they were pollution-free vegeta-
bles. The inhibition rates of 21 types of other vegetables such as
spinach, broccoli, eggplant, and green bean were all above 15% .
Among them, pesticide residue of green leafy vegetables was the
most severe. Among the six types of vegetables with an inhibition
rate of over 25% , three of them belonged to this category, and
pesticide residue of cabbage even reached around 30% . The solid-
phase microextraction-gas chromatography-tandem mass spectrome-
try method established in this experiment was used again to analyze
the residues of eight pesticides, namely methamidophos, parathi-
on, methyl parathion, monocrotophos, isocarbophos, mirabilis,
aldicarb, and carbofuran. The results showed that all 21 types of

vegetables were pollution-free”’.
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The cultivation and sales of vegetables in Lhasa City have im-
proved the overall economy of the city, but there are still cases of
using restricted and prohibited pesticides in facility vegetable
planting bases. Although the content of prohibited and restricted
pesticides in vegetables has not exceeded the standard, these high
toxic pesticides still pose a certain degree of harm to the health of
consumers. Due to its remote location, some vegetable growers in
Lhasa have not been aware of some of the national policies on pes-
ticide use and restrictions, resulting in some prohibited and re-
stricted pesticides still being produced and used. The Lhasa Food
Supervision Bureau and the Food Quality and Safety Bureau should
vigorously strengthen the science popularization and use of prohibi-
ted and restricted pesticides in vegetable bases, minimize or
preferably abandon the use of such pesticides, ensure the stable
improvement of vegetable quality in Lhasa, laying a theoretical

foundation for building Lhasa into a national civilized ecological

highland.
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expand the comprehensive functions of agriculture, continuously
improve the added value of industry, promote the development of
industrial integration and agglomeration, and maximize the contri-
bution of industrial development to economic and social develop-
ment. Bijie City should constantly innovate the mechanism of in-
terest linkage, innovate the mode of " company + cooperative +
farmers" , and vigorously promote the mode of interest linkage
such as " company + cooperative + cooperative". Taking the op-
portunity of the establishment of cooperatives led by the party
branch, it is necessary to actively explore the tripartite interest
connection mechanism of business entities, village collectives and
farmers, clarify the position of farmers in the interest chain, pro-
tect the interests of farmers, promote the synchronous development
of agriculture and rural areas, and achieve common prosperity of

all people.
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