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Abstract
ous markets in Tangshan City, 147 batches of Chinese chive samples were randomly collected for the detection of clothianidin pesticide residue, and the dietary risk

[ Objectives | This study was conducted to evaluate the residual status and dietary intake risk of clothianidin in Chinese chives. [ Methods ] From vari-

of the detected samples was evaluated by using Si0-6512 automatic pretreatment equipment extraction and LCMS-8050 high performance liquid chromatography-tan-
dem mass spectrometry ( HPLC-MS/MS). [ Results] Among the 147 batches of Chinese chive samples, clothianidin was detected in 46 batches, with a detection
rate of 31.29% ; and the residual level ranged from 0. 012 0 to 3. 516 mg/kg, with an average value of 0.274 mg/kg. The results of dietary risk assessment showed
that the index of food safety (IFS) of clothianidin in Chinese chives ranged from 0. 000 004 5 to 0.004 605 5, with an average value of 0.000 220 9. The average
IFS values for minors, adults, the elderly and the entire population were, respectively, 0.000 358 9, 0.000 210 7, 0.000 102 6 and 0.000 211 3, which were far
less than 1, indicating that it had no impact on human health. [ Conclusions ] This study provides reference for establishing the residue limit standard of clothiani-

din in Chinese chives.
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Chinese chives are a perennial herbal plant, and Tangshan
area is also one of the important areas for chive cultivation'" .
Bradysia odoriphaga is a common pest in Chinese chive produc-
tion, which mainly affects root absorption, causes premature aging
and reduces production. The most common control method is root
irrigation. Compared with other methods, irrigated roots are more
likely to produce pesticide residues””’. Clothianidin is a new type
of insecticide with the structural formula shown in Fig. 1. It has
the good safety, high efficiency and high selectivity of neonicotin-
oids”’ , as well as good root absorption and strong penetration™ .
Studies have shown that clothianidin has a good control effect on
B. odoriphaga and can affect the growth and development of its
larvae™ . The mechanism of clothianidin is different from other
pesticides, and it is not easy to produce cross-resistance when
mixed with beta-cypermethrin and other pesticides, which can pro-
long the service life of pesticides ®’. Because of its good control
effect and high cost performance, clothianidin is widely used in
Chinese chive production, and its residue problem is becoming
more and more serious.

In recent years, clothianidin is widely used in vegetable
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cultivation, and the research of clothianidin mainly focuses on
vegetables'”’. In addition, there are many related studies on the
residue of procymidone in Chinese chives and dietary risk assess-

mentm

. However, few studies have been conducted on the resi-
due and dietary risk assessment of clothianidin in Chinese chives
in different months of the year, and the maximum residue limit
standard of clothianidin in Chinese chives has not been established
in GB 2763-2021. Therefore, in this study, high performance lig-
uid chromatography-tandem mass spectrometry ( HPLC-MS/MS)
was applied to determine the residues of clothianidin in 147 batches
of Chinese chive samples and assess the dietary risk, aiming to pro-
vide basic data for the supervision and management of pesticide resi-
dues of clothianidin in Chinese chives and reference for establishing

the residue limit standard of clothianidin in Chinese chives.
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Fig. 1 Structure diagram of clothianidin

Materials and methods
Sample collection

From various markets in Tangshan, 147 batches of Chinese
chive samples were randomly collected, and each sample was not
less than 3 kg. Sampling was carried out by the quartering
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method. After division, each sample was treated in a wall-break-
ing machine, and the homogenate was added in a labeled polyeth-
ylene sample bottle, and stored at —18 °C for testing.
Instruments and equipment

LCMS-8050 high performance liquid chromatography-tandem
mass spectrometer ( equipped with electrospray ion source ESI,
Shimadzu Corporation, Japan); chromatographic column: phe-
nomenex biphenyl (50 mm x3.0 mm x2.6 pm) ; SiO-6512 auto-
matic pretreatment equipment ( Beijing Ability Technology
Co. , Lid. ) ; TTL-DCLL nitrogen blower ( Beijing Tongtai Lianke
Development Co. , Lid. ); JJ-200 electronic balance ( Changshu
Shuangjie Instrument Factory); SZ13022-NY 0. 22 pm organic
microporous membrane ( Tianjin Linghang Experimental Equip-
ment Co. , Ltd. ).
Reagents

Clothianidin reference material (1 000 wg/ml, Agro-environ-
mental Protection Institute, Ministry of Agriculture and Rural Af-
fairs) ; chromatographically pure methanol and acetonitrile ( purity
>99.9% , Dikma Technologies) ; chromatographically pure for-
mic acid ( purity >98. 0% , Xiya reagent) ; chromatographically

Table 1 Mass spectrometry parameters of clothianidin

pure ammonium formate ( purity >99.9% , Tianjin Guangfu Fine
Chemical Research Institute ) ; extraction package (including ex-
tractant magnesium sulfate,, sodium chloride, sodium citrate buffer
salt and purifying agent) ; R108 zirconia beads and VO3S double-
layer extraction purification tubes ( Beijing Ability Technology
Co. , Lid. ) ; experimental water ( Guangzhou Watsons Food and
Beverage Co. , Lid. ).

Experimental methods

Sample pretreatment First, a 10.0 g of Chinese chive sample
(accurate to 0.01g) was weighed, and added with 10 ml of aceto-
nitrile, zirconia beads and the material bag for extraction and puri-
fication. QuEChERS automatic pretreatment equipment was used
for treatment. Then, the supernatant was filtered with 0. 22 pm
organic microporous membrane and directly determined by high
performance liquid chromatography-tandem mass spectrometry
(HPLC-MS/MS) after.

Detection condition Ion source: electrospray ion source ESI;
scanning mode; MRM ( + ) ; quantitative ion (m/z): 250.0/169. 1;
qualitative ion (m/z) : 250.0/132.0; residence time: 4.0 msec.
The parameters are shown in Table 1 in details.

Name Quantitative ion (m/z) Qualitative ion (m/z) Residence time (msec) QI Pre deviation (V) CE (V) Q3 Pre deviation (V)
Clothianidin 250.0 250.0 -11.0 -14.0 -18.0
169. 1 132.0 -16.0 -12.0 -29.0

Chromatographic column: phenomenx biphenyl (50 mm X
3.0 mm x2.6 pm) ; column temperature: 40 °C; flow rate: 0.4
ml/min; nebulizer flow: 3 /min; DL temperature; 250 °C ; dr-
ying gas flow: 10 L/min; sample volume: 2 ul; pump A: water
phase, containing 0. 05% formic acid and 5 mmol/L. ammonium
formate; pump B: organic phase, pure methanol. The gradient
elution conditions are shown in Table 2.

Table 2 Gradient elution procedure of clothianidin

Time Flow rate Concentration Concentration
of pump A of pump B
0.00 0.40 90.00 10.00
0.50 0.40 90.00 10.00
5.00 0.40 5.00 95.00
8.00 0.40 5.00 95.00
8.01 0.40 90.00 10.00
10.00 0.10 90.00 10.00

Detection method and detection basis
The residue of clothianidin in Chinese chives was determined
according to GB 23200. 121-2021 Determination of 331 Pesticides and
Their Metabolic Residues in Plant-derived Foods: LC-MS/MS o1,
According to GB 2763-2021 National Food Safety Standard .
Maximum Residue Limits of Pesticides in Food, there is no maxi-
mum residue limit for clothianidin in Chinese chives' .
The calculation formula of sample detection rate is as follows ;
Sample detection rate (% ) = Detected sample batches/Total
sample batches x 100%
Risk assessment method

The whole population was divided into minors (0 - 17),

adults (18 =59) and elderly people (over 60) according to their
age. The average weights of minors, adults, elderly people and
the entire population were 35.5, 64.1, 63.0, and 57.7 kg, re-
spectively, and the average daily consumption of Chinese chives
was 4.65, 4.93, 2.36, and 4.45 ¢, respectively:]] .

The formula for calculating the index of food safety (IFS) is
as follows:

EDI=R xF XE xP (1)

IFS = (EDI xf)/(ADI x bw) (2)

In formula (1), EDI is the estimated value of actual
pesticide intake (mg) ; R is the detected value of pesticide cloth-
ianidin residue in Chinese chives (mg/kg); F is the estimated
daily intake of Chinese chives (kg) ; E is the edible part factor of
Chinese chives, £ =1; and P is processing factor of Chinese
chives, P =1.

In formula (2), IFS is the index of food safety; F is the cor-
rection factor of safe intake, f=1; ADI is the safe intake of pesti-
cide clothianidin, with the daily allowable intake of 0. 1 mg/kg bw
1905 and bw is per capita weight (kg).

IFS is used to evaluate the degree of potential safety hazards
in food. When IFS << 1, it means that the pesticide residue has
no impact on health. When IFS <1, it means that the risk of pes-
ticide residue is acceptable. When IFS >1, it means that the risk
of pesticide residue exceeds the acceptable range.

Results and Analysis
Detection results of clothianidin in Chinese chives
Among the 147 batches of Chinese chive samples tested, 46

batches of samples were detected to contain clothianidin, and the
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detection rate was 31.29% . The residual level ranged from 0. 012
to 3.516 mg/kg, with an average value of 0. 274 mg/kg. The low-
est residual amount was 0. 012 mg/kg, and the highest residual
amount was 3. 516 mg/kg. Ma et al. ™ detected 121 batches of
Chinese chive samples to be listed in Shanxi Province from June
2019 to March 2020, and the detection rate of clothianidin was as
high as 81. 00% . The detection rate of clothianidin obtained by

Table 3 Residue levels of clothianidin in Chinese chives

Yan et al. "' among 171 batches of samples was the highest, at
41.20% , which posed a potential risk to human health. In recent
years, clothianidin is a recommended pesticide for controlling
B. odoriphaga, and the detection frequency has increased year by
year. The residual levels from January to December are shown in

Table 3.

No. Detection month  Residue level || Detection month ~ Residue level Detection month || Detection month ~ Residue level  Detection month

('month) mg/kg ('month) mg/kg ('month) ('month) mg/kg ('month)
CJoo1 1 0.082 CJo32 3 0.014 CJ105 7 0.048
CJoo4 1 0.102 CJo37 3 0.397 CJ107 7 0.061
CJoo8 1 0.207 CJo38 3 0.059 CJ108 7 0.057
CJO09 1 0.028 CJo43 4 0.054 CJ110 7 0.292
CcJoi4 2 0.039 CJo44 4 0.088 CJ113 7 0.241
cJo1s 2 0.039 CJos7 5 0. 158 CJ120 8 0.044
cJor7 2 0.053 CJos8 5 0. 160 CJ123 8 0.111
CJo18 2 0.054 CJo61 5 0.071 CJ127 9 0.049
CJ020 2 0.065 CJoo4 5 0.015 CJ133 9 0.306
CJo21 2 0.825 CJo78 5 0.393 CJ136 9 0.061
CJo22 2 0.596 CJo79 5 0.098 CJ139 10 0.012
CJo23 2 0.207 CJOogo 5 0.049 CJ141 11 0.997
CJo25 3 0.502 CJos4 6 0.013 CJ142 12 3.516
CJ026 3 0.132 CJo92 6 0.093 CJ146 12 0.517
CJ029 3 0.329 CJo98 6 0.032 Other number 1-12 Not detected
CJo31 3 1.209 CJ104 7 0.128

Residue status of clothianidin in different months

As can be seen from Table 4, the sampling batches in May
and June were relatively high, with 28 and 20 batches, respective-
ly, and the detection rates were 25. 00% and 15. 00% , respec-
tively. The sampling batches in October and November were few,
and 1, respectively, and the detection rates were 50. 00% and
100. 00% , respectively. In other months, the sampling batches
ranged from 6 to 17, and the detection rate ranged from 14.29% to
72.73% . The sampling batches were the most in May, and 7 bat-
ches were detected, with a detection rate of 25. 00% . The sam-
pling batches were fewest in November, and only one batch was
detected, and the detection rate was 100.00% . The detection fre-
quency of clothianidin was the highest in February, with 8 bat-
ches, and the detection rate was as high as 72. 73% . The detec-
tion rate was higher in February, July and November, as shown in
Fig. 2. There is no overwintering phenomenon in B. odoriphaga,
which can cause continuous damage throughout the year, and the
peak periods of damage are from May to July and November
which is basically consistent with the research results of this study.
The higher detection rate in February might be due to the influence
of different cultivation and management methods on the damage de-
gree of B. odoriphaga, or it might be because that farmers applied
pesticides in advance to prevent B. odoriphaga and did not strictly
implement the provision about the harvesting interval, resulting in

a higher detection rate of pesticide residue.

Table 4 Detection rate of clothianidin in different months

Sampling batches Detected batches detection rate

Month batches batches %

1 13 4 30.77
2 11 8 72.73
3 17 7 41.18
4 14 2 14.29
5 28 7 25.00
6 20 3 15.00
7 11 6 54.55
8 10 2 20.00
9 14 3 21.43
10 2 1 50.00
11 1 1 100. 00
12 6 2 33.33

Assessment of dietary intake risk

It can be seen from Table 5 that for juveniles, the IFS of
clothianidin in Chinese chives was between 0.000 015 7 and
0.004 605 5, with an average value of 0.000 589. Specifically, the
IFS of Chinese chive samples from batches 1 —42 was far less than
1, indicating that the pesticide residue of clothianidin had no impact
on health. The IFS of Chinese chive samples of batches from 43 to
46 was less than 1, indicating that the pesticide residue of clothiani-

din posed a risk to human health, but the risk was acceptable.
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Fig. 2 Detected batches and detection rate of clothianidin in Chi-

nese chives in different months

The IFS of clothianidin in Chinese chives for adults ranged
from 0.000 009 2 to 0.002 704 2, with an average value of
0.000 210 7. The IFS of Chinese chives samples from batches 1 —
45 were far less than 1, indicating that the pesticide residues of
clothianidin had no impact on health. The IFS of Chinese chive
samples from batch 46 was less than 1, indicating that the pesti-
cide residue of clothianidin was hazardous to health, but the risk
was acceptable.

The IFS of clothianidin in Chinese chives for elderly people
ranged from 0.000 004 5 to 0.001 317 1, with an average of
0.000 102 6. The IFS of Chinese chives samples from batches 1 —
45 was far less than 1, indicating that the pesticide residue of
clothianidin had no impact on health. The IFS of Chinese chive
samples from batch 46 was less than 1, indicating that the pesti-
cide residue of clothianidin posed a risk to health, but the risk was
acceptable.

The IFS of clothianidin in Chinese chives for the entire popu-
lation ranged from 0. 000 004 5 to 0.001 317 1, with an average of
0.000 102 6. The IFS of Chinese chive samples from batches 1 -
45 was far less than 1, indicating that the pesticide residue of thia-
cloprid had no impact on health. The IFS of Chinese chive samples
from batch 46 was less than 1, indicating that the pesticide residue
of clothianidin posed a risk to health, but the risk was acceptable.

To sum up, the pesticide residue of clothianidin was risky to
the health of people of all ages, but the risk was acceptable.

Table 5 Index of food safety (IFS) of clothianidin in Chinese chives for
various age groups

No. Minors Adults The elderly  Entire population
CJoor  0.000 0157  0.0000092  0.000 004 5 0.000 009 3
CJoo4  0.0000170  0.0000100  0.000 004 9 0.000 010 0
CJoo8  0.000 0183  0.000 0108  0.000 005 2 0.000 010 8
CJ009  0.0000196  0.0000115  0.000 005 6 0.000 011 6
CJ014  0.000 0367  0.0000215  0.000 0105 0.000 021 6
CJ015  0.0000419  0.0000246  0.000 012 0 0.000 024 7
CJ017 ~ 0.000 051 1 0.0000300  0.000 014 6 0.000 030 1
CJ018  0.000 051 1 0.0000300  0.000014 6 0.000 030 1
CJ020  0.000 0576  0.0000338  0.000 016 5 0.000 033 9
CJo21  0.0000629  0.0000369  0.000 018 O 0.000 037 0
CJ022  0.0000642  0.0000377  0.000 018 4 0.000 037 8
CJ023  0.000 0642  0.0000377  0.000 018 4 0.000 037 8
CJ025  0.0000694  0.0000408  0.000 0199 0.000 040 9

( Continued )

2024
(Table 5)
No. Minors Adults The elderly  Entire population
CJ026  0.000 0707  0.000 0415  0.000 020 2 0.000 041 6
CJ029  0.0000707  0.000 0415  0.000 020 2 0.000 041 6
CJo31  0.000 0747  0.000 0438  0.000 021 4 0.000 044 0
CJo32  0.0000773  0.0000454  0.000 022 1 0.000 045 5
CJo37  0.0000799  0.000 0469  0.000 022 9 0.000 047 0
CJo38  0.0000799  0.000 0469  0.000 022 9 0.000 047 0
CJo43  0.000 085 1 0.000 050 0 0.000 024 3 0.000 050 1
CJo44  0.0000930  0.000 0546  0.000 026 6 0.000 054 8
CJo57  0.000 1074  0.000 063 1 0.000 030 7 0.000 063 2
CJos8  0.000 1153  0.000 067 7  0.000 033 0 0.000 067 9
CJo61  0.000 1218  0.000 0715  0.000 034 8 0.000 071 7
CJoe4  0.000 1284 0.000 0754  0.000 036 7 0.000 075 6
CJ078  0.000 1336  0.000 078 4  0.000 038 2 0.000 078 7
CJ079  0.000 1454  0.000 0854  0.000 041 6 0.000 085 6
CJOs0  0.000 1677  0.000 098 4  0.000 047 9 0.000 098 7
CJog4  0.000 1729  0.000 1015  0.000 049 4 0.000 101 8
CJo92  0.0002070  0.000 1215  0.000 059 2 0.000 121 9
CJ098  0.0002096  0.000 123 1 0.000 059 9 0.000 123 4
CJ104  0.000 271 1 0.000 1592  0.000 077 5 0.000 159 6
CJ105  0.000 271 1 0.000 1592  0.000 077 5 0.000 159 6
CJI07  0.0003157  0.000 1854  0.000 090 3 0.000 185 9
CJI08  0.0003825  0.0002246  0.000 109 4 0.000 225 2
CJI10  0.0004008  0.0002353  0.000 114 6 0.000 236 0
CJI113  0.0004309  0.0002530  0.000 123 2 0.000 253 7
CJ120  0.000 5148  0.0003023  0.000 147 2 0.000 303 1
CJ123  0.0005200  0.0003053  0.000 148 7 0.000 306 2
CJI127  0.000 6575  0.000 386 1 0.000 188 1 0.000 387 2
CJI133  0.0006772  0.000397 6  0.000 193 7 0.000 398 7
CJ136 0.0007807  0.000 4584  0.000 223 3 0.000 459 7
CJ139  0.001 0806  0.000 6345  0.000 309 0 0.000 636 3
CJ141  0.0013059  0.0007668  0.000 373 5 0.000 768 9
CJ142  0.001 5836  0.0009299  0.000 4529 0.000 932 4
CJl146  0.0046055  0.0027042  0.001 317 1 0.002 711 6
Mean  0.0003589  0.0002107  0.000 102 6 0.000 211 3

Conclusions and Discussion

In this study, 147 batches of Chinese chive samples randomly
collected from various markets in Tangshan in 2023 were detected
for clothianidin pesticide residue. The results showed that 46 bat-
ches of samples were detected, with a detection rate of 31.29%
and a residue range of 0.012 to 3.516 mg/kg. The sampling batches
were more in May and June, but few in October and November, and
the detection rate ranged from 14.29% to 100.00% . The maximum
residual limit of clothianidin in Chinese chives has not been estab-
lished, and this study can provide reference for establishing the re-
sidual limit standard of clothianidin in Chinese chives in China.

The index of food safety (IFS) was calculated for 46 batches
of Chinese chive samples with clothianidin pesticide residues. The
results showed that the IFS of minors ranged from 0. 000 015 7 to
0.004 605 5. The value of adults ranged from 0. 000 009 2 to
0.002 704 2. The value of the elderly ranged from 0.000 004 5 to
0.001 317 1. And the value of the entire population ranged from
0.000 009 3 to 0.002 711 6. The average IFS values of minors,
adults, the elderly and the entire population were, respectively,
0.000 358 9, 0.000 210 7, 0.000 102 6 and 0.000 211 3, which

were far less than 1, indicating that clothianidin in Chinese chives
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detected in this study had no impact on health.

To sum up, the problem of pesticide residue of clothianidin in
Chinese chives is serious. Through the assessment of dietary intake
risk, the pesticide residue was within the safe range. However,
with the increasing demand for Chinese chives, farmers have in-
creased the use of clothianidin and related pesticides in pursuit of
yield and pest control, which has increased the pesticide residues to
a certain extent, which is likely to pose unacceptable risks to human
health. Therefore, it is suggested that relevant departments formulate
the maximum residue limit standard of clothianidin in Chinese
chives, enhance the supervision and management of pesticide use,
and strengthen the detection and evaluation of pesticide residues.
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