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Abstract
In this study, we determined the concentration of seven neonicotinoid insecticides and 13 of their metabolites in 46 bottled green-

tea beverages, and estimated the daily intake of neonicotinoids in adults and children from these drinks. Liquid chromatography 
coupled with electrospray ionization tandem mass spectrometry (LC–ESI/MS/MS) analysis revealed that six neonicotinoids 
and two metabolites were detected in bottled green-tea beverages, and the 50th percentile concentration indicated dinotefuran > 
thiacloprid > clothianidin > imidacloprid > thiamethoxam > acetamiprid > N-desmethyl-acetamiprid > thiacloprid-amide. The 
concentration and composition profile of neonicotinoids in bottled green-tea beverages were different between brands; however, 
no significant differences were observed among manufacturing sites. The concentration of acetamiprid in bottled green-tea 
beverages was significantly correlated with that of N-desmethyl-acetamiprid. A significant relationship between concentrations of 
thiamethoxam and clothianidin in bottled green-tea beverages was also observed, suggesting those neonicotinoids are metabolized 
during the tea leaves cultivation period. The daily intake for neonicotinoids in both adults and children from consumption of 
bottled green-tea beverages was <2.1% when compared with the acceptable daily intake (ADI) of neonicotinoids.

Keywords : neonicotinoid insecticide, bottled green-tea beverages, dinotefuran, N-desmethyl-acetamiprid, acceptable 
daily intake

Ⅰ　Introduction

Neonicotinoid insecticides are widely used as an alternative 
to organic phosphorus- and carbamate-type agricultural 
chemicals. These neonicotinoids currently account for 
approximately one-third of the world insecticide market1). 
In Japan, tons of neonicotinoid insecticides have entered 
the market since 19932). The first one to be registered was 
imidacloprid, followed by acetamiprid3). Other neonicotinoids, 
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such as nitenpyram, thiacloprid, clothianidin, thiamethoxam, 
and dinotefuran, are also commercially available in Japan, and 
their domestic sales are increasing3). In 2016, dinotefuran, a 
non-chlorinated neonicotinoid, was the most sold insecticide 
in Japan, followed by clothianidin, imidacloprid, and 
acetamiprid4).

Neonicotinoids have widely been used in agriculture and 
home gardening, and because of their systemic nature as 
insecticides, they are absorbed by the root system, leaves, and 
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fruit surface5). Furthermore, neonicotinoids have the potential 
to persist in plants, soil, and natural water3). These findings 
suggest that human intake of neonicotinoids may occur not 
only through food but also through drinking water. However, 
limited information is available regarding the effects of 
neonicotinoids in, such as fruits and tea beverages, on human 
health.

Neonicotinoids, a class of insecticides chemically related to 
nicotine, are systemic insecticides that possess nicotinic action 
as an nicotinic acetylcholine receptor (nAChR) agonists3). 
However, some neonicotinoid metabolites might also 
activate nAChRs and be more toxic to mammalian nAChRs 
than to insect nAChRs6). The toxicological effects of these 
metabolites have not been fully investigated.

Tea is one of the most frequently consumed beverages in 
the world, and has been attributed with anticancer and anti-
inf lammatory effects7). Among tea beverages, green tea is 
one of the traditional drinking waters in Japan. Green tea 
has many health benefits, such as antitumor, antioxidative, 
and hypolipidemic activity8). A recent study has reported 
that Japanese people are consuming more tea beverages 
as the health consciousness of consumers has increased9). 
Although the consumption of the green-tea leaves has 
been decreasing, that of green tea bottled in polyethylene 
terephthalate (PET) has been increasing10). The consumption 
of green-tea beverages per capita in 2016 was estimated to be 
22 L10). However, limited data are available on neonicotinoid 
concentrations in these green-tea beverages.

Ou r resea rch g roup has prev iously examined the 
concentration of seven neonicotinoids and twenty metabolites 
in Sri Lankan black tea leaves and Japanese green tea 
leaves6). In addition, we have also demonstrated that six 
neonicotinoids: acetamiprid, clothianidin, dinotefuran, 
imidacloprid, thiacloprid, and thiamethoxam, and their 
metabolites: N-desmethyl-acetamiprid, clothianidin urea, 
N-desmethyl-dinotefuran, dinotefuran-urea, thiacloprid-
amide, and 2-[Ethyl [(6-chloro-3-pyridinyl)methyl] amino]-
2-(methylimino)acetic acid (CPMA) were simultaneously 
detected in a small sample (n = 9) of bottled green-tea 
beverages purchased from convenience stores in Japan6). The 
objective of this study was to elucidate the concentration of 
neonicotinoids and their metabolites in a wide range of green-
tea beverage samples in Japan. Using solid-phase extraction 
and liquid chromatography coupled with electrospray 
ionization tandem mass spectrometry (LC–ESI/MS/MS) as 
previously described6), we determined the concentration of 
seven neonicotinoids and 13 of their metabolites (Table 1) in 
46 green tea drink bottles (two brands and produced in 14 
factories) purchased from supermarkets in Japan. We further 
compared the concentration levels between the two different 
brands and their manufacturing sites. To assess the effects of 

neonicotinoids concentrations in bottled green-tea beverages 
on human health, we compared the estimated daily intake 
(EDI) of neonicotinoids with the acceptable daily intake (ADI).

Ⅱ　Materials and Methods

1. Chemicals
Acetamiprid, dinotefuran, imidacloprid, and thiacloprid 

were obtained f rom Kanto Chemical (Tokyo, Japan). 
Clothianidin and N-desmethyl-thiamethoxam were obtained 
from Fluka (Buchs, Switzerland). Nitenpyram, CPMA, N-(6-
chloro-3-pyridylmethyl)-N-ethyl-N'-methyl formamidine 
(CPMF), and N-(6-chloro-3-pyridilmethyl)-N-ethylformamide 
(CPF) were obtained from FUJIFILM Wako Pure Chemical 
Corporation (Osaka, Japan). Clothianidin-d3, dinotefuran-d3, 
imidacloprid-d4, thiacloprid-d4, thiamethoxam-d4, and 
N-desmethyl-acetamiprid were purchased from Sigma-Aldrich 
(St. Louis, MO, USA). Hydroxy-imidacloprid was obtained 
from Hypha Discovery (Uxbridge, UK). Acetamiprid-d6 and 
nitenpyram-d3 were obtained from Hayashi Pure Chemical 
Ind., Ltd. (Osaka, Japan). Thiamethoxam was obtained from 
Dr Ehrenstorfer (Augsburg, Germany). Other neonicotinoid 
metabolites (N-acetyl-acetamiprid, N-acetyl-desmethyl-
acetamiprid, N-desmethyl-clothianidin, N-desmethyl-
dinotefuran, N-desmethyl-nitenpyram, thiacloprid-amide, and 
N-descyano-dehydro-thiacloprid) were synthesized in Toho 
University, as previously reported6).

2. Samples
From December 2014 to October 2015, a total 46 PET 

bottled green-tea beverages from two brands (these samples 
have different lot numbers; brand A: company A and brand 
B: company B) manufactured by different 14 factories 
of Japan (brand A: Hokkaido, Miyagi, Ibaraki, Saitama, 
Tokyo, Kanagawa, Hyogo, Hiroshima, and Okinawa. 
brand B: Gunma, Kanagawa, Wakayama, Hyogo, and 
Yamaguchi). These samples were collected and purchased 
from supermarkets in Japan. These ready-to-drink green-tea 
beverages are labeled as containing “domestic tea leaves,” and 
are stored in PET bottles. All the samples were stored at room 
temperature.

3. Chemical analysis
Neonicotinoids and their metabolites in bottled green-tea 

beverages were analyzed by a previously reported method6). 
Brief ly, 25 mL of bottled green-tea beverages was spiked 
with a mixture of 5 ng (50 µL of 100 ng/mL solution) of 
six deuterium-labeled neonicotinoids (clothianidin-d3, 
d i n o t e f u r a n - d 3,  i m i d a c lo p r i d - d 4 ,  t h i a c lo p r i d - d 4 , 
thiamethoxam-d4, and acetamiprid-d6) and added into tea 
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samples as an internal standard.
Presep® RPP 60 mg cartridges (FUJIFILM Wako Pure 

Chemical Corporation) were conditioned with 2 mL of 
methanol and 2 mL of distilled water. After pre-conditioning, 
the tea samples were loaded onto a Presep® RPP 60 mg 
car tr idge. ENVIcarb/PSA car tr idges (500 mg/300 mg) 
(Sigma-Aldrich) were conditioned with 10 mL of acetone. The 
Presep® RPP and ENVIcarb/PSA cartridges were connected 
in series; and elution of analytes was performed with 8 mL of 
dichloromethane:acetonitrile (2:8 v:v) solution. The extract 
was concentrated with a centrifugal concentrator (CVE-200D 
with UT-2000, EYELA, Tokyo, Japan) at 60°C for l hr. Finally, 
the samples were reconstituted with 100 µL of 3% methanol 
aqueous solution and transferred into vials for analysis. 
Seven neonicotinoids and 13 metabolites were simultaneously 
analyzed in each sample. The concentrations of neonicotinoids 
and metabolites in bottled green-tea beverages were expressed 
in ng/mL.

LC–ESI/MS/MS (Shimadzu 20 A series with LCMS8040; 
Shimadzu Co., Kyoto, Japan) equipped with RSpak DE-213 (2 
mm ID × 150 mm) (Showa Denko, Tokyo, Japan) was used to 
quantify pesticide residues in the samples. Mobile phases for 
HPLC analysis consisted of 0.1% formic acid + 10 mM acetic 
acid water solution (A) and 0.1% formic acid + 10 mM acetic 
acid methanol solution (B). The elution gradient was applied 
as follows: t = 0 to 2 min: 20% B, t = 11 min: 95% B, t = 11 to 
13 min: 95% B. The column oven temperature was 45°C, and 
the flow rate was 0.4 mL/min. The sample injection volume 
was 5 µL.

The ion izat ion mode was posit ive.  Condit ions of 
electrospray ionization (ESI) were as follows: nebulizing 
gas, 3 L/min; drying gas, 15 L/min; desolvation line (DL) 
temperature, 250°C; and heating block temperature, 400°C. 
Data acquisition of target compounds was determined by 
multiple-reaction monitoring in the positive ionization mode, 
and parameters for LC–ESI/MS/MS are listed in Table 1.

Table 1.　Multiple reaction monitoring transitions of target compounds and internal standards
(Ionization mode: positive) 

Neonicotinoids Retention time
(min)

Precursor ion
(m/z)

Product ion
(m/z)

Collision energy
(V)

Compound 　 　
Acetamiprid 9.751 223 126 -21
Clothianidin 8.494 249.9 132.05 -16
Dinotefuran 3.735 203 129.1 -13
Imidacloprid 8.349 256 209.05 -15
Nitenpyram 5.344 271 126.05 -29
Thiacloprid 11.075 252.9 126.05 -22
Thiamethoxam 6.383 291.9 211 -12

Metabolite 　 　
N-desmethyl-acetamiprid 9.525 208.9 126.05 -17
N-acetyl-acetamiprid 8.799 198.9 126.05 -20
N-acetyl-desmethyl-acetamiprid 6.717 184.7 126.05 -19
N-desmethyl-clothianidin 7.472 235.9 132.1 -12
N-desmethyl-dinotefuran 2.976 189 99.1 -12
Hydroxyl-imidacloprid 5.313 271.9 225.05 -18
N-desmethyl-nitenpyram 6.729 256.7 126.05 -29
CPMA 4.756 256 126.05 -23
CPMF 3.492 211.9 126.05 -21
CPF 9.847 198.9 128.1 -20
Thiacloprid-amide 8.773 270.9 126.05 -25
N-descyano-dehydro-thiacloprid 3.334 225.9 126.1 -19
N-desmethyl-thiamethoxam 9.021 277.6 132.05 -15

Internal standard 　
Acetamiprid-d6 9.926 229 126.1 -22
Clothianidin-d3 8.572 252.9 132 -17
Dinotefuran-d3 3.745 206 132.25 -14
Imidacloprid-d4 8.493 259.7 179.15 -20
Nitenpyram-d3 5.349 273.9 228.05 -12
Thiacloprid-d4 11.251 256.9 126.05 -23
Thiamethoxam-d4 6.421 295.7 215.05 -13
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4. Quality control and quality assurance
A mixture of 5 ng (50 µL of 100 ng/mL solution) of 

six deuterium-labeled neonicotinoids (clothianidin-d3, 
d i n o t e f u r a n - d 3,  i m i d a c lo p r i d - d 4 ,  t h i a c lo p r i d - d 4 , 
thiamethoxam-d4, and acetamiprid-d6) was added into tea 
samples as an internal standard before sample preparation and 
extraction. Quantitation was carried out using the internal 
standard method. Calibration points were evaluated at 5 
points and the average coefficient of determination (r2) for the 
calibration curves was greater or equal to 0.995. We checked 
the analytical methods for precision and accuracy.

Limits of quantification (LOQs) were calculated based on 10 
× SD/S (SD is the standard deviation of the response of seven 
replicate standard solution measurements and S is the slope 
of the calibration curve), and LOQs (ng/mL) of the analytes 
are reported in Ikenaka et al.6). The recovery rates in this 
study ranged from 70.0% to 116.7% for sixteen of the targeted 
compounds, except for N-acetyl-acetamiprid (33.2%), CPMA 
(47.9%), CPF (32.9%), and N-descyano-dehydro-thiacloprid 
(66.7%). Results of the four compounds whose recovery rates 
were <70% were considered as reference values6).

5. Estimated daily intake of neonicotinoid 
insecticides

The estimated daily intake (EDI) and maximum daily intake 
(MDI) of neonicotinoids through consumption of bottled 
green-tea beverages was calculated based on the following 
equation:

EDI =
Cmedian × FDC

Bw

MDI =
Cmax × FDC

Bw

Where Cmedian and Cmax are the 50th percentile and 
the maximum concentration of neonicotinoid in Japanese 
bottled green-tea beverage (ng/mL), respectively. Food 
daily consumption (FDC) represents the average food daily 
consumption of bottled green-tea beverage (L/day), Bw 
represents the average body weight (kg).

Daily consumption of bottled green-tea beverage among 
Japanese adults (over twenty years of age) and children (aged 
1–6 years) was assumed to be 2.6 L and 1.1 L, respectively11). 
In this study, to evaluate the maximum risk at the food daily 
consumption, we used the recommended amount of total water 
adequate intake as total beverages, including drinking water 
per day11). Average body weights (kg), 55.1 kg (adult) and 16.5 
kg (child) were assumed (Data of Japanese Ministry of Health, 
Labour and Welfare 2014) in this study. The EDI’s and MDI’s 
of neonicotinoids obtained from this study were compared 
with the ADI proposed by the Food Safety Commission of 
Japan12).

6. Data analysis
Data analysis was performed using SPSS statistical software 

v.25 (IBM Institute, New York, USA). Concentrations of 
neonicotinoids and their metabolites below their respective 
LOQs were replaced with a value of LOQ/2. Mann-
Whitney U tests were used to compare the concentrations of 
neonicotinoids and their metabolites in different brands of 
bottled green-tea beverages. Kruskal-Wallis tests were used 
to compare the concentrations of neonicotinoids and their 
metabolites in two brands of bottled green-tea beverages 
manufactured by different factories. To clarify the relationship 
among concentrations of neonicotinoids and their metabolites 
in bot tled green-tea beverages, Pearson’s cor relat ion 
coefficient was performed. Differences were considered 
statistically significant at p < 0.05.

Ⅲ　Results

1. Concentrations of neonicotinoid insecticides 
and their metabolites in bottled green-tea 
beverages

Six of seven neonicotinoid insecticides were detected in 
all Japanese bottled green-tea beverages sampled, and the 
detection frequency of these neonicotinoids was 100% (Table 
2). Nitenpyram was not detected in all of the samples (Table 
2). The 50th percentile concentrations of bottled green-tea 
beverages were highest for dinotefuran (2.42 ng/mL), followed 
by thiacloprid (2.11 ng/mL), clothianidin (1.45 ng/mL), 
imidacloprid (0.84 ng/mL), thiamethoxam (0.77 ng/mL), and 
acetamiprid (0.73 ng/mL). The sum of the concentrations of 
these 6 neonicotinoids (∑neonicotinoids) was 9.20 ± 1.97 ng/
mL.

Among 13 metabolites of neonicotinoids, two metabolites, 
N-desmethyl-acetamiprid (50th percentile concentration: 0.07 
ng/mL, detection frequency: 74%) and thiacloprid-amide (< 
LOQ and 2%), were detected in Japanese bottled green-tea 
beverages (Table 2). Other neonicotinoid metabolites were not 
detected.

2. Comparison of the concentrations and the 
compositions of neonicotinoid insecticides and 
their metabolites in different brands of bottled 
green-tea beverages

The concentrations of acetamiprid (p < 0.001), clothianidin 
( p < 0.05), thiacloprid ( p < 0.0001), and N-desmethyl-
acetamiprid (p < 0.01) in the bottled green-tea beverages 
of brand B were significantly higher than those of brand 
A (Fig. 1). No signif icant differences were observed in 
the concent rat ions of dinotefuran, imidaclopr id, and 
thiamethoxam between brand A and B of bottled green-tea 
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beverages (Fig. 1).
Comparison of the composition of neonicotinoids and their 

metabolites revealed that acetamiprid (10.1%), clothianidin 
(17.2%), imidacloprid (11.3%), thiacloprid (27.1%), and 
N-desmethyl-acetamiprid (0.93%) in the bottled green-tea 
beverages of brand B were higher than those of brand A (Fig. 
2). This study compared the composition of neonicotinoids 
and their metabolites in 46 bottled green-tea beverages of two 
brands manufactured in different factories. The results showed 
a tendency toward different compositions of neonicotinoids 
and their metabolites among individual bottled green-tea 
beverages (Fig. 2).

3. Comparison of concentrations of neonicotinoid 
insecticides and their metabolites in different 
factories of bottled green-tea beverages

No sig n i f ica nt  d i f fe rences  were  obse r ved i n  t he 
concentration levels of six neonicotinoids and two metabolites 
in bottled green-tea beverages of brand A manufactured in 
four factories (Miyagi, Tokyo, Hyogo, and Hiroshima) (Fig. 
3). In addition, no significant differences were observed in the 
concentration of six neonicotinoids and two metabolites in 

bottled green-tea beverages of brand B manufactured in four 
factories (Gunma, Kanagawa, Wakayama, and Hyogo) (Fig. 3).

4. Relationship among the concentrations of 
neonicotinoid insecticides and their metabolites 
in bottled green-tea beverages

We analyzed the relationships among the concentrations 
of neonicotinoids and their metabolites in bottled green-
tea beverages. A signif icant relationship between the 
concentration of acetamiprid and N-desmethyl-acetamiprid 
was found in bottled green-tea beverages of brand A (p < 
0.0001) (Fig. 4A). Similarly, in bottled green-tea beverages of 
brand B, the concentration of acetamiprid was significantly 
correlated to that of N-desmethyl-acetamiprid (p < 0.0001) 
(Fig. 4B).

A significant relationship between the concentration of 
thiamethoxam and clothianidin in bottled green-tea beverages 
of brand A was also observed ( p < 0.0001) (Fig. 4C). 
However, in bottled green-tea beverages of brand B, there 
was no significant relationship between the concentration of 
thiamethoxam and clothianidin (Fig. 4D).

Table 2. Concentrations (ng/mL) and detection frequencies of neonicotinoid insecticides and their metabolites in Japanese bottled 
green-tea beverages

Neonicotinoids and their metabolites mean ± SD (min–max)a 50th Freq (%)b

Acetamiprid 0.78 ± 0.41 (0.16–1.82) 0.73 100
N-desmethyl-acetamiprid 0.09 ± 0.03 (< LOQ–0.18) 0.07 74
N-acetyl-acetamiprid < LOQc < LOQ –d

N-acetyl-desmethyl-acetamiprid < LOQ < LOQ –
Clothianidin 1.52 ± 0.88 (0.23–3.78) 1.45 100

N-desmethyl-clothianidin < LOQ < LOQ –
Dinotefuran 2.57 ± 0.75 (1.44–4.94) 2.42 100

N-desmethyl-dinotefuran < LOQ < LOQ –
Imidacloprid 0.98 ± 0.45 (0.38–2.33) 0.84 100

Hydroxyl-imidacloprid < LOQ < LOQ –
Nitenpyram < LOQ < LOQ –

N-desmethyl-nitenpyram < LOQ < LOQ –
CPMA < LOQ < LOQ –
CPMF < LOQ < LOQ –
CPF < LOQ < LOQ –

Thiacloprid 2.21 ± 0.78 (1.12–3.69) 2.11 100
Thiacloprid-amide 0.05 (< LOQ–0.05) < LOQ 2
N-descyano-dehydro-thiacloprid < LOQ < LOQ –

Thiamethoxam 1.14 ± 0.89 (0.38–4.31) 0.77 100
N-desmethyl-thiamethoxam < LOQ < LOQ –

∑ neonicotinoids e 9.20 ± 1.97 (5.91–14.92) 8.93 100
a mean ± standard deviation (minimum–maximum).
b % frequency of detection.
c below limit of quantification (LOQ).
d not calculated due to < LOQ of neonicotinoid.
e sum of the concentrations of six individual neonicotinoids.
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Fig. 1. Concentrations of neonicotinoid insecticides and their metabolites in bottled green-tea beverages of two brands 
manufactured in Japan
Bars represent mean ± standard deviation (n = 24 for brand A, n = 22 for brand B). Asterisks (*, **, ***, and ****) denote significant differences 
between the concentrations in bottled green-tea beverages of brand A and brand B (p < 0.05, p < 0.01, p < 0.001, and p < 0.0001, respectively).

Fig. 2. Comparison of compositions of neonicotinoid insecticides and their metabolites in 46 bottled green-tea beverages of two 
brands manufactured in different factories in Japan

N-desmethyl-acetamiprid
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Fig. 3. Concentrations of neonicotinoid insecticides and their metabolites in bottled green-tea beverages of two brands 
manufactured in different factories in Japan
Bars represent mean ± standard deviation. Number in each parenthesis indicates the number of samples.

Fig. 4. Relationships between concentrations of acetamiprid and N-desmethyl-acetamiprid (panels A and B) and thiamethoxam 
and clothianidin (panels C and D) in bottled green-tea beverages of two brands (brand A, panels A and C; brand B, panels 
B and D) manufactured in Japan
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5. Assessment of dietary intake of neonicotinoid 
insecticides in Japan

We calculated the EDI and MDI values for adults 
and children using the 50th percentile and maximum 
concentrations of neonicotinoids in bot tled green-tea 
beverages, and compared them to the ADI for neonicotinoids 
(Table 3). Our results revealed that the EDI value of 
dinotefuran (0.1142 µg/kg/day) for adults was the highest, 
followed by thiacloprid (0.0996 µg/kg/day) and clothianidin 
(0.0682 µg/kg/day) (Table 3). For children, the EDI value of 
dinotefuran (0.1614 µg/kg/day) was the highest, followed by 
thiacloprid (0.1407 µg/kg/day) and clothianidin (0.0964 µg/kg/
day). The EDI values of these neonicotinoids for children were 
higher than those for adults (Table 3).

The MDI value of dinotefuran (0.2332 µg/kg/day) for 
adults was the highest, followed by thiamethoxam (0.2036 
µg/kg/day) and clothianidin (0.1782 µg/kg/day) (Table 3). For 
children, the MDI value of dinotefuran (0.3295 µg/kg/day) 
was the highest followed by thiamethoxam (0.2877 µg/kg/day) 
and clothianidin (0.2517 µg/kg/day). The MDI values of these 
neonicotinoids for children were higher than those for adults 
(Table 3).

Comparison of these figures with the proposed ADI values 
for neonicotinoids revealed that the neonicotinoids detected 
in bottled green-tea beverages represent less than 2.1% of the 
ADI for adults and children (Table 3).

Ⅳ　Discussion

In this study, we determined the concentration levels of 
seven neonicotinoid insecticides and 13 of their metabolites 
in a total of 46 bottled green-tea beverages in Japan. The 
LC–ESI/MS/MS analysis revealed that six neonicotinoids 
were detected in all bot tled green-tea beverages. The 

findings are consistent with our previous study showing 
that these neonicotinoids were detected with high frequency 
(78%–100%) in bottled green-tea beverages purchased from 
convenience stores in Japan6). Together, the results suggest 
that neonicotinoids are commonly detected in Japanese bottled 
green-tea beverages.

Among the six neonicotinoids analyzed in this study, 
dinotefuran levels in bottled green-tea beverages were highest, 
with the 50th percentile concentration of 2.42 ng/mL. The 
concentrations of dinotefuran were lower than in our previous 
study (50th percentile concentration: 17.51 ng/mL)6). A recent 
report has indicated that Japan purchased between 156.8–175.9 
tons of dinotefuran between 2013 and 2016, making it the 
top selling neonicotinoid among the seven neonicotinoids 
examined in this study4). The high domestic sales of 
dinotefuran in Japan may account for the high concentration 
of dinotefuran in bottled green-tea beverages.

In contrast to dinotefuran, the 50th percentile concentrations 
of other neonicotinoids, such as acetamiprid, clothianidin, 
imidacloprid, and thiacloprid in bottled green-tea beverages 
in this study were higher than those in our previous study6). 
Kamijo et al. has previously reported that the detection 
rate of dinotefuran in domestic crops (62%) was the highest 
among all neonicotinoids examined13). They also showed 
that the detection rate of pesticides in crops was different 
depending on the harvest season, suggesting that the growing 
environment, such as climate and cultivation method, could 
influence the detection rate of neonicotinoids in crops13). These 
results also suggest that the differences in the concentrations 
of dinotefuran and other neonicotinoids between the present 
study and the previous one might be due to both differences 
in the domestic sales volume of insecticides and the harvest 
season.

Tea leaves are mainly produced in China, India, Sri 
Lanka, Kenya, and Indonesia14). Liu et al. showed that two 

Table 3. Estimated daily intake (µg/kg/day) calculated by 50th percentile and maximum concentrations of neonicotinoid 
insecticides thorough consumption of Japanese bottled green-tea beverages

Neonicotinoids ADIa

(µg/kg/day)
50th/Maximum

(ng/mL)
EDIb/MDIc for adult EDI/MDI for child

µg/kg/day %ADI µg/kg/day %ADI
Acetamiprid 71 0.73/1.82 0.0346/0.0857 0.0487/0.1207 0.0489/0.1211 0.0688/0.1705
Clothianidin 97 1.45/3.78 0.0682/0.1782 0.0703/0.1837 0.0964/0.2517 0.0994/0.2595
Dinotefuran 220 2.42/4.94 0.1142/0.2332 0.0519/0.1060 0.1614/0.3295 0.0734/0.1498
Imidacloprid 57 0.84/2.33 0.0397/0.1099 0.0697/0.1928 0.0561/0.1553 0.0984/0.2724
Nitenpyram 530 < LOQd/< LOQ –e – – –
Thiacloprid 12 2.11/3.69 0.0996/0.1740 0.8298/1.4497 0.1407/0.2458 1.1724/2.0482
Thiamethoxam 18 0.77/4.31 0.0365/0.2036 0.2026/1.1311 0.0515/0.2877 0.2863/1.5981

a ADI: Acceptable Daily Intake12)

b EDI: Estimated Daily Intake calculated by the 50th percentile concentration from bottled green-tea beverage
c MDI: Maximum Daily Intake calculated by the maximum concentration from bottled green-tea beverage
d below limit of quantification
e not calculated due to < LOQ of neonicotinoid
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out of seven neonicotinoids, such as acetamiprid (detection 
frequency: 44%, concentration range: 0.2–10 µg/kg) and 
imidacloprid (12%, 2.8–6.3 µg/kg), were detected in Chinese 
tea leaves15). However, Ikenaka et al. reported that seven 
neonicotinoids were simultaneously detected in Japanese 
tea leaves (n = 39), and that the maximum concentration and 
detection frequency of acetamiprid were 472 µg/kg and 67%, 
respectively6). They also demonstrated that the maximum 
concentration and detection frequency of imidacloprid in 
Japanese tea leaves were 139 µg/kg and 92%, respectively6). 
These results suggest that the concentration and detection 
frequency of acetamiprid and imidacloprid in Japanese tea 
leaves are higher than those in Chinese tea leaves, and that 
the type and amount of neonicotinoids used for cultivating 
tea leaves might be different in Japan compared with other 
countries, such as China.

The present study showed that six neonicotinoid insecticides 
were simultaneously detected in bottled green-tea beverages, 
and that the concentrations of several neonicotinoids in brand 
B were significantly higher than those in brand A. The tea 
leaves used in bottled green-tea beverages of both brand 
A and B were grown in Japan. Interestingly, no significant 
differences was observed in the concentration levels of 
neonicotinoids in bottled green-tea beverages manufactured 
indifferent factories. In Japan, many pesticides, including 
neonicotinoids, are used to protect tea plants from various 
agricultural pests. Our results suggest that bottled green-tea 
beverages are being produced from tea leaves treated with 
multiple neonicotinoids in Japan.

In this study, two neonicotinoid metabolites, N-desmethyl-
acetamiprid and thiacloprid-amide, were detected in bottled 
green-tea beverages. N-desmethyl-acetamiprid was detected 
at high frequency (74%) and maximum concentration of 
0.18 ng/mL. A previous study has demonstrated that many 
neonicotinoid metabolites are produced in vivo, some of 
which are more toxic than the original neonicotinoid16). The 
metabolism of neonicotinoids in tea leaves is associated with 
oxidation (e.g., N-demethylation), reduction (e.g., conversion 
from N-nitro to imine), hydrolysis (e.g., conversion from 
cyano to amide), dehydrogenation, and N-acetylation6). 
Neonicotinoids undergo intense metabolism in plants, 
which leads to the production of different metabolites that 
may be consumed by humans or breeding animals1, 17-21). 
In fact, this study demonstrated that there is significant 
correlation between the concentration of acetamiprid and 
its metabolite N-desmethyl-acetamiprid in bottled green-tea 
beverages of brands A and B. In addition, the concentrations 
of thiamethoxam were significantly correlated with those 
of its principal metabolite clothianidin22) in bottled green-
tea beverages of brand A. A previous study detected seven 
metabolites of thiamethoxam, including the clothianidin, in 

a tea cell suspension culture, indicating that thiamethoxam is 
easily metabolized by tea cells23). 

Furthermore, the same study has also suggested that 
approximately 33.5% of thiamethoxam in tea leaves may 
be converted to major metabolites such as clothianidin23). 
These results suggest that acetamiprid and thiamethoxam in 
tea leaves used in bottled green-tea beverages cause to the 
production of metabolites, such as N-desmethyl-acetamiprid 
and clothianidin, during the plants’ life. However, the 
mechanism underlying the conversion of neonicotinoids to 
major metabolites by hot water extraction remains unclear.

This study clearly demonst rated the occur rence of 
neonicotinoids metabolites in bottled green-tea beverages, 
but the health effects of these metabolites were not fully 
investigated. Although thiacloprid-amide was detected at low 
frequency (2%) and relatively low concentration (max 0.05 ng/
mL) in bottled green-tea beverages, this metabolite does not 
have nicotinic properties. However, it can undergo hydrolysis 
to yield N-descyano-thiacloprid, which does have a nicotinic 
property6). Although only two neonicotinoid metabolites 
were detected in this study, the fate of these neonicotinoid 
metabolites after consumption of green-tea beverages is 
unknown. Moreover, N-desmethyl has nicotinic properties 
on nAChRs, and is known to be toxic for humans2, 6). Marfo 
et al. previously detected the metabolite of acetamiprid, 
N-desmethyl-acetamiprid, in the urine of a patient with 
neurological symptoms, such as memory loss and finger 
tremor2). The detection of N-desmethyl-acetamiprid was also 
associated with increased prevalence of the symptoms2). The 
presence of N-desmethyl-acetamiprid in urine could be caused 
by intake the food (including green-tea beverages) containing 
neonicotinoid metabolites. Further research is necessary to 
determine the effects of various neonicotinoid metabolites on 
human health.

Neonicotinoids are widely used in home gardening, 
agriculture, and termite extermination3, 6). In 2012, non-
chlorinated neonicotinoid, dinotefuran, was the most sold 
neonicotinoid, followed by clothianidin, imidacloprid and 
acetamiprid4), which could explain their abundance in various 
Japanese crops. Neonicotinoids are systemic insecticides 
that are absorbed through the root system, leaves and fruit 
surface5). However, little is known about their potentially 
hazardous effects on human health despite their toxicity, 
persistence in the environment and ability to enter into the 
food chain24). In this study we calculated the EDI and MDI 
values for adults and children using the 50th percentile 
and maximum concentrations of neonicotinoids in bottled 
green-tea beverages and compared them to the ADI values 
for neonicotinoids. Results revealed that the percentage of 
neonicotinoids detected in bottled green-tea beverages were 
less than 2.1% of the ADI for adults and children. The EDI 
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and MDI values of neonicotinoids for children were higher 
than those for adults because children exposed more per 
body weight than adults and belong to a vulnerable group25). 
The maximum residue levels (MRL) of neonicotinoids in 
Japan were set higher than other regions, such as EU and 
USA. However, a previous study showed that neonicotinoid 
concentrations in Japanese tea leaves were lower than the 
MRL recommended by Japan, US, EU, and CODEX6). Our 
results suggest that tea is one of the potential intake sources 
of neonicotinoids, although daily intakes of neonicotinoids 
detected in bottled green-tea beverages may be safe for adults 
and children given the current ADI values.
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概　要
本研究では、日本国内で市販されているペットボトル緑茶飲料（46試料）を対象として、7種のネオニコチノイド系農薬（以下、

NNs）および 13種の代謝物の濃度を測定し、食品としての安全性評価を試みた。固相抽出した試料中のNNsおよび代謝物の
定性・定量は、LC–ESI/MS/MSにより行った。全ての試料から 6種のNNsと 2種の代謝物（検出率：2～ 74%）が検出され、
これらの 50%タイル値は、dinotefuran > thiacloprid > clothianidin > imidacloprid > thiamethoxam > acetamiprid > N-desmethyl-
acetamiprid > thiacloprid-amideの順であった。また、一部のNNsおよび代謝物の 50%タイル値は、緑茶飲料の種類で異なって
いたが、製造工場間で違いは認められなかった。緑茶飲料中の acetamipridと代謝物 N-desmethyl-acetamiprid、thiamethoxam
と代謝物 clothianidinの間にそれぞれ有意な正の相関関係が認められ、茶葉の栽培中におけるNNsの代謝が示唆された。緑茶
飲料中のNNs濃度から成人と幼児におけるNNsの一日摂取量を試算し、NNsの一日摂取許容量（ADI）と比較したところ、緑
茶飲料からのNNsの一日摂取量は ADIの 2.1%未満であった。

キーワード : ネオニコチノイド系農薬、ペットボトル緑茶飲料、Dinotefuran、N-desmethyl-acetamiprid、一日
摂取許容量


