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Abstract An analytical method for the simultaneous de-

termination of flonicamid, imidacloprid, and its metabolites

is established. The method developed herein uses a rapid

extraction and cleanup procedure based on quick, easy,

cheap, effective, rugged, and safe followed by liquid

chromatography–tandem mass spectrometry. The effects of

various experimental parameters, including extraction,

salting-out agents, and purification sorbents, were investi-

gated to optimize the sample-preparation method; the op-

timized method was then validated using fortified samples.

Flonicamid, imidacloprid, and its metabolites spiked at

three concentration levels: 0.05, 0.1, and 0.5 mg kg-1; the

means of their recovery were determined by replicate

analysis at each level. Under the conditions described, the

mean recoveries of flonicamid, imidacloprid, and its

metabolites were in the acceptable range 70–120 % with a

satisfactory precision (RSD B20 %). This modified method

provides improved recoveries of flonicamid metabolites

and may be a useful analytical technique for the simulta-

neous determination of flonicamid, imidacloprid, and its

metabolites in fruits and vegetables.

Keywords Flonicamid � Imidacloprid � Liquid
chromatography-mass tandem spectrometry � Metabolite �
QuEChERS

Introduction

Flonicamid (N-cyanomethyl-4-trifluoromethylnicotinamide)

and imidacloprid [1-(6-chloro-3-pyridylmethyl)-N-ni-

troimidazolidin-2-ylideneamine] belong to the class of sys-

temic pesticides. Imidacloprid is the first member of

neonicotinoid insecticides used against sucking pests such as

aphids, whiteflies, and thrips. This pesticide acts as an agonist

of the nicotinic acetylcholine receptors (which is the target of

neonicotinoids) and has beenwidely used in agriculture owing

to high insecticidal effectiveness (Tomizawa et al. 1995).

Flonicamid, a pyridinecarboxamide compound, is a novel

systemic pesticide for use against aphids and other sucking

insects. This insecticide shows selective activity against

similar insecticides that show cross-resistance. Because

flonicamid’s mode of action does not involve the nicotinic

acetylcholine receptor, and because flonicamid inhibits the

feeding behavior of aphids, the use of this pesticideminimizes

both the toxicity to beneficial arthropods and the development

of cross-resistance in insects (Morita et al. 2007; Choi et al.

2009; Jansen et al. 2011).

When applied to crops, systemic pesticides reach the

inner parts of the plant and convert into a variety of

metabolites, many of which are toxic and show insecticidal

activity. In case of flonicamid, the degradation of floni-

camid produces several kinds of metabolites and some of

these biologically active metabolites are retained to a

considerable extent by plants and exhibit high toxicity (Son

et al. 2013). In fact, this has resulted in a trade conflict in

which paprika exported from the Republic of Korea to

Japan contained levels of flonicamid residue that exceeded

Japan’s maximum residue limit (MRL). The definition of

the flonicamid MRL in the Republic of Korea is restricted

to the parent compound, i.e., flonicamid, only; in contrast,

in Japan, the MRL is based on the sum of flonicamid and

& Taek-Kyum Kim

ktkiii@korea.kr

1 Chemical Safety Division, Department of Agro-food Safety,

National Academy of Agriculture Science, Rural

Development Administration, 166, Nongsaengmyeong-ro,

Wanju, Jeollabuk-do 565-851, Republic of Korea

123

J Korean Soc Appl Biol Chem (2015) 58(4):603–610 Online ISSN 2234-344X

DOI 10.1007/s13765-015-0083-1 Print ISSN 1738-2203

http://crossmark.crossref.org/dialog/?doi=10.1007/s13765-015-0083-1&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s13765-015-0083-1&amp;domain=pdf


its metabolites, 4-(trifluoromethyl)nicotinic acid (TFNA),

and N-4-(trifluoromethyl)nicotinoyl glycine (TFNG)

(KHIDI 2009; RDA 2012). Because the residue levels of

flonicamid metabolites remain high for long periods, it is

necessary to consider not only flonicamid but also the

residual characteristics of its metabolites in the application

of pesticides. Therefore, in 2010, the European Food Safety

Authority (EFSA) established the definition of total floni-

camid residue as the sum of the residual amount of the

parent compound and its metabolites and has raised the

MRL for flonicamid (EFSA 2010). Imidacloprid also

converts into a variety of metabolites, imidacloprid-olefin,

imidacloprid-guanidine, imidacloprid-urea, 6-chloronico-

tinic acid, in the inner parts of the plant (Sur and Stork

2003). These biologically active metabolites exhibit in-

secticidal activity and high toxicity to the honey bee. The

application of imidacloprid poison honey bees through

direct or oral contact with parent compound or its

metabolites. The acute toxicity LD50 of imidacloprid to the

bee is as high as 200 ng/bee and some of imidacloprid

metabolites have higher toxicity than that of the parent

compound (Nauen et al. 1998; Suchail et al. 2001; Bae

et al. 2013). If the metabolites have a residual toxicity and

are detected in significant amounts in crops, the safety of

agricultural products is thrown into doubt. Therefore, it is

essential that these metabolites are included in the residual

analysis. However, the majority of analytical studies have

focused on the parent compound and information about the

determination of pesticide metabolites in crops is very

limited. A reliable analytical method for the determination

of these metabolites in fruits and vegetables is also needed.

Only a few analytical methods have been developed for

the simultaneous determination of flonicamid, imidaclo-

prid, and its metabolites in biological samples (Hengel and

Miller 2007; Szczesniewski et al. 2009; Kamel 2010).

However, the sample-preparation procedures in these

methods are complex and time-consuming because of the

multiple steps involving liquid–liquid extraction and

cleanup by solid-phase extraction. In recent years, the

QuEChERS method and its various versions have been

used for the extraction of multiresidue pesticides from a

variety of crops because of the simplicity and flexibility of

sample preparation in this method (Anastassiades et al.

2003; Lehotay 2007; Lehotay et al. 2010). A few analytical

methods for the determination of flonicamid, imidacloprid,

and its metabolites in fruits and vegetables by using refined

QuEChERS methods and LC–MS/MS have been devel-

oped (Lee et al. 2011; Xu et al. 2011). However, these

methods show poor recoveries for the flonicamid metabo-

lites, TFNG and TFNA.

In this study, a rapid analytical method for the simul-

taneous determination of flonicamid, imidacloprid, and its

metabolites in crops was developed. This method, based on

a QuEChERS procedure, was modified by optimizing the

salting-out extraction and cleanup steps.

Materials and methods

Chemicals and standard solutions

Flonicamid and its metabolites, TFNA, and TFNG, were ob-

tained from Ishihara Sangyo Kaisha, Ltd. (Japan), and

imidacloprid and its metabolites, imidacloprid-guanidine,

imidacloprid-olefin, and imidacloprid-urea, were purchased

from Dr. Ehrenstorfer (Germany) (Fig. 1). HPLC-grade ace-

tonitrile was purchased from Merck (Merck KGaA, Ger-

many). Formic acid ([98 % purity), anhydrous magnesium

sulfate (MgSO4), and octadecysilane (C18) were purchased

from Sigma-Aldrich (USA). The QuEChERS extraction salt

package was purchased from Agilent Technologies (USA).

Water was prepared using a Milli-Q reagent water system

(Millipore, USA).

The individual stock standard solutions of the seven

compounds (flonicamid, imidacloprid, and its five

metabolites) were prepared in acetonitrile in a concentra-

tion of 100 mg/L. A multicompound intermediate standard

solution was prepared via appropriate dilutions of the in-

dividual stock standards with acetonitrile; six mixed

working solutions for calibration were prepared by several

dilutions of the intermediate standard solution with ace-

tonitrile. All the standard solutions were stored at -20 �C
in a dark bottle before use.

LC–MS/MS analysis

Sample analysis was conducted using an LC–MS/MS in-

strument (AB SCIEX 3200 QTRAP mass spectrometer;

Fig. 1 Chemical structures of flonicamid, imidacloprid, and its

metabolites
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Applied Biosystems, USA) coupled to an LC binary pump,

an autosampler, and a degasser (Agilent 1200; Agilent,

USA). The chromatographic separation was performed on

a Kinetex C18 column (100 mm 9 2.1 mm, 2.6-lm par-

ticle size; USA). The mobile phases A and B comprised

water with 0.1 % formic acid and acetonitrile with 0.1 %

formic acid, respectively. The initial mobile phase com-

position was 5 % B, which was held for 1 min, followed by

a linear gradient of up to 60 % B in 5 min, and then was

linearly increased to 95 % B in 5–10 min. The mobile

phase gradient was programmed to the initial conditions at

10.1 min and was maintained at this proportion to 15 min.

The flow rate was held constant at 0.2 mL/min throughout

the entire process and 10 lL of the sample was injected.

Tandem mass spectrometric (MS/MS) analysis was op-

erated in the positive electrospray ionization mode with a

voltage of 5000 V at 500 �C. Nitrogen ion-source gases G1
and G2 were 40 and 45 psi, respectively, with a curtain gas

at 25 psi. All the analytes were quantified using the mul-

tiple reaction-monitoring (MRM) mode. MRM transitions

were monitored according to the parameters listed in

Table 1. Analyst software version 1.5.1 from AB SCIEX

was used for quantitation and confirmation calculations.

Sample preparation

Fresh fruit samples were chopped, mixed well, and then

homogenized with dry ice using a high-speed blender

(Artlon Gold Mix DA338-G, Korea) and stored at -20 �C
until used for analysis. Extraction and cleanup were con-

ducted using the QuEChERS method introduced by Le-

hotay et al. (2010) and modified as follows: Homogenized

control samples (10 g) were fortified at appropriate con-

centrations and extracted with acetonitrile (10 mL) using a

combi-shaker (N-BIOTEK, NB-101MT, Korea) at 250 rpm

for 30 min. Anhydrous MgSO4 (4 g), NaCl (1 g), sodium

citrate (1 g), and disodium citrate sesquihydrate (0.5 g)

were added and the tube was shaken for 5 min, followed by

5 min of centrifugation at 3500 rpm. An aliquot of the

MeCN phase (1 mL) was transferred to a 2-mL plastic

centrifuge tube containing anhydrous MgSO4 (150 mg)

and C18 (25 mg). After shaking vigorously on vortex for

30 s, the tube was centrifuged at 10,000 rpm for 5 min.

The cleaned extracts were diluted to 1:1 with water and

then filtered through a 0.2-lm PTFE syringe filter (Pall

Corporation, USA) before injecting them into the LC–MS/

MS.

Recovery experiment

To evaluate the validity of precision and accuracy of the

developed method, the recovery studies were conducted at

three concentration levels: 0.05, 0.1, and 0.5 mg kg-1. A

homogenized control sample (10 g) was fortified with the

standards of flonicamid, imidacloprid, and its metabolites

in triplicate at each level. The samples were allowed to

stand for 30 min prior to extraction and processed later

according to the above extraction procedure and then

analyzed by LC–MS/MS. This study was conducted under

the same condition with 1 day for investigating inter-day

precision and accuracy.

Results and discussion

Extraction and cleanup

The QuEChERS approach includes an extraction and par-

titioning step, followed by a dispersive solid-phase ex-

traction procedure. This method is highly flexible with

Table 1 LC–MS/MS detection

parameters and retention times

for flonicamid, imidacloprid and

its metabolites

Analyte Retention time (min) Q1 (m/z) Q3 (m/z) DP (V) CE (V)

Flonicamid 3.60 230.12 203.1 41 23

148.2 41 37

TFNG 3.46 249.00 203.1 41 27

148.1 41 39

TFNA 3.51 192.09 148.1 46 29

98.1 46 39

Imidacloprid 3.73 256.16 209.1 36 21

175.1 36 23

Imidacloprid-guanidine 1.29 211.16 126.1 41 33

73.0 41 71

Imidacloprid-olefin 3.54 254.12 236.2 36 13

205.0 36 21

Imidacloprid-urea 3.53 212.16 128.2 36 27

126.0 36 33
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regard to the analyte properties and pH of the matrix, in

addition to the amounts and types of solvent, salts, and

sorbents. The QuEChERS method has recently been

modified to produce its several different versions depend-

ing on the type of various experimental parameters used,

including salts and sorbents. Different versions of QuE-

ChERS based on the original unbuffered method and two

modified versions, acetate-buffered version (AOAC Offi-

cial Method 2007.01) and citrate-buffered version (CEN

Standard Method EN15662), have been evaluated to im-

prove the results and efficiency of the determination of a

wide range of pesticides in crops. In particular, the QuE-

ChERS method using salts that provide pH buffering on the

matrix during extraction is widely used for certain pH-

dependent pesticides (Lehotay et al. 2005; Lehotay 2007).

Lehotay et al. found that the acetate-buffered method of

QuEChERS afforded higher recoveries for the pH-depen-

dent pesticides than the citrate-buffered version did (Le-

hotay et al. 2010). For this reason, and because of the polar

properties of TFNG and TFNA, we initially performed the

recovery assay of flonicamid, imidacloprid, and its

metabolites by using the acetate-buffered method. The

average recovery percentages of pesticides are listed in

Table 2. Good extraction recoveries were obtained for

flonicamid, imidacloprid, and imidacloprid metabolites,

whereas TFNG and TFNA yielded low recoveries

(5.5–51.0 and 3.1–18.0 %, respectively). Therefore, we

investigated how the extraction and cleanup factors in

sample preparation step affected the recovery of flonicamid

metabolites, TFNG and TFNA.

Optimization of extraction conditions

We conducted a comparison study of the three versions of

QuEChERS (the original unbuffered method, acetate-buf-

fered version, and citrate-buffered version) to determine the

best method and the choice of salt type to afford high re-

coveries of TFNG and TFNA. The effect of salts in the

QuEChERS partitioning step was investigated from the

recovery studies of flonicamid metabolites in paprika by

combining NaCl (unbuffered), sodium citrate (trisodium

citrate dehydrate, disodium hydrogen citrate sesquihydrate;

citrate-buffered), and NaOAc (acetate-buffered) with

MgSO4. The mean recoveries of the target analytes at

0.1 mg/kg spiked level are presented in Fig. 2. In the case of

NaCl and sodium citrate, acceptable high recoveries were

obtained, while the mean recoveries of TFNG and TFNA

were only 26.0 and 32.7 %, respectively, when NaOAc was

added to MgSO4. These results demonstrate that the citrate

buffer affords better and more consistent recoveries for two

analytes than the other tested versions. The salts used herein

are likely to be important for conducting the salting-out ex-

traction of analytes from the aqueous layer to the organic

layer. In addition, the pH in the partitioning step of the ex-

traction procedure may have an impact on the recoveries of

polar pesticides, TFNG and TFNA. Therefore, we selected

the citrate-buffered version for high extraction efficiency of

TFNG and TFNA and performed further investigation on the

simultaneous determination of flonicamid, imidacloprid, and

its metabolites.

Table 2 Average recovery

percentages (± SD) and relative

standard deviations (RSDs) of

fortified paprika samples with

flonicamid, imidacloprid and its

metabolites using AOAC

2007.01 QuEChERS approach

Analyte Fortified concentrations (mg kg-1) (%)

0.05 0.1 0.5

Recovery ± SD RSD Recovery ± SD RSD Recovery ± SD RSD

Flonicamid 104.7 ± 6.1 5.8 97.4 ± 2.5 2.5 97.5 ± 5.6 5.8

TFNG 51.0 ± 1.0 1.9 27.1 ± 1.8 6.6 5.5 ± 0.1 1.0

TFNA 18.0 ± 0.4 2.0 14.1 ± 0.4 3.0 3.1 ± 0.1 2.1

Imidacloprid 87.5 ± 2.7 3.1 86.7 ± 3.4 4.0 88.1 ± 1.9 2.1

Imidacloprid-guanidine 75.9 ± 1.2 1.5 64.2 ± 1.7 2.6 67.3 ± 3.9 5.8

Imidacloprid-olefin 85.4 ± 2.8 3.3 85.1 ± 4.3 5.0 80.3 ± 3.3 4.1

Imidacloprid-urea 75.3 ± 2.3 3.0 81.7 ± 6.7 8.2 80.3 ± 0.7 0.9

Fig. 2 Effect of salting-out agents on the recovery of flonicamid

metabolites from fortified paprika samples (0.1 mg kg-1). Three

types of salts were investigated for the extraction procedure of the

recovery experiment. This experiment was repeated three times with

similar results. Error bars indicate mean ± SD of three independent

experiments
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Optimization of cleanup procedure

Several pesticides that yielded poor recoveries with the

QuEChERS method were affected by the interference ef-

fects of the salts, as well as by the absorption to the sor-

bents in the cleanup step (Chen et al. 2013; Liang et al.

2013). Kwon et al. (2011) reported that polar pesticides

such as 2,4-D, 4-CPA, dicamba, MCPA, oxolinic acid, and

triclopyr were completely unrecovered when the QuE-

ChERS approach is used. These results were attributed to

the QuEChERS sorbent PSA: because PSA exhibits bind-

ing activity with organic acids and polar compounds, it

may affect pesticides containing carboxylic acid groups. In

addition, Ko et al. (2014) found that TFNG and TFNA

yielded poor recovery when PSA was used, because of

their chemical structures containing carboxylic acid group.

Therefore, we evaluated the effect of purification sorbents

on the recoveries of TFNG and TFNA. Satisfactory results

were achieved for two analytes when C18 were utilized. On

the other hand, the use of PSA negatively affects the re-

coveries of TFNG and TFNA (Table 3). There were sig-

nificant adverse effects on the recoveries of TFNG and

TFNA when small quantities of PSA were used and the

average recoveries were reduced as the amount of PSA

increased. Moreover, we conducted a similar comparison

study of recoveries using 0, 50, and 150 mg of MgSO4.

The mean recoveries of the target analytes at the 0.1 mg/kg

spiked level were 108.8, 101.1, and 83.8 % for TFNG; and

89.3, 94.1, and 97.0 % for TFNA, respectively. Using these

results, we modified the QuEChERS method for the si-

multaneous determination of flonicamid, imidacloprid, and

its metabolites to use the citrate buffer in the partitioning

extraction step, followed by a cleanup procedure using

MgSO4 and C18.

Method validation

For flonicamid, imidacloprid, and its metabolites, the ma-

trix-matched calibration curves were obtained by plotting

the peak area versus the concentration of the analytes in

0.005–1 lg/mL. The linearities are listed in Table 4. Sat-

isfactory linearities with correlation coefficients (R2) above

0.999 were achieved for all analytes. The LODs for floni-

camid, imidacloprid, and its metabolites, calculated as

signal-to-noise (S/N) ratio of 3, were estimated to be

5–10 ng/g (Table 4).

Recovery studies were conducted by using blank sam-

ples of paprika fortified at three different concentrations:

0.05, 0.1, and 0.5 mg kg-1 in three replicates. The results

from the recovery experiment are listed in Table 5. For

flonicamid, imidacloprid, and its metabolites, the mean

recoveries ranged from 78.4 to 109.3 % with the RSDs of

0.2–6.2 % in paprika. Inter-day precision and accuracy

were determined by total RSD and average recovery per-

cent of three concentrations studies in each pesticide. The

mean recoveries ranged from 84.0 to 100.0 % with the

RSDs of 2.4–8.1 %. With this method, all the analytes

showed acceptable results with a satisfactory accuracy and

precision (RSD for precision better than 20 % and recovery

values for accuracy between 70 and 120 %); these results

demonstrate that the optimized method described herein is

reliable for the analysis of flonicamid, imidacloprid, and its

metabolites in crops.

Method application

The method developed herein was applied to real samples of

different fruits and vegetables collected from field sites. One

samples each of apple, cucumber, pear, red pepper, and

strawberry, for which MRLs for flonicamid have been estab-

lished,were chosen (KFDA2014).Thesefield samples,which

were confirmed as flonicamid and imidacloprid-free products

based on pesticide-residue analysis, were used as the control

sample. Each of the matrix-matched calibrations was settled

on depending on the matrix and recovery experiments were

conducted at three different concentrations: 0.05, 0.1, and

0.5 mg kg-1. The recoveries of all the analytes in the five

samples were in the accepted range with relative standard

Table 3 Effect of dispersive

agents on the recovery of

flonicamid metabolites from

fortified paprika fruit

(0.1 mg kg-1)

Amounts of sorbent (mg) Average recovery percentages (± SD) (%)

TFNG TFNA

C18 PSA C18 PSA

0 104.2 ± 2.5 107.7 ± 3.2 93.7 ± 3.7 98.5 ± 2.5

10 107.8 ± 4.6 39.7 ± 1.5 96.9 ± 1.3 44.4 ± 3.1

20 103.5 ± 7.6 33.4 ± 0.4 95.6 ± 3.7 35.3 ± 1.8

30 95.6 ± 4.2 31.7 ± 0.2 96.0 ± 1.8 29.9 ± 0.3

40 113.9 ± 1.9 30.5 ± 0.4 94.1 ± 3.3 26.8 ± 0.5

50 113.9 ± 2.8 30.4 ± 0.4 97.3 ± 2.0 24.4 ± 0.6

As dispersive agents, 0–50 mg of C18 and PSA were used
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deviations of\20: 78.9–105.8 % in apple, 88.1–111.5 % in

cucumber, 72.5–107.8 % in pear, 79.5–113.1 % in red pep-

per, and 86.8–105.6 % in strawberry (Table 6). These results

demonstrate that this optimized analytical method can also

yield satisfactory recovery and precision in the analysis of

flonicamid and its metabolites present in fruits and vegetables

other than paprika.

We have developed a modified QuEChERS procedure

coupled with LC–MS/MS for the simultaneous analysis of

flonicamid, imidacloprid, and its metabolite residues in

paprika. By investigating the effect of various ex-

perimental parameters, we were able to optimize the

sample-preparation method, including extraction, salting-

out agents, and purification sorbents. This method was

validated with fortified samples and good precision and

accuracy were obtained. Traditional analytical methods

for flonicamid and imidacloprid also had a acceptable

validation data (Hengel and Miller 2007; Szczesniewski

et al. 2009; Kamel 2010). However, the sample-prepara-

tion procedures in these methods are complex and time-

consuming because of the multiple steps involving liquid–

liquid extraction and cleanup by solid-phase extraction.

Compared with these methods, the preparation procedure

in modified QuEChERS method was very rapid and

simple. So QuEChERS method was thought to be a very

useful method.

For the safe use of pesticides, it is essential that ac-

curate analysis and management, both of the parent

compound and its metabolites, is carried out. In addition,

it is important to understand the residual characteristics of

pesticides and their metabolites. Thus, we are currently

investigating the residual patterns of flonicamid and

imidacloprid in paprika by using the results obtained by

comparing the residual amount of flonicamid, imidaclo-

prid, and its metabolites in each part of the crop. Pesticide

metabolites such as flonicamid metabolites remain in

plants a long-period time and exhibit lasting toxicity. At

present, however, studies on the residue level and toxicity

of metabolites have been limited. The method developed

and described herein may constitute a powerful tool to

unravel the long-term fate of pesticide metabolites and

would facilitate the safety evaluation of the pesticide.

Table 4 Linearity and

regression coefficients of

matrix-matched standard curves

of flonicamid, imidacloprid and

its metabolites by LC–MS/MS

Analyte Calibration equation R2 LOD (ng g-1)

Flonicamid Y = 886278X ? 953.7 1.0000 5

TFNG Y = 499548X ? 3256.7 0.9990 10

TFNA Y = 1594293X ? 11302 0.9999 10

Imidacloprid Y = 561323X - 2724.2 0.9998 5

Imidacloprid-guanidine Y = 1541989X ? 9092.3 0.9996 5

Imidacloprid-olefin Y = 60533.6X - 1351.8 0.9999 10

Imidacloprid-urea Y = 1464589X - 4770.9 0.9999 5

Table 5 Recoveries and relative standard deviations (RSDs) of flonicamid, imidacloprid and its metabolites from fortified paprika samples

Analyte Fortified concentrations (mg kg-1) (%) Intraday precision and accuracy

0.05 0.1 0.5

Recovery ± SD RSD Recovery ± SD RSD Recovery ± SD RSD Recovery ± SD RSD

Flonicamid 95.5 ± 1.3 1.4 93.3 ± 3.4 3.7 99.8 ± 0.3 0.3 96.2 ± 3.4 3.5

TFNG 109.3 ± 6.8 6.2 97.4 ± 2.2 2.3 93.3 ± 2.2 2.3 100.0 ± 8.1 8.1

TFNA 93.4 ± 2.9 3.1 87.8 ± 1.6 1.9 87.1 ± 2.3 2.6 84.0 ± 4.8 5.7

Imidacloprid 90.3 ± 3.9 4.3 95.9 ± 2.4 2.5 95.5 ± 0.2 0.2 93.9 ± 3.5 3.8

Imidacloprid-guanidine 95.7 ± 0.8 0.8 85.3 ± 0.3 0.3 78.4 ± 3.9 5.0 86.5 ± 7.8 9.0

Imidacloprid-olefin 85.4 ± 4.7 5.5 95.9 ± 2.7 2.9 96.9 ± 2.0 2.1 92.7 ± 6.2 6.7

Imidacloprid-urea 93.2 ± 3.2 3.4 94.8 ± 3.5 3.7 92.7 ± 1.8 1.9 93.6 ± 2.7 2.4
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