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ABSTRACT

The biological half-life and final residue levels of
buprofezin and teflubenzuron were examined in
peaches over a 14-day cultivation period. The
residue levels of buprofezin and teflubenzuron
were analyzed by chromatographic method with
recovery ranging from 84.0% to 96.6%. The bio-
logical half-lives of buprofezin and teflubenzu-
ron were 4.88 and 11.49 days at the standard
dose, and 4.40 and 10.86 days at a triple dose,
respectively. The initial concentration of bupro-
fezin exceeded the maximum residue limit (MRL)
set in Korea, but the concentration decreased to
below the MRL within 6 days after application.
The initial and persisting concentrations of te-
flubenzuron were all below the prescribed MRL.
The final residue levels of buprofezin and teflu-
benzuron were 0.17 and 0.10 mg-kg ™" following a
standard single dose, and 0.20 and 0.23 mg-kg™
following a triple dose, respectively. The final re-
sidue levels of buprofezin and teflubenzuron were
also compared with the good agricultural prac-
tices standards of the United States and lItaly.
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1. INTRODUCTION

Pesticides play a beneficial role in agriculture, com-
bating a variety of pests that destroy crops. However,
residues of pesticides can still be detected in the food
supply under certain circumstances, even when the pesti-
cides are applied in accordance with good agricultural
practices (GAP). These residues constitute a potential
risk to human health due to their sub-acute and chronic
toxicity. To prevent such a risk and to ensure the quality
of crops, the evaluation of pesticide residues based on
crop monitoring to verify compliance with statutory ma-
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ximum residue limits (MRLs) [1], is of considerable im-
portance to certify the safety of harvests.

Buprofezin [(Z)-2-tert-butylimino-3-isopropyl-5-phenyl-
1,3,5-thiadiazinan-4-one; Figure 1(a)] is a persistent in-
secticide with larvicidal action against Acarina, and some
Coleoptera and Hemiptera, through the inhibition of chi-
tin biosynthesis and effects on the hormone levels of ny-
mphs. Buprofezin is known to be a contact and stomach
poison, but this toxicity is not translocated to the plant. It
inhibits the molting of nymphs and larvae, leading to
death, and also suppresses oviposition by adults such that
exposed insects lay sterile eggs [2].

Teflubenzuron [1-(3,5-dichloro-2,4-difluorophenyl)-3-
(2,6-difluorobenzoyl)urea; Figure 1(b)] is a nonsystemic
insect growth regulator with stomach action belonging
the benzoylurea family of insecticides [3]. It disrupts
chitin synthesis in shellfish and kills lice by preventing
molting. It is effective on larval-stage molting and pre-
adult lice, but it has no effect on adult lice [4]. Teflu-
benzuron is used to control the oriental fruit moth (Gra-
pholita molesta), an insect native to China that has spread
throughout the world and is considered the most impor-
tant insect pest of peaches and nectarines [5]. Tefluben-
zuron is also recommended for the control of Lepidop-
tera, Coleoptera, Diptera, Aleyrodidae, Phylliidae, and
Hemiptera larvae on other crops, such as pome, stone,
and citrus fruits, and vegetables [3].

This study aimed to examine the biological half-life
and residue patterns of two pesticides, buprofezin and te-
flubenzuron, in peaches during cultivation. The final
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Figure 1. Chemical structures of (a) buprofezin and (b) te-
flubenzuron.
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residue levels in peaches remaining at harvest time was
also predicted according to the GAP standards of the
United States and Italy.

2. MATERIALS AND METHOD
2.1. Chemicals

Analytical standards of buprofezin (99.0% pure) and
teflubenzuron (99.5% pure) were purchased from Chem
Service, Inc. (West Chester, PA, USA) and Dr. Ehren-
storfer GmbH (Augsburg, Germany), respectively. Stock
(1000 mg-L™") and working standard solutions were pre-
pared in acetonitrile and used as external standards
throughout the study. A florisil solid phase extraction
(SPE) cartridge (1000 mg/6mL) was purchased from
Phenomenex (Torrance, CA, USA). Florisil (0.150 -
0.250 mm) and silica gel (0.063 - 0.200 mm) were pur-
chased from Merck (Darmstadt, Germany) and activated
at 130°C for more than 5 hours prior to use. Acetonitrile
and water were of high performance liquid chromatog-
raphy (HPLC) grade, and the other solvents were of pes-
ticide residue grade. All solvents were obtained from J.T.
Baker (Philipsburg, NJ, USA).

2.2. Field Treatment and Sampling

The trial was conducted at a peach orchard located in

Jochiwon-eup, Yeongi-gun, Chungcheongnam-do, Korea.

Forty five peach trees (five plots of nine trees) were used
for three replicates of experiments with a randomized
complete block design. Treatments were carried out with
the following commercial products: Baekseung SC (20%
buprofezin) at the standard single dose of 400 g a.i. ha™'
and a triple dose of 1200 g a.i. ha™', and Nomolt SC (5%
teflubenzuron) at a standard single dose of 100 g a.i. ha™'
and a triple dose of 300 g a.i. ha . Pesticides were ap-
plied at 7-day intervals using a rechargeable battery
sprayer (KS-PK 2000; Kwang Sung, Dacjeon, Korea)
with a spray volume of 0.4 L-m >, During the experi-
mental period, total rainfall was 139 mm in July and
140.5 mm in August. The average relative humidity ran-
ged from 64.3% to 95.8%, with maximum and minimum
average daily temperatures of 28.0°C and 23.2°C, respec-
tively. The control peach samples were collected from a
control plot where no buprofezin or teflubenzuron had
been applied. After spraying, representative peach sam-
ples were collected at 0 (2 hours), 2, 4, 6, 8, 10, 12, and
14 days. Edible parts of the peach were blended and
stored in a freezer at —20°C until analysis.

2.3. Extraction and Partitioning

A 30 g sample of peach was put into an Erlenmeyer
flask with 100 mL acetone and shaken for 30 min with a
mechanical shaker (Vision Scientific Co., Ltd., Daejeon,
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Korea). The sample was then filtered under a vacuum
through a Buchner funnel. The container and filter cakes
were washed with 30 mL acetone and the rinsate was
combined with the previous filtrate. The filtrate was
transferred to a 1 L separatory funnel, and 300 mL dis-
tilled water and 15 g sodium chloride were added. Parti-
tioning was carried out twice with 70 mL portions of n-
hexane. After vigorous shaking, the organic layer was al-
lowed to separate clearly, then dried over anhydrous so-
dium sulfate and combined. The solvent was completely
evaporated with a vacuum rotary evaporator and dis-
solved in 1 mL n-hexane for buprofezin clean up, and 3
mL n-hexane for teflubenzuron clean up.

2.4. Clean Up

2.4.1. Buprofezin

The florisil SPE cartridge was preconditioned with 5
mL n-hexane and all of the solution from the partitioning
step was added to the cartridge. To remove impurities,
the SPE cartridge was washed with 5 mL n-hexane and
eluted with 15 mL acetone/n-hexane (30:70, v/v). The
eluted mixture was completely evaporated to dryness in a
vacuum rotary evaporator at 40°C, and the residue was
redissolved in 3 mL acetone for gas chromatography with
an electron capture detector (ECD).

2.4.2. Teflubenzuron

A chromatographic column (15 mm i.d. x 30 cm) was
plugged with glass wool, dry packed with 2 g activated
florisil and 3 g activated silica gel, and topped with a 2
cm layer of anhydrous sodium sulfate. The column was
pre-washed by passing through 20 mL n-hexane. All of
the hexane extract from the partitioning step was poured
into the column. When the liquid drained to the sodium
sulfate layer, the column was eluted with 30 mL ace-
tone/n-hexane (10:90, v/v), and the fraction was dis-
carded. The column was then eluted again with 30 mL
acetone/n-hexane (10:90, v/v). The eluted solution was
completely evaporated in a vacuum rotary evaporator at
40°C, and the residue was redissolved in 3 mL acetoni-
trile for HPLC analysis.

2.5. Confirmation of the Residue

2.5.1. Gas Chromatography

An Agilent 6890 gas chromatograph (Santa Clara, CA,
USA) equipped with an ECD and DB-5 column (30 m x
0.25 mm 1i.d., 0.25 um film thickness) was used to de-
termine the level of buprofezin residue. A 2 plL sample
was injected in splitless mode, and the injector and de-
tector temperatures were 260°C and 320°C, respectively.
Oven temperature programming was initialized with a 2
min hold at 180°C, then the temperature was increased at
10°C-min”" to 300°C, where it was finally held for 4 min,
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giving a total run time of 18 min. Ultrapure nitrogen was
used as the carrier gas with a flow rate of 0.9 mL-min ",

and the retention time of buprofezin was 9.88 min.

2.5.2. High Performance Liquid Chromatography

A high performance liquid chromatograph (SCL-10vp;
Shimadzu, Kyoto, Japan) equipped with an ultraviolet
diode array detector and a Phenomenex Luna C18 col-
umn (250 % 4.60 mm, 5 pum) maintained at 40°C was
used for teflubenzuron residue analysis. The mobile
phase was acetonitrile/water, delivered at a flow rate of 1
mL-min~' with a gradient composition of: acetonitrile/
water (55:45, v/v, 0 - 2 min) — acetonitrile/water (65:35,
2 - 5 min) — acetonitrile/water (75:25, 5 - 10 min) —
acetonitrile/water (55:45, 15 - 18 min). The injection
volume was 20 pL and the detection wavelength was set
at 250 nm. Under these conditions, the retention time of
teflubenzuron was 16.7 min.

2.5.3. Validation of the Analytical Method

Recovery studies were performed with fortification
levels of 0.05 mg-kg™' [10x limit of quantification (LOQ)]
and 0.25 mgkg' (50x LOQ), obtained from control
samples. Three replicates were analyzed at each fortifi-
cation level. Average recoveries were 81.8% - 96.6%,
whereby the coefficient of variation was within 10%,
generally considered satisfactory for residue quantifica-
tion. Results of the recovery studies are presented in Ta-
ble 1.

2.6. Statistical Analysis

The statistical analysis of data was done by using Mi-
crosoft Excel and statistical software, SPSS version 19.

3. RESULTS AND DISDUSSION

Field trials were carried out over 14 days after spray-
ing treatments that maintained GAP to assess the residual
levels of buprofezin and teflubenzuron.

3.1. Buprofezin

Residues of the two pesticides were determined in
samples by comparing the area of the buprofezin concen-
tration peak with that of the external standard method. A

Table 1. Recovery and limit of quantification of the analytical
method for two pesticides in peach.

Fortification Recovery + CV (%) LOQ
0 -1
(mgkg ™) Buprofezin Teflubenzuron (mgkg ™)
0.05 88.3+43 93.8+0.2
0.05
0.25 90.8+5.6 82.8+ 1.3

CV, Coefticient of variation; LOQ, Limit of quantification.
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seven point calibration curve from 0.05 to 10 mgkg™
was constructed for quantitative analysis, and the detec-
tor response was linear throughout the entire range of
concentrations, with a correlation coefficient (R*) of
0.999".

Initial (2 hours) residues were 1.37 and 2.08 mgkg™'
at the recommended and triple doses, respectively. These
residue values were higher than the MRL of 1 mgkg™'
used in Korea. Fourteen days after application, the re-
maining residues were 0.17 and 0.20 mgkg'; i.e.
87.60% and 90.39% of the initial chemical had dissi-
pated. Figure 2 shows the changes in buprofezin residue
for eight sample times at 0 - 14 days after spraying. The
kinetics of buprofezin can be described with the follow-
ing equations: y = 1.5751¢ """ (R* =0.9597 ") and y =
2.4683¢ 7" (R*= 0.9495™). The biological half-lives
of buprofezin in peach were 4.88 and 4.40 days at the
recommended and triple doses, respectively.

The final residue levels were compared when bupro-
fezin was sprayed according to the maximum GAP val-
ues for peach in the United States [2.26 kg a.i. ha ' x 2,
and not more than 3.37 kg a.i. ha™' per growing season,
14 day pre-harvest interval (PHI)], and predicted based
on the initial amount sprayed and the coefficient of re-
gression [6]. Buprofezin residues remaining over time,
according to application amount, are given in Figure 3.
After spraying with 4.52 kg-ha™' (2.26 kg a.i. ha' x 2),
the final residue was predicted to be 1.45 mg kg™ at har-
vest. After spraying with 3.56 kg-ha™' (1.78 kg ha™' x 2),
the predicted residue was 1.14 mgkg™. From this pre-
diction, the buprofezin residue in peaches was expected
to be above the MRL of the United States (1 mg'kg™") up
to 17 and 15 days after spraying with 4.52 kg a.i. ha™'
and 3.56 kg a.i. ha ', respectively. The level of residue
should not exceed 1.77 kg-hg™', the maximum level of
application according to the GAP for the buprofezin WP
formulation in the United States. Therefore, the applica-
tion of other formulations should be recommended as an

3.0
O Single dose (400 ga.i. ha™)
e X Triple dose (1200 ga.i. ha™)
20 X 7
1.5
g

1.0

Residue (mg-kg™)

0.5

0 2 4 6 8 10 12 14
Days after treatment

Figure 2. Dissipation of buprofezin in peach.
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Figure 3. Predicted final residue levels of buprofezin according
to application amount. MRL, maximum residue limit.

alternative to WP.

3.2. Teflubenzuron

Under the chromatographic conditions described, the
calibration graphs (external standard method) showed
strong linearity in the range of 0.05 - 5 mgkg ' with a
correlation coefficient (R*) of 0.999" (peak height vs.
concentration).

Initial (2 hours) residues were 0.26 and 0.71 mgkg™'
at the recommended and triple doses, respectively. Four-
teen days after application, the remaining residues were
0.10 and 0.23 mgkg ', respectively. In other words,
61.54% and 67.61% of the initial residue levels had dis-
sipated. Figure 4 shows the changes in teflubenzuron
residue for eight sample times at 0 - 14 days after spray-
ing. The kinetics of teflubenzuron can be described with
the following equations: y = 0.2709¢ *%% (R*=0.9434"")
and y = 0.6133¢ """ (R? = 0.8828"""). The biological
half-lives of teflubenzuron in peach at the recommended
and triple doses were 11.49 and 10.86 days, respectively.

The final residue levels in peach were compared when
teflubenzuron was sprayed according to the GAP stan-
dard for peach in Italy, registered with 1 - 3 treatments of
0.12 kg a.i. ha™ and a 21 day PHI [7]. Teflubenzuron
residues according to application amount are given in
Figure 5. After spraying with 0.36 kg ha™' (0.12 kg a.i.
ha™' x 3), the final residue level was predicted to be 0.18
mg-kg ' at harvest. According to these values and Italy’s
MRL (1 mgkg™"), residues of teflubenzuron found in
peach were generally lower than the MRL value. There-
fore, the use of teflubenzuron according to GAP pro-
duces harvested fruit with residue levels below the MRL.

The average weight of each representative peach after
0 - 14 days was 154.5 g (n = 48) at day 0 and increased
to 273.5 g (n = 48) at day 14. Over 14 days, peach
weight increased about 1.77-fold.

The pesticide dilution effect (f') was calculated from
remaining pesticide and weight of peach over 10 days [8].
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Figure 4. Dissipation of teflubenzuron in peach.
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Figure 5. Predicted final residue levels of teflubenzuron ac-
cording to application amount. MRL, maximum residue limit.

For the two cases in which growth rate was not consid-
ered and those in which the 1.77-fold growth rate was
considered, the patterns of residue in relation to growth
at the triple dose are given in Figure 6.

The biological half-lives of buprofezin were 13.97 and
4.40 days, respectively, when growth rate was not con-
sidered (y = 2.2159¢ **%) and when the 1.77-fold
growth rate was considered (y = 2.4683¢ *'"*™). The
half-lives of teflubenzuron were 56.35 and 10.86 days,
respectively when growth rate was not considered (y =
0.6622¢ *"'%Y and when the 1.77-fold growth rate was
considered (y = 0.6133¢ %638,

fro Residue at 0 day x Weight of Peach at 0 day
Weight of Peach at sample collection

(M

Therefore, the growth rate of peaches influenced the
levels of buprofezin and teflubenzuron residue. When
growth rate was not considered, teflubenzuron residues
remained remarkably stable for the entire cultivation
period (14 days), which is attributed to the stability of the
insecticide molecule against biological and environ-
mental factors [3].
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Figure 6. Dilution effects of (a) buprofezin and (b) tefluben-
zuron on peach in relation to fruit growth rate.
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