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a b s t r a c t

The disappearance kinetics of pymetrozine was studied in a broccoli-field ecosystem, and an efficient
method for the determination of pymetrozine in broccoli and soil was also developed. Pymetrozine
residues were extracted from samples using acetonitrile. The extracts were cleaned up by liquid–liquid
partitioning with dichloromethane, followed by purification with ethyl acetate, and were then determined
by high-performance liquid chromatography (HPLC) with ultraviolet (UV) detector. The average recovery
was 87–93% from broccoli, and 84–90% from soil. The relative standard deviation (R.S.D.) was less than 4%
in broccoli, and in soil less than 11%. These results are all within the accepted range for residue determi-
nation. The limit of detection (LOD) of pymetrozine calculated as a sample concentration (S/N ratio of 3)

−1 −10

egradation
roccoli

was 0.005 mg kg . The minimum detectable quantity (MDQ) was 1 × 10 g. The results of the kinetics
study of pymetrozine residue showed that pymetrozine degradation in broccoli and soil coincided, with
C = 1.9826 e−0.1965t and C = 15.352 e−0.4992t, respectively; the half-lives were 3.5 and 1.4 days, respectively.
The final residue level was lower than the new maximum residue limit (MRL) for pymetrozine on veg-
etables with a harvest interval of 23 days. A dosage of 300 g a.i. hm−2 was suggested, which is considered
to be safe for human beings. These results contribute to establishing the scientific basis of the dosage of

getab
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pymetrozine for use in ve

. Introduction

Insecticides are indispensable to the farmers in the fight against
lant pests. Although the use of insecticides provides unques-
ionable benefits in providing a plentiful, low-cost supply of
igh-quality fruits and vegetables, the indiscriminate and injudi-
ious use of insecticides has resulted in widespread contamination
f food and feed. This is related to poor insecticide handling
ractices and use of more toxic insecticides by farmers [1]. As a
onsequence, governments and international organizations have
stablished maximum residue limits (MRLs) and pre-harvest inter-
als for fruits and vegetables. It is well known that such pre-harvest
ntervals depend, among other factors, on the climatic conditions
nder which the insecticides are applied. Hence, it is necessary to
valuate the dissipation of residues as a function of time under

he specific climatic conditions in which agricultural practice takes
lace [2–4].

Pymetrozine, or 4,5-dihydro-6-methyl-4(3-pyridylmethylene-
mino)-1,2,4-triazin-3(2H)-one (IUPAC), is the first and only sub-

∗ Corresponding author. Tel.: +86 21 34206925.
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le-field ecosystems.
© 2008 Elsevier B.V. All rights reserved.

tance in the azomethine pyridine group, and is a novel insecticide
ith selective activity against homopteran insects [5,6]. Its general

tructure is

Many studies have demonstrated that pymetrozine is effective
gainst aphids, whiteflies and plant hoppers in integrated pest
anagement programmes [7,8]. It acts in a unique way by inter-

ering in the nervous regulation of feeding behavior, which results
n death of the insect due to starvation after a few days. Therefore,
t is one of the potential insecticides to replace organophos-

hates [9,10]. However, the United States Environmental Protection
gency (EPA) has recently classified pymetrozine as a “likely”
uman carcinogen because two types of tumors, benign liver hep-
toma and carcinoma, occurred in male and female rats and mice in
xperimental studies [11]. Many countries, including the USA, EU

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:gqsh@sjtu.edu.cn
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ember states and Japan, have established MRLs for pymetrozine
n vegetables that range between 0.02 and 2 mg kg−1, and the man-
facturers propose pre-harvest intervals ranging between 7 and
1 days for vegetables and other crops. As mentioned above, esti-
ates of MRLs and pre-harvest intervals depend on the analysis
ethods used and on the climatic conditions under which the

esticides are applied, among other factors. Recently, pymetrozine
as been widely used on food crops in China. However, there are

ew publications from this country that report the analysis meth-
ds and kinetics of pymetrozine residue in the vegetable and soil
nvironment. This paper describes a high-performance liquid chro-
atographic (HPLC) method for the analysis of pymetrozine, and

etermine the kinetics of the disappearance of this pesticide follow-
ng spraying on to broccoli fields. This provides basic information
or developing regulations to ensure the safe use of pymetrozine in
est management strategies on cropland and to prevent any health
roblems in consumers.

. Materials and methods

.1. Materials

A formulation containing 25% of pymetrozine was purchased
rom the Jiangsu Anpon Company, PR China. Broccoli was used as
he test vegetable in this experiment.

.2. Chemicals

The pymetrozine reference standard (purity, 99.9%) was pur-
hased from Dr. Co. (Augsburg, Germany). Ultrapure water used for
PLC detection was obtained from an Aquapro Hi-end water treat-
ent solution provider (Ever Young Enterprises Development Co.

td.). Acetonitrile, dichloromethane, ethyl acetate and all the other
olvents were of residue analysis grade. Anhydrous sodium sulfate,
ctive carbon, silica gel (80–120 mesh), and all other chemicals used
ere also analytical grade (Shanghai Experiment Reagent Co. Ltd.,

hanghai, China). All solvents and samples were filtered through a
embrane filter (0.45 �m) before HPLC runs.

.3. Field experiment

The field experiment was carried out at Chongming Island Farm,
hich is located in Shanghai, China. Broccoli plants were trans-
lanted into nine field plots, each with an area of 15 m2. A complete
andomized block design (CRD) was applied with three replicates.
ymetrozine formulations were sprayed at 300 g a.i. hm−2 (recom-
ended), and three untreated pots were sprayed with water as a

ontrol. The solution was sprayed at 800 l hm−2 until the tested
roccoli was fully covered with pymetrozine. Representative sam-
les were taken approximately 2 h, and 1, 3, 5, 7, 14, 21, 30 and 45
ays after application of pymetrozine.

The ultimate residue field test was designed as above, but
ymetrozine formulations were sprayed at two doses, 300 and
00 g a.i. hm−2 (double the recommended dose). Succession spray-

ng was applied three times with a 7-day interval. The samples were
ollected and placed in a freezer at −4 ◦C until analysis.

.4. Sample preparation
.4.1. Broccoli plants
A cut broccoli sample (10 g) was placed in a cone flask with

00 ml acetonitrile. The cone flask was capped and shaken on
shaker (THZ-C, Taicang Experiment Equipment Co., China) for
h. The extracts were filtered through filter paper, followed by

3

F
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vaporation using a vacuum rotary evaporator (RE-52, Yarong Bio-
hemistry Equipment, Shanghai) at 50 ◦C until the final volume
eached 10 ml. The sample was transferred to a separating funnel
ontaining 1 ml of 4% sodium chloride, and this was followed by
iquid–liquid partitioning with dichloromethane three times using
volume of 50 ml. The organic phases were combined and further

oncentrated to about 0.1 ml with the vacuum rotary evaporator at
0 ◦C.

.4.2. Soil
Surface soil (0–15 cm depth) was used in the following experi-

ents. The soil sample was air-dried, crushed with a hammer and
assed through a 40-mesh screen. 10 g of soil was packed with filter
aper and then soaked with 150 ml dichloromethane in Soxhlet’s
pparatus, followed by extraction for 3–4 h at 60 ◦C. The volume of
he extracts was decreased to about 0.1 ml with the vacuum rotary
vaporator at 40 ◦C.

.4.3. Clean up
A column (20 cm × 15 mm ID) was packed with a glass wool plug

t the bottom and covered with anhydrous sodium sulfate. Then
g silica gel and another 1 cm layer of anhydrous sodium sulfate
ere placed on top. The two sides of the column were compacted
niformly. The column was pre-wetted with 10 ml ethyl acetate.
he 1 ml concentrated extract was then applied to the column and
luted with ethyl acetate. The eluate was evaporated to dryness
ith the vacuum rotary evaporator at 40 ◦C. The residue was diluted

o 5 ml with acetonitrile. The extract was filtered through a 0.45-�m
embrane for HPLC analysis.

.5. HPLC conditions

All extracts were investigated using HPLC apparatus (Shimadzu
iquid chromatography, LC-10ATVP) equipped with an SPD-10AVP
V–vis detector. Separation was carried out on a shim-pack VP-ODS
olumn (150 mm × 4.6 mm ID, particle size 4.6 ± 0.3 �m, Shimadzu
orporation, Japan). The mobile phase was acetonitrile–water
85:15 v/v) with 1 ml min−1 flow rate. The column oven was kept
t 20 ◦C. The best detection was attained at a wavelength of 299 nm
nd the volume injected was 20 �l.

. Results and discussion

.1. HPLC chromatograms of pymetrozine

Reverse-phase HPLC, with UV detection, has proven to be
good alternative for pymetrozine determination because the

eak of pymetrozine is obvious and separated. Chromatographic
eparation in C18 columns provides good results. Detection at
99 nm offers suitable chromatograms for the quantification of
ymetrozine in field samples. Under conditions described above,
ymetrozine showed a retention time of 3.691 min. Fig. 1 shows
ypical chromatograms of standard pymetrozine, broccoli and soil
piked with or without pymetrozine. No peaks were found in the
hromatograms of the broccoli and soil without pymetrozine at
etention times corresponding to the pymetrozine peaks (Fig. 1C
nd E). The background level for broccoli was more compli-
ated than that at soil, but it didnot disturb the determination
f pymetrozine, the other peak was 4.246 min. This demonstrated
he validity of the method when used in the kinetic study of
ymetrozine in broccoli under field conditions.
.2. Linearity

An external standard method was adopted in this experiment.
or most chromatographic procedures a linear relation is achieved



G. Shen et al. / Journal of Hazardous Materials 164 (2009) 497–501 499

F occoli
p

b
i
I
m
p
t
t
c
i
e
i
d
p
r

3

l
b
a
r
o
i

ig. 1. Typical chromatograms for the analysis of (A) pymetrozine standard; (B) br
ymetrozine; (E) soil without pymetrozine.

etween the peak area (y) and the analyte concentration (x), but
n this experiment, y was the height of the peak, not the area.
n the chromatograms of broccoli samples, pymetrozine and its

etabolite were so difficult to separate that the whole peak of
ymetrozine itself could not be obtained. However, there were
wo obvious high spots of adjoining peaks, which could be used in
he peak height quantitative method [12]. A five-point calibration
urve (peak height versus concentration) was constructed by spik-
ng blank samples with the standard solution, and the regression

quation obtained was Y = 17382X + 411.4 (R2 = 0.9999). The linear-
ty of a method is a measure of range within which the results are
irectly, or by a well-defined mathematical transformation, pro-
ortional to the concentration of analyte in samples within a given
ange [13].

a
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i
r
t

spiked with pymetrozine; (C) broccoli without pymetrozine; (D) soil spiked with

.3. Recovery test

Pymetrozine was added to untreated control samples at three
evels: 0.01, 0.1, and 1.0 mg kg−1, and each sample was analyzed
ased on the described procedure to evaluate the precision of the
nalytical method. The recovery tests were carried out on three
eplicates at each spike level. The results reported are the mean
f three replicates. The recoveries and precision values obtained
n the validation portion of the study are shown in Table 1. The

verage recoveries ranged from 87% to 93% in broccoli, and in soil
rom 84% to 90%, while the relative standard deviation (R.S.D.)
n broccoli was less than 4%, and in soil less than 11%. These
esults are all within the accepted range for residue determina-
ion.
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Table 1
Accuracy (%) and precision (%) of pymetrozine measurement in broccoli and soil
(n = 5)

Spiking level (mg kg−1) Broccoli Soil

Recovery R.S.D. Recovery R.S.D.
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.01 87.29 0.78 90.08 9.70

.10 93.60 1.93 84.18 10.13

.00 91.57 3.14 87.24 7.34

The limit of detection (LOD) calculated as a sample concentra-
ion (S/N ratio of 3) was 0.005 mg kg−1. The minimum detectable
uantity (MDQ) was 1 × 10−10 g.

.4. Kinetic study

The kinetic study of pymetrozine in broccoli and soil was per-
ormed by plotting residue concentration against time, and the

aximum squares of the correlation coefficients were used to
etermine the equations of the best fitting curves. For all samples
tudied, exponential relations were found to apply, corresponding
o first-order rate equations. The first-order kinetics were calcu-
ated from the first-order rate equation: Ct = C0e−kt, where Ct is the
oncentration of pesticide at any time t, C0 is the initial concentra-
ion and k is the rate constant in day−1. The pesticide persistence in
n environmental compartment can be characterized by the pes-
icide half-life. The half-life is a measure of the time required for
he pesticide concentration to be reduced to half the original value
hrough biological or chemical degradation processes. The half-life
t1/2) was determined from the k value for each experiment, being
1/2 = ln 2/k.

.4.1. Pymetrozine residue in broccoli
Fig. 2 shows the residue of pymetrozine in broccoli after spray-

ng. The estimated residues were 2.03, 1.57, 1.18, 0.30, 0.12, 0.02,
nd 0.008 mg kg−1 at 0, 1, 4, 8, 15, 22, and 29 days after application,
espectively. As expected, a gradual and continuous deteriora-
ion of the pesticide residue in the broccoli was observed as a
unction of time after application. The half-life of pymetrozine in
roccoli was 3.5 days and the dynamics could be described by
he equation C = 1.9826 e−0.1965t, with R2 = 0.9895. The pymetrozine
esidue in broccoli was undetectable for 31 days after applica-

ion. The results showed that a sharp decline in residue level
ccurred for pymetrozine in the first week, compared with the slow
ate of degradation in the succeeding days. Tablei and Ahsaii [14]
bserved that no residues were detected for 4 days after spraying
f pymetrozine in cucumber under field condition. Walash et al.

Fig. 2. Kinetics of pymetrozine in broccoli.
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Fig. 3. Kinetics of pymetrozine in soil.

15] and Valverde-Garcia et al. [16] reported that the rate of growth
f the vegetable fruit will affect the observed disappearance rate
onstant of applied pesticides. Cucumber fruit grows at a faster
ate than any other fruit and its weight doubles within 36 h. This
ncrease in the fruit weight will cause a dilution of the observed
esticide concentration even if the pesticide does not degrade on
he fruit at all [17]. From these findings, it was concluded that
he observed faster degradation rate of pymetrozine on cucumber
ould be due partially to the higher growth rate of this fruit relative
o broccoli.

.4.2. Pymetrozine residue in soil
Fig. 3 shows the residue of pymetrozine in soil over the time

eriod of the experiment. The estimated residues were 14.09, 5.56,
.43, 2.86, 0.55, 0.03, and 0.007 mg kg−1 at 0, 1, 3, 4, 8, 12, and 15
ays after application, respectively. The half-life of pymetrozine in
oil was 1.4 days and the dynamics could be described by the equa-
ion C = 15.352 e−0.4992t, R2 = 0.9815. The pymetrozine residue in soil
as undetectable for 21 days after application. After the applica-

ion of pymetrozine, the initial deposit of the residue in the soil
as higher than that in the broccoli, which demonstrates that the

esidue of pymetrozine exists in the surface layer of the soil.

.5. Ultimate pymetrozine residue

The ultimate residue of pymetrozine in soil was undetectable
t both the recommended (300 g a.i. hm−2) and double the rec-
mmended (600 g a.i. hm−2) dosage of 45 days after application.
owever, in broccoli, the ultimate residue levels of pymetrozine for
5 days after application were undetectable and 0.008 mg kg−1 at
he recommended dose and double dose when sprayed twice, and
.011 and 0.017 mg kg−1 at the recommended dose and double dose
hen sprayed three times, respectively. The MRL of pymetrozine in

roccoli is 0.02 mg kg−1 based on the new regulations established
n Japan. The residues following both the recommended and double
osage were all lower than 0.02 mg kg−1. According to the equation
escribing the kinetics pymetrozine in broccoli, the harvest interval
hat could be considered safe for human beings and other animals
s 23 days.

. Conclusions
This study was designed to investigate the residues of
ymetrozine in broccoli and soil. The results showed that
ymetrozine degradation in broccoli and soil corresponded to
= 1.9826 e−0.1965t and C = 15.352 e−0.4992t, while the half-lives were
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pproximately 3.5 and 1.4 days, respectively. The final residue of
ymetrozine on broccoli was lower than the new MRL; therefore,
dosage of 300 g a.i. hm−2 is suggested. This dosage is considered

o be safe for human beings, and a 23-day interval between appli-
ation and harvest was determined for safe use of the pesticide.
hese results contribute to establish adequate monitoring of the
esidue of pymetrozine and its incorporation in pest management
trategies in vegetable fields, and to prevent health problems in
onsumers.
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