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Abstract The dissipation of trifloxystrobin and its me-
tabolite trifloxystrobin acid in apples and soil was stud-
ied, and the half-life (DTs) was estimated in a field
study carried out at three different locations for apples
and four different locations for soil. Trifloxystrobin was
sprayed on apples at 127 g a.i/ha for the dissipation
study. Samples of apple and soil for the dissipation
experiment were collected at time intervals of 0, 1, 3,
7, 14,21, 30, and 45 days after treatment. The quantifi-
cation of residues was done by liquid chromatography-
tandem mass spectrometry (LC-MS/MS). The DTsq of
trifloxystrobin ranged from 0.54 to 8.8 and 4.8 to
9.5 days in soil and apples at different latitude sites.
Photolysis may be the main dissipation pathway for
trifloxystrobin, and the number of sunshine hours may
be the main factor affecting the trifloxystrobin dissipa-
tion rate in the field. For trifloxystrobin acid residues in
soil and apples, it first increased and then began decreas-
ing. It was indicated that the risk of trifloxystrobin
application in shorter sunshine hour area should be
considered.
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Introduction

The strobilurins is an important class of agricultural
fungicide, with a basic structure of (E)-B-
methoxyacrylate moiety (Balba 2007; Bartlett et al.
2002). They are derivatives of natural substances isolat-
ed mainly from mushrooms (basidiomycetes) (Balba
2007; Anke et al. 1977). Trifloxystrobin (TFS) is one
widely marketed strobilurin, as well as azoxystrobin,
kresoxim-methyl, and pyraclostrobin (Tomlin 2006). It
was discovered by Novartis (now Syngenta) under pat-
ent EP0460575 in 1998 (Isenring and Weiss 1991) and
later sold to Bayer in 2000 (Balba 2007; Bartlett et al.
2002). Its development involved replacing the structure of
(E)-3-methoxyacrylate moiety with methoxyiminoacetate
moiety to be photo-stable (Fig. 1a). It was registered for
use in various field and horticultural crops such as rice,
potato, cucumber, tomato, apple, mandarin etc., in order to
control a broad spectrum of plant pathogenic fungi
through mainly preventive activity.

Trifloxystrobin acid (TFSA) (Fig. 1b), also known as
CGA321113, is the major metabolite of TFS. TFSA is
generated from the hydrolysis of the ester moiety to
form the corresponding carboxylic acid. TFSA accounts
for approximately 30 % of TFS terminal residue in some
plants (Joint FAO/WHO Meeting on Pesticide Residues
2004). Similar characteristics were observed on other
strobilurins. It was reported that the demethylated
kresoxim-methyl was the only metabolite of kresoxim-
methyl in wheat cell suspension cultures (Myung et al.
2013), and azoxystrobin acid was the major metabolite
of azoxystrobin in soil and water (Singh et al. 2010;
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Fig. 1 Chemical structure of TFS (a) and TFSA (b)

Ghosh and Singh 2009a). Since acid metabolites are
more water-soluble and mobile than their parent esters,
these compounds have more potential to contaminate
the environment and cause harm to beneficial flora and
fauna (Banerjee et al. 2007; Ghosh and Singh 2009b).
MRLs for TFS in apples were established by several
countries and organizations (0.7 mg/kg CODEX; 0.5
USA; 0.5 EU; 3 Japan; 0.5 Canada; 0.3 Australia), and
residue definitions included TFS and TFSA, except for
Japan (FAO and WHO 2013; US Government Printing
Office 2014; DG SANCO 2014; Japan Food Chemical
Research Foundation 2014; Health Canada 2012; Food
Standards Australia New Zealand 2014). Hence, it is
necessary to take the TFSA into account when studying
the environmental behavior of TFS.

There are a few studies regarding the degradation of
TFS. Patyal et al. (2013) reported the half-life of TFS on
apples was between 19.375 and 28.860 days at four
locations in the Himalayan region of India. Several
researches indicated that TFS is sensitive to photolysis.
TFS hydrolyzed very slowly in neutral or weak acid
conditions, and the half-life can last several weeks or
even several years (Joint FAO/WHO Meeting on Pesti-
cide Residues 2004). However, while under the same
conditions, the photolytic half-lives were 20.4 to 31.5 h,
which is much shorter than the hydrolysis. Banerjee
et al. (20006) studied the degradation of TFS in humic
acid solutions at different sites. In the same sites, the
half-lives in winter were longer than that in summer. In
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the same season, the half-lives showed no significant
difference except for winter on different sites with the
higher latitude sites having longer half-lives in winter.
Similarly, another strobilurin azoxystrobin was unstable
to light in water solutions and soil under laboratory and
field conditions (Garau et al. 2002; Boudina et al. 2007).
Also, azoxystrobin degradation was faster under alka-
line conditions than in neutral or acidic conditions
(Singh et al. 2010).

The purpose of this study is to investigate the dissi-
pation principle of TFS and TFSA in soil and apples
under field conditions and to analyze the main influenc-
ing factor and pathway for TFS.

Material and methods
Apparatuses

The 1602MP8-1 balance (readability 0.1 mg) was from
Sartorius AG, Germany; JY2002 balance was from the
Shanghai Precision & Scientific Instrument Co., Ltd.,
China; TDL-40B centrifuge was from the Shanghai
Anting Scientific Instrument Factory, China; 3K15 cen-
trifuge was from SIGMA Laborzentrifugen GmbH,
Germany; QL-861 vortex mixer was purchased from
the Haimen Qilinbeier Instrument Manufactural Co.,
Ltd., Jiangsu, China; HZQ-C shaker was purchased
from the Harbin Donglian Electronic & Technology
Development Co. Ltd., China; and 0.22-pum nylon
membrane filter was purchased from the Beijing
Ruifengtongchuang Analysis Instrument Co., Ltd.,
China.

Chemicals

The analytical standards for TFS and TFSA purchased
from Dr. Ehrenstorfer were GmbH with 99.6 and 96.3 %
purity, respectively. A series of standard solutions were
prepared with MeCN according to the experiment’s
needs. Trifloxystrobin-tebuconazole 75 %
(trifloxystrobin 25 %, tebuconazole 50 %) water-
dispersible granule (WG) was purchased from Jiangsu
Agricultural Hormone Engineering Technology Re-
search Center Co., Ltd. Acetonitrile (MeCN) was of
high-performance liquid chromatography (HPLC) grade
and purchased from Fisher Scientific, USA. Sodium
chloride (analytical reagent) was purchased from Bei-
jing Chemical Works, China. Stearyl bonded silica gel
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Table 1 MRM parameters for TFS and TFSA

Compound Precursor ion Fragmentor (V) Product ion Collision energy (V) Quantification/qualitation
Trifloxystrobin 409.2 105 186.0 16 Quantification

145.0 54 Qualitation

206.1 10
Trifloxystrobin acid 395.1 100 186.0 16 Quantification

145.0 52 Qualitation

148.1 10

116.0 38

(C18, 40-60 um) was purchased from Agela Technol-
ogies, Tianjin, China. Water was purified with an
Aquapro ABW-6000-U water purifier (Chongqing,
China).

Analytical method

Sample preparation, extraction, and cleanup

The apple samples were cut into small pieces and ho-
mogenized with a Philips HR2004 blender. The soil
samples were sieved through a 1-mm sieve and then
mixed well. All the samples were stored in a deep
freezer at —20 °C within 2 months before analyzing.

Sub-samples of 10.0 g of apples and soil were ex-
tracted by a formic acid water solution of 5 mL (pH=5),
10 mL acetonitrile, and 3 g NaCl in a 50-mL centrifuge
tube and shaken for 30 min. The centrifuge tube was
centrifuged at 3500 rpm for 5 min, and the supernatant
MeCN layer was cleaned up as described below.

A dispersive solid-phase extraction (DSPE) was uti-
lized for the sample cleanup. One milliliter of superna-
tant MeCN layer was transferred into a 2-mL centrifuge
tube containing 50 mg of C18. The tube was centrifuged
for 5 min at 10,000 rpm after 30 s of vortexing. The

Table 2 Fortified recoveries of TFS and TFSA in soil and apple

supernatant extract was filtered with a 0.22-um PTFE
membrane filter and then analyzed by liquid
chromatography-tandem mass spectrometry (LC-MS/MS).

HPLC-MS/MS condition

The determination was achieved using the Agilent 1200
HPLC series and 6410B triple-quadrupole mass spec-
trometer (Agilent Technologies, USA) equipped with an
electrospray ionization interface and a 3.5-pum Eclipse
Plus C18 (2.1 x50 mm) column (Agilent Technologies,
USA). The mobile phase was MeCN-0.1 % formic
acid:water (85/15, v/v), and the injection volume was
5 uL. The column temperature was maintained at 30 °C
with a flow rate of 0.15 mL/min. The instrument was
operated in the positive ion mode. The source parame-
ters were desolvation gas temperature of 350 °C,
desolvation gas flow of 10.0 L/min, nebulizer gas (N;)
pressure of 35.0 psi, and capillary voltage of 4000 V.
The multiple reaction monitoring (MRM) was applied,
and the parameters are listed in Table 1.

The external standard method was chosen for the
determination of TFS and TFSA. All the samples were
compared to the matrix standard solution to eliminate
the matrix effect.

Matrix  TFS TFSA

Fortified level (mg/kg)  Average recoveries (%) RSD (%) Fortified level (mg/kg)  Average recoveries (%) RSD (%)
Soil 0.004 108.9 9.1 0.002 100.2 79

0.02 102.7 4.9 0.01 105.3 45

0.04 99.9 5.1 0.02 104.2 4.8
Apple  0.004 104.8 29 0.002 89.9 4.1

0.02 108.9 5.6 0.01 103.9 6.0

0.04 107.5 5.0 0.02 104.9 5.0
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Field experiments

The field dissipation experiments of trifloxystrobin in
apples were conducted in Zibo (Shandong Province,
China, 36° 97" N and 118° 8'E), Beijing (China, 39° 9’
N and 116° 3" E), and Xingcheng (Liaoning Province,
China, 40° 45’ N and 120° 51’ E) in 2010. The field
dissipation experiments of trifloxystrobin in soil were
also conducted at the same three sites, and one more site,
Harbin (Heilongjiang Province, China, 45° 75’ N and
126° 63’ E), was added.
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Fig. 2 a—d Dissipation curves of TFS and TFSA in soil

@ Springer

TFS Residue (mg/kg)

The dissipation trials on apples were conducted in
three plots, and each plot contained two apple trees.
Trifloxystrobin-tebuconazole 75 % WG was diluted
2667 times and sprayed evenly on the apple trees. The
dissipation of trifloxystrobin in soil was carried out in
one plot of 20 m?, and trifloxystrobin-tebuconazole
75 % WG were applied once with 254 g a.i./ha. Ap-
proximately 2 kg of apple samples and 2 kg of surface
soil (0-10 cm deep) samples were collected randomly
from several points in each plot at 2-h intervals (calcu-
lated as the original concentration), on the 1st, 3rd, 7th,
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Fig. 3 a—c Dissipation curves of TFS and TFSA in apple

14th, 21st, 30th, and 45th days after spraying. The
samples were placed in a deep freezer at —18 °C for
analysis within 2 months.

Results and discussion
Method validation

In order to evaluate the linearity and sensibility of the
analytical method for trifloxystrobin and trifloxystrobin
acid, a series of matrix standard solutions were diluted
by the apple and soil blank matrix extract. A linear
calibration curve was obtained for trifloxystrobin and
trifloxystrobin acid by plotting the average peak area
against concentration. The range of the six-point cali-
bration curve was from 0.001 to 0.2 mg/L in the apples
and soil. The calibration curves showed good linearity
with typical correlation coefficients (R?) between
0.9904 and 0.9996. The calibration curve was used to
calculate the concentration of trifloxystrobin and

Table 3 Dissipation equations and half-lives of TFS

Time (days)

20 30 0 10 20 30 40 50

Time (days)

trifloxystrobin acid residues in the apples and soil. The
LOD value was 5.0x 10> ng, and the LOQ value was
0.01 mg/kg.

The accuracy and precision were evaluated by a
fortified recovery experiment. There were three fortified
levels for each matrix, with five duplicates for each
fortified level (see Table 2). The fortified recoveries
ranged from 89.9 to 105.3 %, and the relative standard
deviation (RSD) ranged from 2.9 to 9.1 %.

Dissipation dynamics

The samples were analyzed and drawn in scatter plots
with several outliers removed as shown in Figs. 2 and 3.
The dissipation curve of TFS was fitted with first-order
kinetics, and the half-lives (DTsy) were calculated as
shown in Table 3.

In the soil, the dissipation DTs, of TFS ranged from
0.54 to 8.8 days. The soil pHs of the four sites were
close (7.23-8.18), which was unlikely to have caused
the huge difference in DTso. However, as the latitude of

Matrix Site Dissipation equation DTs (days) Latitude Correlation coefficient (R)
Soil Zibo C=0.328¢ 07" 8.8 36.8°N 0.9387

Beijing C=0.1598¢ !t 6.3 39.9°N 0.9829

Xingcheng C=0.6553¢ 2 33 40.6° N 0.9804

Harbin C=1.2426¢""2% 0.54 45.7°N 0.9615
Apple Zibo C=0.19¢ 073 95 36.8° N 0.9533

Beijing C=0.3033¢ 0% 7.8 39.9°N 0.9740

Xingcheng C=0.4611¢ "% 48 40.6°N 0.9485
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the site increased, DTso of TFS decreased. It was nor-
mally considered that high temperatures benefit pesti-
cide degradation, and the low latitude areas had high
temperatures, which was contradictory to the results.
However, at the field trial period (from July to Septem-
ber), higher latitude areas had longer sunshine hours.
This indicated that photolysis may be the main dissipa-
tion pathway of TFS in soil and that sunshine hours may
be the main influencing factor of the TFS dissipation
rate in soil.

In the apples, the dissipation DTsy of TFS ranged
from 4.8 to 9.5 days and showed the same pattern as the
soil. As the latitude of the site increased, the DTs, of
TFS decreased. Without the differences of soil property,
this supports the speculation that photolysis is the main
dissipation pathway of TFS in apples, and that sunshine
hours are the main influencing factor of TFS dissipation
rate in apples.

The residue of TFSA first increased and then de-
creased, basically in both the soil and apples, which
means that TFS degrading to TFSA was the main prog-
ress at first. The only exception is that for TFSA in the
apples at Zibo, the residue kept decreasing. This is
consistent with the dissipation DTs, of TFS, because
the rate the TFSA degrading to other metabolites was
always higher than the rate the TFS degrading to TFSA,
due to the high DTs, of TFS (9.5 days).

At the same site, the dissipation DT5,S of TFS in soil
and apples were all similar. However, TFSA generated
and dissipated more slowly in the soil than in the apples.
The reason for this may be attributed to the high water
solubility and mobility of the acid TFSA, causing TFSA
to move from top soil to deep soil and surface water.
Another possible reason could be that the degradation
pathway of TFS or TFSA may differ in soil and apples.

Conclusions

Overall, DTso of TFS ranged from 0.54 to 8.8 days in
soil and 4.8 to 9.5 days in apples at different latitude
sites. Photolysis may be the main dissipation pathway of
TFS, and sunshine hours may be the main influencing
factor of TFS dissipation rate. The residue of TFSA first
increased and then decreased, basically in both the soil
and apples. This indicates that there is a higher risk
when the application of TFS is in a short sunshine hour
area, which should be carefully evaluated.
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