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Concentrations and dissipation of difenoconazole
and fluxapyroxad residues in apples and soil, determined
by ultrahigh-performance liquid chromatography electrospray
ionization tandem mass spectrometry
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Abstract A new combined difenoconazole and fluxapyroxad
fungicide formulation, as an 11.7 % suspension concentrate
(SC), has been introduced as part of a resistance management
strategy. The dissipation of difenoconazole and fluxapyroxad
applied to apples and the residues remaining in the apples
were determined. The 11.7 % SCwas sprayed onto apple trees
and soil in Beijing, Shandong, and Anhui provinces, China, at
an application rate of 118 g a.i.ha−1, then the dissipation of
difenoconazole and fluxapyroxad was monitored. The residu-
al difenoconazole and fluxapyroxad concentrations were de-
termined by ultrahigh-performance liquid chromatography
tandem mass spectrometry. The difenoconazole half-lives in
apples and soil were 6.2–9.5 and 21.0–27.7 days, respectively.
The fluxapyroxad half-lives in apples and soil were 9.4–12.6
and 10.3–36.5 days, respectively. Difenoconazole and
fluxapyroxad residues in apples and soil after the 11.7 % SC
had been sprayed twice and three times, with 10 days between
applications, at 78 and 118 g a.i.ha−1 were measured.
Representative apple and soil samples were collected after
the last treatment, at preharvest intervals of 14, 21, and
28 days. The difenoconazole residue concentrations in apples
and soil were 0.002–0.052 and 0.002–0.298 mg kg−1,

respectively. The fluxapyroxad residue concentrations in ap-
ples and soil were 0.002–0.093 and 0.008–1.219 mg kg−1,
respectively. The difenoconazole and fluxapyroxad residue
concentrations in apples were lower than the maximum resi-
due limits (0.5 and 0.8 mg kg−1, respectively). An application
rate of 78 g a.i.ha−1 is therefore recommended to ensure that
treated apples can be considered safe for humans to consume.
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Introduction

Apples are a rich source of phytochemicals and have been
found to have very strong antioxidant activities, allowing
them to inhibit cancer cell proliferation, suppress lipid oxida-
tion, and lower cholesterol concentrations when consumed
(Soler et al. 2009). Apples are one of the main fruits that are
consumed around the world, and the consumption of apples
has increased in recent decades. China produces more apples
than any other country. Farmers apply pesticides shortly be-
fore harvesting apples to prevent diseases that cause the fruit
to be damaged. The use of fungicides has become considered
essential over the last 20 years for ensuring that adequate
agricultural yields of apples of acceptable quality are achieved
(Ngugi et al. 2011). Commercial interest has recently grown in
developing fungicide mixtures to improve disease control by
achieving a broader spectrum than can be achieved using in-
dividual fungicides. Such mixtures are expected to more effi-
ciently protect crops than individual fungicides and allow re-
sistance to be effectively managed (Zhang et al. 2015).

An 11.7 % suspension concentrate (SC) of difenoconazole
and fluxapyroxad (containing 4.7 % difenoconazole and

Responsible editor: Ester Heath

* Yongquan Zheng
zhengyongquan@ippcaas.cn

1 Institute of Plant and Environmental Protection, Beijing Academy of
Agriculture and Forestry Science, Beijing 100097, People’s Republic
of China

2 State Key Laboratory for Biology of Plant Diseases and Insect Pests,
Institute of Plant Protection, Chinese Academy of Agricultural
Sciences, Beijing 100193, People’s Republic of China

Environ Sci Pollut Res (2016) 23:5618–5626
DOI 10.1007/s11356-015-5750-6

http://crossmark.crossref.org/dialog/?doi=10.1007/s11356-015-5750-6&domain=pdf


7.0 % fluxapyroxad) has been registered in China for control-
ling alternaria leaf spot in apples because the mixture has a
broad range of action and is more efficient than either fungi-
cide alone. Difenoconazole (C19H17Cl2N3O3), shown in
Fig. 1a, is a broad-spectrum triazole fungicide and a 14 α-
demethylation inhibitor (Reuveni et al. 2002). The use of
triazole fungicides is increasing more quickly than the use
of other fungicides. Difenoconazole has been used widely
in agriculture (Wang et al. 2012a; Zhang et al. 2015) and
has typically been applied directly to plants to both protect
from and cure disease (Mukhopadhyay et al. 2011; Wang
et al. 2008). Fluxapyroxad (C18H12F5N3O), shown in
Fig. 1b, is a new active ingredient developed by BASF
Corporation (Strathmann et al. 2011). Fluxapyroxad is a
pyrazole and carboxamide fungicide that inhibits succinate
dehydrogenase in complex II of the mitochondrial
respiratory chain, causing spore germination and germ
tube and mycelia growth in target fungi to be inhibited
(Veloukas et al. 2013).

The application of mixed pesticides directly to apples is
currently increasing in China. It is becoming essential to mea-
sure multiple pesticide residues in apples to ensure food safety
because pesticide residues in apples can persist until harvest,
and a pesticide mixture may be able to persist longer than a
single pesticide. Methods for determining difenoconazole
(alone) in environmental matrices have previously been pub-
lished. These methods have involved such techniques as gas
chromatography mass spectrometry (Dedola et al. 2014), gas
chromatography with a pulsed flame photometric detector
(Guo et al. 2010), gas chromatography coupled with electron
capture and nitrogen phosphorus detection (Stowik-Borowiec
et al. 2015), and liquid chromatography tandem mass spec-
trometry (MS/MS) (Hingmire et al. 2015). Liquid chromatog-
raphy MS/MS has been used to determine fluxapyroxad con-
centrations in water (Gulkowska et al. 2014) and in cereals,
vegetables, and fruits (Dong et al. 2012). No method for si-
multaneously determining difenoconazole and fluxapyroxad
in apple and soil samples is currently available. The aim of this
study was to develop a simple and sensitive method for simul-
taneously determining difenoconazole and fluxapyroxad in
apple and soil samples using a Bquick, easy, cheap, effective,
rugged, and safe^ procedure and ultrahigh-performance liquid
chromatography (UPLC) MS/MS.

Residues of difenoconazole and fluxapyroxad applied to
apples could remain in the apples and cause adverse effects
in humans consuming them. It is therefore essential for the
behaviors of difenoconazole and fluxapyroxad residues in ap-
ples to be studied before commercial products containing both
difenoconazole and fluxapyroxad are approved for sale (Liang
et al. 2011). The dynamics of residues of difenoconazole ap-
plied in a number of formulations to a number of plants (in-
cluding grape vines, apple trees, chili plants, rice plants, and
banana plants) have previously been studied (Banerjee et al.
2008; Bhat et al. 2015; Guo et al. 2010; Huan et al. 2013;
Mukhopadhyay et al. 2011; Wang et al. 2012a). However,
no studies of the dissipation of fluxapyroxad applied to any
type of plant and fluxapyroxad residues in any plant material
have previously been published. The environmental fate of a
mixture of pesticides will be complex, and there are many
gaps in our understanding of the behaviors of difenoconazole
and fluxapyroxad in the environment.

This study was performed to investigate the behaviors of
difenoconazole and fluxapyroxad applied to apples and soil,
and to quantify the difenoconazole and fluxapyroxad residues
in apples and soil after treatment. The study was expected to
provide useful information on the dissipation of
difenoconazole and fluxapyroxad applied to apples and soil
and basic information on how fungicides should be controlled
to maintain apple quality without endangering humans. The
study was also expected to help the Chinese government es-
tablish maximum residue limits (MRLs) for difenoconazole
and fluxapyroxad in apples and develop guidance for the ap-
propriate and safe use of difenoconazole and fluxapyroxad.

Materials and methods

Chemicals and reagents

Difenoconazole (purity 96.3 %) and fluxapyroxad (purity
99.7 %) were obtained from BASF Corporation (Shanghai,
China). The molecular structures of difenoconazole and
fluxapyroxad are shown in Fig. 1. A 1.0 mg mL−1 stock solu-
tion of each standard in pesticide-grade acetonitrile was pre-
pared carefully, using gloves, under an extraction hood. The
stock solutions were stored in sealed amber bottles at −20 °C.

Fig. 1 Chemical structures of a
difenoconazole and b
fluxapyroxad
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The standards (in pure solvent) required to produce a calibra-
tion curve over the concentration range 1–200 μg L−1 were
prepared from the stock solutions by performing serial dilu-
tions. Matrix-matched standard solutions were prepared by
adding the calibration standards (at concentrations of 1, 2, 5,
10, 20, 50, 100, and 200 μg L−1) to blank (soil and apple)
sample extracts. All of the solutions were stored in sealed
amber bottles wrapped in aluminum foil (to ensure they were
protected from light) and stored at −20 °C until use.

Pesticide-grade acetonitrile and HPLC-grade acetonitrile
were purchased from Sigma-Aldrich (Steinheim, Germany),
analytical-grade acetonitrile was purchased from Beihua Fine
Chemical Co. (Beijing, China), and ultrapure water was pro-
duced using a Milli-Q system (EMD Millipore Corp.,
Billerica, MA, USA).

Primary and secondary amine sorbent (40 μm diameter)
and octadecylsilane sorbent (40 μm diameter) were purchased
from Yuexu Technologies Co. Ltd. (Shanghai, China).
Analytical grade NaCl and MgSO4 were purchased from
Beihua Fine Chemical Co. Each concentrated extract was
passed through a 0.22-μm nylon syringe filter (Waters
Corp., Milford, MA, USA). A commercial difenoconazole
and fluxapyroxad formulation (11.7 % SC) was provided by
BASF Corporation.

Apparatus

An ACQUITY UPLC H-class with a Xevo TQD MS/MS
instrument (Waters Corp.) was used to analyze the sam-
ples. The UPLC system had a binary solvent manager, a
built-in vacuum degasser, a 10-μL injection loop, a
temperature-controlled autosampler, and a column oven.
Separat ion was achieved using a stainless steel
ACQUITY UPLC-bridged ethylene hybrid shield RP C18

column (100-mm long, 2.1-mm inner diameter, 1.7 μm
particle size; Waters Corp.). The UPLC system was
coupled to a Xevo TQD triple-stage quadrupole mass
spectrometer, which was fitted with an electrospray ioni-
zation source.

The samples were extracted in solvent in vessels placed in
an HZS-HA digital oscillating water bath (China Harbin
Electronic Technologies Co. Ltd., Harbin, China). Before be-
ing extracted, each apple sample was homogenized using a
Foss Tecator 2094 homogenizer (Foss, Hillerød, Denmark).
An R-215 rotary evaporator (Büchi Labortechnik AG, Flawil,
Switzerland) was used to evaporate solutions in organic
solvents.

Field trial

The experiment was designed following the NY/T 788–
2004 guidelines for pesticide residue trials issued by the
Institute for the Control of Agrochemicals, Ministry of

Agriculture, China. A dissipation field trial and a final
residue field trial were performed.

The field trials were performed in Beijing Province in
northern China, which has a subhumid warm temperate
continental monsoon climate, Shandong Province on the
eastern coast of China, which has a warm temperate hu-
mid monsoon climate, and Anhui Province in central
China, which has a warm temperate monsoon climate.
The trials were performed between June and October
2014. Beijing, Shandong, and Anhui provinces have an-
nual precipitation rates of 630, 640, and 800 mm, respec-
tively, and average relative humidities of 40, 54, and
55 %, respectively. The field at the Beijing site had a
loamy soil with an organic matter content of 2.12 g kg−1

and a pH of 7.1. The field at the Shandong site had a
loamy soil with an organic matter content of 2.05 g kg−1

and a pH of 7.1. The field at the Anhui site had sandy
clay loam soil with an organic matter content of
2.08 g kg−1 and a pH of 7.2.

Each experimental plot had an area of 30 m2 and contained
three apple trees. Each treatment was performed in triplicate
(i.e., on three plots). Each test plot was separated from the
plots around it by a buffer area. A Jacto HD400 heavy-duty
sprayer (Jacto Inc., Tualatin, OR, USA) with a nozzle diame-
ter of 1.0 mm and an operating pressure of 4–5 kg cm−2 was
used to apply the SC.

The 11.7 % SC application rate in the experiments on dis-
sipation in apples was 118 g a.i.ha−1 (1.5 times the recom-
mended application rate). The SC was sprayed on the apples
once when the mean apple size was about 5 cm. The 11.7 %
SC was sprayed directly onto the soil once, at an application
rate of 118 g a.i.ha−1, in the experiments on dissipation in soil.
Representative apple and soil samples were randomly collect-
ed 2 h and 1, 3, 7, 14, 21, 30, and 45 days after the SC had
been sprayed. Control samples were collected from plots to
which the SC was not applied. In total, 48 treated soil and
apple samples and six control samples were collected at each
site. The samples were stored in the dark at −20 °C until
analysis.

The final difenoconazole and fluxapyroxad residue
concentrations in apples and soil were determined by
performing trials using application rates of 78 g a.i.ha−1

(the recommended dose) and 118 g a.i.ha−1 (1.5 times the
recommended dose) on different plots. The SC was
sprayed onto some plots twice and other plots three times,
with 10 days between applications. Each plot was sepa-
rated from the plots around it by a buffer area.
Representative soil and apple samples were collected from
each plot at preharvest intervals of 14, 21, and 28 days. In
total, 108 treated soil and apple samples and six control
samples were collected after the last SC dose had been
applied. The samples were stored in the dark at −20 °C
until analysis.
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Analytical procedure

Each apple sample was thoroughly blended. Large stones
were removed from each surface soil (0–15 cm deep) sample,
then the sample was air-dried, crushed with a hammer, and
passed through a 40 mesh (380 μm) sieve. A 20.00 g aliquot
of a soil or apple sample was added to a 150 mL conical flask,
then 50mL acetonitrile and 7 g NaCl were added and the flask
was sealed with a stopper. The flask was then placed in an
oscillating water bath set at 30 °C and left for 30min. A 10mL
aliquot of the acetonitrile was then removed and evaporated to
dryness under vacuum using a rotary evaporator. The residue
was dissolved in 2 mL of a 1:1 (v/v) mixture of acetonitrile and
water, then transferred to a 2 mL centrifuge tube containing
150 mg anhydrous MgSO4, 50 mg of the primary and second-
ary amine sorbent, and 50 mg of the octadecylsilane sorbent.
The mixture was shaken vigorously using a vortex machine
for 30 s, then centrifuged at 18,000 rpm for 1 min. The
supernatant was passed through a 0.22-μm nylon syringe
filter before an aliquot was injected into the UPLC-MS/MS
system.

The mobile phase flow rate was 0.3 mL min−1. Solvent A
was acetonitrile and solvent B was 0.2 % (v/v) formic acid in
water, and the gradient elution program was 80 % A decreas-
ing to 20 % A between 0 and 2 min; 20 % A increasing to
40 % A between 2 and 4 min; 40 % A increasing to 80 % A
between 4 and 5 min. The column was kept at 35 °C to keep
the viscosity of the mobile phase appropriately low, and the
sample manager temperature was 10 °C. A 3 μL aliquot of
each sample was injected.

The nebulizer gas was 99.95 % nitrogen, the collision gas
was 99.99 % argon, and the pressure in the T wave cell was
3.2×10−3 mbar. The MS/MS was operated in positive ioniza-
tion switching mode, and the parameters were optimized for
the target compounds. The typical conditions were 3.0 kV
capillary voltage, source temperature 150 °C, desolvation
temperature 500 °C, cone gas flow rate 50 L h−1, and
desolvation gas flow rate 600 L h−1. The multiple reaction
monitoring mode was used to detect all of the compounds of
interest, and the MS/MS parameters are shown in Table 1.

Calculations

The data were collected and analyzed using MassLynx 4.1
software. The limit of detection was defined as the concentra-
tion required to give a quantitative ion transition peak area
with a signal to noise (peak–peak) ratio of 3. The limit of
quantification (LOQ) was defined as the lowest spike concen-
tration for which a satisfactory recovery (70–120 %) and rel-
ative standard deviation (RSD; ≤20 %) were found (Cheng
et al. 2014). The linearity of the instrument was evaluated by
plotting the standard concentrations against the peak areas.
The precision, repeatability, and reproducibility of the method

were determined and expressed as the RSD. The repeatability
was expressed as the intra-day precision (RSDa), which was
defined as the RSD of the analyte concentrations in spiked
samples analyzed on the same day. The reproducibility was
expressed as the inter-day precision (RSDb), which was de-
fined as the RSD of the analyte concentrations in spiked sam-
ples analyzed on five different days by five different operators.

Matrix effects were quantified using the equation F=(B−
A)/A×100, where F is the influence of matrix effects, B is the
slope of the matrix-matched calibration standard, and A is the
slope of the calibration standard in pure solvent. An F value of
up to ±10 % was assumed to indicate that matrix effects could
be ignored. An F value of ±10–20 % was assumed to indicate
mild signal suppression or enhancement occurred throughma-
trix effects. An F value of ±20–50 % was assumed to indicate
medium matrix effects, and an F value of >±50 % was as-
sumed to indicate strong matrix effects (Li et al. 2013). An F
value of >±20%was taken to indicate that the matrix-matched
calibration standards should be used to accurately quantify the
analyte.

The residual difenoconazole and fluxapyroxad concentra-
tions were calculated using the first-order kinetics equation
Ct=C0e

−kt, and the half-lives were calculated using the equa-
tion t1/2=ln(2)/k. In these equations, t is the time elapsed since
the pesticide was applied, Ct is the pesticide concentration at
time t, C0 is the initial pesticide concentration immediately
after the pesticide was applied (i.e., at t=0), k is the dissipation
coefficient, and t1/2 is the time required for the pesticide con-
centration to reach half of the initial concentration (Koch et al.
2005).

Results

Method validation

The linear regression equations, limits of detection, and LOQs
for difenoconazole and fluxapyroxad in apples and soil are
shown in Table 2. The linearity of the instrument was excel-
lent for both analytes (R2>0.99 in all cases), but matrix effects
were found (the F values were between −15 and 66 %) for
both analytes in both apples and soil. Electrospray ionization
mass spectrometry was used, so these matrix effects could
have been caused by competition between the compound of
interest and other compounds for the charge available in the
electrospray ionization chamber (Dong et al. 2010). The ex-
tent to which matrix effects affect the analysis of a sample can
be influenced by the type of instrument used, the type and
amount of matrix present, the sample pretreatment procedure
used, and the concentration of the compound of interest in the
sample (Cheng et al. 2014). Matrix-matched standard solu-
tions were used to compensate for the matrix effects when
identifying and quantifying the analytes in this study. The
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limits of detection for difenoconazole and fluxapyroxad were
estimated to be between 0.01 and 0.14 μg kg−1. The LOQ for
difenoconazole in apples was 2 μg kg−1, which is lower than
the difenoconazole MRLs in China, the European Union,
Japan, and the USA (0.5, 0.5, 1.0, and 4.5 mg kg−1, respec-
tively). The LOQ for fluxapyroxad in apples was 2 μg kg−1,
which is lower than the fluxapyroxad MRL in the European
Union and the USA (0.7 and 0.8 mg kg−1, respectively)
(www.mrldatabase.com).

The recoveries and RSDs for difenoconazole and
fluxapyroxad in spiked apple and soil samples are shown in
Table 3. The mean recoveries (85.0–100.0 %) and precision
(all RSDs were <20 % at the three spike concentrations used)
were satisfactory. The mean difenoconazole recoveries were
85.6–100 % for the apple samples and 86.4–97.8 % for the
soil samples, and the fluxapyroxad recoveries were 86.6–
97.2 % for the apple samples and 85.0–87.8 % for the soil
samples. The RSDa (n=5) and RSDb (n=15) values were 4.2–
14.8 % and 3.8–14.5 %, respectively. For the trace analysis of
pesticide residues, recoveries of 70–120 % and an RSD of up
to ±20 % are generally considered acceptable.

Dissipation of difenoconazole and fluxapyroxad in apples
and soil

The difenoconazole dissipation curves for apples and soil un-
der field conditions are shown in Fig. 2. The curves were
based on the difenoconazole residues found in samples col-
lected at different times after the difenoconazole had been

applied. The initial difenoconazole concentrations in the ap-
ples collected from the Beijing, Shandong, and Anhui sites
were 0.090, 0.049, and 0.052 mg kg−1, respectively. The dis-
sipation regression equation for the Beijing trial was C=
0.0696 e−0.107 t (R2=0.9047) and the half-life was 6.5 days,
the equation for the Shandong trial was C=0.0632 e−0.111 t

(R2=0.9496) and the half-life was 6.2 days, and the equation
for the Anhui trial was C=0.0385 e−0.073 t (R2=0.7812) and
the half-life was 9.5 days. The initial difenoconazole concen-
trations in the soil samples from the Beijing, Shandong, and
Anhui sites were 0.145, 0.110, and 0.075 mg kg−1, respective-
ly. The dissipation regression equation for the Beijing trial was
C=0.0898 e−0.033 t (R2=0.697) and the half-life was 21.0 days,
the equation for the Shandong trial was C=0.0968 e−0.029 t

(R2=0.9726) and the half-life was 23.9 days, and the equation
for the Anhui trial was C=0.0596 e−0.025 t (R2=0.6915) and
the half-life was 27.7 days.

The fluxapyroxad dissipation curves for apples and soil
under field conditions are shown in Fig. 3. The initial
fluxapyroxad concentrations in the apples collected from the
Beijing, Shandong, and Anhui sites were 0.070, 0.095, and
0.051 mg kg−1, respectively. The dissipation regression equa-
tion for the Beijing trial was C=0.0648 e−0.065 t (R2=0.9633)
and the half-life was 10.7 days, the equation for the Shandong
trial wasC=0.0672 e−0.055 t (R2=0.9073) and the half-life was
12.6 days, and the equation for the Anhui trial was C=
0.0377 e−0.074 t (R2=0.9454) and the half-life was 9.4 days.
The initial fluxapyroxad concentrations in the soil samples
from the Beijing, Shandong, and Anhui sites were 0.403,

Table 1 Experimental parameters and ultrahigh-performance liquid chromatography tandemmass spectrometry conditions used in the analyses of the
fungicides

Compound Molecular
weight

Molecular
formula

tR (min) Quantification
ion transition

Confirmatory
ion transition

Dwell
time (s)

Cone
(V)

Collision
(V)

Ion
source

Difenoconazole 406.3 C19H17Cl2N3O3 3.10 406.161>251.049 406.161>251.049 0.08 46 52 ESI+
406.161>111.019 0.08 46 20

Fluxapyroxad 381.3 C18H12F5N3O 2.70 382.186>342.083 382.186>362.109 0.08 28 18 ESI+
382.186>362.109 0.08 28 12

Table 2 Comparison of the calibrations, in the concentration range 0.001–0.2 mg L−1, produced using matrix-matched standards and standards in pure
solvent

Compound Matrix Regression equation R2 Matrix effect
(%)

LOD
(μg kg−1)

LOQ
(ug kg−1)

Difenoconazole Acetonitrile y=518.686 x+417.913 0.9998 − 0.02 −
Soil y=872.813 x+1959.72 0.9998 41 0.01 1

Apple y=451.192 x+892.678 0.9998 −15 0.02 2

Fluxapyroxad Acetonitrile y=39.315 x+28.8537 0.9997 − 0.10 −
Soil y=114.098 x+646.543 0.9999 66 0.01 1

Apple y=58.6109 x+36.3707 0.9998 49 0.02 2
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0.179, and 0.243 mg kg−1, respectively. The dissipation re-
gression equation for the Beijing trial was C=0.2949 e−0.067
t (R2=0.9126) and the half-life was 10.3 days, the equation for
the Shandong trial was C=0.1551 e−0.019 t (R2=0.8935) and
the half-life was 36.5 days, and the equation for the Anhui trial
was C=0.2041 e−0.037 t (R2=0.7196) and the half-life was
18.7 days.

Final difenoconazole and fluxapyroxad residues in apples
and soil

The final difenoconazole and fluxapyroxad residue concentra-
tions in the apple and soil samples from the Beijing,
Shandong, and Anhui sites are shown in Table 4. The
difenoconazole concentrations were 0.002–0.052 mg kg−1 in
the apples and 0.002–0.298 mg kg−1 in the soil samples (i.e.,
for all of the samples that had been sprayed at the recommend-
ed dose and at 1.5 times the recommended dose both twice
and three times). The fluxapyroxad residue concentrations in
the apple and soil samples were 0.002–0.052 mg kg−1 and
0.008–1.219 mg kg−1, respectively.

Discussion

The highest initial difenoconazole concentration in apples
sprayed with the 11.7 % SC was 0.090 mg kg−1 (in the

Beijing trial) and the highest initial fluxapyroxad concentra-
tion was 0.095 mg kg−1 (in the Shandong trial). The highest
initial difenoconazole and fluxapyroxad concentrations, 0.145
and 0.403 mg kg−1, respectively, were both found in the
Beijing trial. The highest initial difenoconazole and
fluxapyroxad concentrations in apples were similar.
However, the highest initial fluxapyroxad concentration in
soil was more than twice the highest initial difenoconazole
concentration. This suggested that the initial concentrations
in the apples and soil were determined by a number of factors.
Apart from the effects of the physical and chemical properties
of the fungicides, environmental factors (such as exposure to
light, heat, wind, and moisture) the plant parts exposed, the
plant species, the characteristics of the site, and growth dilu-
tion might all play significant roles in the deposition of a
pesticide (Guo et al. 2010; Liang et al. 2011). In our experi-
ment, the initial difenoconazole and fluxapyroxad concentra-
tions in the apples and soil did not correlate with the applica-
tion rate, and no relationships were found between the initial
concentrations and the characteristics of the experimental
sites.

One of the most important parameters that must be taken
into account when the fate of a pesticide in the environment is
assessed is the degree to which the pesticide is dissipated. The
degradation of fluxapyroxad in agricultural samples has not
previously been reported. The fluxapyroxad was found to
have a half-life of less than 12.6 days in apples and less than

Table 3 Recoveries (%; n=15),
intra-day relative standard
deviations (RSDa; %), and
inter-day relative standard
deviations (RSDb; %) for
the target compounds spiked
into apples and soil samples
at three different
concentrations

Sample Spike level
(μg kg−1)

Apple Soil

Recovery RSDa RSDb Recovery RSDa RSDb

Difenoconazole 2 100.0 4.2 6.2 97.8 12.1 4.9

10 88.2 10.6 6.5 86.4 10.9 5.7

100 85.6 6.4 3.8 94.9 7.2 4.4

Fluxapyroxad 2 97.2 6.6 14.5 87.8 10.2 8.9

10 86.6 13.7 8.7 85.4 13.6 8.5

100 91.6 6.0 9.5 85.0 14.8 9.2

RSDa intra-day precision (n=5), RSDb inter-day precision (n=15)

Fig. 2 Dissipation of difenoconazole in apples and soil in the trials performed in Beijing, Shandong, and Anhui provinces

Environ Sci Pollut Res (2016) 23:5618–5626 5623



36.5 days in soil in this experiment. This suggests that
fluxapyroxad degrades very quickly in apples and soil.

Difenoconazole was found to have a half-life of 6.2–
9.5 days in apples, which is somewhat lower than the half-
life of 4.9–5.4 days found for difenoconazole in a 10 % wet-
table powder applied at a rate of 30 g a.i.ha−1 in a previous
study (Guo et al. 2010), and also somewhat lower than the
half-life of 5.3–6.7 days found for difenoconazole in a 25 %
emulsifiable solution applied at a rate of 75 g a.i.ha−1 in an-
other study (Bhat et al. 2015). The difenoconazole half-lives
found in the Beijing, Shandong, and Anhui trials were similar.
This could have been because the soil pH values and organic
matter contents were similar in the different trials. However,
difenoconazole in a 10 % wettable powder was previously
found to have a half-life in soil of 9.6–68.4 days, which is
rather different from the half-lives we found. This suggested
that the difenoconazole half-life in soil is different for different
formulations and application rates.

The behavior of a pesticide in the environment will be
governed by a range of complex physical, chemical, and

biological processes, including sorption and desorption, vola-
tilization, chemical and biological degradation, uptake by
plants, surface runoff, and leaching (Wang et al. 2012b). In
our experiments, difenoconazole and fluxapyroxad dissipated
more quickly in the apples than in the soil. This could have
been because the initial concentrations in the soil were much
higher than the initial concentrations in the apples. The
fluxapyroxad half-lives were longer than the difenoconazole
half-lives in both apples and soil. These results show that
difenoconazole and fluxapyroxad in the 11.7 % SC have a
synergistic relationship in controlling alternaria leaf spot in
apple trees in the field.

The final difenoconazole and fluxapyroxad residue con-
centrations in the apples and soil in the different trials follow-
ed a trend in that a shorter harvest interval and higher appli-
cation rate caused the residual concentrations in both apples
and soil to be higher.

The Codex Alimentarius Commission has not specified a
MRL for either difenoconazole or fluxapyroxad. The
difenoconazole MRLs for apples in China, the European

Fig. 3 Dissipation of fluxapyroxad in apples and soil in the trials performed in Beijing, Shandong, and Anhui provinces

Table 4 Final difenoconazole and fluxapyroxad residue concentrations found in the apples and soil

Dosage
(g a.i.hm2

Spray
times

PHI
(days)

Difenoconazole residue (mg kg−1) Fluxapyroxad residue (mg kg−1)

Beijing Shandong Anhui Beijing Shandong Anhui

Apple Soil Apple Soil Apple Soil Apple Soil Apple Soil Apple Soil

78 2 14 0.003 0.004 0.003 0.002 0.002 0.013 0.005 0.010 0.009 0.014 0.003 0.016

21 0.002 0.008 0.008 0.146 <0.002 0.010 0.002 0.017 0.019 0.311 <0.002 0.008

28 <0.002 0.005 <0.002 0.033 <0.002 0.009 <0.002 0.014 0.003 0.085 0.002 0.008

3 14 0.005 0.009 0.052 0.157 0.002 0.013 0.008 0.029 0.077 0.848 0.004 0.023

21 0.002 0.006 0.007 0.297 0.003 0.014 0.002 0.011 0.018 0.728 0.003 0.017

28 <0.002 0.005 0.006 0.052 0.002 0.010 <0.002 0.013 0.022 0.249 0.002 0.016

118 2 14 0.004 0.050 0.029 0.241 0.006 0.045 0.006 0.016 0.083 1.219 0.005 0.053

21 0.003 0.007 0.018 0.247 0.004 0.030 0.003 0.018 0.035 0.577 0.003 0.047

28 <0.002 0.008 0.010 0.133 <0.002 0.059 <0.002 0.018 0.022 0.537 0.002 0.050

3 14 0.008 0.013 0.042 0.151 0.010 0.028 0.011 0.017 0.093 0.460 0.007 0.042

21 0.002 0.009 0.014 0.134 0.007 0.033 0.002 0.019 0.032 0.364 0.005 0.053

28 <0.002 0.011 0.013 0.298 0.003 0.041 <0.002 0.020 0.031 1.137 0.004 0.048
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Union, Japan, and the USA are 0.5, 0.5, 1.0, and 4.5 mg kg−1,
respectively. The maximum final residue concentration in ap-
ples before harvest in the field trials at the three experimental
sites was less than 0.5 mg kg−1. No MRL has been set for
fluxapyroxad in China. The MRLs of fluxapyroxad in the
European Union and the USA are 0.7 and 0.8 mg kg−1, re-
spectively. The fluxapyroxad residue concentrations on the
apples at harvest time were lower than these MRLs. These
results suggest that it is safe to harvest apples 10 day or more
after the recommended doses of difenoconazole and
fluxapyroxad have been applied. No clear differences were
found between the final residue concentrations in the
Beijing, Shandong, and Anhui trials.

Conclusions

A quick, easy, effective, rugged, reliable, and accurate
method was developed for determining difenoconazole
and fluxapyroxad concentrations in apples and soil using
UPLC-MS/MS. Difenoconazole and fluxapyroxad eluted
from the UPLC column in less than 5.0 min, and the
specificity of the analytical method was good. The mean
recoveries of both analytes in apples and soil were 78.4–
107.2 %. The difenoconazole and fluxapyroxad dissipa-
t ion kinet ics and the f inal difenoconazole and
fluxapyroxad residue concentrations in apples and soil
were determined to allow the safety of using these pes-
ticides to be assessed in terms of the health of people
consuming apples that have been trea ted with
difenoconazole and fluxapyroxad. The highest final
difenoconazole and fluxapyroxad residue concentrations
in the apples t rea ted in our exper iments were
<0.01 mg kg−1. This suggests that it is safe to harvest
apples 10 day or more af ter the recommended
difenoconazole and fluxapyroxad doses have been ap-
plied. This work will be useful in developing MRLs for
fluxapyroxad and in ensuring that difenoconazole and
fluxapyroxad are used safely in the future.
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