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Abstract
A rapid and effective analytical method for determination of pydiflumetofen residues in some foods of plant and animal origin
(grapes, tomatoes, wheat, pork, milk, and eggs) was developed using a modified QuEChERS (quick, easy, cheap, effective,
rugged, and safe) sample preparation procedure followed by ultra-performance liquid chromatography coupled with tandem
mass spectrometry (UPLC–MS/MS). Acetonitrile was served as the extraction solvent, and an octadecylsilane-dispersive solid-
phase extraction (C18-dSPE) was used to cleanup the analyte, and then detected by UPLC–MS/MS. Pydiflumetofen was eluted
within 3.0 min from the HSS T3 chromatography column connected to an electrospray ionization source in positive mode. The
linearity of the method was excellent (R2 ≥ 0.992) in the pydiflumetofen concentration range of 10–1000μg kg−1. The recoveries
of spiked pydiflumetofen (10, 100, and 1000 μg kg−1) from the matrices were satisfactory, being between 72.0 and 110.3%, and
all with relative standard deviation values of < 15.1%. The limit of quantification for pydiflumetofen was 10 μg kg−1. This study
provides a method for the routine monitoring of pydiflumetofen.
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Introduction

Pesticides have been used to great effect to control plant dis-
eases and hence are essential for agriculture. However, the use
of chemical pesticides violates good agricultural practice can
lead to pesticide residues in treated plants that are consumed
directly by humans and animals (MacLachlan and Bhula
2008). What is more, pesticides tend to concentrate in fatty
tissues so that they may be found in food products of animal
origin such as meat, eggs, and milk (Castillo et al. 2012).
Thus, the presence of these compounds in foods of animal
origin may cause secondary toxicities through the food chain,
which pose a potential hazard for non-target organisms

including humans. The potential hazards poses to human
health, including change the functions of the endocrine sys-
tems, nervous systems, and reproductive systems, have
aroused public concern worldwide (Castillo et al. 2012).
Consequently, it is highly desirable to determine the levels
of pesticide residues in animal and plant food products to help
evaluate their impact on human health.

Pydiflumetofen [3-(difluoromethyl)-N-methyl-N-[1-meth-
yl-2-(2,4,6-trichlorophenyl)ethyl]-1H-pyrazole-4-
carboxamide] (Fig. 1) is an N-methoxy-(phenyl-ethyl)-
pyrazole-carboxamide-type compound that was developed
by Syngenta in 2016. It is a succinate dehydrogenase inhibitor
that interferes with the respiration of plant fungal pathogens
by inhibiting the activities of their complex-II enzymes and
thus can effectively control many plant fungus-related dis-
eases (Avenot and Michailides 2010). This new fungicide of-
fers a significant improvement over previously developed fun-
gicides for control of plant pathogens such as Botrytis cinerea,
Sclerotinia sclerotiorum, and Corynespora cassiicola.
Pydiflumetofen has also been shown to be active against
Fusarium asiaticum, which usually attacks wheat (Hou et al.
2017). Recently, pydiflumetofen was registered in Argentina

* Xiaohu Wu
xhwu@ippcaas.cn

1 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

2 College of Life Science, Northeast Agricultural University,
Harbin 150030, People’s Republic of China

http://crossmark.crossref.org/dialog/?doi=10.1007/s12161-018-1178-1&domain=pdf
mailto:xhwu@ippcaas.cn


fatty acids (Zhao et al. 2012), and this method meets the re-
quirements for pesticide analysis.

The focus of the present research is the development and
validation of a rapid analytical method for the determination
of pydiflumetofen in foods of plant and animal origin by using
QuEChERS procedure followed by UPLC–ESI–MS/MS
analysis. To achieve high recoveries and a good purification
performance, different extraction solvents, different types of
sorbents including traditional ones (i.e., PSA, C18, Florisil,
and GCB), and the newly introduced MWCNTs of various
diameters were investigated in this article. As far as we know,
this is the first report establishing a simple analytical method
to determine pydiflumetofen residue in plant and animal
samples.

Materials and Methods

Reagents and Materials

Pydiflumetofen (98.2% purity) was provided by Syngenta
(China) Investment Co. Ltd. Chromatography-grade acetoni-
trile and formic acid were purchased from Sigma-Aldrich
(Steinheim, Germany). Analytical-grade acetonitrile, NaCl,
and anhydrous MgSO4 for pesticide residue analysis were
purchased from Beihua Fine-chemicals Co. Ltd. (Beijing,
China). Ultra-pure water was prepared using a Milli-Q system
(Bedford, MA, USA). Nylon syringe filters (pore size,
0.22 μm), PSA (40 μm), C18 (40 μm), GCB (40 μm), and
Florisil (40 μm) were purchased from Agela Technologies
Inc. (Tianjin, China). MWCNTs with average external diam-
eters of 8–15, 10–20, 20–30, 30–50, and > 50 nm were pur-
chased from Boyu Technologies Inc. (Beijing, China).

Standard stock solutions of pydiflumetofen (100 mg L−1)
were prepared in pure acetonitrile. Standard working solu-
tions at concentrations of 0.01, 0.05, 0.1, 0.5, and 1 mg L−1

were prepared from the stock solution by serial dilution with
chromatography-grade acetonitrile. Corresponding matrix-
matched standard solutions were prepared at concentrations
from 0.01 to 1 mg L−1 by adding blank sample extracts
(grape, tomato, wheat, pork, egg, and milk) to each serially
diluted standard solution. All solutions were stored at 4 °C in
the dark until use. These six blank samples were collected
from a local market in Beijing and not applied and contami-
nated by the target pesticide. Authentic grape samples were
obtained from a residual trial in field of Shandong Province
of China and were treated with suspension concentrate at the
1.5-fold recommended dosage of 400 mg/L when they are
about half the size of rape ones. Samples were randomly
collected at intervals of 0 (2 h posttreatment), 1, 2, 5, 7, 14,
21, and 28 days after application. All samples were homog-
enized, divided into subsamples, and kept in the dark at −
20°C until they were analyzed.

Fig. 1 Chemical structure of pydiflumetofen

Food Anal. Methods (2018) 11:2682–2691 2683

as a pesticide that could be used against soybean pathogens,
but the trend for pydiflumetofen is to be registered globally for
use against diseases of fruits, vegetables, and other cereals,
suggesting that its residue may contaminate straw ingested
by animals such as swine, cattle, and chickens, and more gen-
erally, pollute foods originating from animals. It is therefore of
utmost importance to monitor the levels of pydiflumetofen
remaining on foods to ensure the food safety. To the best of
our knowledge, however, no analytical method has been de-
veloped to determine pydiflumetofen levels. Therefore, a reli-
able and robust analytical method is required to detect
pydiflumetofen in foods of plant and animal origin.

Analysis of pesticide residues involves two steps: sample
preparation followed by chromatographic separation and
determination(Wu et al. 2014). The QuEChERS (quick, easy,
cheap, effective, rugged, and safe) method, introduced by
Anastassiades and colleagues (Anastassiades et al. 2003), is
an excellent extracting approach for pesticide residue. This
method involves acetonitrile extraction accompanied by si-
multaneous liquid–liquid partitioning and is followed by a
dispersive solid-phase extraction (dSPE). And it has already
received worldwide acceptance owing to its simplicity and
high throughput (Cheng et al. 2014; Dong et al. 2012;
Zhang et al. 2013). In this study, the samples of plant and
animal origin may contain complex matrix components in-
cluding pigments, proteins, and lipophilic inclusions, which
may be easily co-extracted with the target analyte (Li et al.
2013; Liu et al. 2017). Therefore, reduction of the amounts of
non-volatile and semi-volatile co-extracts is a particularly
challenging task. Mostly, a primary secondary amine (PSA)
sorbent was used as the dSPE sorbent to bind fatty acid com-
pounds and anhydrous magnesium sulfate was used to remove
the water. Some works have produced good results with the
modified QuEChERS cleanup steps with graphitized carbon
black (GCB), Florisil, or C18 (Wang et al. 2015). Besides, it is
reported that multi-walled carbon nanotubes (MWCNTs)
function to strongly adsorb impurities for they are hollow
graphene cylinders which could be used as alternative dSPE
materials to PSA or other sorbents with the original
QuEChERS preparation method for the further cleanup of
foods by removing matrix components such as sugars and



Instrument

Chromatography was performed using a Waters ACQUITY
UPLC system (Milford, MA, USA), an ACQUITY UPLC
binary solvent manager, an ACQUITY UPLC sample manag-
er, and an ACQUITY column heater equipped with an
ACQUITY UPLC HSS T3 column (100 mm × 2.1 mm,
1.7-μm particle size). Solvent A of the mobile phase was
chromatography-grade acetonitrile, and solvent B was 2 mM
ammonium acetate aqueous solution. The flow rate was
0.3 mL min−1, and the gradient elution program was 0–
1.2 min, 10–90% A; 1.2–2.6 min, 90% A; 2.6–3.0 min, 90–
10% A; and 3.0–5.0 min, 10% A. The injection volume was
5 μL. Pydiflumetofen eluted within 3.0 min. The temperature
of the column oven was 40°C, and the temperature of the
sample vial holder was 5 °C.

A triple quadrupole mass spectrometer (Waters Corp.,
Milford, MA, USA) equipped with an electrospray ionization
source was used to analyze pydiflumetofen. The nebulizer gas
was 99.95% nitrogen, and the collision gas was 99.999% ar-
gon at a pressure of 2 × 10−5 MPa in a T-ware cell. MS/MS
detection was carried out in the positive and negative
ionization-switching mode, and the ionization intensity was
optimized for the target analyte. Typical optimized conditions
were a capillary voltage of 3.0 kVand source and desolvation
temperatures of 150 and 500 °C, respectively. The cone and
desolvation gas flows were 50 and 1000 L h−1, respectively.
The multi-reaction monitoring mode used for detection of the
target compound had a dwell time of 91 ms. All other MS
parameters were optimized individually and are listed in
Table 1. Masslynx software (version 4.1) was applied to ac-
quire and analyze the data.

Sample Treatment

Grapes, tomatoes, wheat, pork, eggs, andmilk were purchased
from a supermarket and were not contaminated by the target
compound. These samples were chopped and homogenized in
an Ultra-Turrax homogenizer (IKA-Werke, Staufen,
Germany) and then stored in a refrigerator at a temperature
below − 20 °C until analysis. Aliquots (10 g) of the homoge-
nized grapes, tomatoes, wheat, pork, eggs, and milk matrices
were individually weighed into a 50-mL Teflon centrifuge
tube, and an appropriate volume of a working standard

solution was added. Each tube was vortexed for 30 s and then
held for 30 min at room temperature to distribute the pesticide
evenly (Anastassiades et al. 2003). Next, 5 mL of ultra-pure
water (only for the wheat samples) and 10 mL of analytical-
grade acetonitrile for all food samples were added to the tubes,
which were capped and vortexed for 5 min. Subsequently, 2 g
NaCl and 4 g MgSO4 were added to each tube, and all tubes
were then vortexed for 5 min and centrifuged for 5 min at
2077×g. Next, for each sample, 1.5 mL of its top layer was
transferred to a 2-mL single-use centrifuge tube containing
50 mg of C18 and 150 mg of anhydrous MgSO4. Each extract
was vortexed for 1 min and then centrifuged for 5 min at
2077×g.

In this process, three different extraction solvents (acetoni-
trile, acetonitrile/0.2% (v/v) formic acid aqueous solution, ace-
tonitrile/1% (v/v) formic acid aqueous solution) were used to
assess the ability of extract pydiflumetofen from grape sam-
ples at a spiked level of 100 μg kg−1.

And the comparison of different sorbents was conducted
using 50 mg of PSA, C18, Florisil, GCB, and 10 mg of
MWCNTs (8–15, 10–20, 20–30, 30–50, and > 50 nm) at the
same concentration level (100 μg kg−1). Then, the samples
were again vortexed for 1 min and centrifuged for 5 min at
RCF 207 7×g. The resulting supernatants were individually
filtered through a 0.22-μm nylon syringe filter and transferred
to an autosampler vial for ultra-performance liquid chroma-
tography coupled with tandem mass spectrometry (UPLC–
MS/MS).

Method Validation

The method was validated according to the following param-
eters: specificity, linearity, matrix effect, limit of quantifica-
tion, precision, and accuracy (Niell et al. 2015). Blank sam-
ples of grape, tomato, wheat, pork, milk, and egg were ana-
lyzed to determine the specificity of the method and to search
for interfering peaks occurred at the retention time that would
interfere with quantification of the analyte peaks. The linearity
of the method was confirmed by analyzing the solvent-based
standard and the different matrix-modified standard solutions
at five concentrations between 10 and 1000 μg L−1. The cor-
responding linear regression equations with their associated
slopes, y-intercepts, and coefficients of determination are giv-
en in Table 2. The matrix effect was calculated from the slopes

Table 1 Experimental parameters and UPLC–MS/MS conditions for pydiflumetofen

Compound Molecular
formula

Molecular
weight

tR (min) Ion source CV (V) Quantification
ion transition

CE 1 (eV) Confirmatory
ion transition

CE 2 (eV)

Pydiflumet-
ofen

C16H16Cl3F2N3

O2

426.67 2.74 ESI+ 30 426.2→ 170.9 50
426.2→ 1-
94.8

30
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of the linear calibration obtained for each matrix and solvent
to determine the signal suppression/enhancement. The formu-
la used to calculate the matrix effect was matrix effect
(%ME) = [(slope of the matrix-matched calibration curve −

slope of the solvent calibration curve) / slope of solvent cali-
bration curve] × 100. The limit of quantificationwas estimated
from the smallest concentration used during recovery experi-
ments to provide an acceptable recovery (70–120%) and a

Table 2 Linear regression parameters of the calibration curves for pydiflumetofen in pure acetonitrile and the six matrices between 10 and 1000 μg
kg−1

Compound Matrix Regression equation R2 Slope of matrix/slope of solvent Matrix effect (%) LOQ (μg kg−1)

Pydiflumetofen Acetonitrile y = 145,775x + 579.19 0.996 – – 10

Grape y = 94,029x + 3020.4 0.9951 0.64 − 35.5 10

Tomato y = 47,164x − 248.65 0.9998 0.32 − 67.6 10

Wheat y = 25,891x + 1052.9 0.9969 0.18 − 82.2 10

Pork y = 73,629x + 1562 0.9957 0.51 − 49.5 10

Egg y = 61,350x + 1095.8 0.9979 0.42 − 57.9 10

Milk y = 72,401x + 2313.2 0.992 0.50 − 50.3 10

Fig. 2 Typical UPLC–MS/MSMRM chromatograms of pydiflumetofen in a a standard sample (10 μg L−1), b a grape sample spiked at a concentration
of 10 μg kg−1 pydiflumetofen, and c a blank grape sample
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Fig. 3 Effect of different sorbents
(PSA, C18, GCB, Florisil, and
MWCNTs) for pydiflumetofen
(spiked at 100 μg kg−1)
purification from different matrix
(n = 5)
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relative standard deviation (RSD) of ≤ 20%. Accuracy and
precision were determined by analyzing fortified samples at
three concentrations (1, 10, and 100 μg kg−1) in quintuplicate.
Accuracy is expressed in terms of analytical recovery, and
precision is expressed as the intra-day and inter-day RSDs
(RSDr and RSDR, respectively).

Results and Discussion

Optimization of UPLC–MS/MS Parameters

We first examined and optimized the MS parameters in
both positive and negative modes with the use of the

Fig. 4 UPLC–MS/MS MRM chromatograms of pydiflumetofen for the
effects of different mobile phase compositions. a Acetonitrile/water. b
Methanol/water. c Acetonitrile/0.2% (v/v) formic acid aqueous solution.

dMethanol/0.2% (v/v) formic acid aqueous solution. eAcetonitrile/2 mM
ammonium acetate aqueous solution. f Methanol/2 mM ammonium
acetate aqueous solution
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1000 μg L−1 pydiflumetofen standard solution. A greater
peak intensity for the parent ion was obtained in the
electrospray ionization-positive mode. Consequently, pro-
tonated molecule [M + H]+ was used as the MS/MS pre-
cursor ion, which was fragmented by direct injection at
different collision energies so that the selected reaction
monitoring could be optimized to achieve the greatest
sensitivity. According to the European Commission
Decision 2002/657/EC for an LC-MS/MS method, the
identification of an analyte can be characterized according
to its retention time and the relative abundance of each
selected ion fragment(Wu et al. 2014). The optimized MS/
MS parameters for pydiflumetofen are listed in Table 1.

The optimum separation conditions for pydiflumetofen
were investigated using 5-μL aliquots of the 1000 μg L−1

working standard solution and the UPLC HSS T3 column.
The mobile phase was altered with additives because the
mobile phase composition can strongly influence peak
shape and the retention behavior of an analyte in an LC
column, as well as the MS response (Rubert et al. 2010).
To obtain a satisfactory peak shape and appropriate reten-
tion time, different mobile phase compositions (acetoni-
trile/water; acetonitrile/0.2% (v/v) formic acid aqueous so-
lution; acetonitrile/2 mM ammonium acetate aqueous so-
lution; methanol/water; methanol/0.2% (v) formic acid
aqueous solution; methanol/2 mM ammonium acetate
aqueous solution) were evaluated using the gradient pro-
gram described in the BMaterials and methods^ section at
0.3 mL min−1. The greatest sensitivity and best peak
shape were obtained with acetonitrile/2 mM ammonium
acetate aqueous solution (Fig. 4). Using this elution sys-
tem, the pydiflumetofen retention time was 2.74 min, with
no interfering peaks (Figs. 2, 3, 4, and 5).

Optimization of the Extraction Solvents

For analysis of pesticide residues in foods, the choice of the
extraction solvent can greatly affect the extraction efficiency.
Previous studies of a variety of foods have used acetonitrile as
the extraction solvent for its lesser co-extracts of matrices
components and satisfactory recovery (Tian et al. 2016;
Zhao et al. 2015). Acetonitrile mixed with different concen-
trations of formic acid aqueous solution has also proved to be
a good extraction solvent (Hu et al. 2015; Ju et al. 2015). We
therefore assessed the ability of three different extraction sol-
vents (acetonitrile, acetonitrile/0.2% (v/v) formic acid aqueous
solution, acetonitrile/1% (v/v) formic acid aqueous solution) to
extract pydiflumetofen at a spiked concentration of 50μg kg−1

from grape samples. Although all of three extraction solvents
facilitated a good recovery, as it was most convenient, aceto-
nitrile was used as the extraction solvent in all further
experiments.

Optimization of the Dispersive Solid-Phase Extraction
Cleanup Process

In the cleanup procedure, the selection of the sorbent is anoth-
er factor that can affect the analysis of chemical residues. After
extraction of a target analyte, a purification step is usually
required to remove co-extracted contaminants. Dispersive
solid-phase extraction is the most commonly used purification
procedure, and it uses a mixture of MgSO4 and sorbent to
remove residual water and other matrix components (Wu
et al. 2014). Considering the many types of chlorophyll deriv-
atives in plant-derived foods and large amounts of proteins,
lipids, and saturated and unsaturated fatty acids in animal-
derived foods, the effects of the four traditional types of dis-
persive sorbents PSA (50 mg), C18 (50 mg), Florisil (50 mg),
and GCB (20 mg) and 10 mg of each MWCNTwith a differ-
ent external diameter (8–15, 10–20, 20–30, 30–50, and >
50 nm) were evalued to cleanup the pydiflumetofen from the
six foods (each at 100 μg kg−1). The recoveries and RSD
values were satisfactory for all cleanup methods tested for
all matrices (Fig. 3). Because it was the least expensive, the
C18 (50 mg) treatment was selected to cleanup the samples of
foods of plant and animal origin.

Method Validation

Linearity and Limit of Quantification

All calibration curves of the working standard solutions
and the matrix-matched standard solutions demonstrated
satisfactory linearity (Table 2). All regression coefficients
for recovery of spiked pydiflumetofen from the matrices
were > 0.992. The limit of quantification values were
10 μg kg−1 for all matrices.

Matrix Effects

The matrix effect, as first reported by Kebarle and Tang
(Kebarle and Tang 1993), is that the presence of coextractives
can affect the ionization of the target compounds by reducing
or enhancing the detector response compared with that pro-
duced by the analytes in solvent. The suppression or enhance-
ment of the response can diminish the precision and accuracy
of the method. In the present study, the effects caused by the
different matrices were analyzed by comparing the slopes ob-
tained for the standards with the matrix-matched standards. In
this way, no matrix effect is observed for a value of 0, values
of < 0 indicate signal suppression, and values of > 0 indicate
ionization enhancement. The data in Table 2 show that pro-
nounced signal suppression was observed for pydiflumetofen
in the six matrices ranged from − 35.5 to − 82.2%. The incom-
plete removal of matrix components may be the cause of the
signal suppression. However, the underlying mechanisms by
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which the matrices influence the signal strength of a target
compound are not thoroughly understood and need further
investigation. Therefore, a matrix-matched calibration curve
was performed for pydiflumetofen to eliminate the corre-
sponding matrix effect and achieve more reliable results.

Accuracy and Precision

The accuracy and precision of the method were assessed
based on the spiked blank samples at three different concen-
trations (10, 100, and 1000 μg kg−1). The accuracy was
expressed as the recovery (%) of each spiked sample. The
precision was based on reproducibility during each day and
between each day and was expressed as RSDr and RSDR,
respectively. The RSDr (n = 5) was calculated using the stan-
dard deviation of the recovery percentage of each set of spiked
samples on the same day. The RSDR (n = 15) was measured
by comparing the results of spiked samples obtained on three
separate days. The mean values of the recoveries and RSDr

and RSDR values of pydiflumetofen from the six samples are
shown in Table 3. The mean recovery value for
pydiflumetofen ranged from 76.2 to 108.0% for the six matri-
ces. The RSDr and RSDR values ranged from 1.0 to 15.1%
and from 3.2 to 12.4%, respectively. These data were consis-
tent with the EU guidelines for pesticide residue analysis,
suggesting the usefulness of the method (European
Commission, 2011).

Application to Field Samples

To verify the effectiveness of this modified QuEChERS-based
extraction and UPLC–MS/MS analytical method, trace levels
of pydiflumetofen were assessed by analyzing grape samples
obtained from a residual dynamic trial in field, carried out in
China. The initial deposit of pydiflumetofen residue in the
grape was 2.38 mg/kg and declined to 1.00 mg/kg by day
14. The results demonstrated the applicability of the new
method for the detection of the pydiflumetofen residue. The

Fig. 5 Typical UPLC–MS/MSMRM chromatograms of pydiflumetofen in different matrix spiked at 10 μg kg−1. aAwheat sample. bA tomato sample.
c An egg sample. d A milk sample. e A pork sample
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method provided a valid method that lay the foundation for
risk assessment of pydiflumetofen posed to human health.

Conclusions

We present herein a new simple and time-saving analytical
method based on the QuEChERS method in conjunction with
UPLC–MS/MS to determine the level of the new fungicide
pydiflumetofen in foods of plant and animal origin. Under the
optimized conditions, pydiflumetofen eluted within 3.0 min
from the UPLC column with good specificity, recovery, linear-
ity, precision, and accuracy. Although a strong matrix effect
was observed for each examined matrix, it could be compen-
sated for with the use of matrix-matched calibration curves.
Additionally, the reliability and efficacy of the method was
confirmed by determining the level of the fungicide residue in
grapes grown in a field in Shandong province. In summary, the
method can be used for routine monitoring of pydiflumetofen
residue in foods of plant and animal origin.
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