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Abstract A sensitive and high-efficiency method for simul-
taneous detection of pyraclostrobin, prochloraz, and its me-
tabolite in apple and soil based on QuEChERS pretreatment
combined with rapid resolution liquid chromatography tan-
dem mass spectrometry was established and validated. The
limits of quantification of three compounds in two matrixes
were 0.005 mg kg−1. The average recoveries of pyraclostrobin,
prochloraz, and 2,4,6-trichlorophenol in soil matrix were in the
ranges of 87–105%, 86–95%, and 90–96%, respectively, with
all the relative standard deviations (RSDs) of < 9.6%, while
recoveries were 89–93%, 83–97%, and 89–101% in apple with
the RSDs of < 6.5% at three spiking levels. For verify the
applicability of this method, the real samples from three repre-
sentative locations were detected. The degradation behaviors
and residue distributions of pyraclostrobin and prochloraz and
its metabolite in apple ecosystem were investigated. The field
experiment data showed that the dissipation of pyraclostrobin
and prochloraz in apple and soil followed pseudo-first-order
kinetic models. The half-lives of pyraclostrobin in soil and
apple were 8.6–19.8 and 7.9–15.1 days, while prochloraz were

8.9–21 and 5.8–12.4 days. The highest terminal residue of total
prochloraz and pyraclostrobin in apple, after spraying three to
four times with the interval of 28 days, was far below the
maximum residue limits recommended by China. This research
could provide guidance on a reasonable usage of prochloraz
and pyraclostrobin in apple orchard.
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Abbreviations
LODs Limits of detection
LOQs Limits of quantification
MRLs Maximum residue limits
PHI Pre-harvest interval
RRLC-MS/
MS

Rapid resolution liquid chromatography tan-
dem mass spectrometry

RSDs Relative standard deviations
EW Emulsion in water

Introduction

Apple, as one of the most popular fruits, is rich in polyphenols,
vitamins, flavonoids, etc., which can reduce the risk of chronic
diseases and cancer (Feskanich et al. 2000; Arts et al. 2001
Boyer and Liu 2004; Davis et al. 2006; Yoon and Liu 2007).
It was reported that apple yield in China reached 43.8 million
tons in 2016. However, many fungi could induce terrible dis-
eases which result in the production of apple to sharply de-
crease and cause large economic loss. For example, the apple
anthracnose, caused by Colletotrichum gloeosporioides and
C. acutatum, is one of the most serious diseases of apple in
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the world (Lee et al. 2007; Bajpai et al. 2009). To reduce eco-
nomic loss, various pesticides and their mixed formulation
were developed (Patyal et al. 2013) in which pyraclostrobin
and prochloraz are the most commonly used fungicides.

Pyraclostrobin, methyl 2-[1-(4-chlorophenyl)pyrazol-3-
yloxymethyl]-N-methoxycarbanilate, is a fungicide belonging to
a class of compounds called strobilurins (Fulcher et al. 2014). The
strobilurin fungicides are synthetic active ingredients with similar
action to the natural strobilurin A, produced by the fungus
Strobilurus tenacellus (Bartlett et al. 2002), and their main effect
is inhibiting the mitochondrial respiration of the fungus.
Pyraclostrobin,with the advantage of high efficiency, low toxicity,
broad spectrum, and environmentally friendly, has wonderful po-
tential application in China (Li et al. 2016; Guo et al. 2017).

Prochloraz [N-propyl-N-[2-(2,4,6-trichlorophenoxy)-
ethyl]imidazole-1-carboxamide PCZ], is a broad-spectrum
and high-efficiency fungicide that classifies as imidazole and
often be used on fruits, vegetables, and mushrooms as a post-
harvest treatment and on cereals as a seed treatment (Cengiz
et al. 2014). The mechanism of prochloraz to resist various
diseases was anti-androgenic activity which can disrupt repro-
ductive development and function of the target effected cells
by several modes of action (Vinggaard et al. 2002). The
prochloraz undergoes specific transformations in plants and
the primary metabolic step is the breaking of the imidazole
ring with the formation of its primary metabolites, namely N-
formyl-N-propyl-N-[2-(2,4,6-trichlorophenoxy)ethyl] urea
and N-propyl-N-[2-(2,4,6-trichlorophenoxy)ethyl] urea which
contain formyl group and amidogen, respectively. Both of
them disconnected the carbon–oxygen bond and degraded to
2,4,6-trichlorophenol, present as free and conjugated metabo-
lites, together with trace of 2-(2,4,6-trichlorophenoxy)-acetic
acid (Polese et al. 2006; Navickiene and Ribeiro 2005). It has
been reported that 2,4,6-trichlorophenol could cause adverse
effects on the human nervous system and respiratory problems
such as chronic bronchitis, cough, and altered pulmonary
function (Hameed 2007; Li et al. 2010). Due to its high tox-
icity, carcinogenic properties, structural stabilization, and per-
sistence in the environment, 2,4,6-trichlorophenol was paid
more attention in this paper (Hameed et al. 2008). The chem-
ical structures of pyraclostrobin, prochloraz, and 2,4,6-
trichlorophenol are shown in Fig. 1a–c.

The commercial formulation of 40% emulsion in water
(EW), including pyraclostrobin (10%) and prochloraz (30%),
was firstly introduced in open-field conditions to protect crops
against anthracnose as well as other morbigenous fungi.
However, food contaminant issues and potential environment
risk have received popular attention. Hence, it is significantly
important to establish an analytical method to detect the real
samples and study the degradation behavior and residue distri-
bution of these pesticides in the apple ecosystem.

Few analytical methods have been established for the de-
termination of pyraclostrobin with some other pesticides in

green coffees, green beans, spring onions, and grapes.
Among them, the common instruments are high-performance
liquid chromatography coupled with single or tandem mass
spectrometry (HPLC-MS-MS; HPLC-ESI-MS) (de Oliveira
et al. 2016; Hanafi et al. 2010; Shabeer et al. 2015). Besides,
a modified QuEChERS pretreatment method coupled with
LC-MS/MS detection for the analysis of pyraclostrobin residue
in peanut and soil was established (Zhang et al. 2012). Many
detection methods based on gas chromatography (GC) and
liquid chromatography (LC) coupled with various detectors
have been developed for the determination of prochloraz resi-
dues as its 2,4,6-trichlorophenol derivative. So far, several an-
alytical methods have been reported for indirect detection of
the total prochloraz residues by transforming the parent and
primary metabolites into secondary metabolite, namely 2.4.6-
trichlorophenol, in ginger, mango, papaya, and orange (Fuse
et al. 2010; Navickiene and Ribeiro 2005; Polese et al. 2006).
Meanwhile, some literatures described the analytical methods
to detect only the parent of prochloraz in citrus fruit, mush-
room, andwater of different pH values byHPLC andGCE-CD
instruments (Aktar et al. 2008; Cengiz et al. 2014; Lafuente
and Tadeo 2015). To our knowledge, scarcely any literature
reported about the direct detection of prochloraz and 2,4,6-
trichlorophenol in apple and soil matrix by RRLC-MS/MS.
Furthermore, the method as to stimulate multi-determination
of pyraclostrobin, prochloraz, and its secondary toxicology
metabolite has not been reported before.

This paper, thus, aims on the validation of an accurate and
repeatable analytical method by using QuEChERS pretreat-
ment combined with RRLC-MS/MS to simultaneously detect
and quantify the pyraclostrobin, prochloraz, and 2,4,6-
trichlorophenol in apple and soil. The advantages of the meth-
od are being time saving, easy operation, high sensitivity, and
cost-effective without transforming the parent prochloraz into
2,4,6-trichlorophenol. Based on this method, the real samples
from open fields were detected to investigate the dissipation
dynamics and terminal residues of pyraclostrobin and total
prochloraz in apple and soil. This method appears to be prom-
ising to quantify the pesticides and was suitable to dispose and
determine a large amount of samples with each instrument run
of 3.9 min. This current study has great importance for pro-
viding guidance on a reasonable application of prochloraz and
pyraclostrobin under open-field apple production conditions.

Materials and Methods

Reagents and Standards

The standards of pyraclostrobin (> 98.5% purity), prochloraz
(> 98.4% purity), and 2,4,6-trichlorophenol (> 98.7% purity)
were provided by RotamCrop Science Ltd. (Jiangsu province,
China), National pesticide quality inspection center (China),
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and Alfa Aesar (USA), respectively. The formulation of 40%
emulsion in water (EW) of pyraclostrobin (10%) and
prochloraz (30%) that was used on an open field was supplied
by Henan Beautiful Star Crop Protection Co., Ltd. (Henan
province, China). HPLC-grade acetonitrile was purchased
from Dikma Co., Ltd. (Beijing, China). HPLC-grade ammo-
nium acetate was purchased from Thermo Fisher Scientific
(USA) and was dissolved by pure water which was supplied
byWahaha group. The cleanup sorbents C18, PSA, GCB, and
MWCNTs were obtained from Bonna-Agela Technologies
Venusil Technology Co., Ltd. (Tianjin city, China).
Anhydrous sodium chloride (NaCl) and magnesium
(MgSO4) of analytical grade were provided by Sinopharm
Chemical Reagent Co., Ltd. (Beijing, China).

Stock solutions of individual pyraclostrobin, prochloraz,
and 2,4,6-trichlorophenol standards were prepared in HPLC-
grade acetonitrile to reach 500 mg L−1 and blended with the
same volume rate to obtain 100 mg L−1 pesticide mix.
Stepwise dilution of pesticide mix obtained 10, 5, 1, 0.1, and
0.05mg L−1 working solution, and overall solution was stored
in the dark at 4 °C.

Instrument Parameters

The rapid resolution liquid chromatography tandem triple
quadruple mass spectrometer (Agilent 6420, USA) equipped
with an electrospray ionization (ESI) source and coupled with
a reversed phase C18 column (50 mm × 3.0 mm ID, 2.7 μm)
was applied to test and quantify the contents of pyraclostrobin,
prochloraz, and 2,4,6-trichlorophenol.

The chromatographic separation and examination were car-
ried out at 30 °C. About 5 μL of the sample was injected for
detection, the flow rate was 0.4 mL min−1, and the acquisition

time was 3.9 min. The appearance times of 2,4,6-
trichloroplenol, prochloraz, and pyraclostrobin were about
1.4, 2.25, and 3 min respectively. The mobile phase was a
mixture of A and B with a volume ratio of 70:30 (v/v) in which
A represents HPLC-grade acetonitrile and B was 20 mM am-
monium acetate dissolved by pure water.

As to the MS/MS analysis, ESI was performed in positive
ionization mode for prochloraz and pyraclostrobin and negative
ionizationmode for 2,4,6-trichlorophenol with 10 and 8 Lmin−1

drying gas (N2) flow rates. The twomodeswere at a temperature
of 350 °C. The precursor ions of prochloraz and pyraclostrobin
were smashed and their fragment ions were chosen for quanti-
tative and qualitative analysis, whereas the 2,4,6-trichlorophenol
had not been smashed with zero collision energy, and the patent
ions were used for quantification. Nebulizer pressure was 45 psi,
positive electrospray voltage was 4000 V, and negative
electrospray voltage was 3500 V. All of these three compounds
were performed in multi-reaction monitoring (MRM) mode and
the residues were calculated based on quantitative fragment
ions. The detailed parameters are shown in the Table 1.

Sample Pretreatment

The samples were prepared by modified QuEChERS method
that could reduce the time to complete the extraction and
cleanup procedure with high sensitivity and good repeatabili-
ty. In this study, the apple samples and soil samples had the
same preparation method as follows: 10 g of homogenized
samples was placed in a 50-ml centrifuge tube, and 5 ml water
and 10 ml acetonitrile were added into the tube. Then the tube
was tightly capped and mixed for 1 min by a vortex mixer. A
combination of 1 g sodium chloride and 4 g anhydrous mag-
nesium was added to the tube and kept swirling for 1 min,

Cl

Cl

O

N

NOCl

N

(a)

(b) (c)

Fig. 1 The chemical structures of
pyraclostrobin (a), prochloraz (b),
and 2,4,6-trichlorophenol (c)
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then the tube was centrifuged for 3 min at the speed of
4000 rpm to acquire a well-defined separation of the
acetonitrile phase.

Avolume of 1 ml acetonitrile layer was transferred into a 5-
ml centrifuge tube equipped with 200 mg anhydrous magne-
sium and 50 mg C18. The tube was shaken vigorously for
1 min and was centrifuged at 10,000 rpm for 3 min to stratify
completely. The supernatant was filtered into an autosampler
via a 0.22-mm syringe filter and was then stored at 4 °C until
analyzed by a RRLC-MS/MS analyzer. The above pretreat-
ment procedure was carried out in triplicate.

Method Verification

The standard mixture solution prepared previously was added
into blank soil and apple matrix. The recovery was evaluated in
contrast with the matrix extracting solution against the substrate
standard at three different concentrations, and each has
five parallels. The matrix extraction and the substrate
standard use the same pesticide mix; the volume ratio of
the pesticide mix was not more than 10%. These samples
were treated and analyzed according to the previously
described method, and the blank controls were also inves-
tigated to compensate the matrix effect.

Field Trials

The field trials contain the degradation dynamics and ultimate
residue experiments in apple and soil that were conducted at
three representative locations: Chang Ping region of Beijing
(116.46 E, 39.92 N, north of China), Lai Yang city of Shandong
province (120.99 E, 36.97 N, east of China), and Su Zhou city
of Anhui province (116.58 E, 33.38 N, south of China), from
June to September in 2016.

The characteristics of the soil used for the field trials at the
three locations had been investigated, and the results are as
follows: Beijing soil type was sandy brown soil, with about
2.70% organic matter, pH = 7.32, and a CEC (cation exchange
capacity) of about 29.7 cmol kg−1. The soil from Shandong
province was clay loamwith the parameters as follows: 3.89%
(organic matter), 6.73 (pH), and 16.7 cmol kg−1 (CEC). The

soil from Anhui province was sandy loam with the following
parameters: 1.71% (organic matter), 6.8 (pH), and
36.4 cmol kg−1 (CEC).

Dissipation Kinetic Trials

The field trials were designed according to NY/T 788-2004
(Guidelines on Pesticide Residue Trials) that was issued by the
Ministry of Agriculture, P. R. China. There were five experimen-
tal plots, and each of themwas 30m2with no application history
of pyraclostrobin and prochloraz usage; each plot had three rep-
lications. A buffer zone of about 1 m distance was adopted to
separate the plots from different plots. During the trial period,
other fungicides were forbidden to use on these apple trees.

To survey the dissipation trends of pyraclostrobin and
prochloraz in soil and apple, 40% emulsion in water (EW) of
pyraclostrobin and prochloraz was diluted by water and then
was separately sprayed on the blank soil and apple at a dosage
of 300 mg active ingredient per kilogram (mg a.i. kg−1) (twice
the recommended high dosage). Water was sprayed on the
same size plots simultaneously as the control. The representa-
tive soil and apple samples (each 2 kg) were collected randomly
from no less than five points of each plot at interval times of 0
(2 h after treatment), 1, 3, 5, 7, 10, 14, 21, and 30 days and were
mixed uniformly. After sampling, the samples were put into
polyethylene bags, labeled, and stored at − 20 °C until analysis.

Terminal Residue Trials

To investigate the final residues of pyraclostrobin and
prochloraz in soil and apple, 40% emulsion in water (EW)
of pyraclostrobin and prochloraz were sprayed at two dosage
levels, 150 mg a.i. kg−1 (high recommended dosage) and
300 mg a.i. kg−1 (twice the recommended high dosage).
Each dosage level was sprayed three times and four times on
soil and apple, respectively. The interval of sampling was
7 days, thus the representative soil and apple samples were
randomly collected at 7, 14, 21, and 28 days after application.
More than five points of soil were collected to a depth of 0–
15 cm in each plot and then the samples were screened
through 40-mesh sieves. No less than four apples were

Table 1 Acquisition parameters of pyraclostrobin, prochloraz, and 2,4,6-trichloroplenol

Compounds Retention time (min) Precursor ion (m/z) Product ion(m/z) Fragmentor(V) Collision energy (V) Polarity

Pyraclostrobin 3 387.9 194 (quantitative) 88 8 Positive
163 (qualitative) 88 24

Prochloraz 2.25 376 308.1 (quantitative) 88 8 Positive
266 (qualitative) 88 12

2,4,6-Trichloroplenol 1.4 197 195 (quantitative) 124 0 Negative
197 (qualitative) 124 0
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gathered randomly from each plot and then cut into four
petals; two opposite angles of them were taken to chop into
small pieces (< 1 cm). All the samples were packed into poly-
ethylene bags, labeled, and stored in the dark at − 20 °C until
further analysis.

Theoretical Calculation

In this study, the metabolite was transformed into its parent to
calculate the residue of prochloraz. The molecular weights of
prochloraz and 2,4,6-trichlorophenol were 376 and 197. The
quotient of two formula weights which keep three valid digits
is the conversion coefficient to convert 2,4,6-trichlorophenol
into prochloraz residues (De et al. 1997; Polese et al. 2006).
The conversion formula is listed below in which the concen-
tration of total prochloraz (Ctotal) means the sum of prochloraz
(Cparent) and 2,4,6-trichlorophenol (Cmetabolite) multiplied con-
version factor, namely 1.91.

Ctotal ¼ Cparent þ 1:91Cmetabolite

where the Ctotal (mg kg−1) represents the total residue of
prochloraz and Cparent (mg kg−1) and Cmetabolite (mg kg

−1) rep-
resent the residue of prochloraz and its secondary metabolite.

Results and Discussion

Instrument Condition Optimization

2,4,6-Trichorophenol had an easier trend to lose a hydrogen ion
and became negative ion. Thus, the ideal mobile phase should
satisfy both positive ions and negative ions of chromatograph. In
this experiment, pure water, 0.1% formic acid, and 20 mM am-
monium acetate were compared to investigate the optimummo-
bile phase, as to prochloraz and pyraclostrobin; these three mo-
bile phases showed inconspicuous effects, but ammonium ace-
tate could let 2,4,6-trichlorophenol have the highest signals.
Ammonium acetate is a strong electrolyte and its aqueous solu-
tion was shown to be electrically neutral, hence, ammonium
acetate was the optimal mobile phase.

As the collision energy increased, the fragment ions of
prochloraz and pyraclostrobin increased. Among them, the
highest signals were chosen as quantitative ions of prochloraz
and pyraclostrobin, of which the molecular weights were
308.1 and 194, respectively. While in 2,4,6-trichorophenol,
the precursor ion lessened when the collision energy was
heightened, the appropriate product ions still cannot be detect-
ed. Thus, the MRM mode with collision energy of zero was
adopted to detect 2,4,6-trichorophenol; meanwhile,
prochloraz and pyraclostrobin used multi-reaction monitoring
(MRM) mode with their ideal collision energy.

Cleanup Sorbent Selection

In the QuEChERS method, dispersive solid-phase extraction
(d-SPE) is often used to remove impurities and interferences
to raise the signal-to-noise ratio (S/N) of target analyses.
Meanwhile, the ideal d-SPE should have little effect on the
compounds that were analyzed (Lehotay et al. 2010).
According to the amount and type, C18, GCB, PSA, and
CNTs were evaluated in apple. The results in Fig. 2 show
the recoveries with the amount of GCB from 20 to 100 mg,
C18 from 20 to 100 mg, PSA from 20 to 100 mg, and CNTs
from 5 to 25 mg; each sorbent had five gradients with same
equal intervals. As the GCB, PSA, and CNTs increase, recov-
eries decreased dramatically. Though C18 had a little effect on
the recoveries of prochloraz, it was the optimum sorbent. In
this study, 50 mg C18 was chosen to purify 1 ml extract
acetonitrile phase to obtain an optimal cleanup effect.

Method Validation

According to the anterior researches, the matrix effects pro-
vide much challenge in developing reliable multi-residue
quantified methods, and the matrix effects cannot be eliminat-
ed (Niessen et al. 2006). Thus, the matrix-matched calibration
curves were used a common external standardization method
to compensate in accuracies and reduce signal changes, name-
ly, using cleaned and blank extract to prepare the calibration
curve. The external standard method was used to calculate the
content of these three compounds in actual samples, and it is
more suitable to test a huge number of samples than internal
standard method. The results showed a good linearity with all
the correlation coefficients (r) higher than 0.99 (Table 2). By
comparing the slopes of matrix-matched standard calibrations
and those from pure acetonitrile curves, it is easy to obtain that
both the pyraclostrobin and prochloraz had the signal enhance-
ment while 2,4,6-trichlorophenol had signal suppression.

In general, LOD is defined as the lowest concentration that
could be detected, and it was determined in each matrix at a
signal-to-noise ratio (S/N) of 3:1. LOQ was determined based
on a S/N ratio of 10:1 (Bao et al. 2012; Zou et al. 2012). In this
study, the lowest concentration was defined as LOQwhich could
represent the sensitivity of the method, namely 0.005 mg kg−1. If
the response value was below the LOQ, the data was viewed as
inexact and would be replaced by the value of LOQ. The LOD
was determined by different matrices with a S/N ratio of 3:1; the
specific data is shown in Table 2. Figure. 3a and b shows the
typical HPLC-MS/MS chromatograms of 2,4,6-trichlorophenol,
prochloraz, and pyraclostrobin at 0.5 mg/kg in matrix-matched
standard of apple and soil. As shown in Fig. 3, there were no
interference peaks in this region of the chromatograph and the
analysis time of the three compounds was < 3.9 min.

Five parallel extractions at four different levels in apple and
soil matrices were executed to evaluate the accuracy and
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repeatability of the versatile method. Accuracy is expressed as
recovery (%) with its RSD% expressed as precision (Lu et al.
2016). The recoveries (n = 5) of pyraclostrobin in apple ranged
from 88.1 to 105.2% with the RSDs ranged 1.1–5.1 and in soil
from 84.2 to 105.3% with the RSDs ranged 4.7–9.6. As to
prochloraz in apple and soil, the recoveries ranged from 78.1
to 103.7% with the RSDs ranged 4.3–5.9 and from 82.7 to
96.8% with the RSDs ranged 1.6–7.7, respectively.
Concerning 2,4,6-trichlorophenol, the recoveries of apple
ranged from 83.3 to 107.6% with the RSDs ranged 2.6–6.5
and from 84.8 to 106.7% with the RSDs ranged 3.4–8.9 of soil.
The RSDs in apple are all below 6.5 (Table 3) which showed
great precision.

The method showed superb sensitivity, accuracy, linearity,
and repeatabilitywhich could satisfy the demand of a real sample
test to assess the security and validity of the formulation usage.

Real Sample Detection

Dissipation Behaviors of Pyraclostrobin and Prochloraz
in Apple and Soil

In the three representative locations, pyraclostrobin initial
concentrations at 0 day (2 h after application) in soil and apple
ranged 0.23–0.92 mg kg−1 and 0.151–0.357 mg kg−1. The
degradation half-lives of pyraclostrobin in soil and apple
ranged 13.44–19.8 days and 7.99–15.04 days, respectively.

As to prochloraz, the initial concentrations in soil and apple
ranged 0.507–2.556 mg kg−1 and 0.176–0.450 mg kg−1, re-
spectively, with the degradation half-lives of prochloraz
ranged 8.89–18.02 days and 5.79–12.38 days. The soil and
apple samples from Shandong fields dissipated faster with
lower half-lives, and compared to the other two locations, it
may apply to the specific climate. The specific data and each
degradation equation are exhibited in Table 4.

The initial concentrations of pyraclostrobin and prochloraz
in apple were smaller than soil. Meanwhile, the half-lives of
these two fungicides were acceptable to apple growth cycle.
The two fungicides have different degradation pathways in
apple and soil, and the acquired data indicated that both
pyraclostrobin and prochloraz dissipated faster in apple than
in soil. Some external factors, like rainfall, temperature, wind
speed, sunlight, etc., have an effect on the experiment results.
Besides, the soil type of three locations can significantly in-
fluence the initial concentration and degradations of these two
pesticides. Except these abiotic factors, the number and the
type of microbes in soil and air can influence the initial con-
centrations and half-lives of pyraclostrobin and prochloraz.

Residue Distributions of Pyraclostrobin, Prochloraz,
and 2,4,6-Trichlorophenol in Apple and Soil

The residues of total prochloraz in apple at Beijing, Anhui,
and Shandong locations were all below 0.2 mg kg−1, and the

Table 2 Matrix-matched standard calibration curves and LODs of pyraclostrobin, prochloraz, and 2,4,6-trichloroplenol

Herbicides Samples Calibration curve Range (mg L−1) Correlation coefficient (R) Slope ratios LODs (μg L−1)

Pyraclostrobin Apple y = 37,423x − 2895.4 0.005–2 0.9987 0.080 0.53

Soil y = 8087.9x + 1940.2 0.005–2 0.9965 0.017 0.36

Acetonitrile y = 469,115x + 19,983 0.005–2 0.9987 1.000 0.03

Prochloraz Apple y = 34,703x − 366.36 0.005–2 0.9992 0.143 0.56

Soil y = 20,880x + 613.85 0.005–2 0.9999 0.086 1.13

Acetonitrile y = 242,762x + 3810.3 0.005–2 0.9998 1.000 0.16

2,4,6-Trichloroplenol Apple y = 605.72x − 172.28 0.005–2 0.9970 2.863 9.60

Soil y = 559.41x − 40.378 0.005–2 0.9987 2.644 17.04

Acetonitrile y = 211.57x − 3.1798 0.005–2 0.9993 1000 94.7
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Fig. 2 Effect of different cleanup
sorbent amounts on the recoveries
of pyraclostrobin, prochloraz, and
its metabolite in apple
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(a)

(b)

Fig. 3 HPLC-MS/MS
chromatograms of 2,4,6-
trichlorophenol, prochloraz, and
pyraclostrobin in matrix-matched
standard (0.5 mg kg−1) in apple
(a) and soil (b)

Table 3 Mean recoveries (n = 5) of pyraclostrobin, prochloraz, and 2,4,6-trichloroplenol in apple and soil

Samples Fortified level
(mg kg−1)

Pyraclostrobin Prochloraz 2,4,6-Trichloroplenol

Recoveries (%) RSDs (%) Recoveries (%) RSDs (%) Recoveries (%) RSDs (%)

Soil 0.005 105 9.6 91 5.6 96 8.9

0.5 87 4.7 86 1.6 90 2.6

2.0 93 6.9 95 7.7 95 3.4

Apple 0.005 92 1.1 85 4.4 101 2.7

0.5 89 3.0 97 4.3 89 2.6

2.0 93 5.1 83 5.9 92 6.5
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content of pyraclostrobin in apple at three locations were all
below official MRLs (2 mg kg−1 for prochloraz and 0.5 mg
kg−1 for pyraclostrobin) recommended by China after 21 days
of application. Apparently, it would be safe for apple con-
sumption at the pre-harvest intervals (PHI, 21 days) based
on the recommended dosage.

Conclusion

An accurate and repeatable method was first established to
simultaneously detect 2,4,6-trichlorophenol, prochloraz, and
pyraclostrobin in soil and apple. The method showed satisfac-
tory performance in accuracy, precision, and reproducibility.
Based on this method, the dissipation behaviors of prochloraz
and pyraclostrobin in apple ecosystem were investigated fol-
lowing pseudo-first-order kinetic models. All of the terminal
residues of three compounds in apple with an interval of
21 days were far below the official MRLs recommended by
China. The current study was not only important to provide
guidance on reasonable use of these fungicides in apple eco-
system but also facilitates the trade export of apple for China.
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