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Abstract A new method for simultaneous determination of
phoxim, chlorpyrifos, and pyridaben residues in edible mush-
rooms and the substrate at trace levels was developed using
QuEChERS (quick, easy, cheap, efficient, rugged, and safe)
analytical procedure and ultra-high-performance liquid chro-
matography coupled to tandem mass spectrometry (UHPLC-
MS/MS). The target compounds were determinated using
UHPLC-MS/MSwith an electrospray ionization source in pos-
itive mode (ESI+). The limit of detection (LOD) for the three
compounds ranged from 1 to 10 μg kg−1, and the limit of
quantification (LOQ) was 10 μg kg−1. Quantification was per-
formed by calibration curves of standards from 0.01 to
1.0 mg kg−1 with correlation coefficients >0.994. Recovery
studies were performed at three spiked levels of 0.01, 0.05,
and 0.25 mg kg−1 in blank mushrooms and the substrate, and
the overall average recoveries ranged from 75.5 to 98.4 %. The
data demonstrated the good repeatability of the method with
relative standard deviations (RSDs) lower than 11.4 % for all
analytes. The results showed that the method is efficient and
reliable for the simultaneous determination of phoxim, chlor-
pyrifos, and pyridaben residues in mushrooms and substrate.
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Introduction

Edible mushrooms are not only high nutritive value, unique
flavor, taste good but it is also recognized as healthy food with
important positive health function and anti-tumor activity,
more and more popular with consumers (Kalač 2013; Rop
et al. 2009; Wisor et al. 2001). Among them in cultivation
and consumption, Pleurotus ostreatus (oyster mushroom),
Lentinus edodes (shiitake mushroom), Pleurotus eryngii
(eryngii mushroom), and Agaricus bisporus (crimini mush-
room) are the four of the most edible mushrooms. They can
have a lot of beneficial nutrients to human body health, in-
cluding amino acids, polysaccharide, fiber, chitin, and other
substances; these ingredients are raising the usage value of
these edible mushrooms (Gaglarirmak 2011; Nitschke et al.
2011). Edible mushroom production was for more than 20,
200 thousand tons in China, and total output value was more
than $20 billion. It is one of the world’s largest producers and
exporters of edible fungi in 2009. Meanwhile, China,
American, The Netherlands, France, and Spain are the most
important producers of mushrooms in the world. Mushroom
production in these countries accounted for 76% of the world.
But with the enlargement of the four kinds of edible mush-
room cultivation, the incidence of pests and diseases has be-
come more and more serious (Lewandowski et al. 2004;
White 1981). Sciarid flies and Cecid, as dipteran insects, are
widespread pests in mushroom all over the world (Binns
1981). Two pests were listed as the main research object in
manymushroom production countries (van de Geijn 1983). In
order to reduce the economic losses, a lot of fungicides and
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insecticides were used in mushrooms. It may lead to excessive
pesticide residues and affect the export of mushrooms.
Therefore, it is important to monitor residues in mushrooms
to reduce the use of pesticides and improve the quality.

Phoxim is widely used in the production of highly efficient
and low toxicity of organophosphorus pesticide (Li et al. 2010).
It used to against a variety of Lepidoptera insect larvae and
eggs and Dipteran insects (Wu et al. 1997). It can inhibit nerve
in the body of the activity of acetylcholinesterase and destroys
the normal nerve impulses conduction to play an insecticidal
effect (Kwong 2002). Chlorpyrifos not only belongs to organ-
ophosphate pesticides, with triple function of stomach toxicity,
contact poisoning, and fumigation, but also inhibits acetylcho-
linesterase activity (Han et al. 2013). Pyridaben is a kind of
acaricide. It can be used to prevent and control miticidal and
insecticidal activity (Hirata et al. 1995). It is mainly inhibition
of muscle tissue, nerve tissue, and the synthesis of glutamate
dehydrogenase on chromosome I in electron transfer system. In
the process of mushroom cultivation, in order to prevent and
treat pest of Sciarids and Cecid, these pesticides are often used
on mushrooms to get more revenue. Therefore, in order to
ensure food safety and the normal foreign trade, it has become
more important to determine the residue of these insecticide
and acaricide on mushrooms.

To our knowledge, some reports use liquid chromatogra-
phy coupled to tandem mass spectrometry (LC-MS/MS) to
analysis phoxim of residue in tea and grain (Greulich and
Alder 2008; Huang et al. 2009). Residues of chlorpyrifos
and pyridaben also have been reported in vegetables and fruits
by liquid chromatography coupled to tandem mass spectrom-
etry (Kmellár et al. 2008; Lehotay et al. 2005; Ortelli et al.
2005; Sannino et al. 2004; Tran et al. 2012). And there are
several papers that applied QuEChERS for the extraction of
pesticides from mushrooms, and determination of residue
used GC, GC-MS/MS (Cengiz et al. 2014; Peruga et al.
2013; Tran et al. 2012), or LC-MS/MS (Du et al. 2013). But
a multi-residue analysis method for simultaneous determina-
tion of phoxim, chlorpyrifos, and pyridaben in the mushrooms
by UHPLC-MS/MS has not yet been reported. In recent years,
liquid chromatography coupled to tandem mass spectrometry
(LC-MS/MS) is growing in popularity in pesticide residue
analysis because of its high sensitivity and selectivity (Pan
et al. 2008; Takatori et al. 2008; Lv et al. 2009). It has become
the main tool for pesticide residue analysis in different com-
plicated matrices. Moreover, it makes sample pretreatment
steps become easier, and quantification and confirmation be-
come more accurately at the low concentration level. In addi-
tion, the QuEChERS (quick, easy, cheap, efficient, rugged,
and safe) method was introduced by Anastassiades et al.
(Anastassiades et al. 2003); it has been developed as an attrac-
tive method for pesticide multi-residue analysis in the process
of sample preparation. And the QuEChERS approach takes
advantage of the wide analytical scope and high degree of

selectivity and sensitivity provided by the mass spectrometry
for detection (Hu et al. 2015).

Therefore, the objective of the present study is to develop a
simple, economical, sensitive, and accurate analytical method
for simultaneous determination of phoxim, chlorpyrifos, and
pyridaben residues in oyster mushroom, shiitake, eryngii, cri-
mini mushroom, and the substrate of mushroom by UHPLC-
MS/MS. The reliability of analytical method developed was
confirmed by its application to the analysis of authentic
samples.

Materials and Methods

Chemicals and Materials

The analytical standards of phoxim (purity, 98.4 %) and
pyr idaben (pu r i t y, 98 .5 %) were bough t f rom
Qinchengyixin Technology Development Co., Ltd. (Beijing,
China). The analytical standard chlorpyrifos (98.0 % purity)
was obtained from the National Institute of Metrology
(Beijing, China). Chromatography grade formic acid, aceto-
nitrile, and methanol were bought from Honeywell
International Inc. (New Jersey, USA). Acetonitrile, sodium
chloride (NaCl), and anhydrous magnesium sulfate (anhy-
drous MgSO4) for pesticide residue analysis were analytical
grade and purchased from Beijing Chemical and Reagent
Company (Beijing, China). Primary-secondary amine
(PSA), octadecylsilane (C18), and Florisil were obtained
from Agela Technologies Inc. (Newark, DE, USA).

Standard stock solutions (100 mg l−1) of phoxim, chlorpyr-
ifos, and pyridaben were prepared in chromatography grade
acetonitrile. The solvent solutions and matrix-matched stan-
dard solutions were prepared (0.01, 0.05, 0.1, 0.5, and
1.0 mg l−1) from the standard stock solution by serial dilution
with acetonitrile. All the solutions were protected against light
with aluminum foil and stored in a refrigerator in the dark at
4 °C until use.

Instrumentation and Chromatographic Conditions

Chromatographic separation employed a Waters ACQUITY
UHPLC BEH C18 column (100×2.1 mm, 1.7-μm particle
size) on a Waters ACQUITY ultra-performance liquid chro-
matography system with the mobile phase consisting of (A)
0.2% formic acid in ultrapure water and (B) acetonitrile (chro-
matography grade). The gradient elution program was as fol-
lows: 0–1.5 min, 90–10 % A; 1.5–3 min, retain 10 % A; 3–
3.1 min, 10–90 % A; 3.1–5 min, retain 90 % A; equilibration
of the column. The mobile phase was pumped at a flow rate of
0.3 ml min−1. The separation and stabilization were finished in
5.0 min. The column oven temperature was maintained at
45 °C in order to decrease viscosity, and the temperature in
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the sample manager was set at 5 °C. The sample volume
injected was at 5 μl.

Analyses of phoxim, chlorpyrifos, and pyridaben were car-
ried out on a triple-quadrupole mass spectrometer (TQD,
Waters Corp., USA) equipped with an electrospray ionization
(ESI). The capillary voltage was set at 3.0 kV. The source
temperature and desolvation temperature were kept at 120
and 350 °C, respectively. The desolvation and cone gas were
set at flow of 600 and 50 l h−1, respectively. All other settings
were as determined during the regular tuning and calibration
of the instrument. Both positive and negative ionization
modes had been conducted to optimize the mass parameters
by infusion of each compound. All other ESI and MS param-
eters were optimized individually for each target compound
and listed in Table 1. Data were collected using the Masslynx
NT v.4.1 (Waters, USA) software. The approximate retention
time of phoxim, chlorpyrifos, and pyridaben were 2.73, 3.01,
and 3.26 min under the described conditions, respectively.

Sample Preparation

The mushroom samples were prepared using modified
QuEChERS method; 10 g of samples were weighed into a
50-ml Teflon centrifuge tube. Appropriate volumes of mixed
working standard solution were added to blank samples to
validate recovery studies. Then, the tubes containing spiked
samples were vortexed for 30 s and allowed to stand for
30 min at room temperature. Water (5 ml) was added for the
substrate of mushroom, and then acetonitrile (10 ml) were
added to extract the pesticides. Further, the mixtures were
vigorously shaken for 10 min on the vortex at the maximum
setting. Subsequently, 4 g anhydrous MgSO4 and 1 g sodium
chloride (NaCl) were added. The tubes were shaken vigorous-
ly for 5 min, immediately. The tubes were then centrifuged at
RCF 2811×g for 5 min to provide a well-defined phase sepa-
ration. For clean-up, a volume of 1.5 ml of extraction solvent
was transferred into a single-use centrifuge tube containing
50mg PSA and 150mg anhydrousMgSO4. The samples were
capped and vortexed for 1 min and then centrifuged for 5 min
at RCF 2077×g. The resulting supernate was immediately
filtered by a 0.22-μm nylon syringe filter and then transferred

to an auto-sampler vial. Then, the extract was analyzed for
UHPLC-MS/MS injection.

Method Validation

In order to verify the absence of interfering substances around
the retention time of analytes, the blank samples were analyzed.
The linearity of the method was evaluated by linear regression
analysis of the standard solutions and the different matrix-
matched standard solutions at five concentrations from 0.01
to 1 mg kg−1. The LOQ was established as the lowest concen-
tration level validated with satisfactory values of recovery (70–
120 %) and RSD≤20 %. The LOD is taken as the lowest
concentration of the three compounds in the five matrices that
can be detected under the stated conditions of the test. To in-
vestigate the accuracy and precision of the method, the recov-
ery assays were carried out that five replicates of spiked sam-
ples at three different levels (0.01, 0.05, and 0.25mg kg−1) were
prepared on three different days. The recoveries were deter-
mined by compared the extracted spiked samples with the
matrix-matched standards at the same concentration.

Results and Discussion

Optimization of MS/MS Parameters

The MRM transitions and associated acquisition parameters
were optimized for the maximum abundance of fragmented
ions under ESI mode conditions. The MS/MS parameters of
the three target compounds was tested in both positive and
negative ion modes, and the ESI in positive mode was se-
lected for the analysis because it can obtain higher precursor
ion signal intensities and better fragmentation patterns than
the negative mode. The more abundant ion transition and the
less abundant ion transition of chlorpyrifos and pyridaben
were used for quantitation and identification, respectively.
While the phoxim is different from them, the more abundant
ion transition was used for identification, and the less abun-
dant ion transition was used for quantitation. For all the
analytes, the molecular weights, precursor ions, daughter

Table 1 Experimental parameters and mass-spectrometric conditions for the determination of phoxim, chlorpyrifos, and pyridaben

Pesticide Molecular
formula

Molecular
weight

Precursor ions (m/z) Qualifier ions (m/z) Cone voltage/V Collision voltage/V Retention time/min Ion
ratio

Phoxim C12H15N2O3PS 298.18 299.0 76.9a 20 24 2.73 1.8
299.0 128.9 20 12 2.73

Chlorpyrifos C9H11Cl3NO3PS 350.59 349.9 96.8 22 22 3.01 3.0
349.9 197.8a 22 10 3.01

Pyridaben C19H25ClN2OS 364.94 365.1 104.9 28 36 3.26 4.1
365.1 308.9a 28 10 3.26

a Refers to the quantitative ion
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ions, cone voltages, corresponding collision voltages, etc.
are provided in Table 1.

Optimization of Chromatography

UHPLC was optimized to ensure the three kinds of target
compounds’ complete separation, and obtain a suitable uptime
and optimal peak shape. The chromatography condition was
also optimized by means of different mobile phases. Thus,
methanol, acetonitrile and water, or water (containing 0.2 %
formic acid) was tested as mobile phases. The results demon-
strated that the most efficient chromatographic conditions
were obtained when the system consisting of acetonitrile and
water (containing 0.2 % formic acid) was used. It may be that
the formic acid in water improves the protonation of target
compounds. The chromatograms of the three compounds
were obtained from the analysis of blank eryngii sample and
eryngii sample spiked at 10 μg kg−1 (Fig. 1a, b). As shown in
Fig. 1, no interference peaks of blank samples were detected at
the retention time of the fortified samples, and the analysis
time of phoxim, chlorpyrifos, and pyridaben was shorter than
3.3 min.

Optimization of Purification Procedure

In order to choose an appropriate cleanup agent, four types of
sorbent, PSA, C18, Florisil, and a combination of C18 and
PSA, were tested to compare purification effect and recovery
rate of the compounds extracts in matrices. Comparison of the
four sorbents of purification effect was performed by spiking
three replicate samples (oyster mushroom, shiitake, eryngii,
crimini mushroom, and the substrate of mushroom) at the

same concentration level (0.05 mg kg−1). PSA (50 mg), C18
(50 mg), Florisil (50 mg), and a combination of C18 (30 mg)
and PSA (20 mg) were used in the experiments, respectively.
PSA is mainly used to remove all kinds of polar organic acids,
polar pigments, and some sugars from the non-polar samples.
In addition, Florisil is also used to remove polar compounds
from the non-polar samples. On the contrary, C18 applies to
extract non-polar and medium-polar compounds from the po-
lar samples (Chen et al. 2014). As the results showed in Fig. 2,
the recovery and RSD were both satisfied when PSA and C18
were used in shiitake, eryngii, and the substrate of mushroom,
but poor result when Florisil used in all the matrix. It may be
due to the some target compounds were selectively retained by
Florisil in that specific matrix conditions. Furthermore, better
recoveries were obtained when the PSA was used except for
the substrate of mushroom. Finally, considering these results,
PSA used as the absorbent for mushroom clean-up was better
than other cleaning agent in purification effect and recovery
rate, while for the substrate of mushroom requires used C18
purification, and the recovery rate is the highest.

Matrix Effects

It is well known that ionization of the target compounds can be
affected by the presence of matrix components which have
been co-extracted from the sample when ESI is used (Li
et al. 2011). Therefore, in the current study, the matrix effect
on the MS/MS (MRM mode) detector using the proposed
method was investigated in these matrices by comparing the
standards in the solvent with the matrix-matched standards.
The slopes in the calibration were obtained for the phoxim,
chlorpyrifos, and pyridaben (0.01–1 mg kg−1) using the

Fig. 1 UHPLC-MS/MS chromatograms of the blank eryngii sample (a), eryngii spiked at 0.01 mg kg−1 (b), and standard at 0.01 mg kg−1 (c)
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matrix-matched standards compared with those obtained
using the solvent standards. Table 2 shows the slope ratio of
the matrix to the solvent for each pesticide of phoxim, chlor-
pyrifos, and pyridaben. As a result, the co-extracted sub-
stances from the sample matrix were shown to cause an obvi-
ous suppression of the three pesticide peak responses in the
matrix compared to that of the same concentration of the three
pesticides in the solvent. Therefore, a calibration was carried
out for these three pesticides using the external matrix-
matched standards to eliminate the matrix effect and to obtain
more realistic results in all samples in this study.

Linearity, LOD, and LOQ

The calibration curves obtained for the phoxim, chlorpyrifos,
and pyridaben (from 0.01 to 1 mg kg−1) in different matrices
were shown in Table 2. The regression equations and coeffi-
cients (R2) of the linearity for all the pesticides were also
shown in Table 2. Satisfactory linearity was obtained with
correlation coefficients (R2) higher than 0.994. The LODs
for the three pesticides in all the matrices were estimated to
be 1–10 μg kg−1, and the LOQs for the three target com-
pounds were 10 μg kg−1. The LOQ for phoxim was equal to

Fig. 2 Effect of different sorbents (PSA, C18, and Florisil) for target fungicides in different matrix at 0.05 mg kg−1 (n= 3)
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the maximum residue limit (MRL) required by the EU
(0.01 mg kg−1 in mushrooms). However, the LOQ for the
other two compounds was much below the maximum residue
limit (MRL) required by the EU (chlorpyrifos, 0.05 mg kg−1

in mushrooms; pyridaben, 0.05 mg kg−1 in mushrooms).

Precision and Accuracy

Evaluation of the recoveries and RSDs of these three pesti-
cides were applied to validate the UHPLC-MS/MSmethod by
spiking the blank samples at different levels (0.01, 0.05, and
0.25 mg kg−1). The precision of the method was determined
by the repeatability and reproducibility studies, and expressed
as the RSD. As shown in Table 3, the mean recoveries of the

method ranged from 75.5 to 98.4 %, with 1.0–11.2 %
intra-day RSD and 1.8–11.4 % inter-day RSD as sum-
marized in Table 3. The mean recoveries for phoxim
ranged from 75.5 to 96.3 % with RSDs of 1.0–
11.1 %, whereas the mean recoveries ranged from 78.9
to 98.4 % with RSDs of 2.6–11.4 % for chlorpyrifos,
and 81.9 to 96.2 % with RSDs of 1.4–8.2 % for
pyridaben. The results of the recovery studies demon-
strated that the UHPLC-MS/MS method can achieve a
satisfactory accuracy, precision, and sensitivity for resi-
due analysis of these three pesticides in oyster mush-
room, shiitake, eryngii, crimini mushroom, and the sub-
strate of mushroom. Figure 1 showed the typical chro-
matograms of these three pesticides.

Table 2 Comparison of matrix-matched calibration and solvent calibration

Compound Matrix Calibration range
(mg kg−1)

Regression equation R2 Slop of matrix/slope
of solvent

LOD
(μg kg−1)

LOQ
(μg kg−1)

Phoxim Acetonitrile 0.01–1 y = 185671x + 4060.4 0.9989 – – –
Oyster mushroom 0.01–1 y = 65954x − 200.16 0.9996 0.355 5 10
Shiitake 0.01–1 y = 72034x + 207.79 0.9999 0.388 5 10
Eryngii 0.01–1 y = 115188x + 1310.2 0.9996 0.620 5 10
Crimini mushroom 0.01–1 y = 57670x − 27.565 1.000 0.311 5 10
Substrate of mushroom 0.01–1 y = 113961x + 2879.2 0.9963 0.614 5 10

Chlorpyrifos Acetonitrile 0.01–1 y = 6348.3x + 107.52 0.9974 – – –
Oyster mushroom 0.01–1 y = 3363.1x + 124.67 0.9980 0.529 7.5 10
Shiitake 0.01–1 y = 1754.9x + 72,198 0.9983 0.276 10 10
Eryngii 0.01–1 y = 3266.0x + 252.73 0.9979 0.514 7.5 10
Crimini mushroom 0.01–1 y = 3528.3x + 147.73 0.9994 0.556 7.5 10
Substrate of mushroom 0.01–1 y = 4747.2x + 152.05 0.9998 0.748 7.5 10

Pyridaben Acetonitrile 0.01–1 y = 212,9519x + 97,169 0.9946 – – –
Oyster mushroom 0.01–1 y = 1,030,234x + 17,680 0.9982 0.484 1 10
Shiitake 0.01–1 y = 853,110x + 13,171 0.9985 0.401 1 10
Eryngii 0.01–1 y = 814,412x+ 26,118 0.9968 0.382 1 10
Crimini mushroom 0.01–1 y = 1,092,151x + 17,695 0.9988 0.513 1 10
Substrate of mushroom 0.01–1 y = 1,544,766x + 21,912 0.9980 0.725 1 10

Table 3 Average recovery (%)
and RSD (%) for target
compounds of phoxim,
chlorpyrifos, and pyridaben at
various matrixes in three spiked
levels

Sample Spiked level
(mg kg−1)

Phoxim Chlorpyrifos Pyridaben

AR RSDa RSDb AR RSDa RSDb AR RSDa RSDb

Oyster
mushroom

0.01 94.1 4.2 8.8 85.8 6.0 6.8 96.2 1.7 6.4
0.05 86.1 4.5 6.8 98.4 6.7 8.9 90.3 1.4 1.8
0.25 90.6 5.9 7.9 96.7 4.6 6.9 91.9 2.6 3.3

Shiitake 0.01 75.5 1.8 2.2 80.1 7.2 8.4 83.0 5.4 7.5
0.05 76.7 6.8 7.7 81.0 7.7 9.4 86.1 1.9 3.7
0.25 75.8 4.2 5.1 81.8 11.2 11.4 84.3 5.5 7.0

Eryngii 0.01 90.5 5.2 6.3 79.5 8.8 11.2 94.6 3.0 3.9
0.05 96.3 8.0 11.1 78.9 9.1 9.4 95.9 2.1 2.4
0.25 80.5 5.3 6.9 85.9 6.1 7.1 89.4 1.9 2.3

Crimini
mushroom

0.01 85.4 5.3 7.8 85.4 6.1 9.2 84.0 2.6 6.6
0.05 93.9 3.1 7.1 90.3 4.9 6.1 87.0 2.6 5.3
0.25 86.6 4.6 7.1 87.3 3.2 6.4 83.3 3.0 8.2

Substrate of
mushroom

0.01 82.3 1.0 9.1 88.5 6.0 8.3 81.9 3.3 6.9
0.05 83.6 3.5 6.2 80.0 6.0 7.7 85.4 1.8 3.7
0.25 81.8 3.6 5.1 82.6 2.6 4.4 85.4 1.7 5.4

a Intra-day (n= 5)
b Inter-day (n = 15)
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Application to Real Samples

In order to evaluate the effectiveness and applicability
of this method in measuring trace levels of phoxim,
chlorpyrifos, and pyridaben, it was monitored by ana-
lyzing oyster mushroom, shiitake, eryngii, and crimini
mushroom. Fifty samples were determined which were
purchased from the local market (Beijing, China).
Pyridaben was detected in crimini mushroom, and the
concentration ranged from 0.008 to 0.015 mg kg−1.
However, all of these three pesticides were not found
in other tested samples.

Conclusions

In this work, a UHPLC-MS/MS method for the trace
analysis of the three pesticide in mushrooms (oyster
mushroom, shiitake, eryngii, and crimini mushroom)
and the substrate of mushroom was successfully devel-
oped and validated. The developed UHPLC-MS/MS
analysis method combined with modified QuEChERS
method followed by purification provided sufficient se-
lectivity and sensitivity for the simultaneous determina-
tion of the three compounds. And this developed meth-
od not only showed satisfactory validation parameters in
terms of linearity, lower limits, accuracy, and precision
but the time, labor, and volume of reagent consumption
were also minimized. The chromatographic separation
was performed on a BEH C18 column using binary
gradient elution containing acetonitrile and 0.2 % formic
acid in ultrapure water. This method provided baseline
separation of the target compounds within 3.3 min with
good specificity. The LOQ were below 10 μg kg−1, and
the mean recoveries for the three pesticides ranged from
75.5 to 98.4 % in the different matrices. In a word, the
proposed method was suitable for routine monitoring of
phoxim, chlorpyrifos, and pyridaben residues in mush-
rooms and the substrate of mushroom samples to ensure
food safety.
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