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Abstract This paper presents an application of ultra-high per-
formance liquid chromatography-quadrupole time-of-flight
mass spectrometry (UHPLC-QTOF-MS) for simultaneous
screening and identification of 427 pesticides in fresh fruit
and vegetable samples. Both full MS scan mode for quantifi-
cation, and an artificial-intelligence-based product ion scan
mode information-dependent acquisition (IDA) providing au-
tomatic MS to MS/MS switching of product ion spectra for
identification, were conducted by one injection. A home-in
collision-induced-dissociation all product ions accurate mass
spectra library containing more than 1700 spectra was devel-
oped prior to actual application. Both qualitative and quanti-
tative validations of the method were carried out. The result
showed that 97.4 % of the pesticides had the screening detec-
tion limit (SDL) less than 50 μg kg−1 and more than 86.7 %
could be confirmed by accurate MS/MS spectra embodied in
the home-made library. Meanwhile, calibration curves cover-
ing two orders of magnitude were performed, and they were
linear over the concentration range studied for the selected
matrices (from 5 to 500 μg kg−1 for most of the pesticides).
Recoveries between 80 and 110 % in four matrices (apple,

orange, tomato, and spinach) at two spiked levels, 10 and
100 μg kg−1, was 88.7 or 86.8 %. Furthermore, the overall
relative standard deviation (RSD, n = 12) for 94.3 % of the
pesticides in 10 μg kg−1 and 98.1 % of the pesticides in
100 μg kg−1 spiked levels was less than 20 %. In order to
validate the suitability for routine analysis, the method was
applied to 448 fruit and vegetable samples purchased in dif-
ferent local markets. The results show 83.3 % of the analyzed
samples have positive findings (higher than the limits of iden-
tification and quantification), and 412 commodity-pesticide
combinations are identified in our scope. The approach proved
to be a cost-effective, time-saving and powerful strategy for
routine large-scope screening of pesticides.
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Introduction

Pesticide use has increased agricultural production worldwide
and thereby contributed to food security [1]. With the expect-
ed 30 % increase of world population to 9.2 billion by 2050,
there is a projected demand to increase food production by
70 % according to the calculation by Popp et al. [2]. Hence,
there will be a continuing need for pesticide-based solutions
for pest control and food security in the future to increase food
production to meet the increasing food supply [1, 2]. More
than 1100 pesticides have been widely used in various com-
binations at different stages of cultivation and postharvest
storage. Despite their usefulness, pesticides could pose poten-
tial risks to food safety and the environment. Pesticide resi-
dues could possibly remain in foodstuff, such as fruits and
vegetables, which pose a potential threat to human and animal
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health. For this reason, most countries or regions have drafted
rigorous regulations to control the use of pesticides in crop
production and to monitor their levels for compliance. The
USA [3, 4], Canada [5, 6], European Union [7, 8], and many
other governments have set national chemical/pesticide resi-
dues monitoring programs and have conducted health risk
assessment of pesticide residues in food and established max-
imum residue limits (MRLs) for domestic use and internation-
al trade of foods. In China, the newly implemented national
food safety standard (GB2763-2014) has established about
3650 MRLs including 387 kinds of pesticides residues on
284 species of food [9]. However, pesticide residues are one
of the most frequently detected xenobiotics in food analysis,
especially in enormously consumed fruits and vegetables all
over world.

The traditional technique in modern determination for pes-
ticide is gas chromatography-mass spectrometry (GC-MS) or/
and liquid chromatography-mass spectrometry (LC-MS)
[10–14]. Triple-quadrupole tandem mass spectrometry
(QqQ-MS/MS) in multiple selected reaction monitoring
(SRM)mode is especially predominant owing to its selectivity
and sensitivity [15–21]. Typically, the common practical ana-
lytical approach to multiple reaction monitoring (MRM) ap-
plied in many routine laboratories usually consists of selecting
around 100–200 targeted compounds. Any significant in-
crease to this number is uncommon for the reason of cost-
effectiveness [22]. Moreover, those target detections are blind
to any other contaminant present in the sample. Nevertheless,
the SRM technique could not provide specific structural infor-
mation for confirmation and the number of compounds that
could be monitored in a single run has seriously limited the
screening capability. Meanwhile, those routine low-resolution
mass analyzers may be insufficient to distinguish exogenetic
chemicals from numerous natural compounds, especially in
complex matrices, for instance, Ferrer et al. have found more
than 2500 natural compounds in bell peppers [23] and more
than 4000 in red peppers [24]. Benefitting from the rapid
development of instrument techniques, high-resolution mass
spectrometry (HRMS), such as time-of-flight (TOF), quadru-
pole time-of-flight (QTOF), or orbitrap, permits for large-
scale screening and identification of different compounds
(pesticides, metabolites, etc.) in varied matrices (such as food
[22, 25–29] and water [26]). Furthermore, those new HRMS
techniques with full-scan mode possess the capability of non-
target screening and data tracing. García-Reyes et al.
discussed an approach of identification of non-target chlori-
nated pesticides in complex food extracts combining high
sensitivity of LC-TOF-MS full-scan spectra and accurate mass
measurements, and several chlorinated pesticides in different
market-purchased fruit and vegetable extracts were identified
without the use of standards [30]. Férnandez-Alba and his
research group developed and evaluated a rapid automated
screening method for determining nearly 300 pesticide

residues in food [31], and almost 400 organic micro-
contaminants in water samples using LC-(Q)TOF-MS based
on the use of an accurate-mass database [32]. A similar strat-
egy was also reported by Diaz et al. [33], they validated a
wide-scope screening of organic contaminants (around 1100
organic contaminants) in natural and waste water based on the
use of LC-QTOF-MS. They also explored the potential of
UHPLC-(Q)TOF-MS to detect and identify/elucidate organic
contaminants in both target and non-target approaches in food,
human urine, as well as urban wastewater samples [34]. Most
recently, a new approach for the analysis of pharmaceuticals in
water, simultaneous quantitative screening of target, and the
qualitative analysis of non-target in just one run by LC-
QTOF-MS was described by Férnandez-Alba [35], and satis-
factory results regarding sensitivity and linearity of method
were obtained. The LC-(Q)TOF-MS system used for the
above works has demonstrated to obtain mass spectra with a
relatively high degree of mass accuracy (<2 ppm) at sufficient
mass resolutions in most cases, regardless of the matrices or
the concentration level, which is one of the most promising
tools when moving towards non-targeted approaches.
Furthermore, this common TOF-MS target and non-target
screening strategies based on MS1 (molecular ion mass spec-
tra of compound) database searching are exposed to false neg-
atives and false positives that need to be clarified in the con-
firmatory step. Consequently, a MS/MS analysis of the detect-
ed compounds is indispensable for confirmation. For this pur-
pose, libraries of MS/MS spectra can be very useful for rapid
confirmation. Due to the different operational conditions, and
the existence in the market of different interfaces, ionization,
voltages applied, mobile phase compositions, etc., introduce
diverse variables into the analytical measurement that make
the development of standardized fragment mass spectral li-
braries unfeasible, which is still a significant bottleneck en-
countered in tandem mass spectral library search and rapid
analysis. Though building empirical in-house libraries con-
taining as many compounds as possible is the best option at
the moment [22].

To our knowledge, only a few MS/MS libraries have been
developed, but most of them are in the environmental field,
fewer in such complex matrixes as food, especially in vegeta-
bles and fruits [34, 36–38]. Our previous studies [39, 40] have
evaluated a two-injection approach for qualitative screening
and identification of multi-pesticides residues in fresh fruits
and vegetables employing HPLC-Q-TOF/MS technique
based on a home-in MS/MS library for approximately 300
pesticides. Nevertheless, the disadvantage of this strategy is
that the MS method of the second injection is based on the
result of first injection data analysis which requires an ana-
lyst’s input and may not be available within a few hours de-
pending on the other time commitment(s), which is a signifi-
cant bottleneck for fast screening purpose. Furthermore, the
idea of screening method is that the data evaluation should be
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done in an automated, fast, and simple way with large-scale
target compounds [41]. This study goes a step forward into
establishing the optimum working conditions in order to ob-
tain reliable and more spectra to be included in the library for
further non-target analysis. The all ions MS/MS strategy
employing the latest generation UHPLC-QTOF-MS by ion
extraction against a home-made library including as much as
420 pesticides is evaluated. An information-dependent acqui-
sition (IDA) mode, an artificial intelligence-based product ion
scan providing automatic MS to MS/MS switching, is con-
ducted to obtain MS/MS spectra of the most intense precursor
ions (without previous selection) in a run, and the identity of
the analytes by MS/MS library searching is confirmed. Four
hundred twenty-seven toxicological chemicals were investi-
gated with UHPLC-QTOF-MS before the actual sample
screening to establish the accurate MS/MS spectra library
and XIC list. The applicability of the home-made spectra li-
brary and XIC list leading to true results was evaluated with
solvent standard mixture and spiked matrices. In addition, the
quantitative performance of the IDA approach with UPLC-
QTOF-MS is also validated, including linearity and recovery
for the most frequently detected pesticides. Finally, 448 fresh
fruit and vegetable extracts were investigated by the proposed
technique and 75 relevant pesticides or metabolites were dis-
tinctly identified.

Materials and Methods

Chemicals and reagents

Pesticide (as listed in Table S1, see Electronic Supplementary
Material, ESM) analytical standards of high purity (>98 %)
included in this study were purchased from Dr. Ehrenstorfer
(Ausburg, Germany) and from Sigma-Aldrich (Steinheim,
Germany). Individual pesticide standard stock solutions of
all compounds (approximately 1 mg mL−1) were prepared in
pure methanol or acetonitrile, depending on the solubility of
each individual compound. The working standard solution
was prepared by mixing the appropriate amounts of each stan-
dard solutions and diluting them with methanol to a final
concentration of 1 mg L−1. The stock solutions and mixed
working solutions were stored at 4 °C in a freezer, and were
used for no more than 1 year for the former and 1 month for
the latter. HPLC-grade acetonitrile and methanol were obtain-
ed from Dima Technology INC (CA, USA). Formic acid was
purchased from Anaqua Chemicals Supply (TX, USA).
Ammonium acetate (NH4OAc) was bought from Dima
Technology INC (Richmond Hill, ON, L4B 3N6 Canada).
Anhydrous sodium sulfate (Na2SO4, Analytical reagent) and
sodium chloride (NaCl, Analytical reagent) were obtained
from Damao Chemical Factory and Fengchuan Chemical
Reagent Science and Technology (Tianjin, China).

Sampling and sample preparation

Four hundred forty-eight fresh fruit and vegetable commodi-
ties were randomly purchased from local markets from 18
Sep, 2015 to 20 Apr. 2016. The edible parts of samples were
cut into small pieces without any pretreatment and were tritu-
rated with a chopper. The homogenized were preserved in a
refrigerator at −18 °C. Before using, the samples were thawed
at 5 °C overnight.

An off-line solid phase extraction (SPE), already reported
elsewhere, was used for the extraction and clean-up of the
samples [40]. Concisely, a portion of 20 g sample previously
homogenized was mixed with 40 mL of acetonitrile and 5 g
sodium chloride. The mixture was blended for 1 min with
high-speed blender Ultra-Turrax T25 at 10,000 rpm, and then
centrifuged at 4200 rpm (equivalent to RCF 3155×g) for
5 min. The supernatants extracts (20 mL) of the extract were
transferred into individual heart-shaped bottles and evaporat-
ed to 1 mL on a vacuum rotary evaporator at 40 °CA layer of
anhydrous sodium sulfate (2 cm) was added to the Carbon/
NH2 cartridge (500 mg/6 cc, Waters, Milford, MA, USA) to
remove traces of water from the extract. The columns were
conditioned with 4 mL acetonitrile/toluene (3:1, v:v) before
adding the samples, then the extract was loaded onto the car-
tridge and the retained analytes were eluted with 25 mL of
acetonitrile/toluene. (3:1, v:v). The entire volume of effluent
was collected and concentrated to 0.5 mL at 40 °C with a
rotary evaporator, then evaporated to dryness using a nitrogen
evaporator. Finally, the residues were re-dissolved up to 2 mL
with 0.1 % formic acid of water-acetonitrile (1:1, v:v) thor-
oughly. The extract was filtered through a 0.2 μm filter into a
glass vial before the UPLC-QTOF-MS analysis. With this
treatment, 1 mL sample extract represents 5 g of sample.

Moreover, all solvents and reagents utilized were carefully
checked to be analyte-free, by performing blank procedure
analysis. To ensure the reliability of the process and the ab-
sence of background contamination, matrix blank and proce-
dural blanks were carried out with each batch of samples.
BBlank^ vegetable and fruit extracts were used to prepare
the matrix-matched standards for qualitative and quantitative
validation purposes.

Instrument and software

The UHPLC system coupled to a hybrid quadrupole time-of-
flight was applied to analyze the pesticides in fruit and vege-
table samples. The separation of the analysts was performed
on a UHPLC system (Nexera X2, Shimadzu, Kyoto, Japan)
consisting of vacuum degasser, auto-sampler and a binary
pump, equipped with a reversed-phase Zorbax SB-C18 ana-
lytical column (100 mm× 2.1 mm and 3.5 μm particle size).

The mass spectrometry detection was performed using a
quadrupole time-of-flight mass spectrometry (Triple
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TOF™5600+, AB SCIEX, Redwood City, CA USA) in posi-
tive ionization mode with a Duo-Spray ion source. The QTOF
was tuned and calibrated as recommended by the manufactur-
er in MS and MS/MS in high sensitivity mode, respectively.
The automated calibration device system (CDS) was set to
perform an external calibration every five samples using cal-
ibrate solution. The MS acquisition was performed in an au-
tomatic IDAmethod that consist of two experiments (Fig. 1a):
the survey scan type (TOF-MS) that was a full-scan mass
spectrum between m/z 100–950 and the information depen-
dent acquisition type (MS/MS), a product ion scan in which
the system selects ions automatically without any ion
predefined by the user. Both the full-scan TOF-MS and MS/
MS mode through IDA were operated within a single-run
analysis. The resolving power is >40,000 (FWHM, full width
at half-maximum, at m/z 609.28066) in MS and >35,000 in
MS/MS (high-resolution mode, m/z 448.19660). However,
large-scale analyte screening requires application of compro-
mise conditions, such as collision energy or declustering po-
tential rewarding as many compounds as possible. The source
parameters were optimized as follows: ion spray voltage float-
ing (ISVF), 5500 V; temperature, 400 °C with curtain gas
(CUR) 30 psi; nebulizing gas (GS1), 35 psi; heater gas
(GS2), 35 psi. In the full-scan TOF-MS experiment,
declustering potential (DP) and collision energy (CE) were
set at 80 Vand 10 eV, respectively and the accumulation time
100 ms. IDA MS/MS was performed using the following
switch criteria: 10 most intense ions, exclude isotopes within
4 Da, ion tolerance 50 mDa, and a collision energy of 35 eV
with a spread of ±15 eV (CES), dynamic background subtract
was activated. The accumulation time for each IDA experi-
ment was 50 ms.

Data acquisition was carried out using the software
Analyst® TF (Version 1.6, ABSciex). The complex data were
processed by the powerful data mining tool, Peak View
(Version 1.0, ABSciex) with XIC Manager add-in. The XIC
Manager consists of a table for defining a list of formulae
(XIC list) to automatically generate extracted ion chromato-
grams (XIC), and to perform compound identification.
Moreover, it allows for exploring and processing mass spec-
tral data using the parameters of LC retention time, accurate
mass. Meanwhile, purity score of each finding in XIC list was
also obtained by matching an experimental MS/MS spectrum
against library MS/MS spectrum by XIC Manager.
Quantitation was carried out with MultiQuant ((Version 2.1,
ABSciex) using the survey scan by extracting the narrowwin-
dow extracted ion chromatogram of the molecular ion for each
compound (typically extracted using a 10 mDa window) and
the retention time (with a 0.5 min window).

An automatic high-speed blender (Ultra-Turrax T25, Janke
& Kunkel GmbH&Co., Staufen, Germany), a low-speed cen-
trifuge (KDC-40, USTC Chuangxin Co., Ltd. Zonkia branch,
China), a rotary evaporator (R-215, BUCHI Labortechnik

AG, Switzerland), and a nitrogen evaporator (Organomation
Associates, EVAP 112, USA) were used for sample pretreat-
ment and extraction. A Milli-Q-Plus ultra-pure water system
from Millipore (Milford, MA, USA) was used throughout the
study to obtain the HPLC-grade (18.2 MΩ•cm) water during
the analysis. The electronic analytical balance used for sample
weighing was obtained from Shimadzu (TXB622L,
Shimadzu, Kyoto, Japan).

Building the MS2 spectral library

MS/MS spectra libraries are critical tools for small molecular
identification in food analysis as well as other research areas
like environmental monitoring, forensic science, and metabo-
lomics. These repositories allow investigators to compareMS/
MS data from research samples to MS/MS data from model
compounds compiled in the library and thereby improve the
efficiency and cost-effectiveness of untargeted studies.
However, LC-MS/MS spectra libraries are considered too var-
iable to be able to create universal libraries [35, 42] and the
standardized fragment mass spectral libraries are still unavail-
able. Therefore, the generation of the MS/MS spectral library
was performed using Analyst® and Microsoft Access soft-
ware before the actual sample screening. The MS/MS spectra
were acquired by introducing individual pesticide solutions
(as listed in ESM Table S1), available from our laboratories’
collection, into the electrospray ion source of the instrument
by flow injection directly into the source. The MS/MS spectra
of each precursor at four different collision energies (20, 35,
50, and 35 ± 15 eV) were recorded. As such, the acquiredMS/
MS spectra, together with compound name, molecular formu-
la, and molecular mass et al., were integrated into our in-house
library correspondingly. The mass spectral library comprises
more than 1700 MS/MS spectra.

Validation study

The main purpose of qualitative screening is to ensure the
presence of an analyte in a sample at a certain concentration
level. The increased interest and application of qualitative
screening methods based on chromatography and MS has
resulted in a need for more detailed and harmonized guidance
and criteria for validation of such methods. Since 2010, EU
guidance document on pesticide residue analysis have includ-
ed some criteria and parameters to be considered in the vali-
dation of screening qualitative methods [43]. In this work,
method validation has been performed following a similar
strategy to our previous paper [40]. Based on this point, 2.5,
25, and 125 μL of the 1 mg L−1 mix-standard solution includ-
ing 416 pesticides (the other 11 pesticides standard material,
azinphos-ethyl, benodanil, bensulide, bromfenvinfos,
heptenophos, isofenphos-oxon, butralin, demeton-S,
pyributicarb, thiofanox sulfone, and bitertanol were used up
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prior to validation) were transferred into each vial, and then
the solvent in the vial was evaporated to dryness using a ni-
trogen evaporator at room temperature. Then, 500 μL filtered
blank extracts (equal to 2.5 g solid sample) prepared as men-
tioned above were added to each vial to obtain spiked extract

with concentration at 5, 50, and 250 μg L−1 for the pesticides,
corresponding to 1, 10, and 50 μg kg−1 in solid samples.
Finally, a total of 18 spiked extracts, two matrices (apple and
spinach) with three levels in triplicates, were prepared for
qualitative validation and then analyzed by UHPLC-QTOF-

Fig. 1 LC-QTOF-MS chromatograms. a The upper is IDA survey scan
(TOF-MS) total ion chromatogram (TIC) corresponding to a tomato
extract spiked at 0.1 mg kg−1 with the pesticide mixture; and the lower
is sum of IDA dependent scan (n = 10); b LC retention time distribution
of 427 pesticides; c Example of extracted ion chromatograms (XIC) (first

column, up to down, isoproturon (206.14191, 6.85 min),
diethyltoluamide (191.13101, 6.90 min), and karbutilate (279.15829,
5.76 min); second column, up to down, carbendazim (191.06948,
2.84 min), dimefuron (338.11457, 8.36 min), and 1,3-diphenyl urea
(212.09496, 7.11 min))
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Fig. 1 (continued)
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MS as afore mentioned. As the goal of the qualitative screen-
ing is to detect and identify positive samples at a given con-
centration, the method was considered as satisfactorily vali-
dated. The screening detection limit (SDL) which is the lowest
concentration level tested for which a compound was detected
in all the samples, and limit of identification (LOI), which is
defined as the lowest concentration for which the identifica-
tion criteria are met is discussed [44, 45].

Moreover, the quantitative performance of the IDA approach
was also discussed in this paper while being an excellent instru-
ment for qualitative purposes in many domains. The linearity
was evaluated by preparing calibration curves in seven calibra-
tion points, that is, 5, 10, 20, 50, 100, 200, and 500 μg kg−1, for
the 106 most frequently occurring pesticides in blank tomato
extracts. The curves were constructed for each compound by
plotting peak area against the corresponding concentration using
linear regression analysis. Recovery and relative standard devi-
ations (RSD) of 106 most frequently occurring pesticides were
also calculated by spiking samples of four different matrices
(apple, orange, tomato, and spinach in triplicates) at two differ-
ent levels, 10 and 100 μg kg−1. The pesticide mixtures were
spiked to the blank fruit and vegetable samples and left for at
least 20 min at room temperature before the extraction to ensure
the appropriate distribution of the analytes in the matrix. Then
the fortified samples were extracted and cleaned-up by the SPE
protocol aforementioned. Each extract was analyzed with the
UHPLC-QTOF-MS and the contents of spiked pesticides were
determined by matrix-matched calibration curves.

Results and discussion

Optimization of UPLC-QTOF-MS

The ultra-high performance liquid chromatograph along with a
100-mmZorbax SB-C18 analytical columnwith 3.5μmparticle
(Agilent Technologies, USA) showed a satisfactory chromato-
graphic performance to separate pesticides under the given gra-
dient condition depicted elsewhere [40]. The flow rate was set to
0.4 mL min−1, and injection volume was 5 μL. The column
temperature was held at 40 °C. The mobile phase consisted of
(A) water with 0.1 % formic acid and 5 mmol L−1 ammonium
acetate, and (B) acetonitrile, respectively. Gradient elution was
performed in 25 min under the following conditions: 0 min,
99 % A; 3 min 70 %; 6 min, 60 % A and kept for 3 min,
15 min, 40%A; 19 min, 10%A and kept for 5 min. Then the
system was programmed to regain its initial conditions and
followed by a 5 min re-equilibration prior to the next injection.

As summarized in Fig. 1b, all of the pesticides were chro-
matographically separated in 25 min running time and most of
the LC peaks were narrow and sharp with Gaussian distribution
(Fig. 1c). In addition, a 5-min equilibration was conducted prior
to each injection. The relative retention time (RT) of each

pesticide in Table S1 (see ESM)was acquired by running a series
of mixture reference standard solutions using survey scan type
under liquid chromatography conditions as aforementioned. The
first pesticide eluted from the column was the polar pesticide
chlormequat chloride at 0.6 min, and the last one was pyridalyl
at 20.35 min. Most pesticides (97.4 %) were eluted between 2
and 19 min. Only other four pesticides, mepiquat (0.71),
cyromazine (0.72), daminozide (0.74), and methamidophos
(1.84), were eluted before 2 min; and the other five, pyridaben
(19.01), tribufos (19.05 min), aspon (19.10 min), bioresmethrin
(19.28 min), and pyridate (19.77 min), were eluted after 18 min.
The retention times, within- and between-batches, were repro-
ducible for most of the pesticides, and the tolerance of retention
time matching did not exceed 2.5 % relative to the retention time
of a standard in the same batch.

CE plays a key role in both the sensitivity and fragmentation
patterns. It can provide valuable structural information (charac-
teristic fragmentation for each pesticide), making attainable the
accurate mass of each characteristic fragment ion together with
its elemental composition, which can be used with the molecu-
lar ion for confident identification criteria. Prior to application of
the screening, different CEs (20, 35, 50, and 35 ± 15 (CES) eV)
were evaluated to acquire effective and plentifulMS/MS spectra
of each precursor. As shown in Fig. 2a, b, lower CE induced
fewer dissociation fragment spectra. Extremely low intensity
(relative intensity < 5 % of the molecular ion) of few fragment
ions were observed in fenpropimorph (m/z = 147.11546) and
ancymidol (m/z = 81.04462 and 135.04394) at CE = 20 eV.
But CE = 50 eV or higher led to too extensive fragments to
identify the compound (Fig. 2c, d). Taking into account that
the MS/MS spectrum for most of the pesticides should prefera-
bly consist of diagnostic fragment ions, a compromise value of
the CE (35 ± 15 eV) was chosen for further experiments.
However, because the fragmentation depends strongly on the
specific structure, this predefined method is not always opti-
mum and would be improved in the further research.

Qualitative validation

The primitive goal of screening is focused on detectability, that
is, to ensure the presence of an analyte in a sample at a certain
concentration level. Most recently, SANCO documents laid
down some criteria and parameters to be considered in the val-
idation of screening methods on pesticide residue analysis [43].
In this paper, a similar qualitative validation in line with the
suggestion of Diaz et al. has been conducted [33].

Positive findings of the target pesticides were determined
according to the optimized searching parameters (a) accurate
mass measurement of the extract ion with an error of ≤5 ppm;
and (b) retention time of the analyte compared with that of a
standard with an error of ≤2.5 %; and (c) difference in isotopic
pattern ≤20 %. While purity score of matching library spec-
trum compared with acquired MS/MS spectrum was ≥70 %, a
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positive result was unambiguously identified/confirmed. The
ability to confirm compounds using MS/MS library searching
ensured that no false positives were reported [35]. The re-
quirements for confirmation in EU Document No. SANCO/
12495/2011 include two diagnostic ions having mass accura-
cy of <5 ppm. In general, QTOF-MS is able to achieve the
goal that includes both precursor and product ions with accu-
rate masses. Figure 3 shows an UHPLC-QTOF-MS screening

result of an apple sample which included four positive
analytes, carbendazim, pyraclostrobin, propargite, and
pyridaben. The mass accuracy for the precursor ions of the
non-targeted carbendazim, pyraclostrobin, propargite, and
pyridaben, are −0.7, 0.7, 0.6 and −0.2 ppm, respectively.
Whereas, the purity scores of the IDA MS/MS product ions
in Fig. 3c2, d2, e2, and f2 against a home-in library are 100,
92.6, 91.2, and 89.8, respectively.

Fig. 2 Accurate mass spectra in different collision energies embodied in the home-in library. a Fenpropimorph and b Ancymidol at CE = 20 eV; c
Cadusafos and d Ethoprophos at CE = 50 eV; e Cadusafos and f Ethoprophos at CE = 35 ± 15 eV
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As can be seen from ESM Table S1, 85 % (n = 343, the
screening and identification results of each analyte in selected
matrix were summarized in ESM Table S2) of the compounds
were automatically found at the spiked level of 1 μg kg−1,
according to the proposed strategy above, the SDLs of those
pesticides were no more than 1 μg kg−1. There were 45

pesticides detected at 10 μg kg−1, and 17 pesticides found at
50 μg kg−1 using the automatic screening method, thus having
SDLs between 1–10 μg kg−1 and 10–50 μg kg−1, respectively.
However, the other 11 pesticides SDLs (aldicarb, azinphos-
methyl, demeton-S-methyl, diafenthiuron, fenazaquin,
isomethiozin, lactofen, norflurazon, pyridalyl, rimsulfuron)

Fig. 3 Identification of non-targeted positive analytes (carbendazim,
pyraclostrobin, propargite, and pyridaben) in an apple sample using the
XIC Manager based on accurate mass, LC retention time, isotopic
profiling, and product ions information. (a) Extracted ion
chromatogram (XIC) of the four analytes, (1)-carbendazim, (2)-
pyraclostrobin, (3)-propargite, and (4)-pyridaben according to the
retention time against (b) XIC Manger table with data on the 427

pesticides. (c1, d1, e1 and f1) are accurate mass spectrums (full MS
scan) and isotopic profiling from chromatogram A at 2.84, 15.51, 18.39
and 18.91 min, respectively. (c2, d2, e2 and f2) are product ion spectrums
(MS/MS) of carbendazim [M + H] + (m/z 192.07675), pyraclostrobin [M
+ H] + (m/z 388.10586), propargite [M + NH4]

+ (m/z 368.18901), and
pyridaben [M+H]+ (m/z 365.14489), respectively. ThoseMS/MS spectra
also confirm the identity of the corresponding compounds

Wide-scope screening of pesticides in fruits and vegetables 7803



Table 1 Validation parameters of the analytical method in UHPLC-QTOF-MS, linearity and recovery

Compound Linearity Recovery(RSD, %), n = 12

Regression equation R2 a Range
(μg kg−1)

Spiked at
10 μg kg−1

Spiked at
100 μg kg−1

1,3-Diphenyl urea y = 5664.73x + 154914.69 0.9956 5–500 92.5 (11.2) 92.9 (5.4)

Acetamiprid y = 3424.99x + 60915.37 0.9945 5–200 85.6 (13.9) 94 (18.0)

Acetochlor y = 1068.24x + 15309.99 0.9974 5–500 112.8 (15.3) 111.6 (7.4)

Aldimorph y = 9503.12x + 81046.07 0.9988 5–500 122.5 (11.1) 95.7 (5.0)

Ametryn y = 16823.47x + 235329.72 0.9973 5–200 103.7 (11.4) 100.1 (8.1)

Ancymidol y = 3371.87x + 126971.99 0.9953 5–500 95.7 (8.5) 105.3 (6.5)

Atrazine y = 4128.39x + 69683.96 0.9981 5–200 113.4 (9.2) 113.9 (4.7)

Atrazine-Desethyl y = 960.48x + 36560.12 0.9894 5–500 95.9 (14.5) 100.3 (15.4)

Azoxystrobin y = 13544.6x + 192172.06 0.9989 5–500 104.3 (21.1) 92.5 (8.1)

Bupirimate y = 16829.79x + 487781.23 0.9910 5–500 94.3 (7.1) 91.9 (9.4)

Buprofezin y = 16051.57x + 484011.86 0.9911 5–500 95.2 (6.5) 91 (14.3)

Carbaryl y = 3763.2x + 54204.13 0.9985 5–200 97.4 (7.7) 96.5 (3.0)

Carbendazim y = 6441.55x + 131315.21 0.9981 5–200 89.9 (18.5) 91 (10.7)

Carbetamide y = 897.72x + 34092.34 0.9932 5–500 91.7 (10.1) 97.6 (7.8)

Carbofuran y = 8173.36x + 131258.84 0.9963 5–200 120.9 (7.7) 113.7 (8.4)

Carboxin y = 5893.34x + 84408.9 0.9988 5–200 88.2 (10.7) 88.8 (9.8)

Chlorotoluron y = 8023.41x + 140777.38 0.9970 5–500 95.3 (6.6) 98 (9.6)

Chlorpyrifos y = 1094.69x + 18095.17 0.9957 5–500 113.3 (9.2) 108.8 (7.9)

Clothianidin y = 437.93x + 14549.8 0.9903 5–500 94.4 (12.2) 94.2 (7.5)

Coumaphos y = 3529.8x + 45909.99 0.9968 5–500 98.8 (14.2) 92.5 (4.4)

Cyflufenamid y = 4502.19x + 116255.19 0.9933 5–500 89 (7.9) 89.1 (11.5)

Cyprazine y = 3444.66x + 79702.76 0.9975 5–200 105.9 (8.5) 110.8 (5.8)

Cyprodinil y = 16961.32x + 190384.54 0.9990 5–500 106.9 (9.6) 95.1 (9.8)

Diethofencarb y = 1041.26x + 10555.54 0.9983 5–200 95.1 (10.7) 100.7 (7.8)

Difenoconazole y = 7352.11x + 81820.32 0.9979 5–200 89.5 (7.0) 92.2 (4.7)

Difenoxuron y = 12611.61x + 308230.41 0.9915 5–500 91.9 (9.4) 92.6 (11.7)

Dimefuron y = 7917.57x + 122319.76 0.9980 5–500 99.2 (12.3) 94.5 (5.7)

Dimethenamid y = 6069.17x + 83216.79 0.9980 5–500 126.6 (17.2) 110.6 (3.9)

Dimethoate y = 1352.43x + 13921.08 0.9980 5–200 91.2 (19.1) 95.7 (11.6)

Dimethomorph y = 3468.72x + 105103.78 0.9920 5–500 91.6 (13.6) 98.3 (7.5)

Diniconazole y = 2759.73x + 148545.38 0.9910 5–500 92.8 (9.1) 95.7 (6.1)

Diphenamid y = 17288.91x + 194446.37 0.9982 5–200 96.8 (8.7) 95.2 (7.6)

Dipropetryn y = 21874.31x + 511755.51 0.9942 5–500 99.5 (7.1) 93.5 (10.7)

Emamectin y = 4549.47x + 73864.37 0.9959 5–500 80.6 (21.2) 61.6 (9.4)

Epoxiconazole y = 5328.21x + 160370.42 0.9939 5–500 85.3 (11.6) 98.2 (4.0)

Ethion y = 2200.85x + 25781.58 0.9997 5–500 90.3 (17.4) 90.5 (9.4)

Ethoprophos y = 6154.47x + 89386.24 0.9998 5–200 92.3 (9.2) 113.4 (12.2)

Fenamiphos y = 8476.94x + 238603.13 0.9916 5–500 86.7 (9.3) 88.8 (11.3)

Fenbuconazole y = 3951.46x + 92275.55 0.9974 5–500 96.3 (15.2) 95.6 (4.0)

Fenobucarb y = 1093.75x + 24058.05 0.9894 5–500 103.3 (12.7) 114.7 (12)

Fenpropimorph y = 17814.42x + 444716.22 0.9900 5–500 108 (7.4) 105.9 (8.3)

Fenpyroximate-E y = 14350.59x + 114487.85 0.9997 5–500 87.7 (17.7) 92.4 (11.7)

Fensulfothion y = 7777.82x + 177848.56 0.9933 5–500 92 (9.2) 93.7 (9.7)

Fluazifop-butyl y = 22776.26x + 427460.25 0.9966 5–500 86 (15.6) 91.8 (8.6)

Flufenoxuron y = 1699.45x + 21250.6 0.9993 5–500 85.8 (13.4) 91.8 (10.9)

Fluometuron y = 6998.21x + 103154.59 0.9972 5–200 109.9 (6.0) 108 (5.4)
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Table 1 (continued)

Compound Linearity Recovery(RSD, %), n = 12

Regression equation R2 a Range
(μg kg−1)

Spiked at
10 μg kg−1

Spiked at
100 μg kg−1

Fluridone y = 24950.87x + 347649.15 0.9970 5–200 91 (6.5) 90.7 (10.1)

Flusilazole y = 7526.22x + 138537.5 0.9953 5–200 88.2 (10.7) 91.9 (6.3)

Flutriafol y = 4001.62x + 90655.69 0.9983 5–200 97.4 (8.0) 103.9 (6.1)

Fosthiazate y = 5306.76x + 77347.01 0.9971 5–200 97.5 (8.3) 104 (7.2)

Hexaconazole y = 9165.59x + 90346.7 0.9983 5–200 88.6 (8.8) 93.5 (12.8)

Hexazinone y = 9828.91x + 138522.73 0.9988 5–200 96.5 (7.7) 96.6 (7.8)

Imazalil y = 11110.99x + 311166.04 0.9906 5–500 94.2 (7.6) 95.4 (12.1)

Imazamethabenz-methyl y = 20682.97x + 312878.27 0.9971 5–200 91.6 (13.6) 103.2 (17.4)

Imidacloprid y = 641.34x + 19494.21 0.9979 5–500 94.4 (16.1) 106.7 (11.5)

Indoxacarb y = 4725.16x + 32611.74 0.9998 5–500 82.9 (11.3) 90.3 (13.5)

Iprobenfos y = 1308.96x + 33246.53 0.9906 5–500 123.3 (16.8) 103.1 (7.2)

Iprovalicarb y = 4794.5x + 112865.69 0.9932 5–500 95.9 (7.3) 94.6 (6.2)

Isazofos y = 8874.01x + 199821.02 0.9902 5–500 108.4 (13.7) 115.6 (5.8)

Isoprocarb y = 779.21x + 13983.41 0.9994 5–500 99 (12.5) 124.4 (15.0)

Isoprothiolane y = 4050.76x + 103265.46 0.9915 5–500 101.9 (10.9) 96.4 (5.3)

Isoproturon y = 9636.15x + 160783.96 0.9960 5–200 94.3 (6.4) 96.9 (3.7)

Isouron y = 12652.15x + 185102.77 0.9970 5–200 98.1 (8.2) 99.8 (5.7)

Karbutilate y = 6953.84x + 170241.66 0.9929 5–500 99.1 (6.7) 97.8 (6.6)

Kresoxim-methyl y = 2350.3x + 43740.29 0.9965 5–500 89 (10.6) 96.7 (6.8)

Metalaxyl y = 21577.92x + 365729.85 0.9962 5–200 101.1 (9.7) 101.8 (2.6)

Methoprotryne y = 15335.42x + 500675.01 0.9935 5–500 92.7 (6.3) 99.1 (3.8)

Metolachlor y = 16878.74x + 182845.7 0.9977 5–200 116.7 (12.8) 103.7 (8.3)

Monocrotophos y = 2117.35x + 30096.78 0.9969 5–200 89.1 (15.6) 97.6 (7.8)

Myclobutanil y = 2842.33x + 47663.34 0.9977 5–500 89.7 (6.0) 96.1 (4.2)

Omethoate y = 2951.96x + 31519.12 0.9983 5–200 95.6 (19.8) 102.7 (9.7)

Oxadixyl y = 3619.56x + 66597.71 0.9963 5–200 93.3 (11.8) 98.8 (6.1)

Paclobutrazol y = 4523.03x + 138113.87 0.9947 5–500 94.1 (9) 100 (4.2)

Phosfolan y = 11452.5x + 139060.15 0.9980 5–200 90.2 (7.8) 98.8 (4.5)

Piperonyl butoxide y = 2947x + 44060.65 0.9963 5–500 71.7 (25.2) 75.8 (21.9)

Pirimicarb y = 11619.11x + 374515.06 0.9908 5–500 109.3 (7.0) 110.8 (7.0)

Pirimiphos-methyl y = 15126.08x + 261026.24 0.9948 5–500 123.2 (22.1) 105.9 (9.6)

Prochloraz y = 2838.13x + 37090.99 0.9970 5–200 85.7 (10.0) 98 (8.6)

Prometryn y = 20175.66x + 394777.3 0.9970 5–500 110 (7.6) 95.6 (6.4)

Propamocarb y = 7921.92x + 95091.55 0.9973 5–200 78.6 (10.1) 82.6 (15.0)

Propargite y = 1165.23x + 18351.72 0.9968 5–500 103 (15.4) 96 (8.5)

Propazine y = 7233.38x + 219216.88 0.9918 5–500 101.2 (15.7) 100.8 (4.1)

Propiconazole y = 5301.28x + 66912.75 0.9990 5–200 94.2 (11.1) 99 (4.1)

Propisochlor y = 1468.22x + 30401.57 0.9960 5–500 118 (19.4) 105 (5.3)

Pyraclostrobin y = 14943.24x + 136306.86 0.9996 5–500 80.4 (15.9) 80.5 (17.2)

Pyridaben y = 4295.34x + 49791.05 0.9992 5–500 90.1 (25.1) 73.9 (16.9)

Pyrimethanil y = 7806.42x + 177801.67 0.9944 5–500 108.4 (4.6) 111.8 (8.8)

Pyriproxyfen y = 12932.82x + 368206.01 0.9921 5–500 83.1 (16.8) 80.6 (18.5)

Quinalphos y = 5333.39x + 130150.94 0.9921 5–500 100.4 (12.3) 94.2 (6.7)

Quizalofop-ethyl y = 9635.94x + 251071.35 0.9926 5–500 83.1 (19.9) 81.2 (17.7)

Rotenone y = 4400.38x + 100389.16 0.9940 5–500 89.1 (8.3) 91.1 (5.9)

Spiroxamine y = 16296.26x + 341649.01 0.9942 5–500 103.1 (10.8) 97.4 (4.4)
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were believed to be higher than 50 μg kg−1 due to their low
response under ESI conditions. Meanwhile, more than 86 % of
the detected results could be identified against accurateMS/MS
spectra embodied in the home-made library with purity score
≥70 % with LOI no more than 50 μg kg−1. Nevertheless, the
proposed technique is sensitive enough to detect those large
scope pesticide residues in fruits and vegetables and that is
better than our previous work [40].

Quantitative performance

As being an excellent instrument for qualitative purposes in
many domains, the quantitative performance of the IDA ap-
proach with UHPLC-QTOF-MSwas also pursued in this paper.
The quantitative performance results are summarized in Table 1
and are illustrated in Fig. 4. As we can see in Table 1, the
response of the detected is linear for most compounds in the
range of 5–500 μg kg−1 (except about 39 pesticides with the
range of 5–200 μg kg−1) with correlation coefficient (R2) of
0.9894 (atrazine-desethyl and fenobucarb)–0.9998
(indoxacarb), and the matrix-matched regression equations
(based on peak area in tomato extract) of the spiked pesticides
are listed in Table 1. Recoveries were evaluated in four matrices
(apple, orange, tomato and spinach) at two spiked levels, 10 and
100 μg kg−1 in triplicates (ESM Table S3). The total average
recoveries (n = 12) ranged from 71.7 % (piperonyl butoxide) to
126.6 % (dimethenamid) at 10 μg kg−1 and from 61.6 %
(emamectin) to 124.4 % (isoprocarb) at 100 μg kg−1 spiked
levels. About 88.7 or 86.8 % of the pesticides in the selected

fruits and vegetables matrices had recoveries between 80 and
110 % at 10 or 100 μg kg−1 spiked levels. Depending on the
type of sample matrices, about 86.8 % (71.7 %) in apples,
91.4 % (80.0 %) in oranges, 79.2 % (72.6 %) in tomatoes,
and 75.2 % (83.8 %) in spinaches of the pesticides had recov-
eries between 80 and 110 % at the 100 μg kg−1 (10 μg kg−1)
spiked level; 94.3 % of the pesticides in 10 μg kg−1 and 98.1 %
of the pesticides in 100 μg kg−1 spiked levels had a relative
standard deviation (RSD) ≤ 20 % (n = 12, except ethoprophos
and emamectin) among the spiked matrices. These results show
that the accuracy is satisfactory for most of the pesticides.
However, it should be noted that those pesticides, including
ethoprophos (in spinach) and emamectin (in orange), are prob-
lematic pesticides by UHPLC-QTOF-MS as a result high/low
recovery, and poor repeatability. Further study on extraction
and/or the applications of different mass spectrometric tech-
niques is necessary to obtain better quantitative results upon
those pesticides. Quantification was performed using
MultiQuant™ 2.1 software using the peak area of the precursor
ion versus the concentration of the analyte for all test samples.

It is clear, however, that the quantitative results are additional
to the valuable qualitative information obtained. Because the
more time spent to recordMS/MS spectra and identify unknowns,
the less time is left to record the MS survey chromatogram [42].
But there is no conflict in the picture of screening analytical ap-
proaches. They all provide a qualitative result directing further
analysis and generally also provide a first idea of the quantity of
toxicant present. The latter should be confirmed in a dedicated
quantitative analysis but also provides a quick reference to the

Table 1 (continued)

Compound Linearity Recovery(RSD, %), n = 12

Regression equation R2 a Range
(μg kg−1)

Spiked at
10 μg kg−1

Spiked at
100 μg kg−1

Tebuconazole y = 5426.58x + 75277.73 0.9971 5–200 91.6 (9.5) 95.4 (4.6)

Tebuthiuron y = 5901.09x + 113530.32 0.9977 5–200 95.4 (8.1) 96.3 (4.1)

Tetraconazole y = 2453.57x + 76531.45 0.9901 5–500 86.8 (9.4) 95.3 (5.4)

Thiabendazole y = 8462.58x + 110091.2 0.9977 5–200 81.3 (22.2) 93.3 (11.6)

Thiacloprid y = 4369.87x + 77318.62 0.9967 5–200 93.2 (10.3) 103.4 (8.4)

Triadimefon y = 3611.9x + 107581.27 0.9939 5–500 104.3 (14.9) 96.8 (7.2)

Triapenthenol y = 9271.04x + 177897.74 0.9940 5–200 100.6 (8.3) 102.7 (4.5)

Triazophos y = 9929.78x + 266408.87 0.9910 5–500 89.4 (7.7) 90.7 (7.3)

Tricyclazole y = 10008.28x + 119462.98 0.9983 5–200 88.9 (11.3) 95.5 (6.1)

Trifloxystrobin y = 12506.09x + 320306.35 0.9925 5–500 88.6 (18.8) 81.3 (38.9)

Triflumizole y = 1470.02x + 14338.48 0.9988 5–200 88.5 (11.5) 87.1 (14.9)

Triflumuron y = 1747.9x + 16365.13 0.9997 5–500 95 (17.0) 90.1 (7.3)

Uniconazole y = 3481.39x + 135031.56 0.9924 5–500 92.4 (8.7) 95.4 (4.5)

Vamidothion y = 5164.44x + 142683.73 0.9909 5–500 90.9 (8.7) 101.1 (15.3)

a Cofficient of determination
b Relative standard deviation, n = 12
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severity of an intoxication, for example, in banned pesticides or in
doping agents. Though a follow-up dedicated quantitative analy-
sis may be required for the rigorous monitoring.

Survey of the library pesticides in market samples

In order to verify the performance of the method and its suit-
ability for routine analysis, it was applied to market samples.
Four hundred and forty-six fresh vegetable and fruit samples
were randomly purchased from local markets in Xi’an, in the
West of China, from Sep 18, 2015 to Apr 20, 2016. Twenty-
one kinds of fresh vegetables and fruits in total (n = 448),
including apple, banana, bitter melons, celery, cherry tomato,
Chinese chives, courgettes, cucumber, eggplant, grape, hot
pepper, kiwi fruit, lettuce leaf, mandarin, orange, peach, pear,
pitayas, radish, sweet pepper, and tomato, were analyzed ac-
cording to the protocol discussed above.

Several internal quality control measures have been taken to
ensure the reliability of the analysis. During each submitted
sequence, reagent blanks, full procedural blanks, and fortified
extracts (at 100 μg kg−1) were analyzed to ensure the instrument
and the procedure were in good condition. Reagent blanks,
including acetonitrile and water, were examined at the begin-
ning of each batch to make sure no analyte signals were found.
Then, a full procedural blank was analyzed to ensure no labo-
ratory contamination was introduced in the whole procedure. In
order to ensure the analytes remain detectable in the whole

submitted sequence, the fortified extracts were analyzed at the
beginning and the end as internal quality controls.

To compensate for the matrix effects, known to occur
frequently in pesticide residues detected in both GC and
LC methods, the concentration of the positive result was
quantified using a single-point external matrix-matched
standard. The concentration of analyte present in the
sample extract is calculated from the relative responses
of the analyte in the blank extract and the spiked sam-
ple extract.

As a result, 16.7 % of the samples were blank in our scope,
or contained pesticides at levels lower than the limits of iden-
tification and quantification, while 83.3 % (373 in 448) of
them contained one or more of the pesticides studied. A total
number of 1432 findings were identified according to the pro-
posed screening method in involving 412 commodity-
pesticide combinations, and as much as 75 kinds of pesticide
in our scope. Part of the results data were shown in Table 2. In
general, the top 10 most frequently detected compounds
(number of findings) are carbendazim (175), diethyltoluamide
(150), dimethomorph (98), difenoconazole (73), pyridaben
(71), chlormequat Chloride (67), azoxystrobin (61), metalaxyl
(59), imazalil (58), and imidacloprid (57). Compared with
national food safety standard [8], maximum residue limits
for up to 64 % of the findings has not been established in
the country. Meanwhile, nine non-compliance samples were
also identified in six commodity-pesticide combinations, that
is, celery-phorate (1), kiwi fruit-forchlorfenuron (1),

Fig. 4 Overall recovery of apple,
orange, tomato, and spinach
sample at two spiked levels a 10
and b 100 μg kg−1 in triplicates
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cucumber-carbofuran (1), tomato-carbofuran (1), hot pepper-
carbofuran (2) and Chinese chives-carbofuran (2).
Furthermore, direct spraying on fruit and vegetable products
of phorate and carbofuran is prohibited. These should be given
more cautious attention in future research.

Conclusions

The developed method allows qualitative and quantitative
analysis of 427 pesticides in fruit and vegetable samples in
UHPLC-QTOF-MS with the traditional SPE extraction. The

Table 2 Screening results of pesticide residues in fresh fruits and vegetables from local market

Sample (number) Total number
of Findings

Pesticide (number
of findings)a

Range of concentration
(mg kg−1)

MS2 purity
score (%)

Min-Max Min-Max

Apple (23) 69 Carbendazim (21) 0.001–0.325 82–100

Diethyltoluamide (12) 0.001–0.004 87–100

Celery (27) 153 Propiconazole (19) 0.006–7.097 83–100

Difenoconazole (15) 0.001–0.838 83–100

Diethyltoluamide (13) 0.001–0.007 57–100

Dimethomorph (12) 0.002–1.059 79–97

Cucumber (23) 163 Metalaxyl (21) 0.001–0.152 79–97

Carbendazim (20) 0.002–0.086 89–100

Diethyltoluamide (13) 0.001–0.004 68–99

Dimethomorph (12) 0.001–0.186 91–99

Propamocarb (12) 0.002–0.374 81–99

Chlormequat chloride (10) 0.002–0.043 83–99

Fluopicolide (10) 0.002–0.065 79–100

Eggplant (22) 81 Diethyltoluamide (18) 0.001–0.003 85–100

Pyridaben (12) 0.001–0.048 86–98

Grape (19) 118 Pyrimethanil (16) 0.011–0.656 73–100

Azoxystrobin (14) 0.004–0.098 87–100

Dimethomorph (13) 0.07–0.889 89–98

Hot pepper (23) 96 Diethyltoluamide (18) 0.001–0.004 82–100

Pyridaben (10) 0.001–0.455 85–100

Lettuce Leaf (23) 100 Dimethomorph (17) 0.006–4.546 92–97

Cyromazine (10) 0.01–0.462 81–96

Orange (19) 63 Imazalil (19) 0.003–0.407 74–95

Thiabendazole (16) 0.001–0.227 87–99

Diethyltoluamide (11) 0.001–0.002 87–100

Peach (19) 83 Carbendazim (17) 0.001–0.448 84–100

Diethyltoluamide (11) 0.001–0.003 91–99

Difenoconazole (10) 0.001–0.016 80–98

Pear (23) 57 Diethyltoluamide (20) 0.001–0.003 75–99

Pitayas (22) 19 Metalaxyl (10) 0.001–0.007 82–95

Sweet pepper (22) 100 Carbendazim (18) 0.003–0.417 74–100

Tomato (23) 57 Carbendazim (10) 0.002–0.045 81–100

Banana (22) 38

Bitter melons (22) 49

Cherry tomato (15) 60

Chinese chives (19) 35

Courgettes (21) 15

Kiwi fruit (21) 31

Mandarin (21) 28

Radish (19) 17

a The results of finding numbers less than 10 are not included in the table
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obtained validation results demonstrated the great qualitative
and quantitative strength of this newly developed UHPLC-
QTOF-MS method, which additionally offers great potential
for untargeted screening. This system is also confirmed as a
time-competitive approach for routine analysis compared to
other LC-MS quantitation methods. The method has been
validated for routine analysis, and has been applied to real
samples for the survey of pesticides in fruits and vegetables.
As a result of these analyses, 412 commodity-pesticide com-
binations were identified and six of them were non-compli-
ances. The strategy can therefore be used as an exploratory
approach for unknown samples. If there is evidence of the
presence of target compounds, after this screening step, a fur-
ther sample treatment step maybe carried out if necessary.
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