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Abstract
A rapid and economical method using modified QuEChERS sample pretreatment coupled with high-sensitivity gas chro-
matography/triple quadrupole mass spectrometry was established to simultaneously determine ten pyrethroid pesticides in 
fruits and vegetables. All pesticides were detected within 20 min of one injection. Concurrent backflushing provided column 
protection, greatly facilitating instrument maintenance. For quantitation, matrix-matched calibration was used to compensate 
for signal-enhancement effects and to ensure the precision of the method. The limit of detection (LOD) was in the range 
of 0.3–4.9 μg/kg. The recovery rate was from 78.8 to 118.6%, with relative standard deviation (RSD) below 14.8%. The 
developed method is suitable for rapid and sensitive multi-residue analysis of pyrethroid pesticides in fruits and vegetables. 
It is good for users in professional institutions that implement safety controls for testing hundreds of agricultural product 
samples everyday.

Keywords  Rapid analysis · Multi-residue determination · Pyrethroid pesticides · GC–MS/MS · Vegetables and fruits

Introduction

Pyrethroid pesticides are synthetic derivatives of naturally 
occurring pyrethrums that can be extracted from the flow-
ers of Chrysanthemum cinerariaefolium (Galera et al. 1996; 
Schettgen et al. 2002). For more than 30 years, pyrethroids 
have been widely used in agriculture to protect fruit and 
vegetable crops, in forestry and in household applications. 
Pyrethroids have broad spectrum of insecticidal activity, 
are relatively non-toxic to mammals and birds, break down 
quickly, and are non-persistent in the environment. However, 
excessive use or incorrect application, premature harvest-
ing, and failure to allow adequate time for pesticide degra-
dation before marketing may allow residues to exceed safe 
limits and pose a threat to consumer safety (Sánchez et al. 
2010; Peng et al. 2012). Because of this risk to public health, 
many methods have been developed to analyze pyrethroid 
pesticides in different fruits and vegetables (McMahon and 

Hardin 1994; Bennett et al. 1997; Paoli et al. 1997; Anders-
son and Palsheden 1988).

Because of their weak polarity, moderate boiling point 
and easy gasification, pyrethroid pesticides have typically 
been detected using gas chromatography (GC). This method 
is, however, unsuitable for reliable qualitative and quantita-
tive determination of pyrethroids in complex matrices, and 
samples must be purified before analysis to prevent interfer-
ence by the matrix. GC coupled to mass spectrometry (GC/
MS), in full scan or selected ion monitoring (SIM) mode, 
has also been widely used to measure pesticide residues. 
This method, however, has low sensitivity in full scan mode 
and may provide poor spectral information in SIM mode 
because of matrix interference by components in vegetables 
(Mahugija et al. 2017). Gas chromatography–tandem mass 
spectrometry (GC–MS/MS) coupled with multiple reaction 
monitoring (MRM) is able to provide simultaneous quan-
titative and qualitative analysis of trace levels of analytes 
in complex matrices (Plomley et al. 1994; Hayward et al. 
1999). Many studies have shown that GC–MS/MS can be 
used routinely for trace level analysis, with high-sensitivity 
and good reliability (Jiang et al. 2014; Mo et al. 2014).

A potential problem when using GC is that less-volatile 
matrix components could block the system and result in 
gradual reduction of analyte signals, shifts in retention times, 
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and broadening of target peaks (Mastovská et al. 2004). This 
problem can be minimized by column backflushing, where 
the column flow is reversed using a pressure-controlled tee 
(PCT) installed at the column outlet, before the MS port 
(Klee 2009). The combined use of GC–MS/MS and back-
flushing to reduce accumulation of high-boiling impurities 
in the chromatography column has been shown to work well, 
especially with dirty samples.

Several methods of sample preparation have been devel-
oped for the analysis of pyrethroid pesticides in fruits and 
vegetables. These include solid phase extraction (SPE), 
liquid–liquid extraction (LLE) (Barrionuevo and Lanças 
2002; Farajzadeh and Khoshmaram 2014), gel permeation 
chromatography (GPC) (Wang et al. 2014), solid phase 
micro-extraction (SPME) (Tsoutsi et al. 2006), liquid–solid 
extraction (LSE) and matrix solid-phase dispersion (MSPD) 
(Sobhanzadeh et al. 2012; Li et al. 2013). Since most of 
these techniques are complicated, laborious, time-consum-
ing, and require large amounts of solvents, a simpler and 
faster analytical procedure is much needed. The QuEChERS 
(quick, easy, cheap, effective, rugged, and safe) method for 
determination of pesticide residues is a widely used sample 
preparation method (Wu 2017). Because of its flexibility, 
QuEChERS provides a useful working template that can be 
modified to suit the properties of diverse analytes and matri-
ces as well as different equipment and analytical techniques 
available in individual laboratories (Marchis et al. 2012). 
QuEChERS has been successfully used for the extraction 
of a broad range of analytes from many different matrices 
(Marchis et al. 2012; Rashid et al. 2010).

The matrix in agricultural products is typically com-
plex and samples may still contain impurities even after 
pretreatment. These impurities can compete with pesticide 
analytes in key sites such as the injection port and column 
head during analysis, thus enhancing the effects of the 
matrix. Matrix-enhanced effects lead to a high and incorrect 
recovery rate (usually > 100%). Many methods have been 
described for reducing matrix effects. These include multi-
ple purification methods, specialized injection techniques, 
correction factor calibration, and the addition of analyte pro-
tectants (Huang et al. 2006; Poole 2007; Wang et al. 2012). 
Matrix matching of standards is recognized as one of the 
most effective ways to solve the problem of matrix interfer-
ence. A blank substrate solution can easily be prepared in 
the laboratory to maintain the same level of compensation in 
the response of pesticide in the standard solution and sample 
solution.

In the present study, a simple, rapid and interference-free 
method for the determination and confirmation of trace and 
larger amounts of pyrethroid pesticides in different fruits 
and vegetables has been developed and validated. Our new 
method is based on a modified QuEChERS approach and 
was tested using GC–MS/MS equipped with a backflushing 

column. The method combines the key benefits of the 
QuEChERS approach and GC–MS/MS to achieve the best 
results. Performance was evaluated in terms of linearity, 
limit of detection (LOD), limit of quantification (LOQ), 
accuracy, precision, and matrix effects. The new method 
was then tested by using it for the analysis of pyrethroid 
pesticides in real samples.

Experimental

Materials

Standards

Ten pyrethroid pesticide standards (purity ≥ 95%) were pur-
chased from Dr. Ehrenstorfer GmbH (Augsburg, Germany). 
The structures of these standards are shown in Fig. 1. Stand-
ard stock solutions (1 g/L) in acetone/toluene solution (3:7, 
v/v) were prepared and stored at − 80 °C. A series of mixed 
working solutions were prepared by stepwise dilution of the 
stock solutions with acetonitrile and stored at − 20 °C.

Reagents

Pesticide-analysis-grade acetonitrile (purity ≥ 99.9; Tedia 
Company, Inc., Fairfield, OH, USA) was used as the 
extractant. Analytical-grade sodium chloride (NaCl, purity 
≥ 99.99%; CNW Technologies GmbH, Düsseldorf, Ger-
many) and anhydrous magnesium sulfate (MgSO4, 20–50 

Fig. 1   Structures of pyrethroid pesticides: (1) bifenthrin, (2) fen-
propathrin, (3) cyhalothrin, (4) permethrin, (5) cyfluthrin, (6) cyper-
methrin, (7) flucythrinate, (8) fenvalerate, (9) tau-fluvalinate, and (10) 
deltamethrin
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mesh, 97% purity; Acros Organics, Shanghai, China) were 
used for salting out. Anhydrous MgSO4 (100 mesh, 97% 
purity; Sigma-Aldrich Co., Ltd., Steinheim, Germany) was 
used for dehydration. Primary secondary amine (PSA) and 
C18 sorbents (40 μm particle size) were purchased from 
ANPEL Scientific Instrument Co., Ltd. (Shanghai, China).

Sample preparation

Fresh fruits (pear and waxberry) and vegetables (tomato, 
cucumber, and cowpea) were purchased from local super-
markets. Pyrethroid-free samples were used as the blank 
matrix to prepare matrix-matched standards for calibration. 
Samples were prepared by quartering and homogenizing 
the samples in a food processor (Model HR-7633; Philips, 
Zhuhai, China).

Samples were extracted following the typical QuEChERS 
procedure, with some modifications. In brief, homogenized 
samples (25 ± 0.01 g) were weighed into 250 mL polypro-
pylene bottles. Control samples were spiked at two concen-
trations (0.05 and 0.1 mg/L). Acetonitrile (25 mL) was then 
added, and the mixture was homogenized at room tempera-
ture for 2 min using an IKA T25 homogenizer (IKA, Guang-
zhou, China). Anhydrous MgSO4 (20–50 mesh, 10 g) and 
NaCl (1 g) were added, and the mixture was homogenized 
for 1 min and then centrifuged at 2,500×g for 3 min.

A sample of the supernatant (4.0 mL) was removed and 
added to a 15 mL centrifuge tube containing PSA (100 mg), 
C18 (100 mg), and anhydrous MgSO4 (100 mesh, 1200 mg). 
The mixture was shaken at low speed for 1 min and then cen-
trifuged at 3,000×g for 5 min. A sample of the supernatant 
(0.8 mL) was added into a sample bottle, and subsequently 
1 µL injected into the GC–MS/MS equipment for analysis.

Instrument conditions

GC–MS/MS analysis was carried out using a model 7890A 
gas chromatography and a model 7683B auto injector cou-
pled with a 7000A triple quadrupole (QQQ) mass spectrom-
eter (Agilent Technologies, USA). An HP-5 ms Ultra Inert 
capillary column (325 °C, 30 mm × 250 μm × 0.25 μm; J&W 
Scientific, USA) was used for GC separations. It was pre-
ceded by a deactivated guard column (2 m × 250 μm × 0 μm; 
J&W Scientific) and followed by a deactivated-current-limit-
ing column (retention gap, 450 °C, 0.65 m × 150 μm × 0 μm; 
J&W Scientific).

Helium (purity ≥ 99.999%) was used as the carrier gas, 
and the column head pressure was held at 0.20 MPa. The 
program was as follows: 90 °C held for 0 min, ramped 
to 280 °C at 15 °C/min, and maintained for 10 min, fol-
lowed by backflushing at 300 °C and 0.41 MPa for 5 min. 
The GC injection port temperature was 250 °C, and the 

transfer-line temperature was 280 °C. The injection vol-
ume was 1 μL in splitless mode.

The mass spectrometer was used in MRM mode. The 
ionization voltage was 70 eV in electron ionization (EI) 
mode. The ion source and MS1 and MS2 quadruple tem-
peratures were 230, 150, and 150 °C, respectively. Helium 
(purity ≥ 99.999%) and nitrogen (purity ≥ 99.999%) were 
used as the quench gas (2.25 mL/min flow rate) and the 
collision gas (1.5 mL/min flow rate), respectively.

Method validation

Analytical figures of merit were evaluated in accordance 
with the regulations of the National Standards of the Peo-
ple’s Republic of China and the European Commission. 
The parameters evaluated were linearity, LOD, LOQ, 
accuracy, precision, and matrix effects (Chen et al. 2013).

Linearity was evaluated by analyzing standard solutions 
of mixed pesticides at six different concentrations. LODs 
and LOQs were calculated using the method recommended 
by the American Chemical Society (ACS) (1980). LODs 
were calculated as thrice the signal-to-noise (S/N) ratio 
obtained by analyzing non-spiked tomato samples, and 
LOQs were calculated as tenfold of the S/N ratio. Accu-
racy was assessed by measuring analytes in fruit and veg-
etable samples spiked at three different concentrations. Six 
replicates were performed for each experiment. Precision 
was measured in terms of intraday and interday variability. 
Intraday precision was determined on 1 day by analyzing 
pesticides added at the intermediate spiking level in seven 
replicate tomato and pear samples; interday precision was 
measured by carrying out the analyses once a day for 
2 weeks. To evaluate the matrix effect, matrixes of blank 
fruit and vegetable (pesticide-free samples) were spiked 
with ten pyrethroid pesticides at low level (~ LOQ), inter-
mediate level (~ 10 × LOQ), and high level (~ 100 × LOQ). 
The matrix effect was calculated by comparing the signal 
peak area of pesticides in the sample with that of the pes-
ticides in the standard solution (n = 5).

Results and discussion

A modified QuEChERS method coupled with GC–MS/
MS, which requires low volumes of organic solvents, was 
established and used to determine ten pyrethroid pesticides 
in fruits and vegetables. All of the tested pesticides could 
be extracted and determined in ~ 2 h, and the method was 
evaluated scientifically and was found to perform well with 
tests on the practical samples.
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Optimization of GC–MS/MS conditions using MRM 
and backflushing

Different mass spectrometer settings and chromatographic 
conditions were evaluated to determine optimal conditions 
for rapid and sensitive determination. For each pesticide, 
ions were collected in single reaction monitoring mode 
(SRM) to meet the requirements of four identification points 
for positive samples, as laid out in the Official Journal of the 
European Union (2002).

Overlapping sample peaks obtained by GC that cannot be 
separated effectively inevitably complicate the confirmation 
of positive samples. However, this problem can be solved by 
mass spectroscopy. In the present study, optimized MRM 
transitions were chosen to improve the selectivity and sen-
sitivity of the GC–MS/MS method (Table 1). Ten compo-
nents were conclusively identified, although the peaks for 
the isomers of fenvalerate and tau-fluvalinate overlapped 
in the total ion chromatogram (TIC) mode (Fig. 2). Using 
the extracted ion mode (m/z 167 > 125 and 167 > 89 for 

fenvalerate, m/z 250 > 55 and 250 > 200 for tau-fluvalinate), 
the problem of overlapping peaks was completely resolved. 
All of the pesticide standards were detected efficiently in 
20 min (Fig. 2); the entire analysis including the extraction 
procedure could be completed in ~ 2 h. A firm foundation 
was thus established for the rapid identification and quanti-
fication of pesticides in practical samples.

For dirty samples, multiple injections lead to gradual 
accumulation of residual impurities on the column, which 
eventually causes serious contamination of the chroma-
tographic system. One method of solving this problem is 
increasing the temperature of the columns; but this method 
increases run times, reduces efficiency, and decreases the 
lifespan of the column. Column backflushing has been 
shown to significantly reduce long-term problems associ-
ated with the injection of dirty samples, both in pesticide 
residue analysis and in other applications (Chen et al. 2009; 
Mezcua et al. 2009). In the present study, a time-efficient 
backflushing approach was used to alleviate problems asso-
ciated with the injection of dirty samples. Upon elution of 

Table 1   Summary of optimized 
MRM transitions used for each 
target compound

a Multiple isomers

Analyte Quantitative tran-
sition (m/z)

Collision 
energy (ev)

Qualitative tran-
sition (m/z)

Collision 
energy (ev)

Retention 
time (min)

Bifenthrin 181 > 165 25 181 > 166 15 13.25
Fenpropathrin 181 > 152 30 181 > 127 35 13.42
Cyhalothrin 181 > 152 30 181 > 127 35 14.10
Permethrina 183 > 153 15 183 > 168 15 15.03
Cyfluthrina 163 > 91 15 163 > 127 5 15.82
Cypermethrina 163 > 91 25 163 > 127 35 16.18
Flucythrinatea 199 > 107 30 199 > 157 10 16.44
Fenvaleratea 167 > 125 15 167 > 89 40 17.77
Tau-fluvalinatea 250 > 55 15 250 > 200 20 17.99
Deltamethrina 253 > 93 20 253 > 77 40 19.43

Fig. 2   Total ion chromatogram 
(TIC) of standard solution used 
for calibration. The concen-
tration of each pesticide was 
0.1 mg/L, and the injection 
volume was 1 μL
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the final analyte of interest from the HP-5 ms Ultra Inert 
capillary column, a PCT installed between the two columns 
allowed a rapid backflush, which took only a few minutes 
to complete, and removed less-volatile matrix components 
(Mastovskaa and Wylie 2012). A time-saving and cost-effec-
tive method was used for reducing contamination of both the 
chromatographic system and detector by high-boiling resi-
dues. The service life of the chromatographic system have 
also been extends. The benefits of backflushing on long-term 
system performance were evaluated by repeated injections of 
various food samples. Backflushing clearly removed high-
boiling matrix components and prevented contamination of 
the GC system and the MS sources (Fig. 3).

Extraction and purification of samples

A modified QuEChERS method was used to purify fruit and 
vegetable samples. Preliminary experiments for optimizing 
the key parameters were carried out using anhydrous MgSO4 
and the sorbents PSA and C18. Moisture in the substrate 
can be removed by anhydrous MgSO4. Anhydrous MgSO4 
with 100 mesh size is dust-free and is best for salting out, 
whereas anhydrous MgSO4 with 20–50 mesh size is better 
for dehydration. PSA is used mainly to remove sugars and 
fatty acids present in the matrix. As a departure from other 
QuEChERS methods, C18 sorbent was used to remove most 
of the nonpolar fats, as well as impurities present in the sam-
ples, such as fat-soluble pigments and sterols.

The following conditions were compared to optimize 
extraction efficiency: (1) 5, 10, 15, and 20 g of anhydrous 
MgSO4 (20–50 mesh); and (2) 0.25, 0.5, 1, and 2 g of NaCl. 
Parameters used to optimize purification efficiency were (1) 
50, 100, 150, and 200 mg of PSA; and (2) 50, 100, 150, 
and 200 mg of C18. The amount of adsorbent was found to 

affect purification efficiency; insufficient adsorbent led to 
incomplete removal of impurities, whereas excess adsorbent 
resulted in lower recovery of the pesticides. The best recov-
ery rates (> 95%) for most pesticides were obtained with 
10 g of anhydrous MgSO4 (20–50 mesh) and 1 g of NaCl; 
however, the recovery rate was not significantly improved 
by increasing the amounts of anhydrous MgSO4 and NaCl. 
The capacity of PSA to adsorb impurities was improved with 
increasing amounts of PSA from 50 to 200 mg, although 
some of the pesticides were absorbed when the amount of 
PSA reached 150 mg. A similar result was also observed 
with C18. The optimal parameters for the extraction process 
were 10 g of anhydrous MgSO4 (20–50 mesh) and 1 g of 
NaCl, and the optimal parameters for the purification process 
were 1200 mg of anhydrous MgSO4 (100 mesh), 100 mg of 
PSA, and 100 mg of C18.

In the present study, 25 mL of acetonitrile, a good solvent 
for all of the target pesticides, was used for the extraction. 
The pretreatment process, injection, and GC–MS/MS detec-
tion can all be completed within 2 h. The method can meet 
the requirements of real-time analysis of pesticide residues 
since it provides a low-cost, simple, rapid, and efficient ana-
lytical method, with little pollution. The extracted solution 
was injected directly into the GC–MS/MS system without 
the need for rotary evaporation and redissolution. As com-
pared with the literature (Jardim et al. 2014), the purifica-
tion steps was reduced, pretreatment time was saved, and 
satisfactory results was still provided (Table 2).

Evaluation of the new method

Linearity, LOD, and LOQ

Quantitative characteristics of the new method were obtained 
under optimized conditions. Since a matrix-matched stand-
ard would be used for the analysis of practical samples, the 
suitability of the new method in a typical matrix (tomato) 
was also demonstrated. Quantitative parameters such as lin-
earity, R values, LODs, and LOQs are shown in Table 3. 
Good linearity with high correlation coefficients (R2 ≥ 0.990) 
was observed for the different compounds. Overall, the lin-
earity was considered fit for purpose, given the range of 
pesticide concentrations in practical fruit and vegetable sam-
ples. The estimated LODs based on an S/N ratio of 3 were in 
the range of 0.3–4.9 μg/kg. LOQs based on an S/N ratio of 
10 were ~ 10 μg/kg, except for three pyrethroids (bifenthrin, 
1 μg/kg; cyfluthrin, 13 μg/kg; and cypermethrin, 15 μg/kg). 
Extraction ion chromatograms near the LOQs for the ten 
pyrethroid pesticides in the cucumber extract are shown 
in Fig. 4. The determination of the target analytes and the 
qualitative or quantitative analysis of pesticides in practi-
cal actual samples did not show any interference from the 
background of the blank sample.

Fig. 3   Chromatogram of the blank sample after injection of 100 prac-
tical samples into the GC system (a) equipped with and (b) without a 
backflush device. The circle indicates a peak due to impurities
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Recoveries and precision of the method

The accuracy in terms of mean percentage recovery from the 
three vegetables and two fruits at three spike concentrations 
was determined. The samples were allowed to stand after 
addition of the ten pesticides to ensure complete absorption. 
Subsequent extraction, cleanup, and detection were carried 
out using our newly established method. Good recoveries 
were achieved for all analytes (Table 2). Average recover-
ies were 78.8–118.6%, and RSDs were < 20% (0.9–14.8%) 
at quality control levels. The results imply that the method 
can satisfy the requirements for pesticide residue analysis 
of fruit and vegetable samples in China (GB2763-2016), 

as well as meet the requirements stipulated in the European 
Union Guidance Document (SANCO 2003). The intraday 
precision for the ten pesticides in tomato and pear spiked at 
the intermediate level was 4.6–9.8%, and the interday preci-
sion over 2 weeks was 7.6–15.2%. These values are within 
the acceptable range and demonstrate the high precision of 
the method.

Matrix effects

To examine the matrix effect for the five samples (vege-
tables and fruits) and the blank solvent, the responses of 
matrix-matched standards with that of the blank solvent was 

Table 2   Recoveries and precision of the method in the vegetables and fruits (n = 6)

a Mean recovery (n = 6)
b Relative standard deviation (n = 6)

Analyte Spiked w/
(mg/kg)

Tomato Cucumber Cowpea Pear Waxberry

Recoverya RSDb Recovery RSD Recovery RSD Recovery RSD Recovery RSD

R/% Sr/% R/% Sr/% R/% Sr/% R/% Sr/% R/% Sr/%

Bifenthrin 0.001 91.8 1.7 84.8 2.6 86.2 1.5 92.8 1.3 108.2 4.9
0.05 89.7 3.4 85.2 2.7 78.8 2.4 85.7 1.5 88.9 4.8
0.1 94.3 3.8 84.1 3.1 80.9 3.0 85.0 1.9 91.8 4.8

Fenpropathrin 0.01 88.2 5.3 84.7 4.7 88.5 3.4 92.7 2.9 98.7 6.0
0.05 91.2 3.9 85.4 3.2 82.5 4.6 86.7 2.6 85.9 3.9
0.1 96.6 5.0 85.8 4.0 84.6 4.4 85.1 2.0 94.3 4.0

Cyhalothrin 0.01 82.6 4.9 81.2 2.8 85.5 3.4 87.1 5.0 101.6 11.0
0.05 86.8 4.0 80.9 6.4 88.0 6.2 83.5 2.5 86.8 3.5
0.1 95.7 4.9 85.2 7.2 89.8 6.7 84.0 2.7 91.9 5.0

Permethrin 0.01 92.8 4.0 82.6 4.8 88.6 4.7 89.2 2.8 96.2 4.9
0.05 90.5 5.8 81.7 4.5 79.5 4.0 84.7 1.9 118.6 6.8
0.1 95.1 3.7 83.9 4.0 82.2 3.7 85.1 0.9 95.9 6.8

Cyfluthrin 0.02 85.1 3.4 81.0 5.9 85.2 5.9 92.7 5.3 105.2 3.3
0.05 90.8 2.3 86.9 8.9 88.8 10.2 89.7 3.3 87.8 5.9
0.1 96.7 2.7 90.8 10.0 92.3 11.1 90.1 3.0 94.2 6.1

Cypermethrin 0.02 92.0 3.9 80.1 4.6 84.9 8.3 89.4 5.1 96.2 5.7
0.05 89.2 3.4 85.5 7.6 87.7 7.0 87.1 4.2 79.5 10.4
0.1 98.1 3.2 91.8 6.9 90.8 10.5 87.0 5.0 86.3 11.1

Flucythrinate 0.01 84.4 4.2 79.6 4.6 82.9 8.2 92.4 5.8 107.5 2.3
0.05 90.3 3.8 84.6 4.4 91.5 14.8 90.0 5.0 89.5 6.0
0.1 100.7 4.7 91.7 11.3 94.1 14.6 91.6 3.2 95.7 6.1

Fenvalerate 0.01 80.5 2.6 75.9 8.3 79.4 6.0 86.0 5.2 105.6 1.9
0.05 88.0 3.1 84.5 12.5 86.8 10.8 85.4 5.0 85.4 1.5
0.1 98.1 3.1 90.8 14.5 92.5 11.7 87.9 5.3 91.5 2.8

Tau-fluvalinate 0.01 82.4 4.1 79.6 5.7 82.8 8.6 90.4 7.8 102.5 4.6
0.05 88.2 3.0 84.3 10.3 94.6 14.3 89.4 5.9 85.9 4.5
0.1 97.7 4.8 88.8 12.2 96.8 13.5 89.8 8.3 92.4 4.7

Deltamethrin 0.01 85.0 8.9 83.4 3.0 86.4 5.0 81.2 4.8 99.7 2.5
0.05 90.1 7.2 86.8 6.6 97.7 5.8 80.8 4.0 79.7 1.5
0.1 98.7 11.7 91.8 9.0 92.1 6.8 79.4 8.2 84.8 3.5
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compared. The matrix effects in the vegetables and fruits 
were 0.91–3.97 and 1.05–2.41, respectively, with RSDs 
of 0.8–18.2 and 2.7–14.3 (n = 5). There was a significant 
ion enhancement effect in all tested matrixes, and a higher 

substrate effect was often apparent at low pesticide con-
centrations (usually near the LOQs). On the basis of these 
results, matrix-matched calibration was used to compensate 
for signal-enhancement effects and to ensure precision of 

Table 3   Liner range, correlation 
coefficients, LODs, and LOQs 
of the ten pyrethroid pesticides

a Correlation coefficient
b Limit of detection (S/N = 3; μg/kg)
c Limit of quantification (S/N ≥ 10; μg/kg)

Analyte Liner range ρ/
(mg/L)

Ra LODb w/
(μg/kg)

LOQc w/
(μg/kg)

MRL of EU 
(mg/kg)

MRL of 
China (mg/
kg)

Bifenthrin 0.001–5 0.9960 0.3 1 0.05 0.20
Fenpropathrin 0.01–5 0.9962 2.7 10 0.02 0.02
Cyhalothrin 0.01–5 0.9996 3.0 10 0.02 0.20
Permethrin 0.01–5 0.9995 2.4 8 0.50 0.50
Cyfluthrin 0.015–5 0.9998 4.0 13 0.10 0.20
Cypermethrin 0.015–5 0.9997 4.9 15 0.05 0.05
Flucythrinate 0.01–5 0.9998 3.0 10 0.50 0.50
Fenvalerate 0.01–5 0.9998 2.8 10 0.02 0.20
Tau-fluvalinate 0.005–5 0.9998 1.5 5 – –
Deltamethrin 0.01–5 0.9997 3.0 10 0.05 0.10

Fig. 4   Extracted-ion chromato-
grams (EIC) acquired in MRM 
mode by GC–MS/MS of 10 
pyrethroid pesticides: spiking 
level was at 1 μg/L for bifen-
thrin, 20 μg/L for cyfluthrin 
and cypermethrin, and 10 μg/L 
for the other seven pyrethroid 
pesticides found in cucumber 
extract. Peak identification: 
1 = bifenthrin; 2 = fenpropath-
rin; 3 = cyhalothrin; 4 = per-
methrin*; 5 = flucythrinate*; 
6 = fenvalerate*; 7 = tau-
fluvalinate*; 8 = deltamethrin*; 
9 = cyfluthrin*; 10 = cyperme-
thrin*. (* indicates multiple 
isomers)
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the analysis. For the analysis, using a high-sensitivity instru-
ment whenever possible is important. To obtain reliable test 
results, the samples should be diluted sufficiently to greatly 
reduce the matrix effects of the extraction solvent.

Application to practical samples

The validated analytical method was used for the analysis 
of pyrethroid pesticides in 20 fruits and 20 vegetables sam-
ples obtained from a local supermarket. External calibration 
was used for quantification with matrix-matched standards 
(0.1 mg/L). Samples (tomato and pear) spiked with pyre-
throid pesticides (0.05 mg/L of each compound) were used 
for quality control in each batch of samples. Relative recov-
eries obtained for samples at the spiking level were satis-
factory, ranging from 93.6 to 113.8%, and in good agree-
ment with acceptable RSDs (< 10%). The results indicate 
that practical sample matrixes have little effect on the new 
method, which is thus suitable for the analysis of trace levels 
of pyrethroid pesticides in typical samples.

From forty practical samples, pesticides were detected 
only in four samples; seven of the ten pesticides under study 
were not detected in any of the samples tested. The four posi-
tive samples and one of the negative samples (blank sample) 
are shown in Fig. 5. Bifenthrin (8 μg/L) and cyhalothrin 
(54 μg/L) were detected in one tomato sample (Fig. 5a); 

cypermethrin was detected in one kidney bean sample 
(30 μg/L) and one grape sample (298 μg/L) (Fig. 5b, c); 
and cyhalothrin (22 μg/L) was detected in one grape sample 
(Fig. 5d). Impurity peaks that have only one of the selected 
ions or an incorrect ion ratio are also shown in Fig. 4a–e. 
All parameters meet the requirements of the China National 
Food Safety Standard-Maximum Residue Limits for Pesti-
cides in Food (GB2763-2016).

Conclusions

A rapid analytical method based on a modified QuEChERS 
method coupled with GC–MS/MS was developed for the 
analysis of ten pyrethroid pesticides in fruits and vegetables. 
The method showed satisfactory performance in terms of the 
efficiency and precision of rapidly quantifying pyrethroid 
pesticides in fruits and vegetables. Serious contamination 
of the GC system by the components of the complex sample 
matrix have been prevented by column backflushing, as well 
as reduced maintenance and cost. Compared with extraction 
and detection methods in the literature, developed method 
is more economical because of the low levels of required 
organic solvent. It showed other advantages, such as short 
extraction times, simplicity of operation, high-sensitivity, 
good recovery and low environmental impact. The newly 

Fig. 5   GC–MS/MS MRM 
chromatograms of (a) tomato, 
(b) kidney bean, (c) grape a, (d) 
grape b, (e) blank sample, and 
(f) standard solution (0.1 mg/L 
solution of each pesticide in 
acetonitrile). Peak identifica-
tion: 1 = bifenthrin; 2 = fen-
propathrin; 3 = cyhalothrin; 
4 = permethrin*; 5 = cyfluthrin*; 
6 = cypermethrin*; 7 = flucythri-
nate*; 8 = fenvalerate*; 9 = tau-
fluvalinate*; 10 = deltamethrin*; 
11 = impurity peak. (Asterisk 
indicates multiple isomers)
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developed method can potentially contribute to food safety 
control as a universal technique for detecting pesticide resi-
dues in various fruits and vegetables.
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