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Abstract. Tea is one of the most commonly consumed drinks worldwide, the production of which often
uses a variety of multi-class pesticides. Development of a reliable method to determine the presence and
quantity of any pesticide residue is therefore highly important. In the present study, we developed a
validated method for the analysis of 33 pesticides in Wuyi Rock tea using the QUEChERS sample
preparation method and capillary gas chromatography-tandem mass spectrometry (GC-MS/MS). After
extracting the target components from the tea matrix using acetonitrile, a mixture of adsorbents [primary
secondary amine (PSA; 400 mg), graphite carbon black (GCB; 400 mg), octadecylsilane (C18; 100 mg)]
and salting-out solvents [anhydrous NaCl (1 g) and MgSQ, (4 g)] were used for clean-up, and an analyte
protectant solution [sorbitol (10 mg/mL) and L-gulonic acid-y-lactone (20 mg/mL)] was added. For
accurate quantification, a matrix-matched calibration method was applied. For all pesticides at
concentration levels of 20-500 ng/ml, good linear calibrations with coefficients of (R?) >0.994 were
acquired. The recovery values of samples spiked with 20, 100, and 400 ng/kg doses of analytes ranged
from 72.3 to 110.6%, and the relative standard deviations (RSD) ranged from 2.8 to 6.7%. The
repeatability and recovery rates were in-line with criteria set by the GB 2763-2019 Guideline. Therefore,
this validated method is suitable for the simultaneous determination of multi-class pesticide residues in
Wuyi Rock tea.
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Introduction

Tea, the agricultural product made from dried leaves of various cultivars of Camellia
sinensis (L.) O. Kuntze, is the most popular non-alcoholic beverage throughout the
world, particularly in Asian countries (Nie and Xie, 2011; Sharangi, 2009). Due to its
beneficial effects on humans, tea is regarded as a healthy drink and should be free from
contaminants. Throughout the growth of the plant, as well as in post-harvest treatments,
pesticides are commonly used to protect the tea from weeds, pests, and diseases to
guarantee high-quality products (Gurusubramanian et al., 2008). Even though some
pesticide residues can be naturally degraded due to their instability, eliminating them
completely is a difficult task. Considering that pesticide residues may present health
risks to the consumer and potentially adverse influences on the environment, there are
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strict regulations on maximum residues limits (MRLS). These exist for several hundred
types of residues in many counties, including Australia, Japan, USA, and China, as well
as several international organizations, including the European Union (EU) and the
World Health Organization (WHO)/Food and Agriculture Organization (FAQO). Based
on the EU regulation, which includes a list of more than 480 pesticides, the default
MRL of a pesticide residue is generally 0.01 mg/kg (European Union, 2016), which
approaches the detection limit of most analytical methods. Therefore, in order to
produce safer tea products, it is necessary to establish and modify a reliable, valid,
sensitive, and high-throughput analytical method to simultaneously determine pesticide
residues.

The analysis of trace substances in tea samples is challenging due to the significant
amount of interference from highly complex compounds such as sugar, alkaloids,
polyphenols, fatty acids, organic acids, caffeine, pigments, as well as other pesticides
(Guillarme et al., 2010; Xu et al., 2011). Many approaches have been developed to
detect the extremely small amounts of multi-class pesticide in tea samples; for example,
solid-phase extraction (SPE) (Liu et al., 2019), dispersive solid-phase extraction (dSPE)
(Dil et al., 2018), supercritical fluid extraction (SFE) (Huang et al., 2019b), matrix solid
phase dispersion (MSPD) (Ramos, 2019), gel permeation chromatography (GPC) (Zhu
et al., 2019), dispersive liquid-liquid microextraction (Dil et al., 2019), and magnetic
dispersive micro-solid phase extraction (Mehrabi et al., 2017).

Among these methods, an extraction procedure based on the dSPE clean-up step
named as QUEChERS (quick, easy, cheap, effective, rugged and safe) is a powerful
method of sample preparation, first proposed by Anastassiades et al. (2003) and which
has become very popular in the past few years. The technique has been successfully
applied to detect one and more groups of pesticide residues in several agricultural
products, including fruits and vegetables (Gémez-Ramos et al., 2013), animal-derived
food (Surma et al., 2013), milk (Li et al., 2013), and cereals (Zheng et al., 2013). The
technique utilizes a single-step or buffered acetonitrile extraction and a salting-out
phase which separates the analyte from the water using anhydrous magnesium sulphate.
Afterwards, a clean-up step is conducted to eliminate redundant water and interferences
with a combination of sorbents containing MgSO4 and sorbent primary secondary amine
(PSA). Then, the final extracts undergo separation using either liquid chromatography
(LC) or gas chromatography (GC) followed by detection through mass spectrometry
(MS) (A.O0.A.C., 2010). This method has many merits. First, the final extracts, which
are dissolved in acetonitrile, can be utilized both for LC and GC. Secondly, various
types of pesticides can be measured by this method in a single procedure. Thirdly, the
QUECHhERS method is definitely low-cost, simple, fast, solid, safe and effective, as per
its name (Lehotay et al., 2005). Currently, the QUEChERS method has been
successfully used to extract and purify pesticides from green, black, white, oolong and
red tea (Shoeibi et al., 2013; Rajski et al., 2013; Guan et al., 2013; Chen et al., 20144, b;
Tran et al., 2015; Hou et al., 2016; Li et al., 2017; Wu, 2017; Huang et al., 2019a; Yu et
al., 2020; Ly et al., 2020). However, several previous QUEChERS methodologies have
concentrated on only a few types of pesticide; for example, only seven benzoylurea
pesticides were determined in manufactured oolong tea (Chen et al., 2014b). Guan et al.
(2013) presented a multi-residue method based on the utilization of a modified
QUEChERS protocol combined with LC-MS/MS applied in tea, but only five
organophosphorus and six carbamate pesticides were selected. Similarly, Yu et al.
(2020) ameliorated the QUEChERS method that used only one absorbent and used LC-
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MS/MS to simultaneously determine ten organophosphorus pesticide residues in tea.
Since various classes of pesticides could reside in the tea, it is necessary to explore a
novel method to analyze as many types as possible.

In a previous study by Li et al. (2017), the authors found that GC coupled with
tandem mass spectrometry (GC-MS/MS) significantly enhanced the simultaneous
determination of multi-pesticide residues due to its high selectivity and sensitivity
compared to single quadrupole MS, with low limits of detection (LOD), low limits of
quantification (LOQ) and excellent accuracy. The analytical method based on the
QUEChERS method followed by GC-MS/MS has been standardized for the
determination of 208 pesticides and their metabolite residues in foods of plant origin in
China (GB 23200.113-2018), which was implemented on December 1, 2019. However,
literature regarding the determination of multi-pesticide residues specifically in tea
using GC-MS/MS and QUEChERS (or improved versions) are rare (Wu, 2017).

Teas from different regions have different tastes, flavors, colors, and appearances
due to different cultivars, cultivation conditions, climate, and processing technology
(Yener et al., 2016). One particular region of interest is Wuyi Mountain, located at the
north part of Fujian Province, which is a UNESCO World Heritage site and considered
the origin of oolong tea. In recent years, the yield and consumption of oolong tea has
raised substantially worldwide thanks to its favorable taste and pleasant aroma (Chen et
al., 2011). Moreover, Wuyi Rock tea is considered to be the most prestigious and
premium subcategory of oolong tea in China, owing to its special and complicated
processing procedures (Chen et al., 2018). The distinct processing steps of Wuyi Rock
tea makes the interfering components of tea more abundant and complex, which result
in stronger matrix interferences than other tea types. However, to the best of our
knowledge, there is little information on pesticide residue analysis in Wuyi Rock tea
based on QUEChERS sample pre-treatment combined with GC-MS/MS.

The present study focused on the removal of matrix effects by QUEChERS extraction
using acetonitrile mixed with analyte protectants. This was combined with mixed-mode
SPE clean-up using different adsorbents (C18, GCB and PSA), and salting-out using
anhydrous NaCl and MgSQs, as part of the sample preparation procedure. As such, a
methodology was developed to simultaneously quantify multi-class pesticides in Wuyi
Rock tea with low matrix interferences and high recovery rates by GC-MS/MS.

Materials and methods
Chemicals and reagents

A total of 33 pesticide reference standards with initial concentrations of 100 pg/mL
and purities of 98.0-99.9% were supplied by the Agro-Environmental Protection
Institute, Ministry of Agriculture and Rural Affairs, China (see Table Al in the
Appendix). These pesticides were selected based upon their common application on tea
plants and could be analyzed through GC-MS/MS. Primary secondary amine (PSA),
graphitized carbon black (GCB), and C18 sorbents were purchased from Agela
Technologies (Tianjin, China). HPLC grade acetonitrile and toluene were purchased
from Sigma-Aldrich (Merck, Germany). Analytical grade sodium chloride (NaCl) and
anhydrous magnesium sulfate (MgSOa4) were purchased from China National Medicines
Corporation Ltd. (Shanghai, China). Heptachlor epoxide with a purity > 98.0% was
used as an internal standard (IS) for GC-MS/MS analysis. The stock IS solution was
prepared in acetonitrile to a concentration of 4 ug/mL and preserved at -20 °C until
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used. An analyte protectant (AP) solution was also prepared in acetonitrile, comprising
10 mg/mL of sorbitol and 20 mg/mL of L-gulonic acid-y-lactone (both > 98.0% purity;
Macklin, Shanghai, China).

Instrumentation

Target analytes were determined using an Agilent 6890 Gas Chromatograph in
combination with an Agilent 7000A triple quadrupole mass spectrometer in electron
ionization mode (El, 70 eV). A DB-5MS capillary column (30 m x 0.25 mm i.d. and
0.25-um thick film) was used to separate the analytes. The oven temperature changes in
the column were as follows: 40 °C for 1.5 min; increased by 25 °C/min to 90 °C, held
for 1.5 min; increased by 25 °C/min to 180 °C, then by 5 °C/min to 280 °C, then by 10
°C/min to 300 °C, where it was held for 5 min. The injection volume was 1 pL in
splitless mode at a constant flow rate of 1 mL/min; the injector temperature was held at
280 °C. The multiple reaction monitoring mode (MRM) with two transitions for each
pesticide was applied to scan the ions, the higher intensities of the precursor-to-product
ion transition were utilized for quantification, and the others were applied for
confirmation. Retention time (RT), quantitative peak, confirmation peak and collision
energy (CE) were set (see Table Al).

For the preparation of tea samples, a disintegrator (FW100, Tianjin Taisite
Instrument Co., Ltd, Tianjin, China), nitrogen evaporator (QSC-12T, Quandao,
Shanghai, China), high speed centrifuge (TG-16W, Biobase Scientifc Instrument Co.,
Ltd., Shandong, China) and horizontal oscillator (HT-100W, Zhongkai Scientifc
Instrument Co., Ltd., Guangdong, China) were used.

Sample preparation procedure

The samples used in this study were dried Wuyi Rock tea, which is produced from C.
sinensis leaves and buds, collected from the local market. Blank samples were selected
from the samples in which no pesticides were detected. Five hundred grams of the
collected samples were first ground, homogenized, and sieved through a 20-mesh sieve.
Two grams of the tea powder was placed into a 50-mL centrifuge tube, to which 1 g of
anhydrous NaCl and 4 g of anhydrous MgSO4 were then added. The tube was sealed
and hand-shaken for 1 min. Then, 15 mL of acetonitrile was added, the tube was again
shaken vigorously for 1 min, then centrifuged at 4200 r/min for 10 min. For the clean-
up step, 5 mL of the supernatant was transferred to a 15 mL centrifuge tube including
400 mg of PSA, 200 mg of GCB, and 100 mg of C18. The tube was shaken vigorously
for 1 min and centrifuged at 4200 r/min for 3 min. One milliliter of the supernatant was
pipetted and filtered through a 0.22-pum filter membrane (Minisart RC 15, Sartorius,
Germany) to a GC-MS/MS autosampler vial. Prior to GC injection, the filtered
supernatant was re-dissolved in 20 pL of the IS solution, and 20 pL of AP solution was
added to ensure a good signal and peak shape (Wang et al., 2011).

Preparation of matrix-match standards solutions

Each stock solution of pesticide was prepared at a concentration of 1000 ng/mL in
acetonitrile and stored at -20 °C until use. The composite working standard solutions
were freshly prepared at concentrations of 0, 20, 50, 100, 200, and 500 ng/mL by
diluting the stock solutions with acetonitrile. The working standard solutions were
applied to prepare a standard curve (concentration range from 0 to 500 ng/mL) in a
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blank tea sample for obtaining a matrix-match and spike sample for the validation
measurement. The pesticide-free tea sample was extracted with acetonitrile using the
same above-mentioned method.

Method validation

The method was validated to investigate linearity, repeatability, accuracy, precision,
and limit of quantification (LOQ). Linearity was tested using matrix-matched
calibration by analyzing pesticide-free tea samples spiked at six concentration levels,
achieved by gradually diluting the mixed standard solution in acetonitrile. Calibration
curves were established by plotting the peak areas of analytes/IS ratio against analyte
concentration. Based on their concentrations, x axis, peak area, y axis, which were
calculated by regression analysis of standard inspection lines:

y =a+Dbx

where a and b are constant.

Recovery and repeatability experiments were conducted to investigate the accuracy
and precision of the method based on three concentration levels (20, 100, and
400 pg/kg) of each spiked sample with five replicates at every level. LOQs were
evaluated at 10x S/N ratios for the target ion (the less intense transition).

Results and discussion
Optimization of extraction solvent

To enhance the extraction efficiency and lessen matrix effects, the extraction solvent
should possess a similar polarity to that of the pesticides. Earlier research suggested that
acetonitrile is an appropriate extraction solvent since it has a suitable polarity for most
components and produces less matrix interference from co-extracts and greater recover
rates and compatibility with LC and GC systems (da Costa-Morais et al., 2018; Lehotay
et al., 2010). In order to obtain the optimal extraction efficiency for pesticides in a tea
sample, a recovery experiment was conducted by comparing the addition of either 1%
acetic acid or 10% ethyl acetate to acetonitrile, for a 100 mg/kg spiked standard solution
of a composite pesticide. The extraction was performed as per the previously mentioned
methodology, and each treatment was replicated five times.

Recovery rates of the 33 pesticides used in our study ranged from 65.7% (acephate)
and 106.7% (bifenthrin) when only acetonitrile was used as the extraction agent
(Fig. 1).

Acetic acid improved the recovery of only 3 pesticides (cyfluthrin, thiosulfan, and
isocarbophos) whilst lowering the rates of more than 20, with an overall range from
52.4% (acephate) to 108.3% (cyfluthrin). A previous study found that 1% acetic acid
added to acetonitrile improved the recovery of alkali-sensitive pesticides, such as
pyrethroids in apples, to a satisfactory level (>80%) without obvious matrix effects (Liu
et al., 2009). Similarly, Lehotay et al. (2010) found that an acid buffer extraction
method had a higher efficiency and higher recovery rate in fruits and vegetables, which
is inconsistent with our research. This may be attributed to the fact that tea extracts
contain a large amount of tea polyphenol, a type of weak acid component. Therefore,
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since the tea extract solution may naturally act as an acid buffer, the addition of an extra
acid buffer was confirmed as an unnecessary step.
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Figure 1. Comparison of three QUEChERS extraction solution combinations for extracting
pesticide residues in Wuyi Rock tea (spiked levels = 0.1 mg/kg, n = 5)

When a mixture of acetonitrile and ethyl acetate (90% + 10%) was used as an
extraction solvent, the recovery rates ranged from 66.3% (acephate) to 104.2%
(cyfluthrin), and the mean recovery rate was lower than for acetonitrile only.
Additionally, the colors of the extracts from this combination were too intense for
further QUEChERS clean-up, in-line with a previous study on tea extracts (Chen et al.,
2014b). This may be because ethyl acetate has a weak polarity, which could better
dissolve the non-polar or weak polar pesticide components, but also dissolve the non-
polar interference components, making purification more difficult.

Thus, from the above findings, acetonitrile alone was chosen for the preliminary
extraction of tea samples.

Addition of analyte protectants (APS)

The application of APs to compensate for matrix effects in the GC system has
recently gained attention (Li et al., 2012). In the present study, we compared the peak
response of pesticides (spiked at a level of 50 pug/kg) in acetonitrile solutions containing
APs (10 mg/mL of sorbitol and 20 mg/mL L-gulonic acid-y-lactone) versus the peak
response obtained in acetonitrile alone. All other steps were in accordance with the
previously mentioned procedure.

As shown in Figure 2, the response values of targeted pesticides with APs were
significantly higher than those of the control. Moreover, the presence of APs
significantly improved the peak shape of polar pesticides, such as omethoate and
methamidophos, which are easily adsorbed by the liner and injection port. Our results
are similar to a previous study which indicated that a mixture of ethylglycerol,
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sorbitol, and L-gulonic acid-y-lactone was the most promising combination in
reducing the matrix-induced response (Mastovska et al., 2005). Hence, the mixture of
20 mg/ml L-gulonic acid-y-lactone and 10 mg/ml sorbitol was considered a suitable
AP.
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Figure 2. GC-MS/MS chromatograms of omethoate pesticides with (a) and without (b) adding
APs (spiked levels = 50 ug/mL)

Optimization of clean-up conditions

Tea has a complicated matrix and includes a large amount of interferences, such as
tea polyphenols, pigments, fatty acids, and caffeine, which can be co-extracted during
sample preparation and influence the chromatographic separation (Pan et al., 2003). In
order to solve this problem, we added sorbents (namely PSA, GCB, C18, and anhydrous
MgSOa) prior to injection as a purification step. PSA is a weak anion exchanger that be
responsible for the elimination of sugars, fatty acids and other compounds that can form
hydrogen-bonds, while C18 is used to eliminate lipids and non-polar components. GCB
Is responsible for removing pigments, such as chlorophyll. To remove water residue in
the solvent, anhydrous MgSO4 and NaCl was applied, resulting in a lower polarity of
the final acetonitrile extracts and precipitation of certain polar matrix co-extracts (Cajka,
et al., 2012). The salting-out conditions and QUEChERS adsorbents were optimized at
spiked levels of 100 pg/kg for five replicates. Other than the different salting-out
sorbents and QUEChERS adsorbents, all other steps were in performed as per the
previously mentioned methodology.

Optimization of salting-out conditions

Different combinations of anhydrous NaCl and MgSOs, namely 1 g NaCl +4¢g
MgSOQOs4, 1 g NaCl + 2 g MgSQg4, and 4 g MgSO4 without NaCl, were compared based
on the recovery rate experiments. As shown in Figure 3, the different combinations of
anhydrous NaCl and MgSO4 have significant impacts on the recovery rate of pesticides.
For 1 g NaCl + 4 g MgSOs, the recovery value ranged from 77.3% to 106%, meaning
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that it was more suitable for consistent multi-residue extraction than the other two
groups. For 1 g NaCl + 2 g MgSO4 and 4 g MgSO4 without NaCl, the recovery rates
were 53.2-103.5% and 65.4-107.8%, respectively. When acetonitrile was used as the
extractant, the combination of anhydrous MgSQO4 and NaCl improved the recovery of
polar pesticides, but too much NaCl was unfavorable for improving the recovery rate
(Anastassiades et al., 2003; Andersson et al., 1991). Based on the current EU guidelines
for quality control in pesticide residue determination (SANCO/10232/2006, 2006), the
recovery values from routine analysis should be between 60% and 140%. Thus, 1 g
NaCl + 4 g MgSO4 was selected as the optimal combination.
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Figure 3. Comparison of three QUEChERS salting-out solutions for purifying extracts in Wuyi
Rock tea (spiked levels = 1 mg/kg, n = 5)

Optimization of QUEChERS adsorbents

The main purpose of QUEChERS clean-up is to absorb as much interfering matrix as
possible and maintain the targeted compounds in the solution without any negative
effects. PSA has been suggested as a suitable adsorbent for eliminating interfering
substances among the several carbon materials during the QUEChERS clean-up
procedure for tea samples (Yu et al., 2020). To ensure optimal clean-up efficiency,
recovery experiments were conducted by comparing different combinations of C18 and
GCB with 400 mg of PSA. These were 400 mg PSA with 400 mg GCB + 50 mg C18
(combination adsorbent A), 400 mg PSA with 600 mg GCB + 50 mg C18 (combination
adsorbent B), and 400 mg PSA with 400 mg GCB + 100 mg C18 (combination
adsorbent C). According to the results shown in Figure 4, the recovery rates using
combinations A, B, and C were 56.3-114.6%, 53.1-102.8%, and 78.4-108.6%,
respectively. Only the rates resulting from C were within the range of the EC guidelines
(SANCO/10232/2006, 2006). Moreover, the recovery rates of all 33 pesticides were
more stable and greater than 78.4%, when combination adsorbent C was used. The use
of combination adsorbent B resulted in very low recovery rates for chlorpyrifos,
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fenvalerate, cyhalothrin, and DDT, although other pesticides were greater than 100%.
Previous studies have indicated that increasing the volume of GCB led to reduced
recovery rates of some pesticides due to the strong retention ability of GCB for these
pesticides (Walorczyk and Gnusowski, 2009; Lu et al., 2012; Zheng et al., 2013). GCB
possesses a planar structure, and therefore particularly adsorbs pesticides with planar
structures, thus leading to low recovery rates for these pesticides (Tran et al., 2015).
When combination adsorbent A was used, the test solution was light green, which
indicated that the pigment was not cleaned completely. In summary, combination
adsorbent C (400 mg PSA +400 mg GCB + 100 mg C18) was found to the most
suitable QUEChERS adsorbents for Wuyi Rock tea samples.
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Figure 4. Comparison of three QUEChERS adsorbent combinations for purifying extracts in
Wuyi Rock tea (spiked levels = 1 mg/kg, n = 5)

Method validation

The calibration curve was prepared using matrix-matched standards analyzed at five
concentration levels (20, 50, 100, 200, and 500 ng/mL). The results, shown in Table 1,
indicate that good linearity with correlation coefficients (R?) greater than 0.994 was
obtained for all pesticides at the concentration levels of 0.02, 0.2, 0.4 mg/kg after six
parallel determinations. For all analyzed pesticides at three levels of concentration, the
relative standard deviations (RSD%) ranged from 2.8% to 6.7%, with recovery rates
between 72.3% and 110.6%. This suggests that this method has an accuracy appropriate
for quantifying multi-class pesticide residues in Wuyi Rock tea. The limit of
quantification (LOQ) for this determination method were estimated in spiked samples
and calculated by considering a signal-to-noise ratio (S/N) of 10:1. All pesticides could
be quantified at 0.02 mg/kg without any concentration steps; LOQ values ranged from
1.8 to 15.5 pg/kg and were acceptable compared to the maximum residue level from GB
2763-2019. Therefore, this method is suitable for the trace determination of pesticide
multi-residue in Wuyi Rock tea.
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modified QUEChERS method in Wuyi Rock tea, analyzed by GC-MS/MS (n = 6)

Pesticide R? LOQ | Spiked level =0.02 mg/kg Spiked level = 0.2 mg/kg Spiked level = 0.4 mg/kg
(ng/kg) | Recovery (%) | RSD (%) | Recovery (%) | RSD (%) | Recovery (%) | RSD (%)

Acephate 0.9948 | 15.3 72.3 4.3 78.1 3.9 81.6 2.9
Demeton 0.9994 | 132 102.1 5.2 95.3 2.2 92.3 2.6
Omethoate 0.9991 | 10.6 83.2 35 88.6 4.6 79.6 2.8
Ethoprophos 0.9999 6.8 106.3 2.6 102.3 2.1 88.6 3.1
Phorate 0.9991 8.6 94.2 3.7 95.3 1.6 94.5 2.1
a-BHC 0.9997 | 34 99.6 2.8 88.4 3.2 79.1 1.6
Simazine 0.9991 6.9 94.2 16 96.5 2.3 96.4 2.1
Atrazine 0.9957 | 126 96.8 3.6 94.3 2.8 89.3 18
B-BHC 0.9997 | 4.8 89.5 2.8 88.6 1.6 99.3 31
y-BHC 09997 | 6.1 90.8 3.9 93.2 25 87.4 2.8
Terbufos 09991 | 5.9 84.9 5.1 90.5 3.1 95.2 1.2
Isazophos 0.9985 8.7 94.2 3.8 95.3 2.6 91.8 0.6
3-BHC 0.9998 | 6.3 81.4 2.4 83.4 2.0 83.9 2.1
Parathion-methyl | 0.9976 5.2 95.2 1.6 91.2 1.6 79.6 1.0
Fenitrothion 0.9998 8.7 102.5 31 94.6 25 95.6 13
Chlorpyrifos 0.9989 | 6.3 96.5 2.8 93.1 1.3 89.2 0.9
Isocarbophos 0.9992 4.9 94.1 4.6 97.6 05 94.6 2.1
Dicofol 09993 | 1.8 96.8 2.1 89.3 2.3 88.7 13
Quinalphos 0.9989 | 11.3 97.2 1.8 91.8 24 93.1 1.8
Phosfolan 0.9997 | 6.2 99.2 45 97.2 3.2 89.4 2.6
Endosulfan 0.9999 | 4.1 99.4 3.9 88.9 25 95.3 35
Profenofos 0.9992 | 135 95.6 3.1 95.6 1.4 87.4 1.4
p.p’—DDE 0.9995 | 6.4 86.5 5.8 89.2 1.1 86.3 0.5
Chlorfenapyr 0.9998 | 8.5 99.6 35 94.5 25 92.1 1.3
p.p'—DDD 0.9996 | 84 88.2 4.1 92.3 1.6 95.7 0.8
o.p'—DDT 0.9994 6.3 87.9 3.2 94.0 3.2 98.4 1.2
p.p'—DDT 09996 | 74 92.6 2.8 85.6 1.7 101.0 1.9
Bifenthrin 0.9948 | 5.2 110.6 2.6 101.2 2.8 98.6 1.3
Etoxazole 0.9967 7.6 98.4 31 95.3 35 84.3 25
Fenpropathrin | 0.9999 | 5.2 99.8 4.8 93.1 1.9 96.5 1.6
Cyhalothrin 0.9999 | 155 86.5 5.0 82.3 2.0 86.7 2.8
Pyridaben 0.9998 | 8.9 97.5 35 94.6 3.3 95.2 1.3
Permethrin 0.9978 | 14.7 89.4 4.7 88.6 2.1 84.5 35
Cyfluthrin 0.9993 | 126 102.5 2.3 97.1 24 93.2 3.2
Cypermethrin 0.9998 | 104 99.5 4.1 89.5 3.1 88.6 1.2
Flucythrinate 0.9999 | 84 98.3 35 95.4 25 95.8 2.0
Pyraclostrobin | 0.9996 6.6 94.6 29 91.5 1.8 79.6 1.6
Fenvalerate 0.9999 7.8 98.4 33 97.4 3.6 96.4 21
Difenoconazoie | 0.9999 6.5 102.3 46 92.8 29 89.1 3.6
Deltamethrin 0.9996 | 11.6 98.9 3.8 97.1 14 92.4 2.1

Conclusion

QUECHERS is a tried and tested approach for determining pesticide residues in fruit
and vegetables. However, in Wuyi Rock tea there are many complex chemical
substances that cause matrix interferences and seriously influence the detection limits
for pesticide analysis. Moreover, whilst most QUEChERS extraction methods are
sufficient for LC/MS/MS analysis (Chen et al., 2014b; Guan et al., 2013; Rajski et al.,
2013; Tran et al., 2015; Li et al., 2017; Huang et al., 2019a; Yu et al., 2020; Ly et al.,
2020), few papers have focused on GC/MS/MS analysis to reduce matrix interference.
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Thus, in the present study, a modified QUEChERS preparation method was
developed to simultaneously quantify 33 pesticide residues in Wuyi Rock tea using GC-
MS/MS. This involved applying a QUEChERS extraction and clean-up technique with
three different adsorbents (PSA, GCB, and C18), salting-out sorbents (anhydrous
MgSO4 and NaCl), and analyte protectants (L-gulonic acid-y-lactone and sorbitol) to
minimize matrix interference, before analysis through a gas chromatography system
coupled to tandem mass spectrometry. The results exhibited good analytical
performance based on the repeatability and recovery obtained in the Wuyi Rock tea
matrices, demonstrating that this quantitative method is suitable for the accurate
analysis of pesticide multi-residue in tea samples.

Compared with the traditional method of pesticide analysis, the modified
QUEChERS method has proven to be fast, easy to conduct, and uses only small
quantities of reagents. It is therefore more environmentally friendly than conventional
methods. To the best of our knowledge, this is the first time that the pesticide levels of
Wuyi Rock tea in Fujian Province, China has been recorded; our data offers valuable
information for the supervision department in China. In future research, the QUEChERS
sample prepare method could also be optimized and validated for analysis through LC-
MC/MC for polar, thermally unstable, and non-volatile pesticide residues in tea.
Furthermore, we plan to use a similar methodology to optimize and evaluate pesticides
in other tea commodities (e.g. black, white, and green tea) collected from different
locations in China. Finally, the risk posed by pesticides in various tea infusions also
warrants investigation.
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APPENDIX

Table Al. List of targeted pesticides with GC retention times and MS/MS condition
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Permethrin C21H20Cl,03  |52645-53-1 iEZer?[ihcri%igs 25.475 }ggg}gg}gg;z
Cyfluthrin | CosH1sCloF2NOs |68359-37-5 IEZ;H‘;%'SS 26.686 iéggigg‘fggb
Cypermethrin | CzH1CloNO; |52315-07-8 Iiz;ﬁg‘;%fs 27.287 i@iSéiZ?{Sib
Flucythrinate | CosHzF2NO, |70124-77-5 Iizggg‘(;%'gs 27.609 11597?'10_'110577_61((182);
Pyraclostrobin | CigH1sCIN3O4 1750%)3_18_ Bactericide 28.740 ﬂggggggggz
Fenvalerate | CosHnCINOs |5163058-1| Yool 28.951 52281538833
Difenoconazoie| CigH17Cl,N303 1194436_68_ Bactericide 29.504 gggg;géggggz
Deltamethrin | CzH19BroNO3 |52918-63-5 iEZgg:?cricc)jigs 29.886 32223229?1(232

aQuantification ion

bConfirmation ion

a-BHC, B-BHC, y-BHC and 6-BHC are isomers of the hexachlorocyclohexane; p.p’-DDE, p.p’-DDD,
0.p’-DDT and p.p’-DDT are isomers of the clofenotane

Abbreviations: CAS, Chemical Abstracts Service; MRM, Multiple Reaction Monitoring; a-BHC, a-
hexachlorocyclohexane; B-BHC, B-hexachlorocyclohexane; y-BHC, y-hexachlorocyclohexane; 6-BHC,
d-hexachlorocyclohexane; p.p’-DDE, 2-bis(4-chorophenyl)ethylene; p.p’-DDD, 1,1-Dichloro-2,2-bis(p-
chlorophenyl)ethane; p.p’-DDT, 2, 2-bis(4-chlorophenyl)-1,1,1-trichloroethane; o.p’-DDT, 1,1,1-
Trichloro-2-(2-chlorophenyl)-2-(4-chlorophenyl)ethane
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