
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

4 
Ja

nu
ar

y 
20

20
. D

ow
nl

oa
de

d 
on

 1
2/

4/
20

25
 2

:1
9:

15
 P

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.

View Article Online
View Journal  | View Issue
Development an
aDepartment of Applied Chemistry, College

Beijing, 100193, China. E-mail: canpingp@

+86-10-62731978
bRaykol Group Co. Ltd, Xiamen, Fujian Prov

† Electronic supplementary informa
10.1039/c9ra09660d

Cite this: RSC Adv., 2020, 10, 2589

Received 19th November 2019
Accepted 24th December 2019

DOI: 10.1039/c9ra09660d

rsc.li/rsc-advances

This journal is © The Royal Society o
d evaluation of an automated
multi-channel multiplug filtration cleanup device
for pesticide residue analysis on mulberry leaves
and processed tea†

Yangliu Wu,a Quanshun An,a Jun Wu,a Ping Li,b Jianhong Heb and Canping Pan *a

An automated multi-channel multiplug filtration cleanup (m-PFC) device was designed and developed. m-

PFC columns were suitably installed in the device. The cycle times, speed and nitrogen pressure parameters

of the m-PFC column were optimized. The device was utilized to analyze the 82 pesticide residues in fresh

mulberry leaves and processed tea with GC-MS/MS detection. Method validation was performed on 82

pesticide residues in fresh mulberry leaves and processed tea at spiked levels of 0.01, 0.05 and 0.5 mg

kg�1. The fortified recoveries of 82 pesticides were 72–115% and the relative standard deviations were 1–

15%, except for diniconazole and clodinafop-propargyl in mulberry leaves. The automated multi-channel

m-PFC device was successfully applied to detect the pesticide residues in fresh mulberry leaves and

processed tea samples. With comparison to the conventional QuEChERS method, the current method

using this device did not need additional vortex or centrifugation steps, and could process 48–64

samples in about one hour. The automated m-PFC method saved labor and improved the precision and

was shown to be efficient and practical in pesticide residue analysis.
1. Introduction

Mulberry belongs to the family Moraceae (Morus), and is
a rapidly growing deciduous perennial plant, which is distrib-
uted widely around the world, especially in oriental countries.
In China, the land available for mulberry is more than a million
hectares. At rst, mulberry leaves are used to feed silkworms,
and mulberry silk is an essential raw material for silk textiles.1

Mulberry is recognized as a “medicine and food homology”
plant in China. With the development of “functional food” and
“wellness” tea and food made from mulberry leaves are
becoming popular.2 Mulberry leaves have attracted wide atten-
tion due to their medicinal and economic value.3 Mulberry
leaves contain many active components, including phenolic
acids, avonoids, alkaloids, terpenoids, and steroids.4,5 Several
studies have shown that mulberry leaves have antidiabetic,
hypolipidemic, and antioxidant effects.6–8 Additionally,
mulberry leaves are rich in protein, amino acids, vitamins, and
trace elements, and have full future application in animal
production. Many studies have found that using the extract of
mulberry leaves or adding mulberry leaves to livestock and
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poultry diets affect production performance and quality of
animal products.9,10

Pesticides play an irreplaceable role in agricultural produc-
tion. It can be divided into herbicide, bactericide, insecticide,
and plant growth regulators according to its use. The excessive
use of pesticides also contaminates the environment and
endanger the health of human beings.11,12 The detection of
pesticide residues is an important measure to ensure food
safety. However, the traditional analysis methods of pesticide
residues exist shortcomings of experiment trouble, time-
consuming and laborious, narrow scope of application, and
large dosage of chemical reagents. A rapid detection method is
hotspots in pesticide residues research area in recent years.
Dispersive solid-phase extraction (d-SPE) is a simple, rapid, and
low-cost sample preparationmethod.13 The adsorbent is directly
added to the supernatant containing the target analytes, which
can effectively remove co-extract of matrix14 and achieve the
better cleanup effect without other equipment.15,16 The
QuEChERS method (quick, easy, cheap, effective, rugged, and
safe)17 is a fast multi-residue preparation method using
dispersion solid-phase extraction to clean the extract.
Compared with Soxhlet extraction and solid-phase extraction,
the method is simple, efficient, solvent-saving, time-saving, and
widely applicable. In most cases, the sample preparation of
pesticide residues is detected by manual method at present;
therefore, it is difficult to detect a large number of samples
quickly and accurately. For example, the extraction and cleanup
RSC Adv., 2020, 10, 2589–2597 | 2589
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of QuEChERS method still consume lots of time and labor to
analyze mountains of samples. With the rapid development in
science and technology, the manual work will be substituted by
intelligent equipment gradually, which is also a challenge and
an opportunity for pesticide residue analysis.

The multiplug ltration cleanup (m-PFC) method basing on
QuEChERS was developed by our research group.18–22 It had
been successfully applied to the detection of pesticides and
veterinary drugs in agricultural products. In our previous
studies, we focused on optimizing the times of pull and push of
m-PFC column.23–25 In this study, an automated multi-channel
multiplug ltration cleanup device was developed, which
could improve the efficiency and precision and avoid the error
causing by manual operation. In order to evaluate the auto-
mated device, the recoveries of 82 pesticides in mulberry leaf
and mulberry processed tea were investigated under different
parameters. The instrument parameters were optimized in this
study, and then the method was successfully applied to the
detection of pesticide residues in market samples.
2. Material and methods
2.1 Standards, reagents, and materials

Pesticide standards (purities in 95–99.8%) used in the study
were obtained from the Institute of the Control of Agrochemi-
cals, Ministry of Agriculture People's Republic of China. The
concentration of the mixed standard stock solution was 10 mg
kg�1, which was prepared by chromatographic grade acetoni-
trile and stored at below 20 �C. Acetonitrile was purchased from
Fisher Chemicals (Fair Lawn, NJ, USA). Ultrapure water was
made from a Milli-Q device (Bedford, MA, USA). The analytical
reagent grade sodium chloride (NaCl) and anhydrous magne-
sium sulfate (MgSO4) were purchased from Sinopharm Chem-
ical Reagent (Beijing, China). Primary secondary amine (PSA),
C18 and the m-PFC column were obtained from HAMAG
instrument technology Co., Ltd. (China). Multiwalled Carbon
Nanotubes (MWCNTs) with particle range of diameters 7–15 nm
were provided by Beijing BTMA Biotechnology Co., Ltd. (China).
2.2 GC-MS/MS conditions

The analytes were detected by Thermo Scientic TSQ8000 triple
quadrupole mass spectrometer with a Trace 1310 gas chro-
matograph and a TriPlus AI 1310 autosampler (Thermo Fisher
Scientic, San Jose, CA). The chromatographic separation
column was a Rxi®-5Sil MS capillary column (20 m � 0.18 mm,
0.18 mm lm thickness) (Restek, USA). The temperature
program of the column was 40 �C (held for 0.6 min), increased
to 180 �C at 30 �Cmin�1, then ramped to 280 �C at 10 �Cmin�1,
nally up to 290 �C at 20 �C min�1 and held for 5 min. The
injection port temperature was 250 �C, and the injection volume
was 1 mL in splitless mode. Argon was selected as collision gas,
and helium gas (99.999% purity) was used as carrier gas with
a constant ow of 0.85 mL min�1. The temperature of transfer
line to tandem MS and ion source all was 280 �C. The triple
quadrupole MS was operated in electron ionization (EI) mode
with the electron energy of 70 eV. The selected reaction
2590 | RSC Adv., 2020, 10, 2589–2597
monitoring (SRM) was used as an acquisition mode. The
retention time, ion pair, and collision energy (CE) of each
pesticide were shown in Table S1 in ESI.†18

2.3 Sample preparation

An amount of (2 � 0.02 g) homogenized samples (fresh
mulberry leaf and mulberry processed tea) were weighed into
a 50 mL centrifuge tube. The standard stock solutions were
spiked in blank samples at concentration levels of 0.5 mg kg�1,
and the tube was placed at room temperature for 30 minutes
before extraction. The samples were swelled with water (5 mL in
mulberry leaf, 10 mL in mulberry processed tea) and the tube
was shaken vigorously for 1 min. Then 10 mL acetonitrile was
added in the tube, and the mixture was shaken by the vortex for
2 min. Aer that, 1 g of sodium chloride and 4 g of anhydrous
MgSO4 were added in the tube which was placed in ice bath.
When it returned to room temperature and was shaken for
2 min before centrifugation for 5 min at 3800 rpm for auto-
mated multi-channel m-PFC procedures.

2.4 Dispersive solid-phase extraction procedures

1 mL supernatant was transferred to a 2 mL centrifuge tube
which contained the different sorbents. Then, the 2 mL tube
was shaken for 2 min and centrifuged for 1 min at 10 000 rpm.
Finally, the supernatant was ltered through a 0.22 mm nylon
syringe lter into an autosampler vial for analysis.

In order to nd the best proportion of sorbents of mulberry
leaf and mulberry processed tea. Three combinations were
selected as follows: (A) 10 mg MWCNTs + 150 mg anhydrous
MgSO4; (B) 8 mg MWCNTs + 50 mg PSA + 150 mg anhydrous
MgSO4; (C) 8 mg MWCNTs + 30 mg PSA + 20 mg C18 + 150 mg
anhydrous MgSO4. Then, the best combination was packed in
m-PFC column.

2.5 Automated multi-channel m-PFC device procedures

Automated multi-channel m-PFC device (Fig. 1) was based on
multiplug ltration cleanup (m-PFC) which could achieve
multiple solid-phase extraction and equilibrium. The cleanup
and lter steps in QuEChERS method were accomplished
automatically by the device. As shown in the Fig. S1,† the upper
part of the device was composed of air pump and multichannel
pipette, which could move vertically and horizontally to trans-
port the extracts. Two shelves in the middle could move forward
and backward. The pipette, m-PFC column, and lter were
placed on the upper rack and the sample tray, buffer tray, and
collection tray were on the lower shelf from le to right. The
waste tank was sat at the bottom of the automated device. The
automated device equipped with a signal generator, it was
controlled by a computer program via connecting the signal.
The automated device is composed of three parts: sample
introduction, cleanup of the sample, and lter and collection. It
could process multiple samples at the same time. Each sample
channel had an independent air pump to ensure sufficient
pressure for the sample to pass through the m-PFC column and
equipped with an external source of nitrogen for cleaning
complex samples. The sample was cleaned and ltered directly
This journal is © The Royal Society of Chemistry 2020
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into a 2 mL vial. The working process of automated m-PFC
device was shown in Fig. S2.† Firstly, an aliquot of 1 mL
supernatant was transferred to sample tray manually. Then the
multichannel pipette moved down to introduce the supernatant
and transported it to m-PFC column. Secondly, the supernatant
in the pipette tip were injected into the m-PFC column and
increased the pressure by air pump or external source of
nitrogen to let the supernatant through the sorbents
completely. The puried extracts were collected in the buffer
tray. Thirdly, the extracts were pipetted by multichannel pipette
and were transported to lter shelf. The tips of pipette
combined with lter membrane, then, the multichannel pipette
moved down to the collection tray and pushed the extracts in
2 mL vial through lter membrane. Finally, the used pipettes
were put into a waste tank at the bottom of device. The second
step can be repeated for getting a better cleanup effect.
3. Results and discussion
3.1 Optimization of d-SPE conditions

The common sorbents (PSA, C18, GCB, and MWCNTs) of
QuEChERS method had been reported. PSA provided polar
adsorption and weak anion exchange, which removed acid
interfering substances and some polar pigments such as fatty
acids, phenols, and carbohydrates. C18 was oen used to
remove non-polar substances such as lipids, which had a good
cleanup effect on animal-derived agricultural products with
high-fat content. GCB (graphitized carbon black)26,27 possessed
special chemical structure, which adsorbed non-polar interfer-
ences such as pigments and sterols effectively. MWCNTs
removed pigments and fatty acids with high efficiency.28–30

In order to clean the extract adequate, the purication effects
of different combinations of PSA, C18, and MWCNTs were
compared at the spiked level of 0.5 mg kg�1. The experiments
were designed to transfer 1 mL acetonitrile supernatant of
mulberry leaf and mulberry processed tea to 2 mL centrifugal
tubes containing different amounts of sorbent mixtures
(combinations A, B, and C). Mulberry leaf samples cleaned by
MWCNTs appeared clear and colorless (Fig. 2(a)). Increased
sorbent dosage could more sufficiently remove the impurity,
but it also adsorbed target compounds. The recoveries of mostly
pesticide were between 70% and 110% by combination A, and
Fig. 1 Schematic diagram of automated multi-channel m-PFC device.

This journal is © The Royal Society of Chemistry 2020
some analytes were decreased in combination B and C. The
color of mulberry processed tea gradually lightened with the
increase of sorbent sorts (Fig. 2(b)). Considering the complexity
of mulberry processed tea, combinations A and C were selected
for mulberry leaf and mulberry processed tea, respectively. The
results of the recoveries were shown in Fig. 3.
3.2 Optimization of automated multi-channel m-PFC device

The three parts of the automated device had its parameters (as
shown in Table 1). The parameters of sample introduction and
lter were just a transfer process and had no signicant effect
on results. The parameters of m-PFC column were optimized at
a spiked level of 0.5 mg kg�1.

3.2.1 Optimization of m-PFC column cycles. The m-PFC
columns were packed with the optimized sorbents in the d-
SPE procedure. The circles of m-PFC column were optimized
in four levels of 0, 1, 2, and 3 by keeping other parameters
invariant. The sample passed through the m-PFC column once,
when the set value of cycle was zero. The color of supernatant of
fresh mulberry leaf got lighter as cycle times rise. The recoveries
of some pesticides were more than 110%, when the cycle was
over two. The processed tea was more complex than leaf of
mulberry. For mulberry processed tea, the more cycles were, the
darker of color was. The recoveries of some pesticides increased
sharply when the cycle was three. Based on our previous
experiments, the interferences desorbing from the sorbents
were more easily with the increase of cycle number. Cycle times
of two and one were chosen for mulberry leaf and mulberry
processed tea considering the recoveries and cleanup perfor-
mance. The recoveries at different cycle times were shown in
Fig. S3.†

3.2.2 Optimization of nitrogen pressure. In order to ensure
that the extract passed through the m-PFC column completely,
four levels of nitrogen pressure 0, 4, 8, and 12 psi were opti-
mized. Nitrogen pressure had little effect on recoveries, and the
average recoveries for most pesticides were in 70–110%. The
recoveries of pesticides stabilized and relative standard devia-
tion got smaller with the increase of nitrogen pressure. When
nitrogen pressure was 12, the recoveries of some pesticides in
fresh mulberry leaves were more than 110%. For mulberry
processed tea, the matrix was complex and the resistance was
higher passing through the column. Therefore, the nal
RSC Adv., 2020, 10, 2589–2597 | 2591
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Fig. 2 The visualization check of different combinations sorbents on fresh mulberry leaf (a) and mulberry processed tea (b) at the spiked level of
0.5 mg kg�1. (A) 10 mg MWCNTs + 150 mg MgSO4; (B) 8 mg MWCNTs + 50 mg PSA + 150 mg MgSO4; (C) 8 mg MWCNTs + 30 mg PSA + 20 mg
C18 + 150 mg MgSO4.
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nitrogen pressure of fresh mulberry leaf and mulberry pro-
cessed tea was 8 and 12 psi.

3.2.3 Optimization of pushing speed. The different speed
of supernatant passing through the m-PFC column was
controlled by an air pump. Five speeds (1, 2, 3, 4 and 5
mL min�1) of pushing were optimized, and the results were
shown in Fig. 4. Box plot was drawn from ve eigenvalues:
maximum, minimum, median, and two quartiles. The value of
distance over 1.5 times of quartile difference was dened as the
outlier point, which was represented by “o” in the graph. The
color of mulberry leaf and mulberry processed tea gradually
deepened with the increase of pushing speed. The speed of
mulberry leaf (a) through the column was more than 3
mL min�1, the color was obviously deepened. The average
recoveries of 82 pesticides were better when speed was 1 and 3
mL min�1. In terms of dispersion degree, the recovery of 3
mL min�1 was concentrated. The average recovery was higher
and the color was lighter in mulberry processed tea when the
pushing speed was 2 mL min�1. Finally, the pushing speed
through m-PFC column of mulberry leaf and mulberry pro-
cessed tea was determined to 3 mL min�1 and 2 mL min�1.

Meanwhile, the waiting time of passing through the column
and the duration of external nitrogen were optimized at 5, 10,
and 15 seconds, while the impact on recoveries was not serious.
In order to clean and collect all the supernatant in the column
as far as possible, the waiting time and duration were deter-
mined to be 5 and 10 seconds, respectively.
Fig. 3 Histograms (X-axis was recoveries, Y-axis was the number of pest
different cleanup procedures.

2592 | RSC Adv., 2020, 10, 2589–2597
3.3 Cross-contamination of automated device

In order to study the cross-contamination of pipette and sample
tray during the movement of automated device, and the leakage
of sample while using nitrogen. Standard solutions of 1 mL
0.5 mg kg�1 pyridaben and difenoconazole were crossed into
the sample tray and 200 mg anhydrous magnesium sulfate was
lled in the m-PFC column. The cross-contamination was
studied when the cycle times of m-PFC column were 0, 1, and 2
(n¼ 6). The residue amount of pyridaben and difenoconazole in
each sample was determined, and the results were shown in
Table S2.† Difenoconazole was not found in standard solution
of pyridaben and pyridaben was also not found in difenocona-
zole solution. The minimum detectable concentration of pyr-
idaben and difenoconazole were 0.001 mg kg�1 and 0.005 mg
kg�1. Obviously, there was no cross-contamination of samples
when using the automated device.
3.4 Comparison of primarily automated m-PFC and auto m-
FC

The three kinds of automated equipment were studied on
mulberry processed tea spiked with the pesticides at 0.5 mg
kg�1. Primarily automated m-PFC22 was developed to instead
the process of push–pull of manual m-PFC, for holding the
supernatant through the column at a constant speed. Rotation
axis of the equipment was designed to li the shelf up and down
and pull and push the syringe piston, which let extracts
icides) about mulberry leaf (a) and mulberry processed tea (b) by three

This journal is © The Royal Society of Chemistry 2020
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Table 1 The parameters of method about automated multi-channel m-PFC device

Method Parameter

Sample introduction Volume: 1.0 mL Capture speed:5 mL min�1

Number of introduction: 1 Compensation volume: 1.0 mL
M-PFC column Pushing speed: mL min�1 Waiting time: 5 s

Nitrogen pressure: psi Duration: 10 s
Number of cycles Buffer position: yes

Filter Speed: 10 mL min�1 Waiting time: 5 s
Nitrogen pressure: 30 psi Duration: 10 s

Fig. 4 Box plots (X-axis was pushing speed, Y-axis was recoveries) about mulberry leaf (a) and mulberry processed tea (b) at different pushing
speed.
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circulate through the column to 2 mL of centrifuge tubes.
However, there would be a few surpluses of the extracts, when
the rotation axis pulled the syringe piston to introduce the
extracts in centrifuge tubes. The extracts were pushed into the
centrifugal tube aer one cycle, mixing with the extracts which
had not been cleaned. Aer cleanup, the extracts were manually
ltered through a 0.22 mm lter membrane. Automated multi-
ltration cleanup (Auto m-FC)31 introduced the supernatant
through the extraction needle, and the pump syringe push
extracts to the m-FC column through the pipeline. The pipeline
must be ushed by acetonitrile aer transporting one sample.
The results of the three kinds of automated equipment were
shown in Table 2. Recoveries and RSDs were no signicant
differences. Automated multi-channel m-PFC device could
process 48–64 samples one time and each sample took less than
Table 2 Comparison of the proposed method with other automated m

Method
Recoveries
(%) RSD (%)

Automated multi-channel m-PFC 73–116 2–13
Automated m-FC 76–118 5–17
Primary automated m-PFC 72–124 1–19

This journal is © The Royal Society of Chemistry 2020
a minute. It had an external nitrogen source, which provided
sufficient pressure for the supernatant to pass through the m-
PFC column completely. The device had a separate sample
tray, buffer tray, and collection tray and ltered through a 0.22
mm lter membrane to 2 mL vial automatically. The majority of
matrix effects performed enhancing effects by gas chromatog-
raphy. As the total ion chromatogram (TIC) shown in Fig. S4,†
automatedmulti-channel m-PFC device (III) had lower response
in the mass spectrometry than other methods. It showed that
the interferences of matrix were less and matrix effects were
weaker.
3.5 Method validation

The best parameter of device had been obtained to be able to
make the precision and trueness well aer cleanup process by
-PFC methods

Sample number
of batch process

Cleanup time cost
per sample (min)

Automated
lter

48–64 0.8 Yes
24 2–3 No
6 2 No

RSC Adv., 2020, 10, 2589–2597 | 2593
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Table 3 Average recoveries and RSDs at three spiked level (n ¼ 5), R2 of calibration curve

Pesticide

Mulberry leaf Mulberry leaf tea

Recovery, % (RSD, %)

R2

Recovery, % (RSD, %)

R20.01 mg kg�1 0.05 mg kg�1 0.5 mg kg�1 0.01 mg kg�1 0.05 mg kg�1 0.5 mg kg�1

Methomyl 91(6) 108(6) 83(8) 0.9998 107(9) 101(11) 92(8) 0.9974
Dichlorvos 74(10) 89(8) 107(8) 0.9992 89(7) 83(10) 96(6) 0.9995
Trichlorfon 101(3) 93(6) 96(2) 0.9992 93(6) 88(6) 97(4) 0.9991
Etridiazole 93(1) 101(2) 93(6) 0.9995 98(7) 95(8) 93(5) 0.9998
Propoxur 81(7) 95(3) 97(4) 0.9996 91(0) 97(4) 88(4) 0.9998
Propachlor 100(8) 95(7) 100(7) 0.9993 76(1) 79(9) 86(7) 0.9998
Ethoprophos 76(3) 99(1) 97(3) 0.9991 89(9) 101(8) 99(4) 0.9991
Triuralin 85(3) 98(5) 103(4) 0.9982 106(6) 87(6) 85(4) 0.9978
Phorate 75(2) 83(4) 101(3) 0.9985 100(3) 93(6) 91(3) 0.9990
Atrazine 80(11) 98(3) 92(5) 0.9991 87(4) 97(13) 97(5) 0.9998
Propazine 78(4) 90(7) 97(2) 0.9998 90(9) 86(7) 92(3) 0.9993
Clomazone 101(2) 93(3) 97(4) 0.9988 79(3) 100(5) 100(4) 0.9998
Propyzamide 92(5) 99(3) 93(8) 0.9993 84(7) 99(3) 107(5) 0.9996
Triallate 92(4) 95(8) 99(5) 0.9990 103(8) 80(9) 81(4) 0.9959
Pirimicarb 108(8) 83(11) 92(8) 0.9982 89(6) 94(7) 98(4) 0.9991
Acetochlor 95(5) 95(4) 103(7) 0.9984 87(1) 85(10) 101(2) 0.9976
Propisochlor 107(7) 100(4) 101(4) 0.9983 92(10) 86(9) 104(4) 0.9985
Metribuzin 79(6) 92(10) 95(60 0.9995 111(7) 83(7) 102(4) 0.9994
Tolclofos-methyl 104(2) 89(9) 90(6) 0.9986 99(3) 90(5) 96(3) 0.9997
Propanil 86(8) 92(6) 91(6) 0.9995 92(7) 84(9) 97(7) 0.9990
Metalaxyl 104(7) 91(6) 107(7) 0.9955 109(5) 93(9) 108(4) 0.9993
Ametryne 107(2) 92(9) 86(11) 0.9975 112(10) 98(10) 105(5) 0.9992
Acephate 91(3) 92(9) 96(7) 0.9980 83(6) 74(5) 98(1) 0.9992
Prometryn 83(2) 87(8) 95(8) 0.9998 92(6) 76(10) 102(3) 0.9996
Pirimiphos-methyl 88(11) 94(7) 92(8) 0.9976 106(14) 102(11) 102(4) 0.9980
Fenitrothion 90(4) 92(7) 98(3) 0.9997 80(3) 77(8) 105(3) 0.9987
Dimethoate 82(5) 93(4) 98(2) 0.9991 77(9) 85(6) 99(6) 0.9991
Malathion 90(12) 91(9) 96(4) 0.9978 89(14) 88(9) 101(5) 0.9983
Metolachlor 97(6) 91(7) 99(4) 0.9983 82(2) 98(4) 104(3) 0.9987
Chlorpyrifos 89(4) 84(12) 76(10) 0.9987 88(3) 76(6) 78(4) 0.9995
Diethofencarb 91(3) 88(9) 88(7) 0.9993 99(8) 83(4) 99(1) 0.9991
Triadimefon 103(3) 97(10) 102(8) 0.9986 111(2) 104(2) 108(0) 0.9991
Pendimethalin 80(9) 82(1) 74(8) 0.9980 85(10) 82(9) 84(4) 0.9989
Thiamethoxam 101(15) 92(6) 97(5) 0.9995 107(10) 110(6) 100(9) 0.9997
Fipronil 88(8) 96(6) 96(5) 0.9992 109(11) 99(10) 84(8) 0.9995
Penconazole 101(8) 94(4) 96(6) 0.9995 107(6) 91(10) 102(4) 0.9992
Phenthoate 105(3) 96(9) 98(5) 0.9992 108(9) 97(4) 103(3) 0.9988
Procymidone 81(2) 92(4) 94(6) 0.9980 99(10) 88(12) 102(3) 0.9993
Triadimenol 103(7) 92(7) 104(4) 0.9999 101(9) 85(11) 104(4) 0.9997
Methidathion 93(9) 85(7) 96(6) 0.9994 102(8) 96(1) 86(4) 0.9990
Butachlor 79(1) 92(7) 98(4) 0.9984 113(8) 102(11) 98(2) 0.9988
Paclobutrazol 87(12) 94(5) 100(3) 0.9995 94(7) 95(5) 100(4) 0.9994
Hexythiazox 77(6) 93(7) 90(3) 0.9991 89(3) 107(9) 96(5) 0.9993
Napropamide 89(12) 83(7) 88(7) 0.9994 82(4) 95(9) 92(3) 0.9992
Hexaconazole 94(7) 92(1) 94(6) 0.9995 84(12) 83(11) 98(3) 0.9996
Pretilachlor 97(11) 90(6) 97(5) 0.9987 101(6) 96(2) 105(2) 0.9990
Isoprothiolane 94(12) 91(4) 98(2) 0.9993 102(7) 92(5) 91(3) 0.9988
Profenofos 98(2) 81(11) 79(7) 0.9993 92(9) 83(14) 83(4) 0.9988
Oxadiazon 90(8) 92(8) 96(3) 0.9999 106(7) 91(7) 98(3) 0.9992
Fludioxonil 98(5) 85(12) 79(5) 0.9990 87(2) 87(6) 96(3) 0.9998
Myclobutanil 89(5) 95(8) 100(5) 0.9999 102(7) 101(2) 105(3) 0.9998
Buprofezin 104(9) 109(9) 97(4) 0.9994 93(8) 88(6) 83(6) 0.9991
Flusilazole 78(10) 93(5) 95(3) 0.9990 91(7) 94(7) 103(4) 0.9990
Trioxystrobin 99(11) 93(7) 97(4) 0.9992 95(8) 98(3) 106(4) 0.9996
Kresoxim-methyl 87(7) 86(6) 95(2) 0.9993 93(5) 102(9) 102(1) 0.9991
Carboxin 101(14) 89(4) 90(5) 0.9999 106(6) 90(6) 85(6) 0.9997
Chlorfenapyr 110(5) 87(8) 98(6) 0.9988 97(8) 82(4) 93(5) 0.9990
Cyproconazole 82(4) 89(7) 98(4) 0.9998 103(7) 98(2) 105(3) 0.9991
Diniconazole 63(9) 68(2) 62(7) 0.9991 85(5) 90(8) 97(7) 0.9990

2594 | RSC Adv., 2020, 10, 2589–2597 This journal is © The Royal Society of Chemistry 2020
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Table 3 (Contd. )

Pesticide

Mulberry leaf Mulberry leaf tea

Recovery, % (RSD, %)

R2

Recovery, % (RSD, %)

R20.01 mg kg�1 0.05 mg kg�1 0.5 mg kg�1 0.01 mg kg�1 0.05 mg kg�1 0.5 mg kg�1

Oxadixyl 101(13) 89(6) 101(4) 0.9999 100(6) 99(4) 101(4) 0.9998
Triazophos 79(8) 78(8) 80(5) 0.9994 84(7) 99(6) 102(2) 0.9993
Propiconazole 97(11) 92(6) 95(2) 0.9992 106(10) 101(5) 109(4) 0.9991
Clodinafop-propargyl 62(3) 55(9) 57(5) 0.9994 86(9) 83(7) 100(4) 0.9998
Tebuconazole 84(9) 98(2) 89(7) 0.9993 85(6) 98(4) 107(4) 0.9995
Propargite 110(2) 91(6) 96(2) 0.9993 96(3) 87(4) 99(3) 0.9996
Epoxiconazol 75(4) 72(8) 86(6) 0.9992 90(7) 95(6) 101(2) 0.9991
Iprodione 93(2) 94(7) 90(5) 0.9998 98(6) 92(11) 83(9) 0.9997
Bifenthrin 86(6) 80(7) 90(5) 0.9990 92(7) 81(4) 74(5) 0.9995
Lambda-cyhalothrin 91(7) 78(3) 94(4) 0.9995 102(4) 89(5) 95(3) 0.9991
Fenpropathrin 95(12) 85(5) 102(5) 0.9985 90(4) 81(9) 94(6) 0.9993
Triticonazole 76(5) 81(5) 91(3) 0.9997 100(6) 95(4) 102(1) 0.9998
Pyriproxyfen 83(7) 77(9) 75(5) 0.9990 76(3) 81(9) 87(3) 0.9995
Pyridaben 86(6) 80(6) 89(6) 0.9992 89(5) 86(5) 84(3) 0.9995
Beta-cypermethrin 95(11) 87(4) 91(4) 0.9997 90(5) 100(3) 84(6) 0.9996
Flumioxazin 101(12) 91(6) 94(5) 0.9998 100(6) 94(6) 107(3) 0.9999
Esfenvalerate 79(6) 75(7) 87(5) 0.9998 85(4) 92(2) 87(5) 1.0000
Difenoconazole 76(5) 91(9) 86(7) 0.9998 81(4) 93(6) 102(3) 0.9995
Indoxacarb 110(6) 86(6) 94(3) 0.9998 91(5) 103(12) 100(4) 0.9996
Deltamethrin 99(9) 86(4) 92(6) 0.9994 114(8) 102(11) 79(8) 0.9998
Azoxystrobin 86(12) 87(9) 95(6) 0.9999 85(2) 80(2) 98(4) 0.9999
Dimethomorph 87(8) 74(5) 99(2) 0.9996 104(7) 92(7) 98(4) 0.9997
Famoxadone 99(4) 84(6) 95(3) 0.9998 111(8) 98(10) 100(3) 0.9995
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optimization. Under this optimal condition, the fortied
recoveries of 82 pesticides were studied at three concentration
levels (0.01, 0.05 and 0.5 mg kg�1) by spiking standard pesti-
cides for a blank sample. The validated parameters of the
automated multi-channel m-PFC method were specicity,
linear range, fortied recovery, precision, limit of detection
(LOD), and limit of quantication (LOQ). The results were
shown in Table 3. Linearity was evaluated by a calibration curve
Table 4 The residual range of 10 typical pesticides in market sample

Pesticides

Fresh mulberry leaf

Residual range (10�3 mg kg�1)

Methomyl 8.7–9.1
Dichlorvos 42.8
Propoxur 5.1–5.3
Acetochlor 5.9–6.8
Dimethoate —
Malathion 6.4–6.5
Chlorpyrifos 5.0–5.2
Profenofos —
Propargite —
Tebuconazole 10.1–11.5

a Indicating lower limit of analytical determination. b Indicating the MR
mulberries.

This journal is © The Royal Society of Chemistry 2020
at ve concentrations (0.01, 0.05, 0.1, 0.5, 1 mg kg�1), and the
correlation coefficient (R2) was greater than 0.99. Precision was
a measure of accidental error, expressing as repeatability and
reproducibility. In this study, the relative standard deviation
(RSD) was used to represent the precision. The limit of detection
(LOD) and limit of quantication (LOQ) were dened as signal-
to-noise (S/N) ratio of 3 and 10 at the lowest concentration of
each analyte, respectively. LOQs were the lowest spike level
Mulberry processed
tea MRLs (China/EU/CAC)

Residual range (10�3 mg kg�1) 10�3 mg kg�1

37.1 —/10a/70b

— —/10a/—
— —/50a/—
— —/10a/—
7.8 —/10a/50b

6.9 —/20a/1000b

5.1 —/10a/1000b

— —/10a/70b

— —/10a/—
6.6–7.5 1500/1500/—

L values are from berries because there is no MRL for the pesticide in

RSC Adv., 2020, 10, 2589–2597 | 2595
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(0.01 mg kg�1) of the method's validation in this study and the
LOQs were regarded as LODs in respect of method validation.32

Matrix effect (ME) could lead to signal response of analyte
enhanced or weakened because the existence of matrix co-
extractives affected the ionization of target compounds.33,34

The matrix effects of automated m-PFC device and d-SPE
methods in mulberry leaf and mulberry processed tea were
investigated by comparing the slope ratio of matrix-matched
standards and solvent standards. The results are summarized
in Table S3 in ESI.† The values of ME were less than 0.9
regarding as matrix weakening effect, andmatrix effect could be
ignored when the values were in 0.9–1.1. The matrix enhance-
ment effect (ME > 1.1) was observed in most target compounds.
For the majority of pesticides, the ME values of m-PFC method
were lower than that of d-SPE. The automated m-PFC device
method had better cleanup performance.

4. Conclusion

In this study, a rapid and straightforward automated multi-
channel m-PFC device combined with QuEChERS was devel-
oped to determine the 82 pesticide residues by GC-MS/MS in
fresh mulberry leaf andmulberry processed tea. Meanwhile, the
automated multi-channel m-PFC method was successfully
applied to detect the pesticides in fresh mulberry leaf and
mulberry processed tea samples which purchased frommarkets
in Beijing and Shandong Province. Most pesticide residues were
low and some pesticides were not found. The residues of
propachlor and propanil in mulberry processed tea were higher,
which could go up to 0.034 and 0.017 mg kg�1. Of the 82 tar-
geted pesticides in fresh mulberry leaf, the higher residual
concentrations of trichlorfon, propachlor, propanil, tri-
adimenol and dichlorvos were found, with values ranging from
0.017 to 0.053 mg kg�1. The residues of dichlorvos in mulberry
leaf and methomyl in mulberry processed tea were higher than
others. Table 4 showed the results of 10 typical pesticides
registering in mulberry or having residue limits in China.
Maximum residue limits (MRLs) of mulberries were from
China, the Codex Alimentarius Commission (CAC) and Euro-
pean Union (EU).

In most cases, the recoveries of 82 pesticides were in 70–
110% and RSDs were less than 15% by using the automated
multi-channel m-PFC device. All of the validation parameters of
the method met the requirements for pesticide analysis. Aer
centrifugation, an aliquot of 1 mL supernatant of the sample
was directly transferred to the sample tray of the automated
device. The automated multi-channel m-PFC device didn't need
additional vortex, centrifugation, and lter steps comparing
with d-SPE, and the automated device handled 48–64 samples
simultaneously. The automated multi-channel m-PFC device
reduced the number of operating personnel, saved time, and
operated easily, which achieved the full-automation of cleanup
procedure of sample preparation.
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