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A novel multi-walled carbon nanotubes (MWCNTs) dispersive solid phase extraction (d-SPE) method which com-
bined with gas chromatography (GC) coupled with electron capture detector (ECD) was developed for the determi-
nation of five pyrethroid pesticides in liquid milk for the first time. The effect of d-SPE conditions on the kinds of
sorbent, MWCNTs and magnesium sulfate anhydro mass ratio, and extraction condition were researched, and then,
the suitable method was found. Under the optimal conditions, the linear range was from 20 to 500 μg kg−1. The re-
coveries were from 81.8% to 112.1%, with the corresponding relative standard deviations (RSDs) less than 6%,
correlation coefficients from 0.9978 to 0.9990, and limits of detection and quantification from 2.62 to 4.86 μg kg−1

and 8.73 to 16.2 μg kg−1. The proposed method is simple, fast, safe, and has high recovery and sensitivity applica-
ble to analyze pyrethroid pesticides in liquid milk sample.
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Introduction

Pyrethroid pesticides, characterized by remarkable biodegrad-
ability and low toxicity, are of the third generation after organo-
chlorine and organophosphorus insecticides; used far and wide in
pest control of crops such as vegetables and fruits, they have be-
come the world's most widely used insecticides. Improper or ex-
cessive use of them will easily leave residues in crops, which
directly cause enormous harm to human health through the food
chain [1]. At present, the main methods for detecting residues of
pyrethroid pesticides include gas chromatography (GC) [2–4],
GC–mass spectrometry (MS) [5–7], high-performance liquid
chromatography (HPLC) [8, 9], and liquid chromatography
(LC)–MS [10–12]. LC–MS and GC–MS, albeit for qualitative
and quantitative purposes, are difficult to equip and use on a
large scale due to costly instruments and demanding tasks of op-
eration; therefore, GC, known for its high sensitivity and wide
scope of use, has proved to be a powerful technique of analysis
in insecticide-residue research.

Codex Alimentarius Commission (CAC), Positive List Sys-
tem of Japan, and the European Union (EU) have made stipula-
tions concerning the maximum residue limits (MRLs) of the
pyrethroid pesticides residues in milk [13, 14]; it could be lim-
ited within 20 to 40 μg kg−1, but there is no definite require-
ment for the maximum residue of the pyrethroid pesticides in
liquid milk in China. Therefore, establishment of methods for
detection and analysis of pyrethroid pesticides residues in liquid
milk is very urgent. Sample pretreatment is a key technology in
the process of analysis, especially for samples of liquid milk
with complex composition and low amount of residue. Disper-
sive solid phase extraction (d-SPE) is based on the addition of
the sorbent material into the extract to remove the matrix con-
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comitants. d-SPE is another novel sample preparation technique
which offers unique advantages such as simplicity, low solvent
use, safety, and automation. Recently, this method has been suc-
cessfully used to clean up liquid samples or the extracts of vari-
ous samples [15–21]. Carbon nanotubes are characterized by
physicochemical properties, such as stronger adsorption capac-
ity and more powerful adsorption capability than primary sec-
ondary amine (PSA) and octadecylsilane chemically bonded
silica gel (C18). Multi-walled carbon nanotubes (MWCNTs)
have been widely used for the detection and quantification of
pesticides at the trace levels [22–27].

The pesticides structures of fenpropathrin, cyfluthrin, cyhalo-
thrin, fenvalerate, and deltamethrin were shown in Figure 1. This
research determined fenpropathrin, cyfluthrin, cyhalothrin, fenva-
lerate, and deltamethrin residue in liquid milk by GC using
MWCNTs as d-SPE sorbent and obtained satisfactory results
through optimization of conditions, which is applicable to detec-
tion of pyrethroid pesticide residues in liquid milk.
Experimental

Chemicals and Reagents. MWCNTs (length, 0.5–2.0 μm;
external diameter, 8–15 nm) were purchased from Beijing
DeKe Daojin Science and Technology Co., Ltd., China. PSA
was obtained from CNW Technologies (CNW, Germany). C18

was obtained from Dikma Technologies (Beijing, China).
Fenpropathrin, cyhalothrin, cyfluthrin, fenvalerate, and
deltamethrin of 98% purity were purchased from the Agro-
Environmental Protection Institute, Ministry of Agriculture
(Tianjin, China). Methanol and acetonitrile (HPLC grade)
were purchased from Fisher Scientific (Fair Lawn, NJ, USA).
Sodium chloride was calcined at 650 °C for 4 h before it can
be used. Liquid milk was purchased from Dongan Market
(Daqing, China). Watsons water (Watson Group Hong Kong
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Figure 1. Structure of five pyrethroid pesticides: (A) fenpropathrin, (B) cyfluthrin, (C) cyhalothrin, (D) fenvalerate, and (E) deltamethrin
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Ltd., China) was used for the measurements. All the other
reagents used were at least of analytical reagent grade. The
0.22 μm microporous membrane was obtained from Dikma
Technologies (Beijing, China).

Instrumentation. Chromatographic analysis was performed
on Agilent 7890B system (Agilent Co., USA) equipped with
electron capture detector (ECD); the system was controlled by
MassHunter 6.0 (Agilent Co., USA). Z 36 HK centrifuge
(HERMLE Co., Germany) was used for analysis. IKA T25
Homogenate machine (Eika Equipment Co., Germany) was used
for sample treatment; Vortex-2 agitator (Si Digital Co., USA)
was used for vortex; and SK8200H ultrasonic cleaners were used
for sample preparation (Shanghai KUDOS Ultrasonic Instrument
Co., Ltd., China). ML204 electronic analytical balance was used
for analysis (Mettler Toledo, USA).

GC Condition. The separation was carried out on a DB-5
capillary column (30 m × 250 μm i.d.; film thickness,
0.25 μm). Nitrogen (99.999%) was used as the carrier gas at a
flow rate of 1.0 mL min−1. The oven temperature was
programmed as follows: initial temperature of 150 °C (held
for 1 min), then to 270 °C at a rate of 10 °C min−1, and held
for 20 min. The injector temperature was maintained at
200 °C; injection mode was splitless injecting samples; and
the quantity of sampling was 10 microliter.

Sample Preparation. Five milliliters of the liquid milk was
placed into 15 mL Teflon centrifuge tube, respectively. One gram
of sodium chloride and 3 mL acetonitrile were added to the tube
(pH was adjusted between 4 and 5 by 0.1 mol L−1 of phosphoric
acid) and then placed into sonic oscillator for 10 min, followed
by centrifugation for 5 min at 10,000 rpm. Then, 2 mL of the
resulting supernatant was further transferred into 5 mL Teflon
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centrifuge tube, containing 50 mg MWCNTs and 100 mg
anhydrous magnesium sulfate; the solution was vortex mixed for
1 min and centrifuged at 10,000 rpm for 5 min. Finally, 200 μL
of the extract was transferred into sample bottle which was
injected for GC analysis.

Results and Discussion

d-SPE Conditions. Liquid milk contains large amounts of
protein and amino acid. A commonly used way to remove
protein and fat is addition of organic solvents under acid
condition to denature protein and fat. As a result, this experiment
chose to add phosphoric acid, NaCl precipitated protein and fat
under acid condition. With addition of NaCl to liquid milk,
protein molecules cluster and settle. When pH is lower than
protein isoelectric point, protein also clusters and settles. For the
experiment, 1 g NaCl and 3 mL acetonitrile were added to a
sample of 5 mL liquid milk, and pH value was adjusted at 4–5
with 0.1 mol L−1 phosphoric acid solution, which produced the
best result of removing protein and fat.

Effect of type extraction solvent on the recoveries of five
pyrethroid pesticides, such as acetone, methanol, and acetoni-
trile, was researched (see Figure 2). This method works best
when five pyrethroid pesticides were used as the extraction
solvent with acetonitrile in liquid milk and the recoveries that
reached the highest were added to 3 mL acetonitrile with
5 mL in liquid milk sample. As the extraction was chosen by
acetonitrile with 3 mL (see Figure 3).

Sorbent of PSA and C18 was used to d-SPE on sample pre-
treatment. PSA can effectively remove components such as
fatty acid, sugar, and phenol in acetonitrile extract, and C18 is a
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Figure 2. Effect of extraction solvent on the recoveries of five pyrethroid pesticides

Figure 3. Effect of sorbent volume on the recoveries of five pyrethroid pesticides
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good remover of fat. In our study, sorbent of MWCNTs, C18,
and PSA was compared with purification effect on the recover-
ies of five pyrethroid pesticides. It was found that both PSA
and MWCNTs could effectively remove impurities with high
recoveries in liquid milk, the purification effect of C18 was not
as good as MWCNTs, there were numerous impurity peaks in a
sample with the use of C18 and octadecylsilane chemically
bonded silica gel forming hydrogen bond with five pyrethroid
Figure 4. Effect of type of sorbent on the recoveries of five pyrethroid pesti
pesticides, and the recoveries of the target compound were de-
creasing. The price of PSA was much higher than that of
MWCNTs (see Figure 4). Therefore, MWCNTs were used in
sample preparation to obtain satisfactory recoveries of five
pyrethroid pesticides.

The different dosages of MWCNTs (25 mg, 50 mg, 75 mg,
and 100 mg) were evaluated, and the effect on the recoveries of
five pyrethroid pesticides was identified. The results show that
cides
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Figure 5. Effect of MWCNTs and magnesium sulfate anhydro mass
ratio on the recoveries of five pyrethroid pesticides
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the recoveries of five pyrethroid pesticides were raised with the
increasing of MWCNTs; when the dose of MWCNTs was 50
mg, the recoveries had declined with the dosage of MWCNTs in-
creasing. Therefore, 50 mg of MWCNTs was added into the
sample, applying purification satisfactory recoveries for liquid
milk. As can be seen in Figure 5, mass ratio of MWCNTs to an-
hydrous magnesium sulfate was 1:2, and satisfactory recoveries
were obtained; rate decreased slightly, which is, when the content
of MWCNTs was 50 mg, satisfactory recoveries of five pyre-
throid pesticides were between 81.8% and 112.6%; the purifica-
tion effect and experimental cost were considered on sample
preparation; and the amount of MWCNTs 50 mg was selected.

Matrix Effect. The occurrence of matrix effect (ME) is
mainly from the endogenous component of the samples. Matrix
effect has significant interference for the analysis of the targets
and affects the accuracy and precision of the method. Therefore,
it is necessary to investigate the matrix effect.

ME was established in liquid milk. To investigate the ME, a
series of responds was set as follows. A was standard solution in
hexane, B was set as the responds of real samples, and C was
matrix-matched standard. Then, the ME was calculated from the
following equation. ME, their precision (relative standard devia-
tion [RSD], n = 6) of the proposed method in liquid milk spiked
at the three level was indicated in Table 1.

ME %ð Þ ¼ C� Bð Þ=A� 100

Under the premise that the chromatographic condition is good,
the method to eliminate or reduce the matrix effect is the appro-
priate sample pretreatment. The results show that ME of liquid
Table 1. Matrix effect of five pyrethroid pesticides in liquid milk

Pesticides Response value of the standard solution in hexane Response

Fenpropathrin 139.8215
Cyhalothrin 239.1718
Cyfluthrin 138.2221
Fenvalerate 97.6788
Deltamethrin 130.2613

ND, not detected.

Table 2. Calibration parameters of analytes

Pesticides Linear equation Correlation coefficient, r Li

Fenpropathrin A = 33,451C − 172.568 0.9985
Cyhalothrin A = 54,183C + 99.434 0.9990
Cyfluthrin A = 53,627C − 186.869 0.9978
Fenvalerate A = 45,534C − 108.562 0.9987
Deltamethrin A = 35,071C − 162.538 0.9983
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milk has a strong furtherance effect on pyrethroid pesticides. The
possible reason is that there would be an obvious decreasing in
the endogenous component of the liquid milk samples to increase
the influence of coexisting matrix constituents. In order to make
certain the universality and applicability with the established
method, in this study, liquid milk matrix preparation standard so-
lution was used to eliminate matrix effect.

Method Validation. Matrix of liquid milk free of pesticide,
spiked at set concentration levels (20 μg kg−1, 50 μg kg−1, 100 μg
kg−1, 250 μg kg−1, and 500 μg kg−1) of five pyrethroid pesticides,
was used to prepare a series of matrix-matched calibration curves.
According to peak area (A) and concentration of spiked sample (C,
μg kg−1) drawing standard curve, the linear relation between peak
area and concentration of the five pyrethroid pesticides was good in
the range of 20 to 500 μg kg−1 (the linear equation, the correlation
coefficient, the limits of detection (LODs), and limits of quantity
(LOQs) are summarized in Table 2). LODs and LOQs were
calculated based on three and ten times of standard deviations of
the resulted values, respectively. As can be seen in Table 2, good
linear relationships were observed between responses of GC
detector and concentrations of analytes within ranges of test and
LODs were low enough.

For the determination of the accuracy, recovery experiments
were performed using three different concentration levels (20 μg
kg−1, 50 μg kg−1, and 100 μg kg−1) of real samples spiked with
known amounts of five pyrethroid pesticides standard, respec-
tively. The samples were measured using the optimized proce-
dures established above, intra-day with 6 injections per level, and
inter-day with 3 injections per level, which were tested for matrix
standard. The recoveries and RSDs are summarized in Table 3.
The recoveries were in the range of 81.8–112.1%, and RSDs
were in the range of 1.9–5.7%.

Analysis of Real Samples. To evaluate the performance of
the presented method and use condition of five pyrethroid
pesticides in liquid milk, the proposed analytical procedure was
applied to the analysis of real samples and spiked sample. Liquid
milk was purchased from Dong'an Market; the samples were
pretreated according to section sample preparation, which were
then determined by GC according to GC conditions. The results
show that five pyrethroid pesticides were not detected in liquid
milk, as shown in Figure 6. Recoveries of quality control sample
were satisfied with analysis of the requirements, indicating that
the results were accurate and reliable.

Conclusion

In this study, d-SPE has been developed as a novel method
for determination of five pyrethroid pesticides with 50 mg
MWCNTs as adsorbent combined with gas chromatography
coupled with ECD in liquid milk. After a careful optimization
and reaching below LODs and LODs at the 4.86 μg kg−1
value of matrix-matched standard Real sample ME (%) RSD (%)

161.5111 ND 115.5 4.1
247.7614 ND 103.6 3.9
156.3886 ND 113.1 3.2
132.6874 ND 135.8 5.2
128.2907 ND 98.5 4.5

near range (μg kg−1) LOD (μg kg−1) LOQ (μg kg−1) RSD/%

20–500 2.62 8.73 4.7
20–500 3.34 11.1 2.8
20–500 4.86 16.2 3.4
20–500 3.57 11.9 5.2
20–500 4.75 15.8 4.9
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Table 3. The result of the experiment recoveries and RSDs of the five pyrethroid pesticides

Pesticides Spiked level (20 μg kg−1) Spiked level (50 μg kg−1) Spiked level (100 μg kg−1)

Average
recovery

Intra-day
RSD

Inter-day
RSD

Average
recovery

Intra-day
RSD

Inter-day
RSD

Average
recovery

Intra-day
RSD

Inter-day
RSD

Fenpropathrin 89.8 2.8 4.8 95.6 3.1 4.2 96.6 2.1 3.8
Cyhalothrin 83.2 2.1 3.9 89.3 2.5 2.1 98.8 2.7 4.6
Cyfluthrin 90.5 1.9 3.7 112.1 2.7 3.4 102.7 1.9 2.9
Fenvalerate 82.4 3.4 5.7 91.4 2.6 5.7 95.5 3.1 4.1
Deltamethrin 81.8 3.0 3.7 92.7 2.3 4.8 97.6 2.8 4.7

Figure 6. Chromatograms of (a) standard solution in hexane; (b) a blank sample; and (c) a mixed standard solution of liquid milk matrix (1, fen-
propathrin; 2 and 3, cyhalothrin; 4 and 5, cyfluthrin; 6 and 7, fenvalerate; 8 and 9, deltamethrin)
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and 16.2 μg kg−1, respectively, the analysis on the actual
data shows that the method can satisfy the quick detection of
five pyrethroid pesticides in liquid milk and conform to
CAC, EU, and Positive List System of Japan of MRLs. The
whole method has been successfully applied to five pyre-
throid pesticides in liquid milk samples with satisfactory re-
sults. The method showed numerous advantages including
high sensitivity, low limits of quantification, high recovery
for pyrethroid pesticides, and broad application in complex
sample preparation.
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