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Abstract

A new in-tube pretreatment method based on ultrasound assisted dispersive solid—liquid microextraction using self-assembly
and solidification of an alkanol-based floating organic droplet was developed for the determination of eight pyrethroid insec-
ticides in chrysanthemum by gas chromatography with electron capture detection. This method fully utilized the restricted
access property of a 1-decanol/acetonitrile mixture for effective extraction of the analytes from chrysanthemum under ultra-
sonication, and the self-assembly and coacervation process of 1-decanol by adding water. The 1-decanol phase aggregated
and floated on the surface, solidified in an ice bath, and thus was easily collected. For the first time, extraction, separation and
preconcentration were combined in a tube, not requiring stepwise preparation for a solid matrix. The recoveries ranged from
75 to 104% with the relative standard deviations of < 8%. The limits of quantification were in the range of 0.15-1.5 ug kg~!
up to 52-fold compared with the conventional QUEChERS-based, SPE, and solid—liquid dispersive microextraction methods.
The results demonstrated that the proposed method was time-saving, sensitive, and environmentally friendly for pyrethroids

analysis in chrysanthemum.

Keywords In-tube ultrasound assisted dispersive solid—liquid microextraction - Alkanol-based composite solvent - Self-

assembly and solidification - Pyrethroids - Chrysanthemum

Introduction

Chrysanthemum, Dendranthema grandiflora, is a popular
Chinese herbal medicine containing abundant nutrients of
amino acids, flavonoids, alkaloids, and essential oils, and
minerals, and thus widely consumed or processed to com-
mercial medicines or beverages [1]. Pesticides application
is considered as an effective measure to safeguard the qual-
ity of chrysanthemum crops, however, the exposure risk to
humans associated with pesticide residues on chrysanthe-
mum plants underlines the need to develop efficient and
sensitive analytical methods.
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Due to the complexity of the chrysanthemum matrix
and the trace level of residues, using effective purification
and enrichment procedures is critical to simultaneously
determine target compounds. Most of the efforts made for
chrysanthemum samples analysis are time consuming and
involve laborious pretreatments, including gel permeation
chromatography [2], liquid liquid extraction (LLE) with sul-
furic acid [3], solid phase extraction (SPE) [4] and disper-
sive SPE [5]. Large amounts of samples, organic solvents,
SPE cartridges, and DSPE adsorbents are required, result-
ing in costly monitoring and generation of large residues
[6]. An additional consideration is the non-compatibility of
pretreatment simplification and high concentration factor. In
this way, during the past 10 years, dispersive liquid liquid
microextraction (DLLME) based on LLE has been intro-
duced and widely used to analyze compounds in aqueous
samples, such as water and beverages [7—10]. The distinct
advantages of DLLME with rapid analysis, simple opera-
tion, and high enrichment have promoted its combination
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with other extraction techniques such as QUEChERS [11],
SPE [12], supercritical fluid extraction [13], and stir-bar
sorptive extraction [14] for the analysis of solid matrices.
However, the mentioned approaches still have to be operated
in multiple steps, resulting in a time-consuming procedure
and potential residue loss [15].

To solve the difficulty of traditional DLLME for its appli-
cation on analysis of complex solid matrices, an alkanol-
based composite solvent was introduced in this work. The
composite solvent consisting of a medium-chain alkanol
and an organic solvent (e.g. acetonitrile, acetone) was
used as the extraction solvent. The ultrasound irradiation
was employed to accelerate the analytes extraction from the
solid matrix to the composite solvent. When the extraction
was complete, water was added to promote self-assembly of
the alkanol and caused the spontaneous formation of coacer-
vate droplets, which facilitated creaming and phase separa-
tion of the alkanol from the bulk solution [16]. During the
process, the restricted access property of the alkanol-based
composite solvent that can be switched reversibly from a
miscible-in-water status to an immiscible status, achieves
the enrichment of pesticides while excluding high molecu-
lar mass components in solid matrices [17]. An additional
advantage of using the alkanol is its lower density compared
with water, low melting point close to room temperature
and minimization of toxicity when chosen as an alternative
of the hazardous solvents in conventional DLLME, such as
chlorobenzene, carbon tetrachloride, toluene and chloroform
[18, 19]. The floating droplet of the alkanol can be solidied
by immersing the sample tube in an ice bath and easily
removed for further analysis, which is defined as a solidifi-
cation of floating organic droplet process [20, 21]. The entire
operation provides a mixed-mode mechanism for extracting
the pesticides from the solid sample to the alkanol-based
composite solvent, then concentrating the pesticides in the
alkanol via its self-assembly and coacervation, and finally
collection of the floating phase by solidification.

The new method, namely in-tube ultrasound assisted dis-
persive solid-liquid microextraction (UA-DSLME) based on
self-assembly and solidification of an alkanol-based floating
organic droplet, was proposed for the first time to determine
eight pyrethroid insecticides in chrysanthemum by gas chro-
matography with electron capture detection (GC-ECD). The
entire process combines the extraction with a 1-decanol/ace-
tonitrile mixture under sonication, cleanup with primary sec-
ondary amine (PSA), phase separation and preconcentration
by self-assembly and solidification of 1-decanol in a tube
which did not require stepwise procedures. The effects of
experimental parameters, such as the type and volume of the
alkanol-based composite solvent, sonication time and salt
addition, were thoroughly assessed. Furthermore, special
attention was devoted to the comparison of the optimized
approach and conventional QuUEChERS-based, SPE, and
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solid-liquid dispersive microextraction methods. The good
performance demonstrated its future application potential for
pesticides analysis in solid complex matrices.

Materials and Methods
Reagents and Materials

Eight pyrethroid insecticides standards of bifenthrin (98%),
fenpropathrin (98.5%), lambda-cyhalothrin (97%), perme-
thrin (99%), cypermethrin (98%), flucythrinate (97.5%), fen-
valerate (98.5%), and deltamethrin (98.7%) were purchased
from Agro-Environmental Protection Institute, Ministry of
Agriculture (Tianjin, China). The chromatography-grade
solvents including 1-decanol, 1-undecanol, 1-dodecanol,
toluene, hexadecane, and 1-chlorooctadecane were pro-
vided by Aladdin biochemical Polytron Technologies Co.
Ltd (Shanghai, China). Acetonitrile, acetone and methanol
with analytical grade were from Tedia Co. (Fairfield, USA).
Distilled water was obtained using a Milli-Q water purifica-
tion system. Sodium chloride (NaCl) with analytical-reagent
grade was provided by J&K Chemical Co. Ltd (Shanghai,
China). PSA was obtained from Agela Technologies, China.

An RJ-TDL-40B low-speed desktop centrifuge was pur-
chased from Ruijiang Co. (Jiangsu, China). A KQ-5200
ultrasonic machine was supplied by Shumei Ultrasonic
Instrument Co. Ltd (Zhejiang, China). A pipettor in a range
of 0.1 mL was supplied by Meifeng Chemical Co. Ltd
(Sichuan, China).

The chrysanthemum samples provided by Institute of
plant protection in Anhui (China), were shelled into slices
prior to pretreatment.

Preparation of Standards

Individual 1000 mg/L stock solution was prepared by dis-
solving approximately 0.010 g of each pesticide in 10 mL
of acetonitrile. The mixed working solution of the eight
pyrethroids was obtained daily by appropriately diluting the
stock solution with acetonitrile to obtain a final concentra-
tion of 10 mg L™, All solutions were stored at —20 °C in
the dark.

In-Tube UA-DSLME Procedure

A homogenized sample (0.2 g, weighed to a precision of
0.01 g) was placed in a 15-mL screw cap polyethylene tube
containing 50 mg of PSA. A mixture containing 50 pL of
1-decanol and 2.5 mL of acetonitrile was added. The tube
was immersed immediately in an ultrasonic bath (40 kHz,
100 W) for 5 min at 25 + 2 °C. Then 10 mL of water with 2%
NaCl was rapidly added in the mixture. After centrifugation
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at 4000 rpm for 2 min, the tube was rapidly immersed into
an ice bath and the 1-decanol layer solified after 3 min. The
solidified droplets floating on the surface could be readily
removed to a 1.5-mL plastic tube by a small scoop, and then
melted quickly at room temperature. The final 1-decanol was
transferred into a 250 pL glass insert-pipe placed in a vial
prior to the GC—ECD analysis. The entire extraction proce-
dure is shown as a schematic in Fig. 1.

Instrumental and Analytical Conditions

Chromatographic analysis of the eight pyrethroids was per-
formed on a Shimadzu 2010 Plus GC system (Shimadzu,
Japan) equipped with an ECD detector, a Shimadzu AOC20i
autosampler and a 30 mx0.25 mm DB-5 fused-silica cap-
illary column (0.25 pm film thickness). The injector and
detector were held at 250 and 300 °C, respectively. The car-
rier gas was helium at a flow rate of 1.0 mL min~'. The oven
temperature was initially at 120 °C for 1 min, increased to
240 °C at a rate of 30 °C min~ ' and held for 2 min, and
finally increased at a rate of 5 °C min~! to 280 °C and kept
for 15 min. The sample injection volume was 2 uL and the
injection mode was splitless.

Method Validation

The linearity of the developed method was evaluated by ana-
lyzing the 8 pyrethroids in sample extract at concentrations
ranging from 2 to 500 ug kg~ !. The accuracy and precision
of the method were determined by calculating the recov-
ery and relative standard deviation (RSD), respectively, at
three levels (5, 50, and 200 ug kg™ !) in the blank samples
for each analyte. The limit of quantification (LOQ) were
estimated at the lowest concentration level for the signal-
to-noise (S/N) ratios of 10:1 in the GC-ECD analysis. The
extraction recovery (ER) is defined as the percentage of total
analyte amount moved to the microextraction solvent from

Fig.1 The schematic diagram
of the in-tube UA-DSLME
technique

A mixture of 1-decanol
and acetonitrile

Ultrasonication for 5 min

Chrysanthemum
mixed with PSA
acetonitrile

the acetonitrile extract and can be calculated according to
the following equation:

Chic X Vi
ER (%) = ——— x 100%
Cy XM,
where C,;. and C, are the analyte concentration in the

microextraction solvent and sample, respectively, V. is
the volume of the microextractant, and M, is the the amount
of sample.

Results and Discussion

This study focused first on optimization of the analytical
parameters that affect the performance of in-tube UA-
DSLME, including type and ratio of the alkanol-based com-
posite solvent (including the microextractant and dispersive
solvent), sonication time, volume of added water and con-
centration of NaCl. Each parameter was assessed on 0.2 g of
blank chrysanthemum samples spiked at 200 pg kg~ of each
of the eight pyrethroids and examed in four replicates. The
average of the results was calculated to evaluate the effect of
each factor. In the second part, the performance and merits
of the proposed method was compared with QUEChERS-
based, SPE, and vortex-assisted matrix solid-liquid disper-
sive microextraction (VA-MSLDME) methods published in
our previous works, and other reported methods.

Optimization of In-Tube UA-DSLME
Selection of the Alkanol-Based Composite Solvent

In this study, with introducing the concept of self-assembly
and solidified floating, an alkanol-based composite solvent
was used as the extraction solvent consisting of a micro-
extractant and dispersive solvent, which is required to ful-
fill the following characteristics: strong extraction ability,

Water with 2% NaCl
1-Decanol

Centrifugation
for 2 min

-
o

Ice bath for 3 min

= [l

Chrysanthemum, PSA, and
1-decanol were dispersed in
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Fig.2 Effects of different factors on the extraction recoveries of the
8 pyrethroid insecticides from the chrysanthemum samples spiked at
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miscibility between the microextractant and dispersive sol-
vent, immiscibility between the microextractant and water,
low melting point and density of the microextractant [22,
23]. For these considerations, three medium-chain alkanols
(1-undecanol, 1-dodecanol, 1-decanol), and two alkane sol-
vents (n-hexadecane, chlorooctadecane) selected for com-
parison, were tested as the microextractant, while three com-
monly used dispersive solvents, acetonitrile, acetone, and
methanol, were selected.

A series of mixtures containing 100 pL. microextractant
(1-undecanol, 1-dodecanol, 1-decanol, n-hexadecane, chlo-
rooctadecane) and 2 mL dispersive solvent (acetonitrile,
acetone, methanol), respectively, were examed for extracting
the target analytes from chrysanthemum by ultrasonication
for 15 min. When acetone or methanol mixture was added,
the final collected volume of the five microextractants was
much smaller with 50—60 pL. The great reduction of the
microextractant might be caused by an excessive emulsi-
fication obtained from mixing acetone or methanol with
the microextractant. The eight pyrethroids are considered
to be highly fat soluble (octanol-water partition coefficient
values from 4.5 to 6.6), and thus may be contained in the
emulsification phase, contributing to the recoveries less than
40%. This was consistent with our previous works [11]. In
contrast, the five microextractants were retrieved at 90-100
uL, and the extract solution was visible with a good phase
separation using acetonitrile mixtures as the extraction sol-
vent, which presented higher recoveries for all pyrethroids.
Hence, the acetonitrile mixtures were further investigated.

As shown in Fig. 2a, three medium-chain alkanols
(1-undecanol, 1-dodecanol, 1-decanol) attained better
results than the other two alkane solvents (n-hexadecane,
chlorooctadecane). The difference could be due to the
higher solubility of the alkanols in acetonitrile compared
with the two alkanes, thus showing a better dispersion and
extractability. Due to the stronger polarity than the other two
alkanols, the use of 1-decanol in the extraction mixture was
able to recover the majority of eight pyrethroids with high-
est recoveries (78—-101%). The results demonstrated that the
concept of self-assembly and coacervation properties for an
alkanol-based composite solvent is feasible for its applica-
tion in extraction. For reasons of environmental friendliness,
compared with 1-decanol to 1-undecanol or 1-dodecanol,
a combination of 1-decanol and acetonitrile was chosen as
extraction solvent.

Effect of the Volume of the Alkanol-Based Composite
Solvent

The volume and ratio of the microextractant and dispersive
solvents affect the dispersion degree and cloudy state of
the solvents, that determines the method performance [24].

Lower volumes generally constitute substantial enrichment
factors, whereas insufficient extractant volumes may lead
to lower recoveries. In this regard, different volumes of
1-decanol and acetonitrile in the ranges of 40-100 uL and
2-4 mL were investigated, respectively. First, 2, 2.5, 3, 3.5
or 4 mL of acetonitrile, containing 100 pL of 1-decanol,
was subjected and the mixture sample was sonicated for
15 min. The collected volumes of 1-decanol were measured
at 98, 95, 90, 80, and 70 uL, respectively, with the acetoni-
trile amount ranging from 2 to 4 mL. The results in Fig. 2b
indicated that the extraction recoveries increased slightly
when the acetonitrile volume increased from 2 to 2.5 mL,
whereas decreased within acetonitrile at 3—4 mL. In low
volumes of acetonitrile, the contact area between the extrac-
tion solvent and chrysanthemum sample was not sufficient
for pyrethroids extraction. However, the higher volumes of
acetonitrile resulted in the decreased volumes of 1-decanol,
indicating an unsufficient extraction of the analytes and dif-
ficulty to transfer to 1-decanol [25]. Consequently, 2.5 mL
of acetonitrile was chosen as the optimum volume.

Usually, the microextractant volume must be sufficient to
achieve satisfactory ERs for the target analytes, however, its
volume is expected small to obtain high concentrations and
enough for subsequent chromatographic analysis. For this
consideration, various volumes of 1-decanol (40, 50, 60, 70,
80, 90, and 100 pL) dissolved in 2.5 mL acetonitrile were
investigated under ultrasonication for 15 min. Negligible dif-
ferences of 1-decanol volume at 45-95 puL compared with
the added volumes of 50-100 puL were shown, whereas obvi-
ous reduction for the collected volume of 1-decanol droplets
with 25 pL was presented employing 40 pL of 1-decanol as
the microextractant. Therefore, low recoveries of 56-78%
were obtained from 40 pL of 1-decanol, and this volume was
not studied further. It could be seen in Fig. 2c that slightly
increased recoveries of all the pyrethroids were observed
when the volume of 1-decanol rose from 50 to 100 uL, How-
ever, there was a gradual reduction of the peak areas for the
eight pyrethroids when the 1-decanol increased from 50 to
100 pL, which may be caused by the dilution effect with a
larger volume [26]. For these reasons, 50 pL of 1-decanol
was used since good recoveries and peak areas were both
obtained, and subsequently mixed with 2.5 mL of acetoni-
trile in the following studies.

Effect of Ultrasonication Time

The extraction time is another important parameter, since
a relatively long extraction time could led to the equilib-
rium between the analytes and the extractant phase. How-
ever, spending too much time on the extraction process
may reduce the overall time efficiency of the procedure
[27]. Compared with hand shaking or vortexing, ultrasound
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assisted shaking shortened extraction time and saved labour
force. Ultrasonic energy provided microenvironments with
high pressure and high temperature, accelerating the dis-
persion and mass transfer of target analytes to the organic
phases [28]. To find a suitable ultrasonication time for effec-
tive extraction, 2.5 mL of acetonitrile containing 50 pL of
1-decanol was mixed with the chrysanthemum sample by
ultrasonication at different times of 5, 10 15, 20, 25 min,
respectively. Similar volumes of 45 pL could be recovered
after different ultrasonication treatments. The ERs in Fig. 2d
revealed that ultrasonic extraction at the range of 5-25 min
produced similar efficiency, indicating the complete trans-
fer of the pyrethroids to the extraction solvent phase after
5 min. In this case, the ultrasonication time was set at 5 min
for extraction.

Effect of Salt Addition

Salt addition could strongly affect the solubility of extrac-
tion solvent and analytes in the water phase as a result of
the salting-out effect [29]. A series of NaCl concentrations
(0-20% w/v at the interval of 4%) were tested to estimate the
effect of salt on the extraction. The experiments were carried

out by adding 10 mL salt water containing different amounts
of NaCl, respectively, for phase separation in the extrac-
tion solvent (50 uL of 1-decanol and 2.5 mL of acetonitrile)
and sample after ultrasonication for 5 min. When the NaCl
concentration was higher than 4%, the acetonitrile solution
was isolated from the aqueous solution, leading to acetoni-
trile mixing with 1-decanol, and thus 1-decanol could not
be separated or retrieved from the aqueous phase. A range
of 0, 1, 2, 3, and 4% NaCl in water was further examined
to achieve effective analytes transfer and 1-decanol phase
separation. The volume of 1-decanol was collected at 45 uL.
under the treatments with 0-4% NaCl aqueous solution. As
illustrated in Fig. 2e, the recoveries kept generally constant
with the NaCl concentration at 0, 1, or 2%, then decreased
obviously when the NaCl concentration increased. This was
assumed to be attributed by higher aqueous phase viscosity
causing lower diffusion of the analytes [30]. The presence
of NaCl in water resulted in a more convenient collection
of the solidified droplets on the top. Therefore, water with
2% NaCl was added to ensure the extraction and separation
performance.

Table 1 The performance of the

in-tube UA-DSL.ME method in Pyrethroids LOQ (ug kg™ D} P Spi_kled level* (ug ER (%) RSD (%)
spiked chrysanthemum samples ke

Bifenthrin 0.15 0.9987 5 84 5
50 82 4

200 93 5

Fenpropathrin 0.15 0.9991 5 88 4
50 95 5

200 94 6

Lambda-cyhalothrin 0.15 0.9993 5 96 7
50 91 7

200 86 5

Permethrin 0.6 0.9985 5 100 5
50 83 4

200 81 6

Cypermethrin 0.6 0.9976 5 93 5
50 104 8

200 86 4

Flucythrinate 0.6 0.9982 5 75 5
50 88 6

200 90 6

Fenvalerate 1.5 0.9972 5 79 6
50 80 7

200 89 6

Deltamethrin 1.5 0.9986 5 87 4
50 84 6

200 92 4

#Each spiked level was tested at six replications (n=6)
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Table 2 Comparison of in-tube UA-DSLME with other reported methods

Method Analyte Sample Volume of  Extraction LOQ (ug kg™ D} Recovery (%) RSD (%) Refs.
organics time (min)
(mL)
MSPD*-GC-ECD 4 fungicides  Ginseng extract  30.5 60 0.3-1.3 84-97 <10 [32]
SFE-GC-ECD 10 OCPsf Ginseng 5 240 - 100 - [33]
Sulfonation-GC-ECD 18 OCPs 30 CHMs 76 80 10 78-114 <15 [3]
VA-MSLDME-GC-ECD 8 fungicides =~ Honeysuckle 1.07 8 0.2-60 84-97 <8 [18]
ASE‘-SPE-GC 42 OCPs Flos 90 30 6-21 70-116 <14 [34]
8 pyrethroids ~ Chrysanthemi
GPCY-SPE-GC-ECD 34 OCPs Chrysanthe-mum 90 60 1.5-300 71-103 <16 [2]
12 pyrethroids
SPE-GC-ECD 2 fungicides  Chrysanthe-mum 50 60 4-10 79-99 <8 [4]
QuEChERS-UPLC Fipronil Chrysanthe-mum 10 20 2 86-112 <15 [5]
3 metabolites
ME-VADLLME®-GC- 9 fungicides  Chrysanthe-mum 5.05 20 0.02-0.2 74-95 <10 [1]
ECD
In-tube UA-DSLME- 8 pyrethroids ~ Chrysanthe-mum 2.55 10 0.15-1.5 75-104 <8 This study
GC-ECD

*Matrix solid phase dispersion
®Supercritical fluid extraction
¢ Accelerated solvent extraction

4Gel permeation chromatography

“Matrix extraction-vortex-assisted dispersive liquid-liquid microextraction

fOrganochlorine pesticides

Performance of In-Tube UA-DSLME
Linearity and LOQ

Linearity was examined for the eight pyrethroids using a
single curve with six calibration points. The matrix-matched
calibration curve was made by extracting chrysanthemum
samples spiked at six concentrations ranging from 2 to
500 ug kg~ !, and the signal intensities used for each data
point were averaged from three repeated injections. A good
linearity for the eight pyrethroids with correlation coeffi-
cients (7%) of 0.9972-0.9993 was obtained. The LOQs were
set at values of ten times the background noise obtained
for blank chrysanthemum samples were in the ranges of
0.15-1.5 ug kg~ !, as shown in Table 1.

Recovery Studies

Accuracy of the proposed methodology was evaluated in
terms of ERs. Recovery assays were performed with the
blank chrysanthemum samples spiked at three concentration
levels of 5, 50, and 200 pg kg~ for all of the pyrethroids.
Each level was carried out at six replications as described
in the section “Method Validation”. As listed in Table 1,
the ER values based on matrix-matched calibration were

between 75% and 104% with RSDs of 4-8%, which was
calculated using the equations mentioned in section “Method
Validation”.

Comparison of the Proposed Method with Other
Analytical Techniques

The practical performance of this in-tube UA-DSLME for
chrysanthemum samples was further evaluated by com-
paring with conventional QUEChERS-based, SPE, VA-
MSLDME, and other reported techniques for herbal medi-
cines. The comparison study was carried out in terms of
LOQs, organic solvent volume, and analysis time, as sum-
marized in Table 2. As a microscale approach, in-tube
UA-DSLME has fulfilled environmental considerations by
only using a total organic solvent amount of 2.55 mL per
sample, whereas 10-90 mL of organic solvent was typically
required by most of other methods. Furthermore, 1-decanol
was adopted as an alternative of commonly used hazardous
solvents, such as toluene, and thus this method met the prin-
ciple of green analytical chemistry and grenerally reduced
environment pollution. Without the stepwise procedures or
long-time extraction taking more than 20 min, such as sol-
vent elution and evaporation as with SPE, supercritical fluid
extraction, accelerated solvent extraction, or gel permeation
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Fig.3 The GC chromatograms of 50 ug kg~! spiked chrysanthe-
mum samples using a in-tube UA-DSLME (the proposed method),
b VA-MSLDME, c¢ SPE, and d QuEChERS. Peaks (retention time):
(1) bifenthrin (13.6 min), (2) fenpropathrin (14.7 min), (3) lambda-

chromatography, this proposed method greatly accelerates
the analysis by simultaneous extraction/transfer/proconcen-
tration within 10 min. The simplicity allows high sample
throughput in routine monitoring.

Generally, good accuracy and precision were obtained
from these techniques, however, in term of enrichment, the
LOQs of the proposed method were much lower or com-
parable with most mentioned methods, implying it could
achieve higher sensitivity. This was also demonstrated by the
results obtained from SPE, QuUEChERS, and VA-MSLDME,
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cyhalothrin (16.7 min), (4) permethrin (17.4 min), (5) cyper-
methrin (21.7 min), (6) flucythrinate(22.2 min), (7) fenvalerate
(22.9+424.2 min), and (8) deltamethrin (26.7 min)

which were carried out at the same spiked concentration
of 50 ug kg™, respectively, following the steps developed
in our previous works [1, 31]. As observed in Fig. 3, UA-
DSLME showed the highest signal responses for all of the
pyrethroids, whereas lower responses were obtained from
SPE or QuUEChERS, especially for permethrin, cyperme-
thrin, flucythrinate, fenvalerate, and deltamethrin (identi-
fied as No. 4-8 peaks) with no obvious peaks in the chro-
matograms. The peak areas obtained from UA-DSLME
exhibited up to 1.5 times more than VA-MSLDME, 25
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times more than SPE, and 52 times more than QuUEChERS,
respectively. Based on the comparison, the proposed method
is recommended as a sensitive, rapid, easy, and environmen-
tally friendly approach to perform the analysis of pyrethroid
pesticides in chrysanthemum.

Conclusions

A new method, in-tube UA-DSLME based on the proper-
ties of self-assembly and solidification of a medium-chain
alkanol-based composite solvent was developed for ana-
lyzing eight pyrethroid insecticides in chrysanthemum by
GC-ECD. The composite solvent consisting of 1-decanol
and acetonitrile was introduced for pyrethroids extraction
from chrysanthemum under ultrasound assistance, followed
by adding salt water to convert the acetonitrile-miscible
1-decanol into an immiscible form. Then, the 1-decanol
droplets flocculated and floated on the surface due to its
lower density than water, and could be collected easily by
exposing in an ice bath. This approach represents a new con-
tribution to simultaneous extraction, separation, and precon-
centration in one tube, thus avoiding stepwise pretreatment
for solid samples. In comparison with other reported meth-
ods for solid complex sample, the proposed approach exhib-
ited significant merits, such as lower cost of organic solvent,
shorter consumption of analysis time, higher sensitivity, and
being more eco-friendly. In addition, the good accuracy and
precision demonstrated its strong potential of application in
pyrethroid insecticides analysis from solid complex matrix.
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