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Abstract

A fast, simple, and cost-effective miniaturized solid-phase extraction method using calixarenes as adsorbent was developed for
the micro-extraction of cyanazine, simazine, atrazine, and propazine from complex samples. The ultrahigh-performance liquid
chromatography coupled with quadrupole time-of-flight tandem mass spectrometry was employed for the structural identifica-
tion of target compounds. The parameters affecting the performance of extraction, such as the type of sorbents, the amount of the
sorbent, desorption solvents, breakthrough volume, and adsorption capacity, were optimized. Under optimal conditions, the
linear range was 6-600 ng mL™" with the coefficients of determination from 0.9943 to 0.9998. The limits of detection and
quantification for the four triazines were 0.01-0.04 and 0.04-0.15 ng mL ™", respectively. The proposed method was successfully
used to determine triazine herbicides in the honey and milk samples.

Keywords Calixarenes - Miniaturized solid-phase extraction - Quadrupole time-of-flight tandem mass spectrometry -
Ultrahigh-performance liquid chromatography - Triazine herbicides - Honey and milk samples

Introduction

Calixarenes are a class of cavitands consisting of
hydroxyalkylation products of phenol and aldehyde. In partic-
ular, calixarenes have specific cavities and molecular skeleton
that can hold smaller molecules or ions through multiple non-
covalent interactions. In recent years, calixarenes have trig-
gered substantial interest in various disciplines due to their
fascinating cavities, unique physical and chemical properties
(Zhang et al. 2016). Owing to conformational flexibility, sta-
bility, and facile functionalization of calixarenes, they were
used in a wide range of applications such as synthesis and
catalyst (Wang et al. 2017b), drug design (Hussain et al.
2017), sensing (Prata and Barata 2016), chromatography
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(Hu et al. 2016), and extraction (Li et al. 2016b). However,
the use of single calixarene for complex samples has seldom
been reported to date.

It is well known that preparing a sample for analysis is
labor intensive and time-consuming due to complex sample
matrices and insufficient sensitivity of some analytes, so an
appropriate sample pretreatment is always required before the
determination step. Some analytical procedures for pretreat-
ment techniques have been developed which included cloud
point extraction (CPE) (Giebultowicz et al. 2015), liquid-
liquid extraction, matrix solid-phase dispersion (MSPD)
(Cao et al. 2016; Albero et al. 2017), solvent extraction (Cao
et al. 2014), dispersive micro-solid-phase extraction (D-pt-
SPE) (Xu et al. 2015), liquid phase micro-extraction
(LPME) (Nazari et al. 2017), miniaturized solid-phase extrac-
tion (mini-SPE) (Plotka-Wasylka et al. 2015; Cao et al. 2015),
homogeneous liquid-liquid extraction (HLLE) (Farajzadeh
et al. 2016; Pochivalov et al. 2017), magnetic dispersive
solid-phase extraction (MDSPE) (Zhang et al. 2017;
Farajzadeh and Mohebbi 2018; Chen et al. 2014), and so on.
Among these methods, mini-SPE is one of the most widely
used sample pretreatment techniques due to its simplicity,
high enrichment factor, fast extraction, low consumption of
organic solvents, low column pressure, and high selectivity.
It is noteworthy that the choice of the sorbent is crucial
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because it can determine the selectivity of the extraction
method and influence the enrichment efficiency and ad-
sorption capacity of target analytes. In the last few years,
several sorbents for mini-SPE have been reported, includ-
ing cyclodextrin (Peng et al. 2017), nanofibers (Tavengwa
et al. 2016), molecular sieve (Cao et al. 2015), Oasis HLB
(Li et al. 2016a), and chitosan-modified graphitized
multiwalled carbon nanotubes (Xu et al. 2016). However,
no previous application of calixarenes in mini-SPE has been
studied thus far.

Triazines are one of the most widely used herbicides for the
control of grasses and broadleaf weeds in agriculture activities
around the world because they inhibit photosynthetic reac-
tions of many weeds. However, the presence of triazines res-
idues had the potential to threaten human health, such as birth
defects, cancers, and interruption of hormone functions, due to
their toxicity and high distribution in the environment.
Consequently, the monitoring of trace triazine herbicides res-
idues in different types of matrices is crucial and essential.
There are many chromatographic techniques that have been
used to determine triazine herbicides in different complex real
samples, such as pulse glow discharge-ion mobility spectrom-
etry (Zou et al. 2016), high-performance liquid chromatogra-
phy (HPLC) (Wang et al. 2017a; Rodriguez-Gonzalez et al.
2017), and high-performance liquid chromatography-tandem
mass spectrometry (HPLC-MS/MS) (Zhou et al. 2016). In the
technologies mentioned above, the main extraction methods
of triazine pesticides were stir bar sorptive extraction (Zou
et al. 2016), ionic liquid micro-extraction (Wang et al.
2017a), MSPD (Rodriguez-Gonzalez et al. 2017), and solid-
phase extraction (SPE) (Zhou et al. 2016). However, these
extraction procedures more or less exhibit some drawbacks,
such as poor extraction efficiencies, complicated preparation
processes, time-consuming extraction, and low sensitivity.
Therefore, it is imperative to establish a simple, effective,
economical, and miniaturized sample preparation technique
for the extraction of triazine residues.

The aim of this study was to develop a simple, fast, specif-
ic, and sensitive analytical method for the simultaneous quan-
titation of cyanazine, simazine, atrazine, and propazine from
complex samples. The calixarenes were successfully applied
as mini-SPE adsorbent to extract and clean up the chemicals
residues, followed by the ultrahigh-performance liquid chro-
matography coupled with quadrupole time-of-flight tandem
mass spectrometry (UHPLC-Q-TOF/MS) analysis. As far as
we know, studies using mini-SPE-UHPLC-Q-TOF/MS have
not been done to determine the target herbicides. Some key
factors affecting the extraction efficiency such as the type of
sorbents, the amount of the sorbent, desorption solvents,
breakthrough volume, and adsorption capacity were studied
in detail. Finally, the developed method was successfully ap-
plied to the microextraction of triazine herbicides in honey
and milk samples.
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Materials and Methods
Reagents and Materials

4-tert-Butylcalix[4]arene (tBC), calix[6]arene, calix[8]arene, and
0O(1),0(3)-Bis(ethoxycarbonylmethyl)-p-tert-butylcalix[4 ]arene
were purchased from Alfa Aesar Chemical Co., Ltd. (Shanghai,
China). Cyanazine, simazine, atrazine, and propazine were sup-
plied by Sigma-Aldrich (Shanghai) Trading Co., Ltd. (Shanghai,
China). Methanol, formic acid, ethanol, and acetonitrile (ACN) of
chromatographic grade were obtained from Sinopharm Chemical
Reagent Co., Ltd. (Shanghai, China). Ethyl acetate, acetone, and
chloroform were purchased from Aladdin Chemical Reagent Co.,
Ltd. (Shanghai, China). All reagents were used as received with-
out further purification in the study. Pure water with a resistivity of
18.2 M2 cm at 25 °C was prepared by using a Milli-Q® integral
water purification system (Millipore Co., USA).

The honey and milk samples were purchased from a local
supermarket (Hangzhou, China).

UHPLC-Q-TOF/MS System

A 1290 UHPLC Agilent Infinity system and a quadrupole com-
bined with a time-of-flight mass spectrometer (Santa Clara, CA,
USA) were coupled through an electrospray (ESI) interface. The
UHPLC instrument consisted of an online vacuum degasser, an
autosampler, a binary solvent pump, and a thermostated column
compartment. An Agilent Eclipse Plus C18 column (2.1 mm X

50 mm, 1.8 um Agilent Technologies Inc., USA) was employed
for UHPLC analysis, and this was protected by an in-line Agilent
filter with 4.6-mm-diameter frits and 0.2-pm pore size.

The mobile phase consisted of water with 0.1% formic acid
(A) and methanol (B) using a gradient program of 20-40% B for
0—1 min, 40-60% B for 1-5 min, 60-70% B for 5-7 min, and
70-100% B for 7-8 min. The flow rate of mobile phase, injection
volume, and column temperature were set at 0.4 mL min ', 2 uL,
and 30 °C, respectively. The ESI-Q-TOF/MS detection condi-
tions in positive ionization mode were as follows: capillary volt-
age, 3500 V; drying gas (N,) flow, 12 L min""; drying gas (N2)
temperature, 350 °C; nebulizer pressure, 45 psig; fragmentor,
165 V; and skimmer, 65 V, which gave the highest response
for the analytes. Data acquisition and processing were performed
in the extended dynamic range 2 GHz over the m/z 100-1000
range using MassHunter Workstation Quantitative and
Qualitative Analysis software (version B 05.00, Agilent,
Waldbronn, Germany).

Sample Treatment

One gram of the honey or milk sample was diluted with 10 mL
of ultrapure water. The resulting solutions were centrifuged at
15,000 rpm for 4 min and loaded onto a cartridge to perform
the mini-SPE extraction and clean-up.
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Column Preparation and Mini-SPE Procedure

The mini-SPE method was carried out as follows. Firstly, the
sorbents (tBC, calix[6]arene, calix[8]arene, and O(1),0(3)-
Bis(ethoxycarbonylmethyl)-p-tert-butylcalix[4]arene) were
accurately weighed (15, 20, 25, 30, 35 mg) and placed into
an empty 1-mL cartridge containing lower and upper sieve
plates. Then, the sample solution (10 mL) was passed through
the mini-SPE column, which had been preconditioned with
1 mL of methanol and 1 mL of water. During this process,
the flow rate was controlled by an aspirator pump and main-
tained at the rate of 1 mL min'. Subsequently, matrix inter-
ferences were removed by washing with 1 mL water, and the
target analytes were eluted with different volumes (100, 200,
300, 400, and 500 pL) of desorption solvent (methanol, etha-
nol, acetonitrile, ethyl acetate, acetone, and chloroform).
Finally, the eluents were collected in a 1.5-mL Eppendorf tube
and centrifuged at 15000 rpm for 4 min before UHPLC-Q-
TOF/MS analysis (Fig. 1).

Calculation of Enrichment Factor and Extraction
Recovery

Two important parameters including enrichment factor (EF)
and extraction recovery (ER) have been employed for

evaluating the proposed method. The EF and ER were calcu-
lated for analytes based on the following equations:

_ Cop

EF =
Co
~ CopVop

ER = ——-—100
covo

where C,, is the analyte concentration in the desorption sol-
vent, Cy is the initial concentration of analyte in the aqueous
solution, and V,,, and V,, represent the volume of organic phase
and the aqueous solution, respectively.

Results and Discussion

Structural Characterization and Identification
of Triazine Herbicides

In order to achieve the structural information and confirm the
presence of triazine herbicides in the sample, fragment ions
mass spectra were obtained by UHPLC/Q-TOF-MS, which
was performed in positive mode. Data acquisition recorded
the fragmentation patterns between the precursor ion and the
most fragment ions for target analytes. As presented in Fig. 2a,

- TR x10 °
,?\ UHPLC-Q- ,os 0l
’ = | TOFMS 0 )
— E——) N S
" 234567
. & i/ ounts vs.
H3C CH3
HN><CN HN/\CH3 g
Dilution Desorption "l Ny . )\N :._.
| &
Cl)\N)\H/\CHs (;I)\N)\N/\c'_|3 -
H
— 1 cyanazine 2 simazine
C—— CH;
—) ’
—— Nl)\N )Ci N)\N CH;
TT |
11 M e, C.AN/*H*Q“
3 atrazine 4 propazine

Fig. 1 The flow diagram of mini-SPE
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the abundant ions of cyanazine generated were m/z 214.0843,
174.0530, and 104.0008. In this run, cyanazine fractured with
aneutral loss 0f 27, 40, and 70 Da. These may correspond to a
fracture of a HCN, CsHy, and C3HgN, group, respectively.
The precursor ion of simazine was m/z 202.0849 in full scan
spectrum to collision energy where 30 eV was applied
(Fig. 2b). It can be found that the minor product has mass of
174.0534 Da (loss of C,Hy), and the two abundant products
formed were m/z 132.0319 (loss of C,H,4, CoHsN) and m/z
104.0011 (loss of C;Hy4, Co;HsN, CH,N,). The mass spectrom-
etry of atrazine (Fig. 2¢) corresponded to the following ion: m/
z 104.0015 and m/z 174.0525, which were the same com-
pound structure as above. Furthermore, the fragmentation ap-
peared to involve cleavage of C,H, unit leading to the mass
146.0237 Da. By further collisional dissociation of propazine
(Fig. 2d), the ion at m/z 188.0687 was observed. Moreover,
propazine was undergoing same transformation fragmentation
as atrazine, m/z 146.0221 and m/z 104.0012.

Effect of the Type of Sorbents

The type of adsorbent is an important factor that affected
the extraction efficiency of micro-SPE. As is known to

all, calixarenes have a favorable adjustable cavity for in-
clusion of target analytes. The cavity size of calixarenes is
one of the primary parameters for the adsorption of tri-
azine herbicides. To enhance the extraction efficiency, the
micropore diameter of ideal adsorbent should be slightly
larger than the kinetic diameter of the triazine herbicides.
In our work, four kinds of calixarenes, including
tBC, calix[6]arene, calix[8]arene, and O(1),0(3)-
Bis(ethoxycarbonylmethyl)-p-tert-butylcalix[4]arene,
were tested. As the results showed in Fig. 3a, tBC per-
forms the highest extraction ability for the triazine herbi-
cides compared to the other adsorbents. tBC exhibited the
highest peak abundances in the series of calixarenes be-
cause the cavity diameter of the tBC was just suitable for
the triazine herbicides. Adsorption abilities of
calix[6]arene and calix[8]arene were poor among these
adsorbents tested because they were difficult to fit the
triazine herbicides in the bigger cavity. Low peak
abundances were exhibited for O(1),0(3)-
Bis(ethoxycarbonylmethyl)-p-tert-butylcalix[4]arene
which was applied as adsorbents. This may be due to
dissolution and interaction of the adsorbent and elution
solvent that led to poor extraction efficiency. Therefore,
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tBC was chosen and employed for the further
experiments.

Effect of the Amount of the Sorbent

The amount of the adsorbent is one of the key factors in any
extraction process. To achieve an optimal amount of tBC for
enrichment of triazine herbicides, the effect of adsorbent
amount on the extract ability was assessed at five different
levels (15, 20, 25, 30, and 35 mg). The result, which is showed
in Fig. 3b, presents the peak abundances for the target analytes
increased drastically when the amount of tBC was increased
from 15 to 25 mg. This may be due to the number of active
sites and high surface areas of tBC that increased the extrac-
tion efficiency rapidly. However, when further increasing the
amount of tBC (25 mg) was applied to the extraction proce-
dure, a slight diminution was observed to peak areas for all
target analytes. The reason may be that strong adsorption leads
to the difficulty which incurred during the desorption process.
With higher the amount of tBC, the peak abundances did not
present a marked enhancement and even decreased.
Therefore, for the investigated amount ranges, 25 mg of tBC

was selected as the optimum value to achieved effective
extraction.

Effect of the Desorption Solvents

The organic solvents applied to elute the target analytes ob-
servably affected the degree of desorption of compounds from
the adsorbent. According to the principle of like dissolves like,
polar solvents are useful for dissolution of polar analytes.
Based on this principle, six kinds of desorption solvents with
different polarity were evaluated, including methanol, ethanol,
acetonitrile, ethyl acetate, acetone, and chloroform. Since the
studied triazine herbicides are relatively polar compounds,
polar solvents should give better elution ability than nonpolar
solvents. It was evident that methanol has higher polar char-
acteristic than other organic solvents (Fig. 3¢). On the other
side, being relatively nonpolar, ethyl acetate, acetone, and
chloroform revealed less desorption efficiency of target
analytes. For all the compounds, desorption power of the elu-
tion solvents did not only lay on their polarity. Other param-
eters, such as the dissolution of the adsorbent by the elution
solvent, may have an important influence on the elution pro-
cedure. For ethanol, ethyl acetate, acetone, and chloroform,
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dissolution and interaction of the adsorbent and elution sol-
vent decreased extraction efficiency of target analytes. As a
result, methanol was chosen as elution solvent for following
experiments to make sure the entire elution of target analytes.

Effect of the Volume of Desorption Solvents

The volume of desorption solvent was another significant pa-
rameter that closely correlated with the extraction efficiency.
The desorption solvent volume affected the sensitivity of the
method, as it decided the maximum EF that could be achieved
for the target analytes. To obtain quantitative and efficient
elution of target analytes, the volumes of desorption solvent
were evaluated ranging from 100 to 500 uL. Lower volumes
were not considered, as they were difficult to process.
According to the experiments (presented in Fig. 3d), it is
found that 200 pL is sufficient to obtain satisfactory extraction
efficiency and acceptable EF. As it was expected, the extrac-
tion efficiency increased with the volume of desorption sol-
vent up to 200 uL, while a slight diminution was observed
when 300 puL was used. This reason could be ascribed to the
fact that the force between target analytes and sorbent was
strong and analytes needed more desorption solvent for com-
plete elution. However, when the volume of desorption sol-
vent more than 200 uL, EF decreased due to the dilution
effect. Hence, 200 pL of methanol was chosen as optimal in
the following experiments.

Breakthrough Volume

The breakthrough volume (V) is one of the factors character-
izing the micro-SPE adsorbent, which can be calculated by the
breakthrough curve. Generally, the breakthrough curve gener-
ated by the relationship between the concentration of the com-
pound in the effluent and the corresponding aliquot volume of
the sample passed through the adsorbent. Under optimal con-
ditions, the breakthrough curve has a logarithmic shape and
the relative equation is expressed as follows:

oy = V-V (1)

where Vi stands for the retention volume, which can be de-
fined vividly from the figure; it is in accord with half of the
max concentration of the analyte in the effluent. o is the
standard deviations of the logarithmic curve definite diagram-
matically from the breakthrough curve. Because of its asym-
metry, these are given properly as value is in correspondence
to 0.159 of the average value of maximum analyte concentra-
tion in the effluent. The breakthrough volume can be deter-
mined as:

VB = VR*2O'V (2)

where Vg expressed the capacity of adsorbent that
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Fig. 4 Effect of the amount of breakthrough volume on the extraction
efficiency of triazine herbicides

corresponds (on the breakthrough curve) to 1% of maximum
analyte concentration in the effluent.

In our work, the breakthrough volume of micro-SPE col-
umn was presented by percolating multifarious volumes of
samples (1, 2.5, 5, 10, 15, 20, 25, and 30 mL). The results
indicated (Fig. 4) that the breakthrough volumes obtained
were 1.69, 1.73, 2.22, and 0.52 mL for cyanazine, simazine,
atrazine, and propazine, respectively.

Adsorption Capacity

In order to determine and evaluate the maximum adsorption
capacity of tBC for triazine herbicides, the experiments were
performed in a range of sample solution with different initial
concentration (0.5-9 mg/L). The equilibrium adsorption ca-
pacity (qe, mg/g) of tBC was calculated by the change of
concentrations before and after adsorption, and its value can
be obtained according to the following equation:

ge = (Co=Ce)V/m (3)

where ¢, (mg/g) is the amount of herbicides adsorbed per unit
weight of adsorbent at equilibrium, Cy (mg/L) and C, (mg/L)
are the initial and equilibrium concentrations of triazine her-
bicides in solution, V is the volume of experimental solution
(L), and m (g) is the mass of tBC.

To estimate the apparent maximum binding amount of the
tBC, the data was further manipulated with the Langmuir iso-
therm model:

Ce/qe = Ce(1/4m) + (1/4uK) (4)

In above equations, ¢, is the maximum sorption capacity
and K is constant coefficient. The coordinates used in the
transformations (C/q. versus C,) provide graphically demon-
strating the binding characteristics of the equilibrium sorption
data in an intelligible manner. The values of ¢, can be
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Table 1  Linear regression data, precision, limits of detection (LODs) and limits of quantification (LOQs), EF, and ER of the investigated compounds
Analyte Calibration curve Precision (RSD%) LOD LOQ EF ER

Calibration levels (n=15) Intra-day n=6 Inter-day n=6

” Slopes Intercepts  Linear ranges Retention Peak Retention Peak ngmL ' ngmL’

ngmL™ time area  time area

Cyanazine 0.9998 9,471,520.97 —1065.9 6-240 1.38 225 2.67 3.63  0.01 0.04 48.88 97.76
Simazine  0.9947 8,579,732.45  79,712.35 30-600 1.27 294 288 3.64  0.04 0.15 18.53 37.06
Atrazine  0.9943 14,261,114.92 90,707.67 10-400 1.53 2.55  2.66 456 0.02 0.07 25.07 50.14
Propazine 0.9946 16,221,008.07 98,632.13 8-400 0.9 251 2.68 48  0.03 0.10 25.77 51.54

acquired easily from slope of the depicted plots of C./q. versus
C.. In our study, the maximum sorption capacity values ob-
tained for cyanazine, simazine, atrazine, and propazine were
0.21, 0.27, 0.32, and 0.55 mg/g, respectively.

Validation of Mini-SPE Method

The mini-SPE method was evaluated with respect to line-
arity, precision, limits of detection (LODs), limits of quan-
tification (LOQs), repeatability, EF, and ER under the op-
timized conditions. The linearity of the method was carried
out using a series of standard solutions at concentrations
from 6 to 240 ng mL™' for cyanazine, from 30 to
600 ng mL ™' for simazine, from 10 to 400 ng mL™"' for
atrazine, and from 8 to 400 ng mL ™' for propazine.
Calibration curves were constructed by least-squares linear
regression analysis of the peak areas versus the concentra-
tion of the analytes, and good linearities of mini-SPE meth-
od were observed with correlation coefficient (r) >0.9943
as shown in Table 1. Precision of the mini-SPE method
was determined by study of the intra-day and inter-day
repeatability from the analysis of model sample at a spiked
concentration of 50 ng mL™". Intra-day repeatability was
measured on a single day using six replicates of the spiked

Table 2 Average recovery and reproducibility of samples
Analyte  Added (ug/mL) Recovery % Repeatability
(sample extraction)
(RSD%) n=3
Honey Milk Retention time Peak area
Cyanazine 0.02 903 93.6 132 3.98
0.1 89.5 951
Simazine  0.02 912 886 121 4.59
0.1 879 857
Atrazine  0.02 952  90.1 1.05 5.32
0.1 89.7 933
Propazine 0.02 942 899 1.24 5.16
0.1 86.7 913

matrices, whereas inter-day repeatability was calculated
during three consequent days using two replicates of each
matrices at the same day, evaluated as relative standard
deviation (RSD). The retention times and analyte situation
were changed slightly in the evaluation of inter-day and
intra-day precisions; it may be due to a change in the target
analytes’ micro-environment. This could be HPLC column
temperature fluctuations, evaporation of sample solution,
column pollution, and so on, which resulted in the system
was not well equilibrated. However, the intra-day repeat-
ability of the four targeted compounds ranged from 0.90 to
2.94% and for the inter-day repeatability was lower than
5.0% for all analytes (Table 1), which demonstrated that
the proposed method is capable of achieving high repro-
ducibility with good precisions. The LODs and LOQs were
determined based on the signal-to-noise ratios of 3 and 10.
As shown in Table 1, the LOD and LOQ values for the four
targeted analytes were in range of 0.01-0.04 and 0.04—
0.15 ng mL™", respectively. Under optimal conditions, EF
ranged from 18.53 to 48.88 and ER varied between 37.06
and 97.76%, respectively.

Analysis of Real Samples

To evaluate the reproducibility of the method, three
calixarene-based mini-SPE columns were prepared under the
instrumental conditions reported in Section 2. As shown in
Table 2, the relative standard deviation values for the retention
times and peak areas were less than 1.32% (n=3) and 5.32%
(n=3), respectively. The accuracy (in terms of recovery) was
assessed by analyzing three replicates of spiked samples at
two spiked levels and then extracted and analyzed by the
proposed method. The results demonstrated that the recovery
of tested analytes was 86.7-95.2% in honey with RSD of <
4.5% and 85.7-95.1% in milk with RSD of <5.5%, as shown
in Table 2. The feasibility of the mini-SPE-UHPLC-Q-TOF/
MS method was evaluated by extracting triazine herbicides
from river water and soil samples. It was found that no triazine
residues were detected in any of the analyzed samples.
Figure 5 shows the extracted ion chromatograms (EICs) of
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Fig. 5 Extracted ion chromatograms of honey and milk. (EICs) of
Analytes: (1) cyanazine, (2) simazine, (3) atrazine, (4) propazine

spiked honey and milk samples after treated by the mini-SPE
procedure. All the above results indicated that the proposed
method was reliable to screen triazine herbicides in complex
matrix.

Comparison with Other Methods

The analytical performance of mini-SPE combined with
UHPLC-Q-TOF/MS was compared with other reported
methods for extraction and determination of triazine herbi-
cides. The extraction method, amount of sorbent, extraction
time, extraction solvent, instrumental technique, and LODs
are listed in Table 3. As can be observed, the analytical char-
acteristics of the developed method were comparable or in
some cases has distinct advantages over other reported stud-
ies. First of all, the amount of sorbent in this method was much
lower than others, except for dispersive solid-phase extraction
(DSPE) (Wu et al. 2015). Twenty-five milligrams of tBC can
effectively extract target analytes. However, other sorbents
used in other extraction procedures were more than 100 mg.
Secondly, the extraction time needed for the mini-SPE process
was only 11 min, which was lower than molecularly imprinted
solid-phase extraction (MISPE, 38 min) reported by Mao et al.
(2013). Thirdly, as for solvent consuming, only 200 uL of
methanol was employed for desorption in this work. In addi-
tion, mini-SPE gave comparable LODs and allows the analy-
sis of triazine herbicides at trace levels in comparison with
DSPE, MISPE, and Quick, Easy, Cheap, Effective, Rugged,
and Safe extraction (QUEChERS) (De Oliveira Silva et al.
2014). Thus, considering the low consumption of sorbent

Table 3  Comparison of the proposed method with previous published procedures for triazine herbicides in different samples

Analyte Extraction Amount of sorbent (g) Extraction Extraction solvent Instrumental LODs References

method time (min) technique

Triazine and DSPE 3 mL of graphene 12 Acetonitrile GC-MS 0.03-0.4 ngmL™' Wu etal.
neonicoti- (3 mg mLﬁl) (8 mL) (2015)
ne
pesticides

23 triazines MISPE Molecularly imprinted 38 Methanol UHPLC-MS/MS 02-24 ugkg' Maoetal.

polymers (MIPs) (3.0 mL) (2013)
100 mg

10 triazine ~ SPE Florisil SPE columns Not 10 mL of HPLC/Orbitrap-MS  3-14 ng kg71 Mou et al.

herbicides (MEGA BE-FL, 6 mL, men- acetone/n-- (2011)
1000 mg) tioned hexane (20:80,
vIv)

Multiclass ~ MSPD-sonication Primary secondary amine 15 Acetonitrile LC-TOF-MS 1-5 ug kg™ Sobhanzadeh

pesticides (2 g), graphitized (15 mL) et al.
carbon black (1 g) (2011)

20 QuEChERS 600 mg of anhydrous 11 10 mL of solution LC-ESI-MS/MS 0.1-0.25 ugkg™'  De Oliveira
multiclass MgS0O4 and 100 mg of 50g L7 Silva et al.
pesticide PSA formic acid in (2014)
residues acetonitrile

Triazine Mini-SPE 4-tert-Butylcalix[4]arene 11 Methanol UHPLC-Q-TOF/MS 0.01 This method
herbicides (25 mg) (200 uL) 0.04 ng mL™!

DSPE dispersive solid-phase extraction, MISPE molecularly imprinted solid-phase extraction, SPE solid-phase extraction, MSPD-sonication matrix
solid-phase dispersion-sonication, QuEChERS Quick, Easy, Cheap, Effective, Rugged, and Safe extraction, Mini-SPE miniaturized solid-phase extrac-
tion, GC-MS gas chromatograph-mass spectrometer, UHPLC-MS/MS ultrahigh-performance liquid chromatography coupled with mass spectrometry,
HPLC/Orbitrap-MS high-performance liquid chromatography coupled with high resolution and high mass accuracy hybrid linear ion trap-orbitrap mass
spectrometry, LC-TOF-MS liquid chromatography time-of-flight mass spectrometry, LC-ESI-MS/MS, liquid chromatography coupled to mass spectrom-
etry using electrospray ionization source, UHPLC-Q-TOF/MS ultrahigh-performance liquid chromatography coupled with quadrupole time-of-flight

tandem mass spectrometry
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and extraction solvent, speed, and low LODs, mini-SPE can
be a competitive analytical tool for extraction and determina-
tion of trace triazine herbicides from the honey and milk
samples.

Conclusions

In this study, calixarenes were used to develop a simple and
efficient mini-SPE procedure for simultaneous purification
and enrichment of triazine herbicides in honey and milk.
Simple operation, high extraction efficiency, and high sensi-
tivity made the mini-SPE-UHPLC-Q-TOF/MS technique
particularly attractive for trace detection of herbicides.
Besides, this method could be considered as an environmental
friendly method since it required just a low cost of organic
reagents. The results indicated that the proposed mini-SPE
provided a promising alternative green mini-SPE method for
trace analysis of food samples.
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